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1 Introduction

Verification and validation are essential parts of the NWkoth in operational environment and in research
and development work. The HIRLAM reference system contaimsrification package, which computes the
basic verification scores on daily basis as a part of the aiséfigrecast/postprocessing cycle. Verification
against observations (at the moment SYNOP and TEMP obsgarsais done by default for the areas defined
by the user, but field verification (verification against gsi) is done only if the user asks for it.

Even if there is a reference verification package, seveharaterification packages exist in the HIRLAM com-
munity. In research and development work the referencdicegion package is used by many researchers, but
in operational work only FMI, INM and KNMI use the referencagiage. Other institutes running HIRLAM
operationally have developed their own verification paelsafpr operational purposes. Hereafter the term
"HIRLAM verification package” refers to the verification sgm included in the HIRLAM reference system.

There are several reasons, why the reference verificatistersyis not used more widely. In the operational
environment one reason is that the meteorological inestutant to use continuously the same package to get
comparable verification scores from year to year: using #meespackage and method they get a view of the
overall improvement in their operational HIRLAM system. tBe software developed originally many years
ago before the HIRLAM verification was developed is still dise

Another possible reason for not using the reference padkameery practical one: until now there have been
no tools for postprocessing the verification scores, ie.cémnputing verification statistics over a time period

and for presenting the results in graphical form. Severktbave been built in different institutes, but none
of them have been installed into the reference system. IHIRLAM reference version 7.1 the package

developed at FMI has been implemented to compute and prasemharies of verification scores. The purpose
of this report is to demonstrate the possibilities of thiskaae.

The content of this paper is the following. Before demortsigathe new postprocessing possibilities we
present, in chapter two, the basic features of the currdatamce verification system and products from it.
After that we discuss, in chapter three, the general festof¢he package and show several examples of the
possibilities of the new tools. There are examples both abenification against observations and verification
against analysis (field verification). The last chapter amsta summary of this report.

2 The HIRLAM verification system

The current HIRLAM reference verification system containe parts

1. Computing the verification statistics on one cycle as tigidhe normal analysis/forecast/postprocessing
cycle. In this report this is called the "HIRLAM referencerieation system”.

2. Creating and presenting statistics of the verificatiooress over the given time period from the data
computed in the first part. Hereafter this is called "vertiima tools”.

99



The second part is a new part in HIRLAM and is the main focushf teport, but before demonstrating its
possibilities some comments of the first will be made.

The verification system depends very much on the purposeyliach it has been planned. The HIRLAM
verification system is planned to fulfill several requiretserfirst of all, it is planned to fulfill the need of ver-
ification and validation in impact/sensitivity studies.c8studies can be related to physics, data assimilation,
system upgrade etc. Secondly, itis planned to be used itardgter-comparison between different operational
HIRLAM systems. Thirdly, the system should fulfill the neddallowing the progress of the HIRLAM system
over long time periods in a measurable way. This requiremdeals with long time-series of verification scores
and the users can be either developers or the decision makers

Basically the HIRLAM verification system fulfills these reagements. Although at the moment it uses only
SYNOP and TEMP observations, it offers a framework of addiagfication against other observation types.
On the other hand, there are clearly areas, for which thesyst not planned for. It has been built for synoptic
scale verification and is not suitable for meso-scale vatifin. Also it has not been planned to be used in
process studies, where exact information about the pliepest the process in question is needed. Neither it is
planned for verification of ensemble forecasts.

The HIRLAM verification system produces three kinds of otitghata. Concerning the verification against ob-
servations, verification scores of a forecast can be cordgateseveral areas defined by the user. The areas can
be polygons defined by the coordinates of the corners or theresl stations can be listed in a stationlist. All
the forecasts valid at the time of observations are veriffetlthe results are written into the same file, called
ve-files with the naming conventionseyyyymuddhh, whereyyyy is the yearmmmonth,dd day andhh
hour. At the moment supported observation types are SYN@PT&MP. Concerning SYNOP observations
the following parameters are verified: surface pressurenMind (speed, direction, vector difference), 2-m
temperature, 2-m dew point, 2-m rel. humidity, precipdgati(6 hr, 12 hr and 24 hr accumulated precipita-
tion depending on observed value) and cloud cover. ConmgfMEMP observations (soundings) the verified
parameters are: wind (speed, direction and vector diftgriemperature, dew point, relative humidity and
geopotential on the user-defined constant pressure levels.

For surface observations a separate file is created, comgdime identification and coordinates of the station

and observed and forecast value on that station. The paesreie the same as mentioned in the previous
paragraph. This file can be used in computing the verificagiatistics on station by station basis. Separate file
is created for every parameter and forecast length and dsevidlid at the same time are collected into zipped
tar-files (called often as ZOPS-files), with the naming cotiem OFyyyymmdd_hh. t ar. gz.

In field verification the forecast field is compared to the di@halysis gridpoint by gridpoint. For every field,
the mean value, bias and rms-error are accumulated on npdo#his.

