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Abstract

This report investigates and interprets time series of dsage, quality control decisions and depar-
ture statistics for ERA-40, ERA-Interim and the operatid@@MWF data assimilation system. This
is done with special emphasis on the performance of theaf@nial) quality control for conventional
data. While ERA-40 and ERA-Interim are mainly affected by ¢hanges in the available observation
datasets, the changes in the use of observations are al$o dexelopments within the assimilation
system. ERA-40 used 3D-Var whereas ERA-Interim used 4D4¢athe intercomparison shows el-
ements of the impact of the assimilation system upgradethmanteresting comparison is done of
the ERA-Interim and the operational assimilation systerheYgas ERA-Interim uses a fixed 4D-Var
assimilation system over the whole period, operations tguihe 4D-Var assimilation system sev-
eral times during the period investigated. Not all thoseatpsirelate to changes in the data usage, but
some differences can be seen and evaluated. These diffsrarepresented with selected examples,
as well as tables of data usage statistics to give a genezaliew.

1 Introduction

The use and rejection of observations is an essential pamyfiata assimilation system. This report
takes a closer look at the time series of data usage andyggalitrol decisions for three different
assimilation systems, focusing on conventional data: tRA-0 reanalysis (1958-2001Jppala et al.
(2005 2004); the ERA-Interim reanalysis (from 1989 onwar@&mmons et al(2007); Uppala(2007))
and the operational ECMWF analyses (1999-2010). The maiogef interest is 1989-2010. This
report will focus on:

e Data usage plots for all conventional observations for ¢timgést possible time period where as-
similation system diagnostics has been produced for tleetassimilation systems investigated.
Typically quality control (QC) rejected data accounts fasraall fraction of the total amount of
data, so in order to highlight changes in quality controlisieas, rather than the total amount of
the data, time series have been plotted using a logarithealing for the data counts. To present
some data usage changes clearer some plots were scalecdhascégtage of the used data.

Most of the data usage figures in this report have a similan&br The colours of the curves
in the data usage plots are as followed: dark blue shows tia¢ amount of available data,
green the amount of used data, black the blacklisted datiathee rejected (first-guess (fg) re-
jected) data, and magenta the amount of data rejected byatfaional quality control (VarQC,
Andersson and Jarvin€th999). This reflects the various QC decisions performed by thMIRBE
data assimilation system. We will describe the QC methodlepm the ECMWF analysis in some
detall in chapte@.

¢ In addition to the data usage we show and discuss some ties séideparture statistics as well.
In those plots standard deviation and bias for innovatidolsservation minus background” (obs-
bg)) are plotted in red and for “observation minus analy&is-an) in blue.

e For some specialized investigations geographical mapataf@unt distribution were included.

The layout of this report is as follows. The design of the ECM¥halysis QC decisions is discussed
in chapter2. In chapter3 we investigate the data usage time series for ERA-40. Chdptmoks at
ERA-Interim, including a detailed comparison with ERA-4érformance. In sectiob we investigate
the operational assimilation system and perform an intepaoison with ERA-Interim.
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2 Quality control decisions in ECMWF's assimilation system

This section will briefly describe the quality control deciss performed by the ECMWF assimilation
system (see Figl). The quality control is a vital part of an operational dagaimilation system and a
lot of effort has gone into developing this at ECMWF over tleans. The observations received from
the GTS and other data sources are usually not quality dtatrand therefore contain gross errors due
to instrumental and human errors, when the measuremerddasdier! and during the transmission of the
data.

Various checks are performed to eliminate gross errors,itiis checked if routes for ships and aircraft
are unrealistic, if the vertical profile of a radiosonde isltostatically consistent and if an observation is
received more than once. Erroneous and redundant datgestedeand not presented to the analysis.

Because the resolution of the analysis is coarser than tlasurement density, especially for many
satellite observing systems, the data used by the anatytiiénined horizontally. For satellite data this
is also done because observations are assumed to be uatsatrel the assimilation system, which is
questionable for dense data. Aircraft data and DRIBU (dgfand moored buoys) data is also thinned
due to high spatial and temporal resolution.

The observation minus background biases and standardidevid most conventional observations are
evaluated on a monthly basis at an individual station leveheck if they have deteriorated or improved.
This information is used to blacklist data that system#iticdeviates from the background fields to an
unacceptable degree. Similarly data sources that haveuagrcan be whitelisted and allowed into the
analysis again. The latter is one of the reasons why alsotegj@lata is compared on a routinely basis
against analysis and background fields. It is a very impongpant of the data assimilation procedure
to monitor the quality of observations and flag and store thadity control decisions in feedback files.

Most investigations in this report relies on these storesihaifation statistics. For satellite data the bulk
of rejections are due to blacklisting. This is typically @oat channel level, i.e., to eliminate use of
channels that are contaminated by a radiance contribufiionsthe surface or clouds.

The next step is the first guess check that compares individeasurements against the background
model fields at appropriate time and space location. If treepkation deviates more than 5-6 standard
deviations from the typical departure value the obsermasaonsidered to be wrong and it is flagged as
rejected. The observation will not be allowed to influenaedhalysis. With a typical quadratic observa-
tion cost function it is safer to avoid using suspect dataabse it can cause an erroneous analysis.

The observations that pass the gross error checks, systaarar checks, satellite channel blacklisting,
data thinning and first guess check is called the "active’datais data will contribute to the solution of
the analysis problem. Finally, during the variational s minimization process the variational quality
control (VarQC), described iAndersson and Jarvingd999) is applied. In September 2009 a revision
to use a Huber norm based VarQTayolato and Isakse(2010) was introduced in operations. This
allows a relaxed first guess QC for most conventional datas a$sures that active data that deviates
considerably from an analysis based on other observatotieivicinity (buddy-like quality control) is
given a lower weight in the analysis. The VarQC weights ardatgd dynamically during the analysis
step. Until January 2003 VarQC was used in the M1QN3 minitiingGilbert and Lemaréchal 989
framework, after that in the conjugate gradient purely gqatclinner loop formulationAndersson et al.
2009).

A brief overview of the QC decisions in the three assimilataystems investigated is given in TalBle
and4 in chapter6. The tables show the overall statistics for data volumescaadity control decisions
during 1995 and 2005, respectively. The tables give thenmétion for all the conventional observing

2 ERA Report Series No. 7



Data usage and quality control in ERA-40, ERA-Interim arnel dperational DA system ECMWF

systems used by the analysis and show interesting diffeseimcthe data usage. This will be discussed
further in chaptes.

Data extraction Blacklisting
l . * Data skipped due to systematic
» Check out duplicate reports bad performance or due to
« Ship tracks check different considerations (e.g. data

being assessed in passive mode)
« Hydrostatic check )
l « Departures and flags available

for further assessment
Thinning 1

« Some data is not used Model/4D-Var dependent QC
to avoid over-sampling

« First guess based rejections
and correlated errors

« Departures and flags * VarQC rejections

are still calculated for Used data  Increments

further assessment l
Analysis

Figure 1: Quality control decisions in the ECMWF data as$ation system

3 ERAA40

ERA-40 is a second-generation reanalysis carried out 02003 by ECMWF for the 45 year period
from September 1957 to August 2002. It is documented inldatbippala et al(2005 andUppala et al.
(2004). The starting point was chosen due to the extension of teerghtion system at the end of 1957
in preparation for the IGY (International Geophysical Ye@uring the 45 year assimilation period con-
ventional observations as well as satellite observatifsos(1973 onwards) were used. The assimilation
system was based on the 6 hour 3D-Var system which was apsabtit ECMWF from January 1996
to November 1997Andersson et al.1998 with a spectral resolution of T159 (around 125km) and a
vertical resolution of 60 levels, which became operation&ctober 1999 and was used until February
2006. The version of the forecast model was the one usedtapelly from June 2001 to January 2002
(CY23R4) with some modifications specifically for ERA-40:

e As mentioned above the horizontal resolution was T159 {ghéslower resolution than the oper-
ational resolution at that time which was T511). This reBotuwas chosen to meet the available
computational resources for the 45 year assimilation.

e A ’first-guess at appropriate time’ approach was used to evenpbservations against model val-
ues at the time they were measured rather than at the syroyatigsis time.

e The forecast timestep used in the assimilation was reduc8@ minutes from 1 hour to improve
the handling of tidal waves.
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e The background error variances were increased by about 3@%ér to fit the observations better
than the operational analysis. This was especially beaéfmi extreme events.

