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1 Introduction

For the design of hydrological structures, restribsn extreme value statistics of long time series3Q years) of rain
gauge measurements are traditionally used in hggyolThese statistics are not necessarily availfdrldocations where
they are required.

Radar data have now been observed in Germany for than 10 years, and so first statistical compagsetween rain
gauge and radar observations can be performed.

2 Investigation Setup

For four rain gauge locations in the Wupper aradar time series have been analysed. For eaclidocatatistics were
derived from

e 9 pixels: the central pixel containing the rain gaand the eight surrounding ones;

e 2 to 3radar sites: all radar measurements covénmgain gauge location;

e 1 composite from three radars;

e 2 adjustments methods: both based on daily adjudtwi¢h an IDW scheme, one with and the other oitbout
image interpolation (advection scheme, see (JaBpenies, et al., 2014));

* 4 time aggregations: for each analysis four timgregations were analysed for the statistics: 5,3D5and 60
minutes.

Uncertainties are present in many of the measuremeressing steps for both, radar and rain gaugasarements.
These are explained.

Figure 1 is showing the investigation setup with thin gauge locations and the radar pixels usethéanalysis from
each of the individual radars and the compositeggan&ince the key question was on the extreme gviemteach pixel and
each duration class (5 min, 15 min, 30 min, 60 ming highest 20 events were selected and compahésl.comparison
took place in two different ways for the nine-piseéas:

« Event-based analysis: the statistics of the obdeexent (mean value and standard deviation ovemihe
pixels) was produced and compared.
« Extreme-value based analysis: the statistics ofhigbest-ranked values of the nine pixels was preduand

compared, so that these values usually were defigeddifferent events.
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Figure 1. The selected rain gauge locations andathelyzed radar pixels (three individual radars at@mposite)
3 Statistical comparisons

3.1 Analysis parameters

In order to provide an analysis of the most impar&vents, they were ranked from 1 to 20. Withiesth events were
compared their appearance, the spread betweelnh@irels, the mean value, and the middle valoe tike event analysis,
it was also interesting to look into the numberpofels from the nine-pixel set accompanying an esxg value. The
following questions were investigated:

« Are extreme events at rain gauges and from radapamable?
« What is the difference between the event analysistlae extreme-value based analysis?
« Does the compositing of radars modify extreme \&ftue

* Are extreme values different for different adjustihechemes?

3.2 Are extreme events at rain gauges and from radapamable?

To answer this question, two checks were perforrnadhe same event date and on the same extremnesyaégardless
of the event. Additionally, a preliminary comparseof the four rain gauges has to be performed meloto get an
impression about their behavior and uncertainty.

3.2.1 Rain gauge intercomparison

The rain gauge intercomparison has been performéda ways: firstly, the extreme values of the famalyzed gauges
between 2001 and 2010 were compared, and secdhdle values were compared to previous statistisedon longer
observations.

Figure 2 shows that the variation for the extremkei®s between 2001 and 2010 between the rain gdatjens is notable
and in the order of 20% for the standard deviafidme comparison to extreme value statistics from $tatistics, a station
statistics over the longest observed time periodHe stations, and the German Weather Service KSJtatistics (DWD,
2005) covering the whole country, shows that fa0ayear event with a duration of 60 minutes, thauiits are also variable:
the mean value from KOSTRA is 34.8 mm (coefficiehvvariation: 3%), of the long term statistics 2m2n (13%) and of
this analysis 29.6 mm (22%).
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Figure 2. Highest values at the rain gauge locasifor selected durations

3.2.2 Event consistency between rain gauges and radar

The radar data has been adjusted based on daibynstalues (Frerk, et al., 2012) where the fouaslgred stations have
also been incorporated. Therefore, differencesireme values for shorter time steps have to bearg.

The five highest events observed at the rain gaagpeared in the highest 20 events at one or nfdteemine pixels on
average in 85% of the cases for a 5 minute dura®0® for 15 minutes, 100% for 30 minutes and 10660 minutes.

Thus, radar and rain gauges are basically obsethiingame extreme events.

