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Chyby radarovych odhadu
pri silné konvekci
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oo
M Srazkomeéry:

CHMU

e \VVyhody: prijatelna presnost
pro dané misto

e Nevyhody: omezeni pouze na
danou lokalitu, jista
komplikovanost prenosu
aktualnich dat.

e Metody odhadu plosnych
srazek: Thiessenovy
(Hortonovy) polygony,
metoda izohyet, geostatistickée
metody

P-Brno, 28.2. 2011
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CHMU

Regularizovany

splajn s tenzi
(barva) vs.
obycejne

krigovani
(1zolinie)

GIS GRASS




% Kombinovana informace
- radar-srazkomeér

e Kombinace obou typu méfeni a
odhadu srazek za predpokladu
minimalizace chyb

e Do roku 2009 byla v CHMU v provozu
procedura podle koncepce autora D.-
J. Seo

— Adjustace pomoci jednoho koeficientu
pro celou radarovou doménu

- Kombinace metodou Double optimum
estimation

P-Brno, 28.2. 2011



2 Kombinovana informace

radar-srazkomer (pokr.)

e Od roku 2009 je v CHMU v provozu
novy algoritmus kombinovaného
odhadu srazek

— Adjustace pomoci uzemnée promenliveho
(zhlazeného) adjustacniho koeficientu

- Kombinace metodou regresniho krigovani
e (prispevek na Vyrocnim seminari ve Krtinach)

P-Brno, 28.2. 2011
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Verifikace odhadu

Provedena pro denni srazky pro
obdobi 19.6.-23.7.2009 (silné srazky,
prevazne konvektivni)

Ve vypoctech vyuzity pouze
telemetrické srazkomery

Pro verifikaci pouzity manualni
srazkomery (kritériem byla téz
rozdilnost lokality)

Spoctena stredni absolutni chyba a
systematicka odchylka

P-Brno, 28.2. 2011




s Reprezentativnost stanic

e Prijiman predpoklad
reprezentativnosti
srazkomerné stanice
pro Uzemni element
(pixel) 1 km-.

e Mozné, ale nepouzité
reseni: Na kazdy pixel
rozmistit 8 stanic
podle optimalniho
schématu (Project
HYREXn HESS, No 4,
2000)

P-Brno, 28.2. 2011



Stredni absolutni chyba - radar Brdy

Stiedni absolutni chyba [mm]
2

radar orig. radar adjust. Srazkomeny kombinace




Systematicka odchylka - radar Brdy

35

Systematicka odchylka [mim]

radar orig. radar adjust. Srafkomeny kombinace




Stredni absolutni chyba - radar Skalky

Stiedni absolutni chyba [mim]

radar orig. radar adjust. srazkomery kombinace




Systematicka odchylka - radar Skalky

3.0

Systematicla odchylla [mm)
1.0 1.5
|

radar orlg. radar adjust. srazkomery kombinace




Chyby dennich odhad@ srdZek v doméné radaru Brdy. Cervené - stanice
pouzité v operativnich vypoctech, malymi cernymi krizky verifikacni

srazkomery

i\ - 100 km

4]




Rozdil chyby srdzkomé&rnych a kombinovanych odhadu v
doméné radaru Brdy (ERR_SRA - ERR_KOMB)

100 km




Chyby dennich odhadl srdZek v doméné radaru Skalky. Cervené - stanice
pouzité v operativnich vypoctech, malymi Cernymi krizky verifikacni
razkome
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Rozdil chyby srdzkomé&rnych a kombinovanych odhadu v
doméné radaru Skalky (ERR_SRA - ERR_KOMB)

100 km




oo , . v
s Verifikace na hodinovych srazkomérnych

CHMU Uhrnech v mésté Brné

e Stanice Brnénskych vodovodu a kanalizaci
(BVaK)

e 18 srazkomernych stanic (bez
operativniho pfenosu) + 2 stanice CHMU
(pouzité ve vypoctech)

e Hustota stanic v mésté Brnée: 1 stanice
na 8 km?

e Hustota srazkomérl v CR:
— 1 stanice na 70km?
- s prenosem: 1 stanice na 200-240 km?2

P-Brno, 28.2. 2011
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Mo Verifika¢ni soubor

e 208 srazkove vyznamnych epizod
(hodinovych akumulaci)

— kritérium byla pritomnost srazek na vsSech
stanicich v mésté Brné

e Pro vSechny stanice vypocteny korelacni
koeficienty a stredni absolutni chyba

P-Brno, 28.2. 2011



EHMU V),/S|6C| Ky

B Korel. koefic.
@ Str. abs. chyba

radar orig. radar adj. srazkom. regr. krig.