Statistics of data usage are available for the whole perideRA-40 (1958-2002). Time series of the
QC decisions for this time period is examined and discussé#us section and interesting results related
to data counts as well as quality control decisions are shown

3.1 Changes in data usage

A summary of the changes in data usage and when they happegieén in Tablel for an overview on

the data usage changes during the 45 year period of the ERs&slilation. Possible explanations for
the data count changes are given as well. Most of the desdcti@nges in the used data can be seen in
the examples in Fig2 and3, showing data usage time series for an upper-air (radi@saodal wind)
and a surface (surface pressure measurements over laratyatin type. The information in Table

are mainly based odppala et al(2005, Uppala(2007) and Uppala and Dee (personal communication,
2007).

3.2 Performance of variational quality control

The variational quality control was introduced in ECMWFa&riational assimilation scheme in Septem-
ber 1996. It was used in ERA-40 during the whole assimilagieriod.

The time series of different observation types used in th&-BR assimilation identifies two common
features in the overall performance of the variational ipabntrol (as an example see the data count
time series for radiosonde humidity in Fig):

e Anincrease of VarQC rejected data until the early 1970dfeupper-air data. This increase can be
related to the fact that more and more radiosonde data iswedrfrom higher, more unpredictable
levels. That data will more likely be rejected by VarQC thatedfrom lower levels.

e A decrease in VarQC starting in the 1980s (the exact begintépends on the observing system)
and continuing until the end of the dataset. It is knowipgala et al.2005 that the data quality
as well as the quality of the background fields of the foreoamtlel improves over time, leading
to an overall improved assimilation system.

Another way of looking at these time series plots is shownign 5where the data from Fi@ is plotted

as percentage of the used data. These time-series areatlgp@teresting when the number of used
observations gradually changes over the years. This fidwesthat the increase of rejected surface
pressure data from 1990 onwards as seen inFHignot visible any more when looking at the percentage
plot (Fig.5). This shows that the increasing number of rejections istdtiee increasing number of used
observations. Fig6 is an example of obs-bg/obs-an time series for radiosondedmatures over the
Northern Hemisphere that shows the improved performarmre 980 onwards.

By looking at the VarQC time seris for relative humidity fraB¥NOP observations (Figl) gaps in
the time series can be noticed (from the beginning until 19893, 1989-1994). ERA-40 was run as a
number of individual reanalysis streams which were putttogyein the end. Those gaps appear at the
beginning of each stream of ERA-40.
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Year Data change Possible explanations
1967-76 More surface data ~ Additional NCAR/NCEP surfacasktt USAF is
included in ERA-40.
1973-78 More upper-air data  Additional NCAR/NCEP radiatmand pilot dataset
USAF and ON29 is included in ERA-40.
1974-76 More upper-air data Additional radiosondes in thpits due to the GATE
(GARP (Global Atmosphere Research Programme)
Atlantic Tropical Experiment) experiment are included
in ERA-40.
1975-78 More upper-air data  Additional data received frosmIMA.
until 1977 More upper-air data The data was used twice bedfwsencrypted station-
IDs in observations received from US-NAVY were not
identified by ERA staff. Usually the quality control will
identify and blacklist redundant data from the same
station. The effect of this mistake is not dramatic: the
weight on good radiosonde data over USA was increased
during the period.
1979 More upper air data  Additional upper-air data was atséel
Less surface data due to the FGGE (First GARP Global Expetime
Bengtsson et a(1982). Additional surface data was
also measured but it got thinned during that year,
because it at that point was considered an excessive
amount of data for the assimilation systems of the early
1980ies. It should be considered if it is possible to
extract more of the thinned FGGE observations for
future reanalyses.
1980-97 More upper-air data Additional data received framIMA.
1988-94 More upper-air data  Additional NCEP operationaBS@lata is included in
More surface data ERA-40.
until 1998 More ship data NCAR COADS dataset is available usatl.
More buoy data

Table 1: Changes in data usage of conventional data withiA2ER

3.3 Departure statistics

Taking a closer look at the departure statistics we see soiléygcontrol aspects appearing in the time
series of the standard deviation and the bias of innovations

Fig. 8 shows the departure statistics and the data count for k@uiestemperature data in the Northern
Hemisphere at 100hPa. Looking first at the data count in therlpanel we see the increase and decrease
during the 1970s as already noted above (E@nd Fig.6). Taking a closer look at the departure statistics
reveals two unusual events in the bias characteristics:

e 1975-1977: A change in the bias due to the VTPR bias corredtio NOAA-4 (Uppala et al.
(2005, Uppala and Dee 2007, personal communication).

e 1988: A jump in the bias as two independent streams of ERA#t0different bias correction was
joined together.
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Looking at the standard deviation an improvement can be, ssgecially in the innovation statistics.
This is a clear sign that the quality of ERA-40 analysis inwaeb during the 45 years, especially when
satellite data became widely available in 1979.

Another dataset where a big improvement in the departutistita can be seen is for the surface pressure
data in the tropics. Fi@ shows the clear downward trend in the standard deviatian 891 onwards

in obs-fg and obs-an departure statistics. Also the vditialif the bias has decreased over the ERA-40
time period Uppala et al.2005.

4 ERA-Interim including an intercomparison with ERA-40

ERA-Interim (Simmons et a).2007 Uppala et al.2008 is an interim reanalysis with an improved as-
similation system compared to ERA-40 for the data rich gefiom 1989 onwards. It is now continuing
as an ECMWEF climate data assimilation system (ECDAS) unidl superseded by a new extended re-
analysis.

The increased computer power allowed ERA-interim to be rith & 12 hour 4D-Var assimilation sys-
tem. The benefit of this system compared to 3D-Var used in BRAs systematically better forecasts,
especially in the Southern Hemisphere. The horizontalludea was also increased to T255 with 60
vertical levels. The version of the forecast model used Wwa®ohe operational from September 2006 to
June 2007 (CY31R2). The main additional differences coetpéay ERA-40 are:

e A better formulation of the background error constraint.
e Improved model physics and a new humidity analysis.

e A data quality control that draws on experience from ERA-#0 dRA-25 (25 year Japanese
reanalysis).

e Variational bias correction (VarBC) of satellite radiamtzda Deg 2005 McNally et al, 2006 and
improvements in radiosonde and surface pressure biasihguidbimberger2007) and {asiljevic et al,
2006.

e More extensive use of radiances and an improved radiativesfier model.

4.1 Changes in data usage
Time series of ERA-Interim were examined and the result@wempared to ERA-40 by taking a closer
look at the overlap period 1989-2001.

The major changes in data usage for ERA-Interim are sinuléin¢ observed changes seen for ERA-40
over those twelve years, mainly because ERA-Interim piilsnased the ERA-40 observation datasets
as input data. Data usage changes during this time period are

e 1995: Less available and used data due to the terminatidredl CEP dataset (see Talile

e 1998: Less available and used ship and buoy data due to thin&dion of the NCAR COADS
dataset (see Tablb.
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The only observing system showing completely differentav@ur of data usage in ERA-Interim com-
pared to ERA-40 is the relative humidity from SYNOP obsedora. Fig.10 shows the data usage for
ERA-40 (top) and ERA-Interim (bottom) for 1989-2001. Fdogson the used data the big difference
is the annual cycle in the ERA-Interim dataset compared teeasonal difference in the data count in
ERA-40. This is due to a change in the use of SYNOP humidityenladions that occured in the op-
erational system in September 2004 and was applied to the IlBRRAmM assimilation. With the effect
from cycle 28r3 SYNOP humidity data was blacklisted in ofierss at local nighttime. This blacklisting
leads to an annual cycle, due to more observations used iINdhibern Hemisphere summer because
of the unequal distribution of the SYNOP observation neknf@arith more observations on the Northern
Hemisphere than on the Southern Hemisphere). The gap inG/an@he ERA-40 dataset has already
been discussed above. The reason for no VarQC visible inddtesset is that it got switched off for
SYNOP two metre relative humidity in the operational systeraarly 2003 (see chapt&) by mistake.
Therefore the cycle used for ERA-Interim does not includg\éarQC for this data type.