3 HIRLAM verification tools

The first version of a package for producing summaries offigation scores over a given time period and
presenting the results in graphical form is implemented iRLAM version 7.0. It is based on the package
developed originally at FMI for local purposes. The packisgen separately after all the relevant experiments
are ready. It supposes that the normal HIRLAM verificatios baen done as a part of those runs and the
verification files described in the previous chapter arelalvis.

The package is run using miniSMS. A special tdf-file (PLAYE) . calledveri fy_sumary. tdf is in-
cluded in the system. So the run is started using the command

Hrlamstart DTG=..., DTGEND=. .., PLAYFI LE=veri fy_sunmary

Also the control of the run is done in the same as in other pafrtsliIRLAM: a special Env-file called
Env_veri f _sumis used to control the run. By editing this file the user canmgefivhat kind of verification
statistics he/she wants, where to find the data, where tdpuesults etc. By default, the directory $HRATA
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is used as a base directory of the output data and workingtdifes. TheEnv_ver i f _sumincluded in the
system is a good starting point for the user, because it satswsexamples of its usage.

The package is written in shell-script and in Perl and gniuisldhe main graphical package. For presenting
geographical maps Grads is used.

In the following, examples of the available products arenshand commented. The examples contain products
of

verification against observations

verification against observations on station basis

time series of verification scores

field verification products

3.1 Examples: verification against observations

In verifying against SYNOP and TEMP observations, thereaatbe moment fixed sets of figures, which can
be plotted. Figure 1 shows the verification scores of nedase parameters against SYNOP observations
for the given time period. The setup of the figure is fixed, aornihg rms-error and bias of mean sea level
pressure, 2-meter temperature, 2-meter relative humadity 10-meter wind speed as a function of forecast
length. Several experiments can be plotted into the sameefifine domain can be any of those, for which the
daily verification scores have been computed. The user d¢actsgom which daily forecasts the verification
scores are computed. This allows, for instance, lookingeatitily cycle in the verification scores. For instance,
in Figure 1 the forecasts from 00 UTC analysis have been taiteraccount.

Figure 2 shows the scores computed from soundings (TEMRIpiper-air parameters. The verified parameters
are geopotential, temperature, relative humidity and veipeled. At the moment, only the plots for 500 hPa,
850 hPa and 250 hPa pressure levels are supported. Othetli@seomments given about the Figure 1 are
valid.

Separate figures, similar to Figures 1 and 2, showing the pumiobservations used in computing scores,
are also produced (not shown). In this way the user can clmatktie same number of observations is used in
computing the scores in different experiments

For precipitation the contingency tables are printed ferdiven period, separately for different accumulation
periods and forecast lengths. Of course, the accumulagdogdepends on the observations. In addition, the
marginal distributions of observed and forecast predipitaare shown. An example of such a table is shown
in Figure 3. In the contingency table the number of caseslaogpainted in percentages to make the table more
readable.

Figure 4 shows an example of verification statistics contpsegparately for each observing station. Such a
figure gives a description of the geographical distributidrerrors. It is possible to select any of the surface
parameters, for which the scores have been compiled. Ifalemeperiments are requested, separate figures are
produced for every experiment. In the similar way, sepdiigtees are produced for different valid hours of
the day. In this way it is possible to see the errors at dayamek night time separately. Different colors are
used to visualize different values. Separate figures aitableato show the number of observations used in the
computations on each station. Similar figures are plottedvsty the rms-error.

The next figure, Figures 5, is an example of time-series dfivation scores for the given set of stations. The
thick line is the moving average and the user can define tlgtHenf the period or skip it totally. Bias and rms-
error are plotted in separate figures, but several expetsmam be plotted in the same figure. Every parameter
and domain, for which the scores have been computed in the\@#ication run, can be selected.
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3.2 Examples of field verification products

Next we show examples of the products available from the fietdication. Figure 6 is an example of the bias
map. In this case the error is computed for 48-hour foredastkanuary 2007 and the sample contains 31 cases,
ie. all forecasts starting from 00 UTC analysis. Similar sieqy rms-error can be plotted. The field verification
system computes and accumulates mean, bias and rms-arewefy field in the given Hirlam files. So it is
also possible to plot these scores for any parameter on tigtart pressure levels and also on model levels, if
the field verification of history files is requested.

As an example of "climatic” fields (mean of the parameter dkiergiven month), Figure 7 shows the mean ice
concentration at +48 hours’ forecasts in June 2006. Notelied'climate” fields are computed separately for
all forecast lengths. This allows of showing also the drifttie forecast model, ie. the mean difference between
two forecast lengths.

