Towards a common verification for operational HIRLAM
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1 Introduction

Verification of model results against observation or arialisan important part of NWP research and oper-
ational applications. Due to historical reasons, differgmproaches and softwares have been applied, within
HIRLAM community, for observation verification. Presentlgr routine observation verification in HIRLAM
operational centers, the "reference verification packagehly applied in KNMI, FMI and INM, whereas dif-
ferent local softwares are used in DMI, Met Eireann, metm &MHI. In addition, there exists a verification
package in the HIRLAM data assimilation community (HIRVDA&h extension of which has now become part
of the multi-purpose utility packages "gl”, which is used taily monitoring and verification in the HIRLAM
meso-scale modeling ("THARMONIE”) community for forecastmde with HIRLAM-ALADIN meso-scale
system.

In this notes, we present some evidence of incompatibiityerification scores due to diversity in methodology
and data selection, describe the recently proposed ag@eadthin the HIRLAM-A programme to harmonize
on verification approaches for model inter-comparison amgbict studies, and the efforts towards a common
verification for operational HIRLAM forecasts.

2 Incompatibility of verification results

HIRLAM forecast systems as implemented in operational ersndiffer, sometimes radically. In the past,
centers used to be asked to provide, periodically, to trernational HIRLAM community with certain se-

lected observation verification scores for inter-comeariand for monitoring of long term quality trend of the
HIRLAM forecast system. The usefulness of such a collectibmerification scores from different sources
has, however, been recognized to be limited, sometimes mi&naading, due to the substantial diversity in
verification algorithm, selection of verifying data setslirding the criteria for quality control.

Figure 1 and 2 demonstrate such an example. Shown in Figuesthearoot mean square (rms) and bias errors
of temperature at 850 hPa by the operational HIRLAM modelgliding that for FMI-RCR) for January 2006,
as computed by operational centers using their own routnification softwares. Different colors corresponds
to scores for different models, (the information is omittegle). In Figure 2, the results for one of these
model results, FMI-RCR, calculated with reference and DH#hiification packages, respectively, are plotted.
Comparing the two figures, the difference between FMI-RCR soores as shown in Figure 2, which is purely
due to use of different verification packages, is strikirlghge in comparison to the relative differences between
the scores for operational models collected from operatioanters, as shown in Figure 1. Thus it would be
unreliable to derive from the kind of results in Figure 1, @fhis based on a simple collection of verification
scores produced at different centers, relative skills betwdifferent models.
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Figure 1:Averaged bias and rms for HIRLAM 850 hPa temperature fotsaleng forecast lead-time, validated against
EWGLAM data for Jan 2006. Colors denote results from diffieé €l RLAM centers, as computed with routine verification
softwares used at individual services. Courtesy of Kalleke

3 Sensitivity of verification scores

To illustrate further sensitivity of results to verificatigpgrocedure, we conduct here some sensitivity experi-
ments taking into account a number of known contributingdiecthat may influence verification results. For
generality the selection of forecast data here has beemaagbiThe chosen forecast results are from a month-
long numerical experiment using Hirlam 7.1 beta 2 for Japnu2006. Observation verification scores in rms
and bias for EWGLAM-data are calculated with the followingifierent verifications:

e Control verification (CTL) as produced using HIRVDA verifiman package. With this software, experi-
ment results on model levels for up to 48 h with 6 h intervalfast interpolated bi-linearly to EWGLAM
stations. The verifying observation data is extracted ftoedECMWF MARS archive. The data is first
checked against analysis of the same experiment to disicase with large departure, according to the
criteria specified in HIRVDA verification.

e Alternative verification package (REF). In this case the saxperiment results are verified using the
reference verification package, which, in addition to aedéht procedure for verification, differs from
CTL primarily in terms of quality control aspect and in diat algorithm for diagnosing MSLP and
geopotential height.

e Alternative source of verifying observation (ROB). Witheeything else being equal to CTL, the FMI-
RCR archived observation is used here instead of data edréiom MARS. Note that although the
observation data in both ROB and CTL are originated from Gh8,RCR archive has a 2 h cutoff
whereas MARS archive has a longer one. As such, the data afinoomMARS is higher than that from
RCR.

e Alternative analysis for quality control (RQC). With evéring else being equal to CTL, the HIRLAM
analysis used for quality control of verifying observagas that from FMI-RCR instead of native ones.
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Monthly bias and rms of Temperature at level 850 hPa
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Figure 2:same as Figure 1 but with verification results for FMI RCR gklted with reference (in red) and DMI (in
blue) verification packages, respectively.

e Alternative quality control criteria (QRA). With everytiny else being equal to CTL, the quality con-
trol criteria used to discard 'questionable observati@rs’ those similar to the default ones used in the
reference verification.