4.2 Performance of VarQC and other quality control aspects

In ERA-Interim the total data count has not changed sigmflgacompared to ERA-40, however differ-
ences to ERA-40 in VarQC and first-guess rejections can beisdeRA-Interim.

e When upper-air data of both datasets are compared a difieiarthe behaviour of VarQC can be
noticed. ERA-Interim rejects more data in the VarQC than ERA Nevertheless both datasets
show a downward trend in VarQC rejections over the investdy@eriod (not shown).

e Surface pressure observations (especially over land) sjuite a different behaviour of VarQC
and first-guess rejections in ERA-Interim compared to ERA-%his can be illustrated by plot-
ting the data count as percentage of the used data for batsalat(Fig11). Concentrating on
the performance of VarQC first, more VarQC rejections candmn sn the ERA-40 dataset. By
taking a closer look another difference can be spotted auitarly: There are more first-guess
rejections and blacklistings in the ERA-Interim assinidatand a smaller fraction of the available
data is used. However comparing humbers (not shown) alhestame amount is used in both
assimilations. This is because more observations areahl&iin ERA-Interim.

It is not clear where this additional data comes from and wlayger fraction is rejected or black-
listed. This needs further investigation.

e Another interesting fact related to surface pressure whtiens is that with the change in the
number of total and used data in 1995 (see Bjghe behaviour of the VarQC changes (Fig).
This change is not only due to the change in the data coung #iican be seen in the time series,
plotted as percentages of the used data, as well. There @hyoa jump in VarQC in 1995, more
interestingly the structure changes from a clearly annyelecwith more rejections in northern
wintertime to a more random structure (taking the logarithsealing into account, less data count
should show any structure even clearer and with a largeriamg). This might be due to the
different distribution of the observations before andrafi@95.

Comparing the distribution for one day (two cycles) for ER#erim in 1994 to the same day in
1995 some differences can be spotted. ERyshows the distribution of the data rejected by the
VarQC on the 1st of February in 1994 (left) and 1995 (right)s $een in the time series there
is less data rejected by the VarQC in 1995 than in 1994. Alsoréections seem to be more
equally distributed (concerning the Northern and SoutlsgEmisphere) in 1995. In 1994 most of
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the rejections occur over Asia. Knowing that the total amiairdata changed between 1994 and
1995 a closer look can be taken on the distribution of the dséal for the same day (Fif3). At
first the distribution seems quite similar in both years boking closer reveals some differences.
The distribution is almost similar when we look at the Southidemisphere but quite different
(concerning the scale) on the Northern Hemisphere. Forseclook the data count difference
of Fig. 13 is plotted in Fig.14. The left picture shows the positive values (more data in4199
than in 1995) and the right picture the negative values (mdata in 1995 than in 1994) of this
difference. An unequal distribution of positive and negawalues is clearly visible. There are
less VarQC rejections over Japan, middle Asia and over Namtlerica leading to a more equal
distribution of data counts on the Northern and Southern isiginere in 1995 than in 1994 (still
the data distribution is not equal between Northern andi#entHemisphere).

To illustrate the annual cycle in the VarQC rejections bef@®95 seen in Figll the VarQC
rejected data distribution was also plotted for 1994 andbi®9the 1st of July (northern summer)
in Fig. 15. Comparing those two month in 1994 (left pictures of Fig2 and 15) there is less
VarQC rejection over Asia during the northern summer andemmejection over South-America,
but also less rejection over Australia. So generally theeefewer rejections in the Northern
Hemisphere in northern summer while rejections on the Soothlemisphere are not changing
that much. This leads to a clear annual cycle in VarQC bef@@51 Starting with 1995 (right
pictures of Figs.12 and 15) the distribution of the rejections is similar in northenmamer and
winter, as seen in the time series of data usage. This caroleshore clearly when the difference
of data distribution is plotted for the different seasonsl®94. Fig.16 shows the difference
between February and July. The positive values in the topieture show more VarQC rejections
in February 1994 while the negative values in the top rightyse show more rejection in July
1994. The unequal distribution can be seen quite clearlweltompare these plots to the same
plots for the year 1995 (bottom left and right of Figh) a much more equally distributed pattern
can be seen.

4.3 Departure statistics

Looking at different departure statistics and comparingAHRterim to ERA-40 an improvement in the
standard deviation can be seen in ERA-Interim. Also the inidRA-Interim compared to ERA-40 is
reduced - especially for the innovation departures. So ERé&dm is clearly performing better than
ERA-40.

As an example the departure statistics for the surface ymeess the tropics can be compared (those
showed a nice improvement over the ERA-40 period as presémtehapter3.3). Fig. 17 shows in the
top panel the ERA-40 statistics compared to the ERA-Intesti;tistics in the bottom panel. Especially
the standard deviation of innovations, an important quaiidicator, has improved in ERA-Interim com-
pared to ERA-40. The larger difference between o-bg and stamdard deviations for ERA-40, com-
pared to ERA-Interim, is due to the 30% increased backgreurat applied in ERA-40 (as discussed in
Chapter 4).

Discuss Figl8and Fig.19 here.

In addition to the improvement also interesting changesiéndeparture statistics can be found. As an
example Fig20 (bottom panel) shows the departure statistics of the 10emweind speed for drifting

and moored buoys. Until the beginning of 1998 the NCAR COAR&skt is available and used. After
that the count of used data drops significantly and the bebewf the bias and the standard deviation
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changes. This might well be due to different distributiortte# observations before and after 1998. To
take a closer look at this, the data distribution of the usatd df wind observations from drifting and
moored buoys was plotted for one day (two cycles) in 1997 &981Fig.21 shows the 1st of February
in 1997 (left) and 1998 (right). The first thing that can berseethe difference in the total number
of observations (the scale is the same in both pictures)edilpy in the tropics more observations in
general can be seen in 1998. Focusing on the Northern Heengspinere are more observations in the
Northern Pacific as well as in the Northern Atlantic in 199%r & clearer picture the difference of the
distribution is plotted as well. Fig22 shows the positive (left) and negative (right) differenoettie
number of used data and their distribution. The positiveilesishow the amount of more data used in
1997 while the negative values show the additional data 8819%s already discussed, more positive
values can be found. Due to the fact that drifting and mooremy/® are moving the positive/negative
patterns are not completely uniform, even with the big dathction at the beginning of 1998.

To see if there is any seasonal influence in the distributiothe observations also the 1st of July was
plotted for those two years (Fig3 shows the 1st of July 1997 (left) and 1998 (right)). Compathrose
distributions (also plotted on the same scale) we notica eware used data on the Northern Hemisphere
during northern summer in 1997. In 1998 there is again lets dapecially in the tropics.

5 Operational data

The operational assimilation System at ECMWF has improwatsiderably since 1997, resulting in
significantly better forecast performanc®ifimons and Hollingsworti2002. A 4D-Var assimilation
system was introduced in November 19%abier et al. 2000. We will focus on the main changes
during the period from 1999 to 2010. These are listed in Table

Date Year Cycle Changes

October 1999 21r4  Atthe start of this evaluation 6 hour 4Dwas
operational with a horizontal resolution of T319 and 60
vertical levels.

