Observational feedback:

What reanalysis tells us about the quality of observations

(and what observations tell us about other climate information)
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Observations are sources of information
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Climate information sources

Under-
standing
&
Applica-
tions

Feedbacks

Reanalysis

Integration of an invariant, modern

version of a data assimilation system and
Earth system model,

| nStrU me ntS over a long time period,
(orchestra,
band ...)

assimilating observations

Obser-

et . Model
o i vations odels
1:. »
- ﬁ Conductor
l
_w ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 4



Reanalysis is Uber-cool
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This image is uset only to illustrate an analogy
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Climate information sources
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Reanalysis assimilation feedback
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ECMWEF Observation Feedback Archive organization

|
Reanalyses (20CR, /
ERA-20C...)

Observation
Feedback
Archive

Data sources
(ISPD 2.2, ICOADS,
NCAR upper-ai

Data collections
(Byrd Antarctic expeditions...)

Observation record attributes

Identification and metadata
Time and geolocation (lat, lon, alt, level)

Observation report type (buoy...)
Unique identifier

Data

Geophysical variable (T,p,q...)
Reporting practice
Observation value

Feedback-added attributes:

Ancillary (model) land-sea mask,
orography, surface wind, ...

Background & analysis departure
Assimilation QC and usage flags

Obs. systematic error estimate
(bias or accuracy)

Obs. random error estimate
(1-sigma precision)
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Assimilation feedback example 1
understanding the shifts in ERA-Interim water cycle

Precipitation anomaly [mm/day]
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* Due to assimilation of rain-affected radiances from SSM/I, now fully
understood (Geer et al. 2008)

« Effect scales (non-linearly) with the N. of assimilated SSM/I data
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Assimilation feedback example 2
relationship between MSU and radiosonde records
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Assimilation feedback example 3
estimating surface pressure observation errors

Pa] Land SYNOP Automatic land SYNOP
Estimated from ERA-Interim |

70 'l'llr‘ wlw."|qi"lqlwn"lm11 70

= Assumed in ERA-Intefim

Using the method of Desroziers et al. (2005; Q.J.R. Meteorol. Soc. doi: 10.1256/qj.05.108)
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Assimilation feedback example 3

effect of solar radiation on temperature and relative humidity biases
19.9 million observations 18.9 million observations

T2m found in ERA-Interim feedback
7 17 1

s s s 1028 679 FgHZm fgund inﬁERAFImerim !Eagdback

1094 273 8077

T2m obs-T2m El
RH2m obs-RH2m EI

1 . ' 3

£ 3 A 1 L N, O N o I

T = Il - : - - -

-390 -80 K| ] 30 80 1] 0 o
Solar elevation

0 30 0] )
Solar elevation

RH obs. mean departures from ERA-Interim
analyses decrease with solar angle: where
is the bias, in obs. or ERA-Interim?

Based on land surface observations found in ERA-Interim obs. feedback, latitudes 20S-90S, Oct 1978-Jan 1989
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Assimilation feedback to improve obs QC
Marine surface winds from buoys

(c2) v -wmd from moored buoys 1990 1999

(c1) u—wmd from moored buoys 1990-1999
a6959 180142 30

217 832 3190 12238

v10m bg

N\
umber of cdﬂocailons 1 04$398
®.x Meam sidv \
X Mean, stdv: Uﬁ .44?24

\
umber of coll&{mns 10416398

Y-X Mean, stdv: 2.599
X Mean, stdv: 083 it €
. Y Mean, stdv: -0.660 5.098 . Y Mean, stdv:  0.069 4.593
-3‘0 -2‘0 -1I 0 0 10 2‘0 3‘0 -EIIO —2‘0 - 1IO 0 ‘IIO E:D 3‘0
ul0m obs v10m obs
 Some winds have 180 degrees shift
in direction! (u 2 -uandv 2 -v)
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Climate information sources

81645 Pa
81513 Pa at station  analysed by
level (1861m) ECMWF
AGUASCAL, OPS, and
Mexico, 17 Sep obs. possibly
2020 at 23UTC biased by 50
Pa

\Mﬂs to compare “observed vs. predicjg;/

81645 Pa 82030 Pa 82030 Pa 82530 Pa
analysed by estimated by estimated estimated
ERAS5, and ERA-20C by CMIP6 by CMIP6

obs. possibly which didn’t  climate climate
biased by 45 use this projection  projection
Pa obs. dataset #1 #2