Figure 3 shows the key verification scores computed for tla sarface and upper air (850 and 500 hPa)
parameters with CTL and REF. It is seen clearly that use dérift verification packages (HIRVDA and
reference) results in rather significantly different veafion scores for most parameters. In particular, the
differences in humidity parameter and in bias features &mTre alarmingly large.

Figure 4 shows comparison of scores for upper air paramesanrg same verification packages (HIRVDA) but
with different verifying observation data sets (CTL vs RQBifferent verifying analyses for quality control
(CTL vs RQC) and different error tolerance criteria in olvadion data quality control (QRA). Noticeable
differences in resulting verification scores are seen irthedse cases, most remarkably in use of different
observation data set for verification. The impact of diffees in observation data selection procedure is seen
to affect mainly the humidity parameters, but less signifidar other parameters. Overall, the corresponding
sensitivity for surface parameters to these differencesng® be less significant, presumably due to a much
larger sample size (not shown here)

It should be added that there are a few additional factotsntlag&e the inter-comparisons difficult:

e Difference in source of model data for verification calcglat In reference package the model data used
are those from ‘'ve’ files (selected pressure levels + sudadeaccumulated parameters), which are post-
processed during model integration. In some other packéggs HIRVDA, DMI, gl) verification is
done with model output from the so-called history file. Thagtiosis/interpolation used to derive MSLP
and geopotential height may thus be inconsistent from thmpemented in the integration model. The
difference caused by this factor has been shown,e.g., tigbicant in some earlier studies at DMI. The
difference due to inconsistency in selection of use for rizdel or 've’ files are especially important at
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Figure 3:EWGLAM verification scores in standard deviation and biaskfey parameters calculated with CTL and REF,
respectively.

analysis time, since the analysis data is used for qualityrobto reject questionable observations. In the
model level file, the surface temperature are from that daseranalysis, whereas the value appearing in
the corresponding 've’ files are the diagnosed ones via HIRISASAPP (stand-alone post-processing)

procedure. Unfortunately, the latter has not been updatee tonsistent with the forecast model since
the introduction of ISBA surface scheme.

e Difference in station-list definition. The most common fiegtion in model inter-comparison is done
against EWGLAM-station list. For centers using the onlippraach with reference verification package,
due to the sharing of observation data for assimilation andsérification, the number of EWGLAM
stations included in score calculation is incomplete dushort cut-off. Similar shortcoming is not
shared in other centers where the observation data useeifification is usually from history archive.
For Met Eireann, the EWGLAM score is only nominal due to thet that the model domain does not
cover full EWGLAM area. Another potential difference in seaalculation can arise due to differences
in specified observation station locations and heights (dsgation re-location).

o Different verification parameters such as those for humidéta and for precipitation. For the latter,
different categories for contingency table have been défindich makes it difficult for a direct score
comparison.

In summary, based on the above, it is concluded that a singliecton of verification scores calculated with
inconsistent methodologies from operational centers cdirb@ expected to provide reliable and trustworthy
verification information. On the contrary, results may besleading. Secondly, even if same verification
package is used, inconsistencies in implementations ssisklaction of verifying analysis, observation data
set, data quality screen procedure etc. can potentiallytriessignificant uncertainties. This is especially true
for upper air verification parameters, for which the ratioAmen "noise” (the error margins due to uncertainties
in methodology) and "signal” (the difference in forecasalifies between model systems) may be too large to
offer useful guidances. For usual surface parameters subtSaP, T2m and W10m, the uncertainties due to
methodology and observation data selection may be rel\atess, thanks to a larger sample size.
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Figure 4: EWGLAM verification scores for key parameters calculateihgisIRVDA package with different setups.
CTL: standard HIRVDA package with verifying observatiortalaet from MARS archive; ROB: using RCR observation
data as verifying observation; RQC: using quality contrdkcia as in the reference verification package.

It is hence concluded, from the above discussion, that akieliverification for model inter-cpomparison re-
quires a common framework in which same verification soféyaame analysis or observation data and same
quality control are applied to all model outputs.