September 2000 23rl  The operational system changed to X2Be\ar.

November 2000 23r3  Horizontal resolution changed to T5Xh eiT159 inner

loop.
January 2002  24r3  The observation time slot was reduced Irbour to 30
minutes.
January 2003 25r8n Multi-incremental (T95/T159) 4D-Var was introduced.
June 2004  28r2  The early delivery suite was introdu¢éaséler 2004).

February 2006 30rl  Change in horizontal resolution to T7®5(T255 inner
loops) with 91 vertical levels. The top model level was
raised from 1hPato 0.01hPa.

June 2007  32r2  Athird outer loop within 4D-Var (T95/T1595B2 was
introduced.

September 2009  35r3  Huber Norm VarQC introduced for conweat data.

January 2010 36r1  Change in horizontal resolution to T1279.

Table 2: Changes in the operational ECMWF assimilationesyst

Data usage statistics and departure statistics of opeehtitata were available from November 1999 to
May 2010. This time period includes several cycle changdésesdinalysis system and the forecast model,
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as mentioned above, and a significant increase in the numhbbservations used. A number of changes
of QC decisions have also occurred during this period. Sofrthese changes are described in this
section. At the end of this section an intercomparison wigAHnterim data for the period 1999-2006
is presented.

5.1 Changes in data usage
During this ten year period the following important changessed observations occured:

e Upper-air data show an increasing trend of more data aveikatd used throughout the whole
period. This is not due to an increase in the number of raddsdaunches, but because modern
radiosondes reach higher in the atmosphere before theohadkplodes, so more observations are
available above the troposphere.

e 2008: From October to December American wind profiler weeeklisted due to not recognised
new identifiers.

e 2008-05-20: Active assimilation of GRAS GPSRO bending asg|

e 2004-09-28: From cycle 28r3 onwards SYNOP humidity data basklisted at local nighttime
(see Fig.24). This leads to less used data and to an annual cycle in tliedaea count due to
the distribution of the SYNOP observations (more obsepwation the Northern Hemisphere than
on the Southern Hemisphere). This also led to a differeatritent of SYNOP humidity data in
ERA-Interim compared to ERA-40 as discussed in the prevéeasion.

e 2003-04-29: The change to cycle 26r1 was a technical chamgehmwever at this date more data
in total can be seen for surface pressure observations avér(the number of used data for this
observation type does not change, see Biy. Part of the cycle change involves direct writing of
observations into the Observation Data Base (ODB) so amgsgan would be that more unused
data is archived since that date.

5.2 Performance of VarQC and other quality control aspects

Changes in VarQC in the operational data assimilation systee typically related to cycle changes.
Most of the mentioned changes can be found by looking, fomgie, at the data usage time series of
radiosonde zonal wind (Fi@6), radiosonde temperatures (F&¥), SYNOP ship 10 metre wind (Fig.
28) and time series for European profiler wind (F2§).

e 2000-06-27: An increase in VarQC rejections in upper-aiada

— Cycle 22r1: More satellite data were used and a new radiattbeme was introduced.
e 2000-09-12: Anincrease in VarQC rejections in all convamei datasets.

— Cycle 23r1: Change from 6h 4D-Var to 12h 4D-Var.
e 2003-01-14: A decrease in VarQC rejections in all converatialatasets.

— Cycle 25r4: Revised multi-incremental (T95/T159) 4D-Végaaithm. By mistake VarQC
was switched off for SYNOP two metre relative humidity obsions (see Fi@4).
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2005-04-05: An increase in VarQC rejections of surfacequesdata.

— Cycle 29rl: A revised use of surface pressure observatialisurface pressure data are
subject to an adaptive bias correction scheme and get arhiggight in the assimilation
(reduced observation error applied).

2007-11-06: A decrease in rejections of profiler wind datil @008-03-11 (cycle 32r3V).
— Cycle 32r3: New radiosonde temperature and humidity biagcton.
e 2008-06-03: An increase in rejections for SYNOP ship windestsations.

— Cycle 33rl: Use of four wind solutions for QuikSCAT. Exteddmverage and increased res-
olution of limited area wave model. Improved shallow wateysics and modified advection
for ocean wave model.

2009-09-08: An increase in VarQC rejections of all convemdi data sets.

— Cycle 35r3: Huber Norm VarQC is introduced for all conventibdatasets (excluding hu-
midity observations). Within this change the VarQC weigiresschanged and the 25% margin
does not characterise rejected data anymore. Data shopwiag tejected might still influ-
ence the analysis with weights up to 25%. VarQC for SYNOP tvetrenrelative humidity
observations is switched on again.

Another interesting feature concerning data count can beddy looking at the data usage time series
of ship surface pressure observations (). From 2005 to 2007 more observations tend to be first-
guess rejected at the beginning of each month. Looking clmseooming into the last two years and
finally into three selected months (Fi@1) shows that more first-guess rejection appears at the 1st of
each month at 12:00. For a detailed descriptionlsaksen and Tavolat@007).

This problem was forwarded to the operations departmentuiidher investigation. As a result the
problem was identified to be due to an inconsistance in thergagon handling software and it is fixed
now. Results of the beginning of the next month (Decembei728Rows this is the case (see F&P).
This is also clear from FigB0 that this problem now has been resolved.

5.3 Departure statistics

One example of a change in the bias correction can be seea tmth series of the departure statistics:
Fig. 33 shows the departure statistics for 100hPa radiosonde tatpe. A significant improvement
of the bias can be seen clearly at the beginning of 2006, enathe (which is smaller than the first
one) at the end of the same year. These steps are relatedriewtheariational bias correction method
(VarBC, Dee(2005). The VarBC method was first used in Feb 2006 to retune trefsiedictors of the
old bias correction methodglly, 2006 and shortly after VarBC completely replaced the old sidell
bias correction method. The bias and standard deviaticcreased from September 2009, with the
introduction of cycle 35r3. This is possibly due to an inee@n the observation errors specified for
radiosondes in the stratosphere.

e 2006-02-01 - Cycle 30rl: Change in bias correction schenagellfe radiance regression bias
predictors were tuned. Change in horizontal resolution #89T(T95/T255 inner loops) with 91
vertical levels.
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e 2006-09-12 - Cycle 31rl: Satellite radiance regressios piadictors are retrieved from VarBC.

Note the gradual increase in data volume since 2005, preguortly due to the improved radiosonde
technology which results in more measurements above 10#ealower panel of Fig.19). Also
continuously more drifting buoys are operated and theeeftata count increases (Fig@0). Another
interesting fact found by looking at the departure statistf operational data is an increase in aircraft
wind data (zonal wind at 850hPa) over the last years. Bigshows the continuing increase from the
autumn of 2004 (this is more clearly seen here than in theatamat time series due to a non-logarithmic
scale). The wind data increased to twice the amount sindg 2@04. The bias got slightly smaller and
the standard deviation improved as well over the last eighty. The data volumes have fallen slightly
since 2008, most likely due to selective thinning by the gataviders in order to reduce redundancy.
The quality has improved in 2009.

5.4 Detailed intercomparison of operational data to ERA-Irterim

An intercomparison between the ERA-Interim dataset anepiegational assimilation system has been
performed for the period 1999-2010. We expect the same anodavailable data, however we would
expect differences in data usage. ERA-Interim uses a fixa@chdation system (cycle 31r2, see Chapter
4) whereas during this period multiple cycle changes tookela operations (see takik.