Obser-

vations Models

S

Independent feedback
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Independent feedback example 1
Spotting inconsistencies in SSMT2 observations by
comparing with an instrument simulator (RTTOV)

SSM/T-2, DMSP F14, 6-hour period around 20010101, 12UTC

1=0W =0 W S0°E 120°E =o°E

180w 120w 20" E0'W 300w 0'E S0'E B0'E S0'E 120'E BOE

odb2_ssmt2_20010101_andate20010101_antime120000_satid247_fg_depar_ch1 (K)

-300 -30 26 -22 -18 -14 -10 -6 -2 2 6 10 14 18 22 26 30 300

Inaccurate geolocation?

g
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Independent feedback example 2

14 . gy s . . . .
Guessing” instrument characteristics a posteriori

SSMT-2_expver1933 andate20010101-20010108_DMSP12_chi
1 3 5 11 25 54 118 261 578 1277

SSMT-2_expver1933_andate20010101-20010108_DMSP12_ch
1 3 5 11 29 53 117 258 570
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scanpos@radiance

Assuming polarization as originally believed
(vertical at nadir, rotating with viewing angle)

scanpos@radiance

Assuming polarization horizontal at nadir,

rotating with viewing angle
Lo
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(1) ERA-20C sea-ice is 1%

(2) ERA-20C sea-ice is below 1%

Independent feedback example 3
Assessing ancillary sea-ice data in SSM/I FCDR

(a) Surface class in FCDR is sea-ice or sea-ice edge (b) Surface class in FCDR is neither sea-ice nor sea-ice edge

-rw - - - - -

T ol T Ca= "&n"-

£ o e _g® _’_*,._ a-__1-'.-;'. a R
-

(I S "
T‘ .--.-_ *.:...';-.,.{"_; F J.‘_#, -~
- . a"
FCDR has finer horizontal resolution than ERA-20C grid. Reduced sea-
ice near the coasts is plausible because of possibly enhanced mixing
there, e.g., Wang et al. 2003: accounting for tidal mixing in a high-

resolution sea-ice model leads to reduced sea-ice fraction near the
coasts and more polynyas (areas of open water surrounded by sea-ice)

AGREEMENT (sea-ice in both) DISAGREEMENT (ERA-20C has sea-ice)

or above

agpiiee—r [ - s |t | ey TN e S0 T ST Ty

Tt v AGREEMENT (no sea-ice

Explicit sea-ice edge margin in the FCDR
DISAGREEMENT (FCDR has sea-ice)

Contingency table for the sea-ice reported in the FCDR (columns a, b) and matching sea-ice fraction
from ERA-20C (HadISST2.1.0.0) at 1% or above (rows 1, 2), for 19970116, satellite F13
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Independent feedback to improve obs QC
Data recovered after imaging and digitization efforts
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s " 100, .
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Arcti Institutt Bergen Arctic 1
Ocea Sverdrup, HU (1933): The Norwegian North Polar Expedition with the Maud Ocean
1918-1825, Scientific Results, Vol. 3, Meteorology, Part l: Tables. Geofysisk
Institutt Bergen
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CHUAN dataset available on PANGEA

http://doi.pangaea.de/10.1594/PANGAEA.821222
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Intra-observation feedback
Example 1 ;

1 4 11 33 104 33 1055 3365 10733 34241

finding a leap second =1 I —

DMSP F13 on 19970116

60—

Maximum number of
points that agree are at

Look for best-match in terms of

Distance LDR to FCDR [km]

brightness temperature among data: w0 +1 second
» Identical satellite
» Identical scan position numbers
» Identical channel numbers
« Time differences within 10 seconds
 Location differences within 100 km. 2ol
consistent with a k4
. . I
satellite velocity of ¢ :!
7.5 km/s H

1:1 :

\7

-3 0 3 6 9
*  Why? Between F13 launch in March 1995 and on 16 January 1997, grqeeggegegcce&ﬂd was introduced on 1
January 1996 (Source: BIPM, http://www.bipm.org/en/bipm-services/timescales/time-
ftp/publication.html#nohref), to keep the UTC (normally synced to atomic time) within 1s of mean solar time
* By the way, thg'lgst leap second was ... yesterday! (30 June 2015 ended at 23:59:60)
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http://www.bipm.org/en/bipm-services/timescales/time-ftp/publication.html#nohref

Intra-observation feedback

Example 2 variability of humidity with temperature
288.15 289.25 288.35 287.05 286.55 285.65 ...
285.55 287.35 282.45 285.65 285.65 285.65 ...

