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1. Scope of this document

Within work package8 (WP3), it has been discussed since the start of the project on how to
access scientifically the UERRA regional reanalyses. A draft concept hagsiteted at the
workshop (D3.1)yesultingin a collection & common evaluation procedure$D3.2),and
agreement orfollowing methodologie$or characterizing uncertainties

Method A: feedback statistics,

Method B: comparisn against station observations

Method C: comparison against gridded station observations,
Method D: comparison against satellite data,

Method E: ensemble based comparison,

Method F: user related models.

In this report, the WP3 activitieselating to Method A,B, C, D and E are explained, the
applied methods introduced and the fithess for purpose is demonstrated The
demonstrations rely partly on preliminary data (i.e., either @UJRO4Moutput, or
preliminary UERRA output, as UERRA data are still under produdtiondeviation of
methods, only an update of results is expected as soon aspteliminary input can be
replaced with final UERRA daféhe developed code is linkebllethod F is treated in WP4,
thus outside the scope of this document.
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2. Method A: Use of ODB for Observation Feedback statistics

2.1. Method description

ODB (ObservationaldbaBase- http://www.ecmwf.int/en/elibrary/15080-odb-pastpresent
andfuture) is a format developed by ECMWF to store observation data and metadata,
together with useful adifional information from an analysis system.

This will typically include model background and analysis values, but can also include other
‘feedback’ information such as quality control decisions from the observation processing
system. There is potential fabservation feedback from reanalyses to be useful for many
purposes. For instance, they can be used to assess and filter the observation records.
Observing sites that report values consistently different from the reanalysis might be
regarded as unreliabl Time series of observation minus reanalysis differences can reveal
sudden changes at individual stations, possibly due to instrument calibration errors or
perhaps the station was relocated.

Here examples are given of feedback information from ODB &ngle month (May 1979)

from a Met Office reanalysis produced as part of UERRA. The reanalysis uses the UM model
at 36:km resolution over the EACORDEX domain, using conventional data (surface, upper air
and aircraft) together with TOVS radiances in a 4Dational assimilation system. This
particular run is the control run (‘'member 0') for a-B@mber ensemble. These examples

are to illustrate the potential for OBs in validation of reanalyses.

2.1.1. Advantages

The observation feedback is produced during teanalysis production, requiring no extra
effort.

2.1.2. Disadvantages

This method is system dependent; observation feedback between different systems can be
compared only in connection of understanding the systems. This method is limited to data
which are assinated.

2.1.3. Value of method

Observation feedback from reanalyses can be used to assess and filter the observation
records. Observing sites that report values consistently different from the reanalysis might
be regarded as unreliable. Time series of observatiimus reanalysis differences can reveal
sudden changes at individual station®bservation feedback is calculated to serve the
producer of the reanalysis and enhance the productiblserscan benefit, if they seek
information on to what extend the reanalysis differs from alternative data (in case they are
assimilated).
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2.2. Example of Application

2.2.1. Parameter
2m temperaturefields wereinvestigated.

2.2.2. Investigated spatial and temporal scale

Native patial and temporal resolution of measuremenas investigated

2.2.3. Used observations

2m temperaturefrom SYNOP stations were used.

2.2.4. Investigated reanalyses
This method was westigatedfor the regional reanalysis of Met Office.

2.3. Preliminary Results

Figures2.1 and 2.2 are map plots of the bias and standard deviation eB QObservation
minus model Background, i.e.-hour forecast from reanalysis) 2m temperature at
observation stations. These maps reveal which stations have large biases and/or standard
deviations and where they are. This can potentially reveal problems in the observation data
or in the model reanalysis. The bias and standard deviation calculations ignore any
observations with gross errors as these would be rejected by QC (quality control) amok are
necessarily an indicator of the overall quality of observations from the station. However, the
percentage of gross errors is considered in deciding whether to use these stations.