5.4.1 Data usage differences between ERA-Interim and tpaed data

Examples are given in Fig85and36. Fig. 35 shows the data usage plots for surface pressure observed
by ships. The overall data count looks similar but diffeescan be seen in the behaviour of blacklisting,
rejection and VarQC rejection. There is less blacklistingeRA-Interim (top panel) and the VarQC
time series looks constant over the whole period. In theadjmaral assimilation system (bottom panel)
changes in VarQC can be clearly seen at the beginning of 2008, and in 2009, as discussed in chapter
5. The Huber norm QCTavolato and Isakse2010 introduced in September 2009 leads to an increase
in the number of rejections. More observations are thougkrga weight between 0-25%, which is
classified as rejected. A different VarQC behaviour is alss@nt for the land surface pressure data
(Fig. 36). Again changes in VarQC happening with model cycle chawgesbe seen in the operational
assimilation system (top panel). This figure also shows faréifice in total data count. ERA-Interim
clearly shows an increase of all, used and rejected data aetinning of 2002 (top panel). However no
such change in data count can be found in the operationamy$turther investigation of this difference

is recommended. The impact of the Huber norm on rejectioasgsvisible in Fig.36.

5.4.2 Intercomparison of departure statistics

Another way to compare ERA-Interim and the operationalesyss to look at departure statistics. Figs.
37 and 38 show detailed comparisons of two different observing systeFig. 37 shows radiosonde
temperature observations at 100hPa over the Northern ldaams (top panel: ERA-Interim, bottom
panel: operations). Once again the reanalysis datasesdedra much smoother. A big jump in the bias
is visible in 2006 in operations when VarBC based predicttingates were introduced, as discussed in
chapters.3. Since VarBC is used for the whole period of ERA-Interim nojs in the bias can be seen.
Another interesting feature is visible in Fig8. Here statistics for aircraft wind observations at 850hPa
over the Northern Hemisphere are shown. These time seriws Similar behaviour for the departure
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and bias statistics, but the data count of used data is eliffén those two assimilations. We recommend
that this difference is further investigated.

6 Summary

This report has highlighted the changes in data availgbiléita usage and quality control in the 45 year
ERA-40 reanalysis, the more recent ERA-Interim reanal{®E®89-2010) and the ECMWF operational
assimilation system for the period 1999-2010. This reptlights assimilation features encountered
from time series for various observing systems, with owarafits to explain the reasons for the changes.
Overall changes in data usage for conventional data candmeiated with improved quality of the
observing system and improved assimilation systems. Ebemnfigr each of those categories are:

e The overall usage of more radiosonde data: due to improwidsendes observations from high
altitude passed the quality control and are used in the sisalyhe improved analysis also results
in more correct background statistics that will be in closgreement with observations.

e Increase of aircraft observations: With the move from 3D4de4D-Var more asynoptic observa-
tions are used by the assimilation system.

This report shows several examples of changes in the wayeotiomal data is used by the three data as-
similation systems discussed. But it is only possible toashdimited set of examples, so we have made
two tables to summarize quality control decisions for alha@ntional data in 1995 and 2005. Table
3 compares the data usage of ERA-40 to ERA-Interim for the ¥8856. The first three columns de-
scribe the observation type, the observed value and theuyeekevel of the observation. The following
columns are all available observations, percentage ofdusss rejections, percentage of VarQC rejec-
tions and percentage of used observations. Note that thwskars do not have to add up to 100% since
blacklisting and other forms of rejection are not considdrethis table. The final columns give values
for the approximate limits of first-guess and VarQC rejatiio both datasets and the overall rejection
ratio which is the sum of first-guess and VarQC rejectionscSERA-Interim to a large extend used the
observations from in ERA-40 it is not surprising that datards are fairly similar.

Table4 compares ERA-Interim and operational data usage for 20eeS is an reanalysis compared
against the operational analysis the data usage diffangis@ntly. One example is the use of land surface
pressure observations, where almost 50% of the data is ysegdrations but just 20% within ERA-
Interim. Another difference can be found looking at Japaraesd American wind profiler observations
close to the ground (900hPa - 1000hPa). These are blackiistgperations and none of them are used,
whereas ERA-Interim uses around 95% of those observatibhne.rejection limits seem to be similar,
which is not surprising, since a 4D-Var data assimilatiostem is used for both data sets.

Finally we conclude that all the examinations made in thporebenefitted from the use of the loga-
rithmical scaled time series of the data usage. This is aellext monitoring tool that should be used
routinely to detect differences and changes in the dataeusiad quality.
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Acronyms

3D-Var 3 Dimensional Variational analysis

4D-Var 4 Dimensional Variational analysis

an analysis

bg background

COADS Comprehensive Ocean Atmosphere Data Set
ECDAS ECMWF Climate Data Assimilation System
ECMWF European Centre for Medium-Range Weather Forecast
ERA ECMWF Re-Analysis

ERA-40 A 45-year ERA from September 1957 to August 2002
ERA-Interim Currently running ERA from 1989 onwards

fg first-guess

FGGE First GARP Global Experiment

GARP Global Atmosphere Research Programme

GATE GARP Atlantic Tropical Experiment

GTS Global Telecommunication System

IFS Integrated Forecasting System

IGY International Geophysical Year

JRA Japanese Re-Analysis

M1QN3 Quasi-Newton minimization technique

NCAR National Center for Atmospheric Research

NCEP National Centers for Environmental Prediction
NOAA National Oceanic and Atmospheric Administration
obs observation

oDB Observation Data Base

QC Quiality Control

SYNOP Surface Synoptic Observation

VarBC Variational Bias Correction

VarQC Variational Quality Control

VTPR Vertical Temperature Profile Radiometer
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ER40 (DA) : Screening statistics RAOB-Uwind Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)
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Figure 2: Time series of data usage for radiosonde zonal wingservations (all levels) from ERA-40 data.

ER40 (DA) : Screening statistics SYNOPland-Ps Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)
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Figure 3: Time series of data usage for SYNOP surface pressiservations over land from ERA-40 data.
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ERA40 (DA) : Screening statistics TEMP-q Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)

60000
40000
30000 . b
20000 or e
10000
8000
6000
4000
3000
2000
1000
800
600
400
300
200
100
80
60
40
30
20
10
8
6
P
3
2

1+ : : ‘ : ‘ ‘ ‘ : :
1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998

Figure 4: Time series of data usage for TEMP humidity obsiéowa (all levels) from ERA-40 data.

ER40 (DA) : Screening statistics SYNOPland-Ps Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)
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Figure 5: Time series of data usage for SYNOP surface pressiservations over land from ERA-40 data; data
counts are plotted as percentage of used data.
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ER40 (DA): TEMP-T 500 hPa Northern Hemisphere Used data
St. dev. and bias (K) OB-FG (red) OB-AN (blue)
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ER40 (DA): TEMP-T 500 hPa Northern Hemisphere Used data
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Figure 6: Time series of ERA-40 background and analysis dapes for radiosonde temperature at 500hPa over
the Northern Hemisphere. The lower panel shows used data€ou

ER40 (DA) : Screening statistics SYNOP-RH2m Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)
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Figure 7: Time series of data usage for SYNOP relative hugnabservations for ERA-40.
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ER40 (DA): TEMP-T 100 hPa Northern Hemisphere Used data
St. dev. and bias (K) OB-FG (red) OB-AN (blue)
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Figure 8: Departure statistics for radiosonde temperatatel0O0OhPa on the Northern Hemisphere for ERA-40.
The lower panel shows the used data counts.
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Figure 9: Departure statistics for SYNOP surface pressarthe tropics for the ERA-40 dataset. The lower panel
shows used data counts.
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ER40 (DA) : Screening statistics SYNOP-RH2m Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)
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Figure 10: Time series of data usage for SYNOP relative hitynidbservations from reanalyses data. Top panel:
ERA-40, Bottom panel: ERA-Interim
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ER40 (DA) : Screening statistics SYNOPland-Ps Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)
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Figure 11: Time series of data usage for SYNOP land surfaessure observations from reanalysis data (Top
panel: ERA-40, Bottom panel:ERA-Interim). Data countssitewn as percentage of the used data.
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Figure 12: Data distribution for VarQC rejected SYNOP sudgpressure observations over land on the first of
February 1994 (left) and 1995 (right) of ERA-Interim data.
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Figure 13: Data distribution for used SYNOP surface pressoinservations over land on the first of February
1994 (left) and 1995 (right) of ERA-Interim data. White eseaver Europe indicate an overshooting of the scale
due to a high density of data and not a data sparse area.
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Figure 15: Data distribution for VarQC rejected SYNOP sudégressure observations over land on the 1. July
1994 (left) and 1995 (right) of ERA-Interim data.
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Figure 16: Top: Difference of the VarQC rejected data distition between February and July 1994. Left: ad-
ditional rejected data in February 1994, right: additionadjected data in July 1994. Bottom: Difference of the
VarQC rejected data distribution between February and I@@5. Left: additional rejected data in February
1995, right: additional rejected data in July 1995.
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Figure 17: Time series of departure statistics for SYNOPRasg pressure observations in the tropics from reanaly-
sis data (Top panel: ERA-40, bottom panel: ERA-Interim} Bhwer panel shows the counts for used data during

the time period (1989-2001).
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Figure 18: 1989-2010time series of Northern hemisphemaexbpics departure statistics from ERA-Interim data.