g
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Intra-observation feedback
Example 2 variability of humidity with temperature

18.9 million observations 18.9 million observations
1 3 szgndTDim fﬂl.lzl:nd il'l Eﬂlnt;gm feﬁ?gaqum!n 151261 1 L) -I-zll‘ll-‘llal-ld 1;?2"1 '?‘Il-l!rd IHGEMITZ‘t?e?"mEIZe@:ds 13849 456511

T2m obs-TD2m obs
T2m EI -TD2m EI

e

. s oo oot o K MR RS o = ; . : : -
220 25 : 220 240 i‘ﬂer:m El 280 300 EH
* Negative dew point temperature depressions! e Variability in ERA-Interim analyses for
* Depressions discretized with 1K accuracy! exactly the same sample of event

Based on land surface observations found in ERA-Interim obs. feedback, latitudes 20S-90S, Oct 1978-Jan 1989
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Value or impact of observations in reanalysis

« Analysis sensitivity to observations (Cardinali et al.
2004, Q.J.R. Meteorol. Soc., doi: 10.1256/qj.03.205)
computed routinely in ERA-Interim

Surface geopotential Upppr™ir temperature
400 E 1.5-10° 1
300 ;
1.0-10
200
5.0-10°
100
0 0
<10% =80% <10% = =90%
Upper-air humidity Surface zonal wind
1.5+10*
1.0-10*
5.0-10°
0
<10% =80% <10%

Sugfengressure

4-10*
3-10*

2-10*

Up ir zonal wind

<10% ~90%

Surface meridional wind
4000

Obs. Count

1+10*

0% >80% <10%
Analysis sensitivity to individual observation

=90%

Uppep-2% meridional wind

2.0-10°
1.5410°

1.0:10°

<10%**

Surface humidity

>90%

/ ook o
] .
i T
s

1
|
|
|

3 |
1.510° v S— !
\ bt <y |
GloAeuses -
1.0+10 e |
2000 e ™ s k- |
1000 s ;i |
o | . y o~
- 1 GQ’;D :-90% llnullinul/ e Y OB mADAGASSAR // |
1 v hes e R
| / caN A" / 4 1
. . . . 4 .
Satellite radio occultation Satellite ozone | 4 // & - :
2.5:10° 1.5410° : R | G / o |
/
2.0-10° [ ; !
: . Europa "
1.5+10° 1.0-10 | z |
— oy |
T.0°1 B o )
5.0-10° | 3 V:
5.0-10* |
o 0 ! e = I:l ,
<10% >00% <10% >00% |
L

Computed from ERA-Interim 1st January and 1st February 2013
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This is all very nice, but ...
Has anybody here seen reanalysis

observational feedback before?




Reanalysis observational feedbacks

available in 2015
 MERRA gridded innovation observation (G1O)

http://disc.sci.gsfc.nasa.gov/mdisc/data-holdings/merra-innov

« ECMWF ERA-40 and NCEP/NCAR

BE

http://apps.ecmwf.int/services/mars/cataloque/?type=af&class=e4&stream=oper&expver=1

http://rda.ucar.edu/datasets/ds090.0

* NOAA 20CR feedback is part of ISPD HDF5

http://rda.ucar.edu/datasets/ds132.0/
 |COADS value-added database IMMA
« ECMWF ERA-20C feedback ODB ASCII

http://icoads.noaa.gov/ivad/ (under development)
http://apps.ecmwf.int/datasets/data/era20c-ofa/

« But | concede that these are not the most user-friendly data to

use, with the exception of GIO perhaps.
* These are still disjoint efforts. No uniform language or harmonization,
and no systematic effort across reanalyses. A meeting was organized
to review the current situation, identify gaps, and propose ways

P f rd for improvement
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http://apps.ecmwf.int/datasets/data/era20c-ofa/

Meeting on reanalysis observation
feedback, sponsored by /7.

on Core

* Core-Climaxis an EU FP7 project that ended :
Pro) —  Climax

yesterday (30 June 2015)
* Meeting was held at ECMWEF, 11-13 November, 2014

* Conclusions

— reanalysis observation feedback contains highly valuable information to
enhance understanding of Earth System Models and corresponding
observations, by confronting each other in the same variable, location and
time.

— Although historical information exists about satellite observation data
guality, it is distributed between the several reanalysis centers’ “blacklists”
and the data providers’ notes and logs. Much would be gained by exchanging
all this information.