O-B Bias for SYNOP stations with 2m temperature reports
during 1979-05-01 until 1979-06-01
ignoring gross errors

-3.0 -24 -18 -1.2 -0.6 00 0.6 12 18 24 3.0
2m temperature O-B bias (K)
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Figure2.1: O-B bias for 2m temperature, May 1979

O-B Standard deviation for SYNOP stations with 2m temperature reports
during 1979-05-01 until 1979-06-01
ignhoring gross errors

| | 1 1 1 v‘
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2m temperature O-B standard deviation (K)

Figure2.2: O-B st dev for 2m temperature, May 1979

Histograms for individual stations can be plotted to visualise the distributions®fv@ues
(Figure2.3). These can reveal bias, asymmetry or multiple peaks. F@Brashows one
station (06107) with low bias andtandard deviation and another (01218) which has
exceeded thresholds for bias and standard deviation and so has been rejected from the
assimilation system for the month.

SYNOP station ID: 06107 SYNOP station ID: 01218
01/05/79 - 31/05/79 01/05/79 - 31/05/79
T T T T T T

L L L L L L L L
-15 -10 -5 0 5 10 15 -15 -10 -5
2m temperature 0-8 (K) 2m temperature 0-B (K)

Figure2.3: O-B histograms for 2m temperature, Stations 06107 (left), 01218 (right)
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Time series plots (Figuiz4) can show any jumps in-B or trends. Examples of a station
which was rejected by the observation monitoring system and one not rejected are shown in
Figure 2.4 for May 1979. Station 06107 has reasonably low bias and small spread. Station
01218 has a significant positive bias and larger spread, exceeding the thresholds for
rejection. Observations are monitored in this way on a monthly basis to rejecoistathat
exceed @B thresholds over the month. This provides an additional safeguard to avoid the
use of poor quality data.

Example of station 0-B value time series from Met Office reanalysis
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Figure 2.4Time series of B 2m temperature for 2 stations: 06107 (blue), 01218 (green)

Other possible methods of exploiting OP#®r comparing observations with reanalyses are
scatter plots of O agast B andcalculating correlation coeffients between O and B values
(Figure2.6), time series plots {§ure 2.7), and histograms of O and B valugsgure2.5). As

well as looking agroups of observations, information can be extracted about whether
individual observations have been assimilated or rejected. For upper air observation types,
vertical profiles of @ bias and standard deviation on model levels for each station can be
cakulated.
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25 Station ID: 01218 01/05/79 - 31/05/79
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Figure 2.5Histogram of O and B 2m temperature for station 01218

Station ID: 01218 01/05/79 - 31/05/79
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Figure2.6: Scatterplot of O, B 2m temperature for station 01218
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O and B time series for station ID 01218
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Figure 2.7 Time series of O (black), B (blue) for station 01218
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3. Method B: Comparison against station observations

3.1. Method description

Grid cell values of regional reanalyses are compared against point measurements of either
operational station dataover Germanyoperated by DWD or measurements taken by tall
meteorological towersWhereas station observations are limited to one height near the
ground, tower measurements are taken at different heights up to hundreds of meters above
the ground. These measurements da@ compared against values in corresponding model
level heights of the reanalyses.

Statistics of different temporal scales ranging from hourly to hatenualobservationsvere
calculated and include ocrelation, bias, RMSE, anomalieBDFscore, and frequency
distribution. In addition, skill scores based an2x2contingency table are calculated. These
enable investigation ofxdreme evens and includehe hit rate, false alarm rate, false alarm
ratio, Heidkeskill score (HS, threat score T3, equitabke threat score(ETSpr Gilbert skill
score frequency bias index, accuracy, adatio, extremal dependence indexeD), and
symmetric extremal dependence indeSED| the latter two introduced by[Ferro and
Stephenson, 2011]

When comparingabsolute vales between station data and regional reanalygeseeds to

be kept in mindthat point measurements are compared with grid cell valuggferences
could be caused bwsufficient representativity, mismatching surface roughness, @sdis
especiallythe casewith tower measurementsby mismatching heightg-or these reasons, a
relative comparison is pursueaere for the determination of the contingency table based
skill scores. Théenchmark for which to calculate the values of the contingency table is
based on percentile®f the station and reanalysis time series instead of their absolute
values.