4 Towards a common verification framework

Within the HIRLAM-A programme, a clear mission has been defito improve quality of the HIRLAM
forecast system and to demonstrate such with a measurallénancrete, a systematic mechanism has been
requested by the HIRLAM council to monitor performance a tiperational HIRLAM forecasts via regular
model inter-comparison, both inside and outside of the HiRIL.consortia. Against that background, a reliable,
functional common verification framework has been a tangétie HIRLAM-A application project.

During the HIRLAM system workshop in Madrid, Oct 2006, thestixig verification packages in HIRLAM
communities were reviewed. In view of practical difficultieo harmonize, in near future, the verification
softwares among member services, a consensus was reacbed aarticipants to aim for, a coordinated,
regular model inter-comparison with central data managemewas proposed that within such a framework,
operational centers will produce in real time a special ougtream containing minimum set of model data
which is suitable to be collected centrally for automaticsaphisticated monitoring and comparison. For that
purpose, a common verification software shall be adoptedremte verification products centrally and in real
time.

As a follow-up to the Madrid system workshop, a special veaifon working meeting was held in Copenhagen,
March 2007 with participation of key staffs working on vesdtion issues. The meeting started with inventory
on the currently available verification packages, follovagda discussion on verification packages suitable to
be used for common verification and general model inter-arigpn.

Main differences in verification methods

Between the reference package, on one hand, and other esvigackages as used in DMI, met.no, SMHI,
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HIRVDA, GL, on the other hand, there exists a clear diffeeemt procedure for calculating observation
verification statistics. In the former, verification scowe® calculated per cycle, and the sum for a chosen
episode/area/station-list are then aggregated usingyo#e-statistics. In the latter, interpolated forecastdat
to a station-list is archived first, and calculation of veafion scores is done in final step. The aggregation
method in the reference package has the advantage that emylyimited information needs to be saved per
cycle to make final aggregation. The drawback is that manpfacthat affect final scores, such as definition
of station-list, observation and analysis used for datacsiein have to be available when doing calculation per
cycle. This limits flexibility in later use of such data forgrggation and implies differences between final
scores generated on-line and off-line. As a contrast, blgidng only extracted model data to a pre-defined
station-list, other verification packages have a flexipiiit treat forecast data generated at the different time and
place consistently, because it allows comparative vetidiodor the extracted model data against a common
set of observation that is screened by common analysesetata s

Towards convergence of verification methods

Based on analysis of the main differences between refereméication package and those used in other
centers, a consensus was reached in the Copenhagen meetwogktout a modified reference verification
package for model inter-comparison. The modification imeslmainly addition of one output step, in the
reference procedure, to archive, at each cycle, an inteatee@@GRIB or ASCII) file which contains interpolated
model data to a pre-defined, sufficiently extensive obsenvéist. Such data is then used in final calculation of
verification scores, as is done in other verification packatrepractice, the intended intermediate file contains
information that is already generated in the referencefigation procedure, thus the real change lies only
in the final algorithm to aggregate statistics. Instead aigiarchived per-cycle statistics for aggregation, it
now reads, similar to the practice in other verification @aygs, extracted model data per cycle to calculate
final scores. In principle, such a change to the referendemsywill bring most of the available verification
packages into convergence. In addition, this extensiorbeaadded as an extra procedure, so that the current
reference package can retain all of its current functitiealifor centers that have been using it, for sake of
operational consistency in these centers.

Minimum data for common verification of operational HIRLAM

While the proposed modification to the reference packageewdble it to be used in general purpose model
inter-comparison such as impact studies, it is consideeedssary to pursue with the idea for centralize model
inter-comparison for operational HIRLAM forecasts. Foclspurpose, it is proposed that following minimum
data set should be produced and collected in real time fragratipnal systems:

o field data at 3 hour interval, from 0 to 48h, for 00 and 12 UTCstuor pmsl, t2m, ul0Om, vi0m, rh2m
o field data at 6 hour interval, from O to 48h, for 00 and 12 UTGCstun

— acc.-precip., visibility, tot. cloud cover;
— u,Vv, T, rh, Zfor pressure levels 850, 500, 250 hPa;

e mast data for Cabauw, Sodankula, Valladolid, with the patans in accordance with the available ob-
servation data in these towers.

With these data set collected, some other simple, real-tmoaitoring products can be produced, such as
forecast charts for European area, meteogram for EWGLAkbss mast profiles, etc. With the limited data
volume as defined in such way, the Hirlam data server hirlemsbould be able to host such an action.
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