3.2.3 Extreme value consistency between rain gaugesaatat r

The obtained extreme values for the radar dependedh on the selected radar site and on the adjustmethod. Here,
for instance, the spread for hourly values was 26 to 25.3 mm from radar data at Bevertalspeméost where the
station value was 27.5 mm. Other stations displdyglder spread and higher deviations from the gainge values. A more
complete overview is given by Table 1.

Thus, the extreme value consistency between raigegaand radar at the same location is not béider satisfactory in
the analyzed data set.

Table 1: Range of extreme values obtained by diftaradar analysis schemes, compared to rain gaadiges.

Bevertalsperre Buchenhofen Lindscheid Schwelm
min radar |rain gauge |max radar min radar |rain gauge |max radar min radar |rain gauge |max radar min radar |rain gauge |max radar
5 min 5.2 9.4 11.5 5.9 121 16 6.5 10.2 13.6 5.1 10.1 11
15 min 11.5 17.9 18.8 14.9 229 21.5 15.6 21.8 20.8 9.4 15.9 21.8
30 min 16.4 224 21.8 18.5 25 25 18.6 30.6 25.6 14.6 19.4 25.4
60 min 21.6 27.5 25.3 20.9 25.4 29.3 22.4 39.1 324 18.9 26.4 34

The variation between the four stations is in thee order of magnitude as the variation betweemithne pixels of the
nine pixel surrounding of the gauge site. Figurgh8ws the mean variation of the radar values oleadar sites and all
stations for a duration of 15 minutes, as welltes liighest values measured at the rain gaugesifoduration. It can be
seen that the spread in terms of standard devidtiomadar (13%) and for rain gauges (16%) is similwhereas the
precipitation level seen by radar is slightly lowW#&6.4 mm against 19.6 mm).
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Figure 3. Spread of radar values over the nineIgiter a duration of 15 minutes, all radars andti&ias; compared to highest rain gauge
measurements at the four stations (in blue)

3.3 What is the difference between the event analysistiae extreme-value based analysis?

3.3.1 Extreme events at the nine pixels

The difference between the statistical view ongixel time series and the event view is that fer fihst analysis, for each
pixel the respective highest values are ranked @dsefor the second one all values of a common erendnalyzed. This
results in higher values when the pixel valuesttierindividually ranked statistics are used thaemvthe event statistics is
produced. Table 2 shows the average number ofgppe event (of the 20 highest ranked events) waieho be found in
the ranked statistics among the highest 27 ranks.dlearly visible that a shorter time step resid a smaller number of
pixels being in the ranked statistics.

Table 2: Number of pixels per event which are caorgdiin pixel events. Possible maximum is 9.

Bevertalsperre  Buchenhofen Lindscheid Schwelm average

5 min 4.60 5.85 6.35 5.65 5.61
15 min 5.95 6.40 7.30 6.85 6.63
30 min 6.50 6.95 7.60 6.80 6.96
60 min 6.90 6.95 7.40 7.25 7.13

Examples for 5 minute duration and 60 minute daratit Lindscheid station with Essen radar show tihatvariation
between the nine pixels can be large (Figure 4§ dmount of variation is relatively random beingdtion of the stations
and used radar site.

60 min 5 min
a5 12

A
a0 3 .
10 - .
35 - x . X “
4 ecentre ¢ ®  ecentre
E 30 T 8 Lo 2
£ . NE H . v x NE
£ K . = X * A
£ S N E ¢ s 4 X N
2 x x ¥ 2 X NW 2z | I XNW
8 et ¥ s 6 e b3
s 20 . + *W ] ore® & 2 w
8 X = wAER X
3 ec¥lae # sw s wo el sw
9 32285 ] P
£ s SapppRi s s £ 4 el s
%m - SE -t SE
10 £ £
2
5 * station + station
[ [

0.1 1 10 0.1 1 10

Return period [years] Return period [years]

Figure 4. Radar values at the nine pixels aroumbischeid location for Essen radar and a duratio® afiinutes (left) and 60 minutes
(right); compared to rain gauge measurements (irepl
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3.3.2 Difference in mean value for events and extremeesalased analysis

The difference of the values between both statigfiégure 5) can be interpreted as the differeretevéen the highest
events on a pixel level (1 km?2) and on a 9 km? area the areal reduction of 1 km? values for asmanhich is nine times
larger. The example of station Bevertalsperre nsvaaifference between gauge (18 mm) and radantgt® mm) for a
return period of once in ten years in the orde6 afim. The radar statistics (16 mm) shows valueshnalmser to the rain
gauge value.