3.1.1. Advantages
This method is easy to apply

3.1.2. Disadvantages

Comparison of grid cells ofspatial extendof severalens to hundred of square kilometres
with point measurementss far from comparing likavith-like. Keeping in mind that the
station measurement is often treated as representative for a certain region, this method is
still justified.

3.1.3. Value of method

This method helps users who traditionally rely on station measurementstierstand the
potential d using reanalysis data.
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3.2. Developed and shared code

The proceduresmplementing the evaluation have been developed within this projact
using the RHanguage (R. Core Team (2105). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.htid-//www.R-
project.org) and are being shared on github at https:/github.com/UERRA
EVA/EVA stationobficensed undefGPL version @r any later version).

3.3. Example of Application

3.3.1. Parameter
Themethodwas applied to wind speedear the ground, covering b®to 100m height

3.3.2. Investigated spatial and temporal scale

The evaluation was performed on grid cell values of the regional reanalyses versus point
measurements fohourly, daly, monthly, annual and inteannual time scals

3.3.3. Used observations

Datawhich are compared againgtclude a) bwer measurements ofihdenberg, Cabauw,
and the FINO platformspf hourly, daily,and monthly values and b) DWD statiatata
measurements avaible fromftp://ftp -cdc.dwd.de/pub/CDC/

3.3.4. Investigated reanalyses

Investigated reanalysemclude preliminary data, namelyhe regional reanalysiCOSMO
REA6covering the time rangd 995 to 2014,and the two regonal reanalyses developed
during EURO4My SMHI and the UK MetOffice covering the years 2008 and, 20@9the
two global reanalyseBERA20C (1901 to 201&)d ERAnterim (1979 to 2010).

3.4. Preliminary Results

Comparison of station measurements of 10m wind speed against regional reanalyses is
shown here exemplarily for the station Hannover. In Fidgute four panels of the frequency
distribution of the 10m wind speed for the station and the three reanaymse shown
Indicated are also the numbgf hourly and sbhourly measurements in the distribution
plots, the mean, median, and the 1st and 99ibrcentile of measured or calculated wind
speed. The number of measurements is less for SMHI because thbrkEstmontts of the

two year time series are missing the preliminary EURO4M The statistical measures
provided indicate a good match for the COSMREAG6 reanalysis, wherett®e preliminary
EURO4MSMHI fields tend to have too high wind speed andhe prelimirary EURO4M
MetOfficefields tend to haveoo low wind speed at this station.

10
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Frequency distribution for COSMO-REA6
at location Hannover for 2008/2009 Frequency distribution of station Hannover for 2008/2009
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Figure 3.1 Frequency distribution at station Hannover (top left) and the three regional
reanalyses at the location of the station for COSRBPA6 (top right) EURO4MSMHI
(bottom left), andEURO4MVetOffice (bottom right).

Skill scores were calculated for the three regional reanalyses as shown in Bigure
Exemplarily, station Hannover was used and hourly mean data was chosen for the
calculation. The output of COSMREAG is hourly, whereas the output of the SMHI and
MetOffice regional reanalyses is $igurly only. So, for the calculation of the skill scores,
every sixth hourly mean value of the station data was used to compare against that of the
reanalyses.

The skill scores shown in Figld@ feature different value rargs. Additionally, the value of
perfect score varies throughout. For instance, for the hit rate the range of scores lies
between (0,1) and the perfect score is 1. That is, the higher the score for each benchmark
(here: percentile) the better the reanalygierforms. On the contrary, the opposite is true

for the false alarm ratio: the range still lies between (0,1) but here the perfect score is 0, i.e.,
the lower the score for each benchmark the better the reanalysis. A third case is also
possible, in whichhte score cannot distinguidbetween the different reanalyseand stays
(almost) constant throughout the complete range of the benchmark as is true for the
frequency bias index. Here, the perfect score is 1 and the value range of the score lies
between (0K 0 ®

For all skill scores shown, COSIRBA6performs best whichmight be due to its hourly
output compared to the skhourly output of the EURO4MSMHI andEURO4MMetOffice
reanalyses.