An example of systematic difference is shown in Figure 8.htives the difference of the "climates” of two
experiments. In this example we see that the experiment BZMibduces, in the mean, lower surface pressure
than experiment ECM71 on the northern sea areas, suppbsinipé analysis are similar. Such difference maps
can be at the moment produced only if the horizontal areagpdrenents are the same

4 Summary

The purpose of this report was to show examples of the predacilable at the moment in the HIRLAM
"verification tools”. This toolbox contains at the momenioto show basic verification scores from:

e verification against observations
e verification against observations on station basis
e time series of verification scores

o field verification products

At the moment quite a limited and fixed set of products is aldd. The basic verification scores can be
presented from different experiments. The present vemsiidhe toolbox, implemented into HIRLAM 7.0, is
the first version and especially the field verfication parttams still several weak points.

It is also worth mentioning that recently we have noticed seveak points in the current reference verification
system. They are all related to the difficulties in guarantp¢hat exactly the same observations are used to
compute the verification scores when comparing differepegrents. After realizing there is a plan to develop
the verification system further. After this work is readyrihevill be an option to do verification in such a way
that the user can be sure of using exactly the same observatialifferent experiments. So the verification
and comparison of different models/experiments is dorengdically in a sound way.

In addition to that we shortly discussed the "HIRLAM refecersystem”. It is well suited for synoptical scale
verification, but is not planned for mesoscale verificatiorpicess studies or verification of EPS products.
Also we mentioned that it contains some drawbacks when us@atércomparison/validation studies. The
most important aspect is that it is very difficult to be surattbxactly the same observations are used when
comparing verification scores from different experimentsdels. In this respect there are plans to correct this
in the coming versions.
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Figure 1:An example of verification scores against surface obsemati Scores from two experiments (V644
and FMI71rcl) are shown for January 2007. Domain is so-chE&VGLAM stationlist and only forecasts from

00 UTC analysis are used.

Figure 2:As Figure 1, but verification scores computed against sogn{rEMP) observations are shown.
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Temperature at 500 hPA

3 T T T T T
RMS V644 - -0- -
25 Bias V644 - -@- - <]
RMS FMI71rcl —s—
2 Bias FMI71rel —+— 7]
4
L5
1 A
[ e
0.5
[ S .
05 i =
-1
0 6 12 18 24 30 36 42 48
Forecast length (hours)
Relative humidity at 500 hPa
40 T T T T 1
35 RMS V644 - -0- -
> Bias V644 ---@- -
30 - RMS FMI7lrcl —v— o
25 Bias FMI7 lge| ~—@=""7""%
20
15
10
5
0
5
10
0 6 12 18 24 30 36 42 48

Forecast length (hours)



Forecast length: 42 Accumulation period: 12hr Domain: EWG
Identification: EWG_ V644 2007010100-2007013118 CY_00

Marginal distributions: 8

Limits <0.1 <0.3 <1.0 <3.0 <10.0 <30.0 <100.0 >100.0
Forecast 2574 983 1759 1659 955 114 2 0
In % 32 12 22 21 12 1 0 0
Observed 4777 699 1145 713 590 115 7 0
In % 59 9 14 9 7 1 0 0

Contigency table: obs:--> forec |

Limits <0.1 <0.3 <1.0 <3.0 <10.0 <30.0 <100.0 >100.0

<0.1 2441 81 32 11 9 0 0 0
<0.3 773 90 94 18 7 1 0 0
<1.0 987 262 362 104 40 4 0 0
<3.0 448 218 461 347 166 19 0 0
<10.0 119 45 190 229 315 54 3 0
<30.0 8 3 6 4 53 37 3 0
<100.0 1 0 0 0 0 0 1 0
>100.0 0 0 0 0 0 0 0 0

Figure 3: An example of contingency table of precipitation. Contirgyetable and marginal distributions of
observed and forecast number of cases for 12 hour accunduteéeipitation are shown.
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Figure 4: An example of verification scores on stations: bias of 2np&aiure on observing stations. The
length of forecast is 48 hours and all the forecasts are validight time (00 UTC).
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Verif. against obs: Bias of Temperature at level 500 hPa EXP: V644 FMI71rcl

Time: 2007010100-2007013118 Domain: EWG Length: +48 h
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Figure 5:An example of time-series of scores: bias of temperatureD0rh®a level. The forecast length is 48
hours and scores from two experiments, V644 and FMI71r&lpkntted. The scores are computed on so-called
EWGLAM stations.

Bias of Temperature Level 850 hPa Ident: FMI71rc1 NO: 31
First date: 2007010100 Init. time 00 Length +48
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Figure 6:An example of the field verification product: bias of tempaeabn 850 hPa level in January 2007.
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Climat. of Fraction of ice % Ident: ECM701 NO: 28
First date: 2006060100 Init. time 00 Length +48
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Figure 7:An example of the field verification product: mean ice cona¢ion in +48 hours’ forecasts in June
2006.

Climate diff: Surface Pressure hPa Ident: ECM701—-ECM71
NO: 28 First date: 2006060100 Init. time 00 Length +48

Figure 8: An example of the field verification product: the differenceniean surface pressure of +48 hour
forecasts, showing the difference drift of surface pressuthe two experiments.
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