— ()

* Complete report and meeting presentations are available from

http://www.coreclimax.eu/?g=Feedback
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Meeting on reanalysis observation

feedback, sponsored by

* Reviewing current practices:

on Core

= Climax

The satellite climate data record producers represented at the meeting
(EUMETSAT and NOAA/STAR) express the need for quantitative, datum-
level information, from the observation feedback produced by
reanalyses. This is to be used for detailed investigation of the impact of their
products, and to improve their understanding of the data quality by
comparison with the reanalysis, its quality control, the assimilation innovations
(departures), and the bias corrections.

Reanalysis producers do not generally provide convenient access to
their observation feedbacks, which are all found to use complex and
center-dependent data models, formats, attributes (...)

» Discussing ways forward to improve upon the current situation:

The group proposes a canonical definition of observation feedback,
whereby the smallest element is a record that identifies uniquely an
observation datum, its position in space, time, the vertical or channel, and a
series of basic, agreed, attributes, for which little confusion is possible.

(...)
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One issue that came up as problematic

* Was Governance! It's o0.k. to define some terms, but
before investing in software to implement this, how to
maintain definitions and evolve them?

* There is well-established governance for big-ticket
contributors to the observing system:

— WMO common tables section C for all (current)
instruments and satellites

Though many defunct satellite sensors are not listed there

— List of vessels and buoys = In large collections such as
ICOADS

— Lists of upper-air sounding sites = In large collections
such as IGRA and CHUAN

* Governance less well-established for land surface
stations =» badly need an ICOADS for land!

* No governance to define names for assimilation
feedback
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Before going further

« We need to speak the same language about the
typology of observations

* We need to formalize the interactions, and how we
name them

* We need to categorize the various levels of information
contained in observations and models
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Concepts on how to exploit this information

* Reanalysis users enjoy the ‘regular’ hyper-cube that
reanalysis offer: all spatio-temporal dimensions are covered,
there is no gap, etc...

» Observations on the other hand present a highly irregular
problem if considered as a hyper-cube:

— Satellite sounders can have from 1 to several thousand
channels

— Radiosondes can have from ~100 to several thousand levels

— The geophysical variables reported from surface stations
typically depend on the route by which they were received
(BUFR encoding for GTS)

» However, it is still possible to bring this problem back to a
serial one, by considering the observing system as a tree of
multiple branches
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Concepts for a simple exploitation of observation feedback

“Monitoring long data assimilation time series: a reanalysis
perspective with Era-Interim” (2009)

(http://old.ecmwf.int/newsevents/meetings/workshops/2009/Diag

w oY WWw SO WY W W SE QY

nostics DA_System_Performance/presentations/Poli.pdf)

& Count .‘; = -
f: Statistics  Count
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) B g Count
Statistics *5g :
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__;? Satdllite
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Statistics . radiafces = S
— _ Surface obs. i
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Statistics FAS Bk, Count

Statistics

ERA-Interim

Tree of observation StatIStICS

Tree of SQL requests

Suite name Statistics typa vertical Obsarvable
ERA-Interim ~ Bias-corrected ~ Channei=5.0 - RAD(unit:K)
Usage  Observation type Observation sub-type Time
Used - radiance AMSU-Agbs v radiance AMSU-A NOAA-15 ~  Variable:YearMonth ~
Region Quantity
—-ANY.. - Mean beorr ~
UPDATE DATABASE CATALOGUEN!  GET ME THE STATISTICS!I!  GET ME THE TIMELINEN! CLEAN-UP
tElL‘ Bias. Ch R K) Used AMSU-A obs Meanbcorr

Browsable selection of
dimensions, on-demand queries
aggregating statistics from DBase
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http://old.ecmwf.int/newsevents/meetings/workshops/2009/Diagnostics_DA_System_Performance/presentations/Poli.pdf

Conclusions

« Reanalysis observation feedback is a mine of information

— Also allows to assess earlier projections (“obs vs. projected”)

* Does the reanalysis community keep its feedback to itself?
— Not quite, but there is no standard for exchange and making available
— Even though there are a the few datasets available

— Some initial agreements have been reached between reanalysis
producers, but turning these good intentions into practical,
standardised datasets requires governance

* Opening up the access will attract users
— To learn about observations and improve the record
— Also as educational material for ‘big data mining’

« However, serving the ‘raw’ data will not be sufficient

— To ease user uptake, one needs computing/aggregation, visualization
facilities to allows ‘discovery’ of the observing system: movie example
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https://youtu.be/vATBrYAeWgg?list=PLNgQfkVXCl8gQKXkXEUBEygfSreSwNY1Z