11
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hit.rate of hourly means at Hannover

false.alarm.rate of hourly means at Hannover
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accuracy of hourly means at Hannover odds.ratio of hourly means at Hannover
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Figure 3.2 Twelve different skill scores of hourly means at station Hannover compared to
the three regional reanalyse€EOSMEREA6 (green EURO4MSMHI (blue), andEURO4M
MetOffice (red)

Figure3.3 shows the combination of two skill scores, here the hit rate and false alarm ratio.
The interpretation of this combination of scores is that a particular reanalysis has skill up to
that value of the benchmarkt which both lines of the hit rate and falsgarm ratio cross
each other.The hourly availability of the COSMREAG6 regional reanalysis seefasourably

for achieving a skilful analysteroughout most 97" percentile) of the measured value
range, whereasfor the EURO4MSMHI 85" percentile) and BURO4M MetOffice Q0"
percentile)reanalyseshe skilldoes not cover such a wide range.
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Hit rate vs False alarm ratio of hourly means at Hannover
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Figure3.3: Hit rate versus False alarm ratio of hourly means at station Hannover for three
different regional reanalyses.

Figure3.4 shows the storm event Emma which officially lasted from February, Z®8 to

March, 2 2008and hit central Europe. In the three upper panels, regional reanalysis data
for COSMEREAG6,EURO4MSMHI, andEURO4MMetOffice, respectively, together with
station data are shown. Values are hourly means and station data is shown at the same time
steps as available from reanalyses. In the legend, correlation values with the 95% confidence
interval between station and reanalysis data are providéte correlabn between the
COSMGEREAG6 reanalysis and station measurements is significantly higher than the
correlation between the two other reanalysis and station data.

Note all these results are only valid for tHEURO4Mand COSM@REA6 output. This
investigation las to be repeated with available UERRA output, before drawing any
O2y Of dzaA2yad ¢KS YSGK2RQ&a LRGSYGAlrt (0K2dzZaK A
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10m Wind speed at Hannover against HErZ reanalysis
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Figure3.4: Time series of thetsrm event Emmabetween 00 hrs February, 26008 and
March, 08" 2008 for the regional reanalyses COSRBA6 (top panelEURO4MBMHI (2
panel), andEURO4MVietOffice (3% panel) together with station data (grey) are shown. The
bottom panel depicts all three regional reanalyses.

A recent study by Bsche et al.,, 2016 investigated wind speed from tall meteorological
tower measurements and compared these measurements against regional (CRERNE)

and global (ERA20C and HRt&rim) reanalyses. Below, the results of the Lindenberg tower
are shown exemplrily. Figure 3.5 shows box plots of monthly wind speed at different
heights for the mast measurements at Lindenberg and corresponding values of the regional
(COSMEREAG) and the global (ElR®erim and ERA20C) reanalyses. The range of the box
plot whiskes indicates 1.5 times the interquartile range. Median values of measurements
and reanalyses are of comparable values throughout the height range, but the GREN®D
reanalysis overestimates variabiligygiven here as the range of the box plot whiskerat
Lindenberg. The wind speed increases with height as expected and median values between
measurements and regional reanalyses are heahe same. fe variability at the
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Lindenbergmast at 10m as derived from COSMNRBA6 is 10% lower than observed.
However, in all heights above, the COSKBAG6 variability is systematically larger than
observed. The variability of the global reanalyses at 100m is also larger than observed.

Monthly wind speed
profile Lindenberg

C-REA6 116m 4+ - B —
ERA-1100m 4+ = 1 —
ERA20C 100m - o
Lind 98m o
Lind 80m - = —
C-REAG6 69m e
Lind 60m - .-
Lind 40m - -
C-REA®6 35m o
Lind 20m - o+ -
ERA20C 10m - -
ERA-I 10m - S —
C-REA6 10m - -
Lind 10m »e

0 5 10 15
wind speed [m/s]
Figure 3.5Box plot of monthly mean wind speed at Lindenberg at different heights between
10m and around 100r(Borsche et al., 2016Mast measurements are shown in red, regional
reanalysis data (COSMREA®G) in blue, and global redyss data (ERkterim and ERA20C)
in green.