Top panel: Aircraft Temperature departures near 200hPdatdo panel: Radiosonde temperature departures near
200hPa.
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Figure 19: 1989-2010 time series of global departure statisfrom ERA-Interim data. Top panel: Radiosonde
temperature departures near 100hPa. Bottom panel: Radidsgeopotential height departures at 100hPa. Note
that radiosonde geopotential height data is passive. Thasd# consists of observations that has passed the first
guess quality control.
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Figure 20: 1989-2010 time series of departure statistiosflERA-Interim data. Bottom panel: Surface pressure
observations from drifting and moored buoys. Bottom pah@imetre wind speed from drifting and moored buoys.
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Figure 21: Data distribution for used drifting and mooreddys wind observations on the first of February 1997
(left) and 1998 (right) of ERA-Interim data.
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Figure 22: Difference of the data distribution in figu?d. Left: positive difference showing the additional data in
1997, right: negative difference showing the additionatizdia 1998.
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Figure 23: Data distribution for used drifting and mooreddys wind observations on the 1. July 1997 (left) and

1998 (right) of ERA-Interim data.
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Figure 24: Time series of data usage for SYNOP relative hitynidbservations from operational data.
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Figure 25: Time series of data usage for SYNOP surface presdiservations over land from operational data.
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Figure 26: Time series of data usage for radiosonde and gitotal wind (all levels) observations from operational
data.
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Figure 27: Time series of data usage for radiosonde tempegdgll levels) observations from operational data.
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Figure 28: Data usage time series for 10 metre winds obsefiroea ships. Top panel: total number of data counts,
bottom panel: data plotted as percentague of used data.
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Figure 29: Data usage time series for wind observations fEmopean wind profilers. Top panel: total number
of data counts, bottom panel: data plotted as percentagused data.
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Figure 30: Time series of data usage for SYNOP ship surfaggspire observations from operational data.

34 ERA Report Series No. 7



Data usage and quality control in ERA-40, ERA-Interim arnel dperational DA system ECMWF

0001 (DCDA) : Screening statistics SYNOPship-Ps Globe

0001 (DCDA) : Screening statistics SYNOPship-Ps Globe
Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)

Total (blue) Passive (orange) Blacklist (black) Failed (red) Used (green) varQC-rejected (magenta)

4000 B sa et e
30001 ST 3000
2000 2000
1000
199 800:
600
8 500
400 400
200 300
200 \ 200
oo AN 100 V]
i Mo : il
@ i &
40 40
Y d 30
2 | I 20
10 10
8 8
6
§ §
4 4
3 3
2 2
JAN MAR MAY 300 SEP NOV IAN MAR MAY 300 T A % 7 % 5 6 N 17 A Bk H LI T D b b B 5 b 5 D
2006 2007 DEC JAN FEB

MAR

Figure 31: Time series of data usage for SYNOP ship surfaesspire observations from operational data with
special emphasis on the data rejection at the beginning cfi @onths.
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Figure 32: Time series of data usage for SYNOP ship surfaesspire observations from operational data with
the good result at the 1. December 2007 after solving thetieje problem.
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Figure 33: Departure statistics for radiosonde temperatat 100hPa on the Northern Hemisphere for the opera-
tional data. The lower panel shows used data counts.
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Figure 34: Departure statistics for zonal aircraft wind a5@hPa on the Northern Hemisphere for the operational
data. The lower panel shows the count of used data duringrieegeriod.
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Figure 35: Time series of data usage for SYNOP ship surfaegspire observations over the Northern Hemisphere.
Top panel: ERA-Interim, bottom panel: operations
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Figure 36: Time series of data usage for SYNOP land surfagsqurre observations over the Northern Hemisphere.
Top panel: ERA-Interim, bottom panel: operations
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Figure 37: Departure statistics for radiosonde temperatat 100hPa on the Northern Hemisphere for the opera-
tional data. The lower panel shows the count of used dataxduhie time period. Top panel: ERA-Interim, bottom
panel: operations
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Figure 38: Departure statistics for zonal aircraft wind a58hPa on the Northern Hemisphere for the operational
data. The lower panel shows the count of used data duringitihe period. Top panel: ERA-Interim, bottom
panel: operations
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Data count and quality control decisions in ERA-40 and ERA-interim 1995