3.3.3 Summary

Thus, rare events are systematically lower overlkan9 area than the mean of ranked pixel eventss ®Ehiobserved
between the highest values down to events occumjroximately once per year. For more frequenntsyea clear
distinction is not possible any more (example igure 5).

A conclusion from this is that for hydrological égs point precipitation has to be areally reduaésb for areas as small
as 9 km? since the observed areal precipitationts\are lower than the highest point events (ahi) k

25.0
| ]
20.0
| |
*
- *
T "
§'15.0 PR
c e 2
-3 o & ¢ events 15min
] o
a M = pixel mean 15 min
£10.0 =y
E ’ "rj':“ Buchenhofen
SO
5.0
0.0 T —
0.1 1 10

Return period [years]

Figure 5. Comparison of event values, radar sta$stalues and rain gauge values for a duratiod®iminutes, Buchenhofen station

3.4 Does the compositing of radars modify extreme \&ue

Compositing has been performed using on a weigs¢dacheme (Einfalt, et al., 2012) which givesghdr weight to
pixels close to the radar than the ones far froarrdidar site.

The difference between composite and single radiaieg remains within the bandwidth of uncertairft@ which can
be observed between the single pixels (see se@t®)nFigure 6 shows a case for Bevertalsperra fiuration of 60 minutes
supporting this finding.

Thus, there is no systematic difference betweemskeof single radar extreme values and compasiterae values.

ERAD 2014 Abstract ID 093 5



ERAD 2014 - THE EIGHTH EUROPEAN CONFERENCE ON RADAR IN MEOROLOGY AND HYDROLOGY

35.0

30.0

25.0 & +

N
o
o

= Composite 60 Min.

A Bevertalsperre

’w 1
+ Radar Essen / Bevertalsperre

Precipitation sum [mm]
s
S)
"»
.
»
>
e

10.0

5.0

0.0

a1 1
0 Return per]iod [years] 0

Figure 6. Comparison of composite values, singtiarazalues and rain gauge values for a duratio®@fminutes, Bevertalsperre station

35 Are extreme values different for different adjustinechemes?

The interpolation scheme for adjustment is smogthie values of the radar measurements in a waijasito the local
observation by rain gauges. Therefore, the vaitghilf obtained values is less for this adjustmscheme than for an
ordinary one without this technique. This effectrisre pronounced for shorter durations (5 and Itutas) than for larger
ones (Figure 7).

The answer to the above question therefore is:thesxtreme values are different for the differdjustment schemes.
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Figure 7. Comparison of variability of the highestues from ten years for standard adjustment (ioénterpolated adjustment (red)
for all stations and all radars

4 Discussion
Results show that
< although there are differences in the events atahlmegauge and the radar, the resulting extrerheevstatistics
are very similar,
» gpatial statistics of single extreme events perfdiffierent than statistics from connected singbes,

« the standard deviation of the nine pixels can bgelaespecially for rare events,
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« statistics for shorter time intervals (5 min, 15jnshow a much higher spread between the ninegptkah the
two longer time intervals,

e the adjustment method with the advection schemeigee results with the lowest spread between thel pi
results.

5 Conclusions

Radar statistics at a point have the tendency tsligbtly lower than the ones from rain gauges. Weethis has to be
attributed to the spatial character of the measentsnis currently not clear.

Compositing does not modify the extreme value stia§ of single radars. Therefore, the statistivd #ime series from
composite data can be used in the same way afdata single radar site.

Even small-scale events over an area of 9 pixas shsignificantly lower areal precipitation amotimén single pixels,
in particular for rare events.

The variation over the 9-pixel-neighbourhood canlége — the resulting value of 20% has to be dmred as
uncertainty estimate for adjustment by rain gaubgesause of drift effects, coordinate mismatch smdothing effects over
a pixel area.
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