A direct comparison of absolute values between mast measurements and CAEM®
output on a specific height level is not recommended because these are influenced by biases
which could be caused by insufficiemepresentativity, mismatching heights, and
mismatching surface roughness. This is especially true for comparisons over land where
height mismatch might be large due to differences between model and real orography. Note
further that surface roughness is kieponstant with time in COSMREAG. For these reasons

it is recommended to use anomalies when working with reanalysis data, as presented in
Figure3.6. Here, the time series of the reanalysis versus observed monthly wind speed
anomalies is shown at 10m amadound 100m for Lindenberg.

Monthly relative wind speed Monthly relative wind speed
anomalies at Lindenberg anomalies at Lindenberg
05 J : ﬁ 05
0- .“ff: ..’f\q1%”‘.~.'\ ﬂ‘ﬁ“ 51,0 \ .....' o".\f 0.0 "?J ‘. ;“"*I-‘ %‘h| - v, \. | ol'l* "&’.
> _05 COSMO-REAG at 10m Lindenberg at 10m ‘ > _05 COSMO-REAG at 116m Lindenberg at 98m ‘
© i © ¥
£ . . £ H
S 0.5 ‘I i 4‘ " S 0.5 . :J‘
J NE 0 e AV, e ek B COR o .I -
g 0.0 .\",_ ,..." p: ,.-, ‘b‘f;‘ -. \-“, t‘;\ y f,s,'vf g 0.0 u‘g, ”& *s = -" o -!'-N,'J‘
E -0.5 1 Era-In at 10 Lindenberg at 10m E -0.5 1 Era-Inte at 100 Lindenberg at 98m |
® 1 ® :
0.5 - 7 . } . 0.5 - . '
.  Fhn ] “' .. ‘ .\ LX] o i
0 % '..J-v"'*" mad - ".'.. "\\.' A k" “GJ 'I\! "‘" .h:'h"' \" ‘ 'i‘”f '\,’
-0.5 Lindenberg at 10m ‘ -0.5 ER20C at 100m Lindenberg at 98m ‘
Jan Jan Jan Jan Jan Dec Jan Jan Jan Jan Jan Dec
2001 2003 2005 2007 2009 2010 2001 2003 2005 2007 2009 2010
16

D3.5



* X %
ks *
* *

* *
* 5 K

Project: 607193 UERRA

Figure 3.6 Time series of relative anomalies in monthly mean wind speed of Lindenberg
mast measurements at 10m (left) and around 100m (right) height againstnalgieanalysis
(COSMEREAG) and global reanalyses (ER&rim and ERA20(Borsche et al, 2016)

Figure 3.7 shows the diurnal cycle of mean hourly wind speed at each Lindenberg
measurement level and the COSNREA6 model level outputMeasurements and
reanalyses show a diurnal cycle with a maximum in the early afternoon for the lower levels
up to 40m. From 60m height above ground onwards, the diurnal cycle degrades in the
reanalysis. The observed reversal with height is not captured. Closer to the gl@OSMO
REAG reproduces the temporal evolution of the diurnal cycle qualitatively very well, albeit
with a lower amplitude. For instance, at 10m, the reanalysis captures the mean diurnal cycle
of about 33% with respect to the minimum, whereas the mast meam@nts record about
50%. The relatively good match at the ground and mismatch above can be explained by the
parametrizations of the boundary layer and the syiid scale orography which were
particularly optimized with respect to the observed 10m wind sp&6 statistics (Schulz,
2008).The global reanalysis ERA20C with its three hourly output captures the diurnal cycle
at 10m very well with an amplitude similar to the regional reanalysis. AlsarE&#fn with

only sixhourly output indicates a diurnal cgcat 10m. However, at 100m, both global
reanalyses show almost the same wind speed during the day in contrast to what the
measurements show.
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Figure3.7: Diurnal cycle of wind speed at the location of Lindenberg. Mast measurements
are shown at the top left, COSMREAG values at the top right, and global reanalyses in 10m
and 100m height at the bottor{Borsche et al., 2016)
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