All obs FG rej VarQC rej Used Obs Bg QC Limits VarQC Limits Rejection Ratio
Obstype | Obsvalue [ Level E4 El E4 El E4 El E4 El E4 El E4 El E4 El
SYNOP _|Ps surf 11168251| 18041532] 1.85%| 1.25%| 1.02%| 0.25%] 86.15%| 53.61%| 320.0| 240.0]Pa |varying| 200.0|Pa 2.87%| 1.50%)
SYNOP [rh surf 11021987 11045165] 0.02%| 0.11%| 0.03%| 0.00%] 30.67%| 18.16%| 52.0| n.a. |% 28.0] n.a. |% 0.05%]| 0.11%
SHIP Ps surf 2418295 2412324] 1.12%| 1.76%| 0.70%| 0.88%] 78.00%| 79.79%| 380.0| 260.0]Pa |varying| 200.0|Pa 1.82%| 2.64%)
SHIP U/V10m  |surf 2633672 2628644] 0.57%| 0.67%| 0.10%| 0.30%] 41.62%| 50.42%|] 11.6| 11.4|m/s 10.8/ 10.8|m/s | 0.67%| 0.97%
DRIBU Ps surf 2183944 3075928] 1.88%| 2.68%] 1.14%| 0.29%] 64.52%| 50.81%]| 380.0| 320.0JPa |]varying| 240.0|Pa 3.02%| 2.97%
DRIBU U/V10m  |surf 1419484| 1424686] 0.46%| 0.43%| 0.25%| 0.52%]| 43.11%| 48.84%| 10.9] 10.7)m/s 7.4 7.4mis | 0.71%| 0.95%
METAR |Ps surf 0 0
TEMP T all 14173985 14101291] 1.20%| 1.06%| 0.74%| 1.00%] 93.04%| 93.37% 3.5 3.0]K 2.5 2.5|K 1.95%| 2.06%)
TEMP T 0-100 3341643| 3315190] 1.10%| 1.52%| 1.43%| 1.53%] 94.07%| 94.05%) 4.8 4.7]K 3.6 3.6|K 2.53%| 3.06%
TEMP T 100-900 9617377| 9574844] 1.02%| 0.90%| 0.52%| 0.71%] 93.98%| 94.06%) 35 3.0]K 2.5 2.5|K 1.54%| 1.61%
TEMP T 1000-900 1214961| 1211253] 2.95%| 1.10%|] 0.60%| 1.77%] 82.74%)| 86.02% 3.9 4.7]K 3.6 3.6]K 3.55%| 2.87%
TEMP un all 10821439 10751160] 0.71%| 0.70%| 0.33%| 0.63%] 91.60%| 91.24%| 10.5| 11.0|m/s 9.1 9.1 m/s | 1.04%| 1.34%
TEMP un 0-100 2789733| 2768702] 1.06%| 1.00%| 0.55%| 0.74%] 96.26%| 95.67%|] 15.7[ 13.0|m/s 10.2| 10.1jm/s | 1.60%| 1.75%
TEMP un 100-900 6756365 6710221] 0.61%| 0.62%| 0.26%| 0.59%] 95.77%| 95.27%|] 11.7[ 11.5|m/s 9.1 9.1lm/s | 0.87%| 1.21%
TEMP unv 1000-900 1275243| 1272139] 0.48%| 0.49%| 0.24%| 0.62%] 59.34%| 60.39%| 10.5| 11.0|m/s 9.1 9.1lm/s | 0.73%| 1.11%
TEMP q all 11519732( 11477986] 0.71%| 0.46%| 0.06%| 0.17%] 58.91%| 58.62% varying varying 0.77%]| 0.63%
TEMP q 100-900 8216284 8182711] 0.67%| 0.54%| 0.08%| 0.21%] 70.92%| 69.97%) varying varying 0.75%| 0.75%
TEMP q 1000-900 1624186| 1621401) 1.61%| 0.53%] 0.05%| 0.16%] 59.08%| 61.91% varying varying 1.67%| 0.70%
AIREP T all 12023988| 12066985] 1.21%| 1.18%| 0.09%| 0.08%] 41.94%| 39.56% 4.6 4.2|K 3.7 3.8|K 1.31%| 1.26%
AIREP T 100-900 10495862( 10533445] 1.20%| 1.24%] 0.11%| 0.08%] 45.14%| 40.90% 4.6 4.2]K 3.7 3.8]K 1.30%| 1.32%
AIREP T 1000-900 1525185| 1530593] 1.30%| 0.74%]| 0.02%| 0.06%] 19.92%| 30.33% 5.5 6.2|K 5.1 5.2|K 1.32%| 0.79%)
AIREP U/ all 10410626| 10449261] 1.26%| 1.36%] 0.16%)| 0.16%] 48.44%| 44.00%] ~15.0[ ~14.5|m/s 12.7 12.8|m/s 1.43%| 1.52%
AIREP un 100-900 9048325 9082108] 1.38%| 1.49%| 0.19%| 0.17%] 52.37%| 45.75%|] ~15.5| ~15.5|m/s 12.8| 12.8|m/s | 1.57%| 1.66%
AIREP U/ 1000-900 1359187| 1364033] 0.46%| 0.48%]| 0.02%| 0.02%] 22.30%| 32.37%| ~15.0| ~14.5|m/s 11.7) 12.8|m/s | 0.48%| 0.50%
PILOT unN all 3928818 3939870] 0.68%| 0.81%| 0.30%| 0.63%] 84.67%| 82.55%|] 10.7[ 10.4|m/s 9.1 9.1lm/s | 0.98%| 1.44%
PILOT unv 0-100 447567 450149] 1.07%| 1.63%|] 0.36%| 0.60%] 63.10%| 61.19%| 15.7[ 13.0|m/s 10.5| 10.2|m/s | 1.44%| 2.23%
PILOT un 100-900 2856343 2863414] 0.62%| 0.72%| 0.30%| 0.65%] 89.14%| 86.66%|] 12.1| 11.0|m/s 9.1 9.1|m/s | 0.92%| 1.37%
PILOT U/ 1000-900 624904 626303] 0.65%| 0.65%] 0.24%| 0.56%] 79.69%| 79.11%| 10.7| 10.4)m/s 9.1 9.1lm/s | 0.89%| 1.21%
profiler un all 1497290| 1502501] 2.51%| 2.80%]| 0.34%| 0.61%]| 96.62%| 95.91%| 12.9] 11.8|m/s 9.2 9.1lm/s | 2.85%| 3.41%
profiler unv 0-100 20978 21354] 12.68%| 13.49%| 1.23%| 1.39%]| 86.00%| 85.03%|] 18.9| 16.8|m/s 11.2| 10.5|m/s | 13.91%| 14.88%
profiler unN 100-900 1440230| 1444911) 2.39%| 2.66%| 0.32%| 0.57%| 96.74%| 96.07%| 12.9| 11.8|m/s 9.3 9.1m/s | 2.71%| 3.23%
profiler unv 1000-900 36082 36236] 1.60%| 2.02%| 0.45%| 1.74%] 97.72%| 95.95%|] 12.9| 12.4|m/s 9.2 5.5|m/s | 2.05%| 3.75%
EU-profiler| UV all 0 0
EU-profiler{U/V 0-100 0 0
EU-profilerfU/vV 100-900 0 0
EU-profiler{U/V 1000-900 0 0
JP-profiler |U/V all 0 0
JP-profiler [U/V 0-100 0 0
JP-profiler |U/V 100-900 0 0
JP-profiler [U/V 1000-900 0 0
US-profiler|U/V all 1497290| 1502501] 2.51%| 2.80%]| 0.34%| 0.61%]| 96.62%| 95.91%| 12.9| 11.8|m/s 9.2 9.1lm/s | 2.85%| 3.41%
US-profiler|U/V 0-100 20978 21354] 12.68%| 13.49%| 1.23%| 1.39%]| 86.00%| 85.03%|] 18.9| 16.8|m/s 11.2| 10.5|m/s | 13.91%| 14.88%
US-profiler|U/V 100-900 1440230| 1444911] 2.39%| 2.66%| 0.32%| 0.57%| 96.74%| 96.07%| 12.9| 11.8|m/s 9.3 9.1m/s | 2.71%| 3.23%
US-profiler|U/V 1000-900 36082 36236] 1.60%| 2.02%| 0.45%| 1.74%] 97.72%| 95.95%] 12.9( 12.4|m/s 9.2 5.5|m/s | 2.05%| 3.75%
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Data count and quality control decisions in ERA-interim and the operational ECMWF assimilation system 2005

All obs FG rej VarQC rej Used Obs Bg QC Limits VarQC Limits Rejection Ratio
Obstype | Obsvalue Level Oper El Oper El Oper El Oper El Oper El Oper El Oper El
SYNOP Ps surf 38193760 37237480] 0.68%| 0.79%] 0.13%]| 0.20%] 47.05%]| 20.87%] 260.0| 260.0|Pa 200.0| 200.0JPa 0.81%| 0.99%
SYNOP rh surf 21919122| 21540624] 0.08%| 0.08%] 0.00%]| 0.00%] 21.74%| 17.55%] n.a. na. |% n.a. na. |% 0.08%| 0.08%
SHIP Ps surf 2404746| 2376857| 0.77%| 1.18%| 0.69%]| 0.94%] 88.87%| 91.87%] 280.0( 280.0|Pa 200.0| 200.0JPa 1.46%)| 2.12%
SHIP UN10m |surf 2327477 2297341] 0.64%| 0.59%]| 0.32%| 0.28%]| 59.84%)| 46.31%| 10.8] 11.6|m/s 10.8] 10.8]m/s | 0.96%| 0.87%
DRIBU Ps surf 7078349 6349051] 1.81%| 2.26%] 0.29%| 0.31%] 38.81%)| 40.42%| 340.0{ 340.0JPa 240.0] 240.0)Pa 2.10%| 2.57%
DRIBU UN10m  |surf 419727 396648] 1.76%| 1.68%| 1.70%| 1.56%]| 86.30%]| 80.93%| 10.3 9.9]m/s 7.4 7.4)m/s | 3.46%| 3.24%
METAR |Ps surf 15551667| 15453014] 0.06%| 0.23%] 0.04%| 0.16%]| 89.39%] 91.02%| 380.0] 360.0jPa 340.0{ 340.0|Pa 0.10%| 0.38%
TEMP T all 16042720( 15940932] 0.84%]| 0.82%] 0.92%| 1.05%] 91.50%( 93.51% 2.9 3.0]K 2.5 2.5]K 1.76%| 1.87%
TEMP T 0-100 4118642| 4087865 1.37%| 1.08%| 1.50%| 1.48%) 90.34%| 95.37% 4.4 4.6|K 3.6 3.6]K 2.87%| 2.56%
TEMP T 100-900 10667340| 10602075] 0.62%| 0.68%] 0.65%| 0.78%]| 92.28%| 93.77% 2.9 3.0]K 25 2.5]K 1.27%| 1.46%
TEMP T 1000-900 1256738 1250990] 1.01%| 1.12%] 1.23%| 1.94%]| 88.73%| 85.17% 4.6 4.9|K 3.6 3.6]K 2.24%| 3.06%
TEMP U/ all 14570453| 14340834] 0.47%| 0.54%| 0.42%| 0.60%] 93.50%| 92.77% 9.7 10.8]m/s 9.1 9.1|m/s 0.89%( 1.14%
TEMP U/ 0-100 4708088| 4589855] 0.58%| 0.58%] 0.49%| 0.61%] 96.45%]| 96.18% 11.9 12.9]m/s 10.1 10.1]m/s 1.07%| 1.19%
TEMP un 100-900 8534351| 8430361| 0.41%| 0.51%| 0.37%| 0.57%] 95.79%| 95.23%| 10.7] 11.4|m/s 9.1 9.1]m/s | 0.78%| 1.08%
TEMP un 1000-900 1327990 1320602] 0.49%| 0.57%] 0.53%| 0.78%]| 68.30%| 65.25% 9.7] 10.8|m/s 9.1 9.1|m/s 1.02%| 1.35%
TEMP q all 13533114| 13418561] 0.47%| 0.49%] 0.16%| 0.19%]| 59.07%| 59.88% varying varying 0.64%| 0.68%
TEMP q 100-900 9364838| 9280919| 0.58%| 0.59%| 0.21%| 0.24%]| 73.54%)| 75.29% varying varying 0.79%| 0.83%
TEMP q 1000-900 1666555 1660797] 0.58%| 0.62%| 0.17%| 0.19%] 66.45%| 63.12% varying varying 0.75%| 0.81%
AIREP T all 69664448| 66671628] 0.22%| 0.37%] 0.06%| 0.11%| 58.39%)| 63.20% 4.0 4.1|K 3.8 3.8]K 0.28%| 0.48%
AIREP T 100-900 58595984 56113624] 0.19%| 0.33%] 0.06%]| 0.11%] 59.51%]| 66.33% 4.0 4.1|K 3.8 3.8]K 0.25%| 0.44%
AIREP T 1000-900 11067772| 10557288] 0.33%| 0.54%| 0.10%)| 0.13%] 52.47%| 46.55% 5.7 5.9]K 5.1 5.0]K 0.43%| 0.67%
AIREP un all 69749344| 66602336] 0.40%| 0.45%]| 0.10%| 0.13%] 64.91%)| 63.69%| 13.6] 14.7|m/s 12.5| 12.5|m/s | 0.50%| 0.58%
AIREP un 100-900 58935220| 56307792| 0.40%| 0.46%]| 0.10%| 0.14%] 64.93%)| 66.43%| 13.6] 15.7|m/s 12.6] 12.6|m/s | 0.50%| 0.60%
AIREP unv 1000-900 10813077| 10293823| 0.40%| 0.41%] 0.07%| 0.07%] 64.84%| 48.71% 13.8 14.7)m/s 12.5 12.5|m/s 0.47%| 0.48%
PILOT un all 6233195| 6123265| 0.52%| 0.65%| 0.46%| 0.66%]| 78.42%| 83.46% 9.9] 10.9m/s 9.1 9.1]m/s | 0.99%| 1.31%
PILOT U/ 0-100 1326562| 1245501] 0.73%| 0.81%] 0.50%| 0.62%| 83.01%)| 84.43% 12.3 13.0lm/s 10.2 10.2]m/s 1.23%| 1.43%
PILOT U/ 100-900 4114306| 4083615] 0.48%| 0.63%] 0.48%| 0.70%] 79.82%| 85.94% 9.9 11.6]m/s 9.1 9.1|m/s 0.96%| 1.33%
PILOT unNv 1000-900 792327 794149] 0.37%)| 0.49%| 0.33%| 0.50%] 63.49%| 69.17%| 10.7[ 10.9|m/s 9.1 9.1)m/s | 0.71%| 0.99%
profiler U/ all 27913468 28743658] 0.34%| 1.24%] 0.21%]| 0.47%| 48.54%| 76.26% 10.9 10.4]m/s 9.1 9.1|m/s 0.55%| 1.71%
profiler un 0-100 584501 600806] 3.09%| 3.56%)| 1.52%| 1.48%]| 48.88%| 50.64%| 12.2| 14.5|m/s 10.1] 10.2|m/s | 4.61%| 5.04%
profiler unN 100-900 24977224| 25660696| 0.30%| 1.14%]| 0.20%| 0.42%] 52.82%)| 78.29%| 10.9| 10.4|m/s 9.1 9.1]m/s | 0.50%| 1.56%
profiler un 1000-900 2351745| 2482156] 0.05%| 1.71%| 0.01%| 0.77%] 3.01%)| 61.45%| 11.4] 10.7|m/s 9.1 9.1]m/s | 0.06%| 2.48%
EU-profiler| UV all 13216667| 13885356] 0.27%| 1.62%| 0.14%| 0.40%] 24.00%| 52.85%] 10.9| 10.4|m/s 9.1 9.1lm/s | 0.42%| 2.03%
EU-profiler{U/V 0-100 404936 424900] 3.72%| 3.70%] 2.05%| 1.85%| 32.40%]| 31.79% 12.2 14.5]m/s 10.1 10.2]m/s 5.77%| 5.54%
EU-profiler{U/V 100-900 11212697]| 11732330 0.18%| 1.53%] 0.09%| 0.34%] 26.49%| 54.59% 10.9 10.4Jm/s 9.1 9.1|m/s 0.27%| 1.87%
EU-profiler|U/V 1000-900 1599034 1728126] 0.07%| 1.78%|] 0.02%| 0.46%]| 4.43%| 46.20%] 11.4| 10.7|m/s 9.1 9.1|m/s | 0.09%| 2.24%
JP-profiler [U/V all 3503045| 3481487| 0.21%| 0.53%| 0.36%| 0.80%)| 71.72%)| 98.44%| 11.6] 11.6|m/s 9.1 9.1]m/s | 0.58%| 1.33%
JP-profiler UV 100-900 3012748 2993565| 0.25%| 0.52%| 0.42%| 0.73%] 83.39%)| 98.61%| 11.6] 12.0|m/s 9.1 9.1lm/s | 0.67%| 1.25%
JP-profiler [U/V 1000-900 490297 487922] 0.00%| 0.61%| 0.00%| 1.22%| 0.00%| 97.41%| n.a. 11.6|m/s | n.a. 9.1]m/s | 0.00%| 1.83%
US-profiler{U/V all 11139485| 11302865] 0.46%| 1.00%] 0.24%| 0.46%] 70.60%| 98.31% 11.4 11.1Jm/s 9.7 9.1|m/s 0.70%| 1.45%
US-profiler{U/V 0-100 179565 175906] 1.67%| 3.23%| 0.31%]| 0.59%] 86.05%]| 96.17% 13.9 14.5]m/s 11.2 10.8]m/s 1.98%| 3.82%
US-profiler| UV 100-900 10697506| 10860851] 0.45%| 0.90%)| 0.24%| 0.42%]| 72.07%| 98.43%| 11.4| 12.2|m/s 9.7 9.1|m/s | 0.69%| 1.32%
US-profiler| UV 1000-900 262414 266108] 0.00%| 3.28%| 0.00%| 1.97%] 0.00%| 94.62%| n.a. 11.1|m/s | n.a. 9.1]m/s | 0.00%| 5.25%
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