.‘ . Zavislost abs. chyby srazkomérnych a kombinovanych odhadi

‘ ‘ na vzdalenosti od nejblizsiho pouZitého srazkoméru
CHMU L,
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k.orelacni koeficient

Korelogram hodinovych srdzkovych Ghrnu

Kor. koef kombinace

Kor. koef adj. radaru

Kor. koef orig. radaru

0.3

I I I I I I I I
il 2000 4000 G000 =000 10000 12000 14000

Wzdalenost srazlkomernych stanic [m)



oue
enmo Praktickeé vyuziti operativniho
radaro-srazkomeérneho odhadu

e Rychly prehled dat o srazkach (kolik
spadlo srazek)

e \Varovna protipovodnova sluzba

e Verifikace meteorologickych
pFedpovédnich modell

e Srazkovy vstup do hydrologickych
modeld

P-Brno, 28.2. 2011
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0 oyje Priklady Thiessenovych polygonu, pro vybrana povodi,
[] Betva  pro které je mozneé pocitat plosné odhady srazek



\"4

" Zavery

e Nekorigovana radarova mereni srazek
jsou nepresna, odhady vyzaduiji
korekce

e Adjustace Uzemneé promeénnym
koeficientem presnost vyznamneé
zvysuije

e Primérné nejlepsim odhadem je
kombinace (napr. regresni krigovani)

P-Brno, 28.2. 2011



oy
" Zavery (pokr.)

e Verifikace na dennich uhrnech ukazala i
mista, kde radar k presnosti odhadu
srazek neprispiva (zejm. horské oblasti)

e \Vypolty hodinovych Uhrnu pro mésto
Brno indikuji, ze radar pozitivné prispiva
k hodinovym odhadum sraZek aZ od
vzdalenosti asi 4 km od nejblizsi stanice
(nejblizsich stanic) pouzité ve
vypoctech.

P-Brno, 28.2. 2011



3:: Zavery (pokr.)

EHMU
Radarove odhady mohou slouzit ke
kontrole (&lunkovych) srazkoméru
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Gy PouZité informaéni technologie

Pri tvorbé a provozu
kombinované informace byly a
jsou pouzity tyto technologie:

- Jazyk R + modul gstat

- GIS GRASS, knihovna proj

- OS GNU Linux a prislusné
vyvojoveé nastroje (C, Perl, ...)
- ArcGIS

P-Brno, 28.2. 2011



Case studies of flash floods

 Flash flood at Hodoninka river basin
— Catchment area: 67.9 km?
— Number of radar areal elements: 9

— Average area of the radar areal elements: 7.5 km?

P-Brno, 28.2. 2011



bBasic 1acts or the rlash 1iood at
Hodoninka

Occured at small river
Hodoninka on July 15,
2002 in evening hours

one of the worst
convection-related
disasters in 15 years

Return period: > 200 years
Damage: 5.5 mil EUR
2 fatalities

Cause: Heavy rainfall
lasting 1.5 hour, train effect

P-Brno, 2¢



Hydrological model
Hyd g tod’ th Radar-based QPE (from Max Z, grid 1km)
yarog ftorecasie € and precipitation measurements

discharge at the Stépanov  (catchment size: 67.9 km2)

village using 10-minute o o

radar-based QPE, 2-hour -
COTREC-based =
nowcasting and 1-hour =7
persistence forecast of the Dggigg
10-minute values B 0 o

100 - 200
Mo Dtz




Example of COTREC
nowcasting performance

COTREC is more suitable for linear
movement ...

P-Brno, 28.2. 2011
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Overview of the convection
development along with
discharge forecasts

 radar reflectivities (10 minute measurement)

- discharge forecasts for St&panov profile
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Jicinka flash flood — radar observation
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Flash floods in
the Czech
Republic in

summer 2009

Long-lasting convective activity in Central Europe since 22th June
until 22nd July 2009, heavy precipitation

Series of flash flood

Estimated total damage over the period: 200 mil EUR

12 fatalities

Worst flash flood: June, 24th, NE part of the Czech Republic

P-Brno, 28.2. 2011



The area of flash flooding
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CAPE (MUCAPE), ALADIN analysis, June 24 2009, 12
UTC
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CAPE (MUCAPE), ALADIN analysis, June 24 2009, 18
UTC
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Weather station reports, 24 June, 12 UTC

24. 06. 2009: : 12 UTC
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Weather station reports, 24 J/une, 18 UTC
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Radar precipitation estimate without correction - 24h
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Radar precip estimate merged with raingauges - 24h totals
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Original precipitation estimate from the radar

(color) and precipitation from the raingauges
(isolines; interpolation made by Universal kriging)
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Possible reason of the severe
underestimation of the storm
rainfall

 Attenuation (C-band)

 Different Z-R relationship - ?

— (significant contribution of “warm”
coalescent processes - 7?77)

P-Brno, 28.2. 2011
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Precipitation and hydrological
response

 Maximum precipitation measured by the
raingauges: 124 mm

* Precipitation estimated by the method of
Regression kriging: 137 mm

* Flood with peak water level exceeding
all historical records

P-Brno, 28.2. 2011
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Jicinka
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Warnings of the Czech
Hydrometeorological Institute

« June, 24t 08.30 UTC: Flood alert over
most areas of the Czech Republic

« June, 24", 18.04 UTC: Warning against
heavy rain in the area of the squall line

— Based on the raingauge reports and radar

« June, 24t 20.00 UTC: Warnings
against heavy rain AND FLOOD in the
area of the squall line

P-Brno, 28.2. 2011



Were the warnings of CHMI
successful?

According to the logbook of the Flood
emergency committes, the flood had

started dozens of minutes before the

CHMI warning was issued.

P-Brno, 28.2. 2011



ldentified shortcomings of current
warning systems against flash floods

* Precipitation accumulation (integrated
estimate from radar and raingauges)
available only in hourly intervals

* Warnings not localized enough

» Warnings distributed according to the
(rather big) administrative regions

P-Brno, 28.2. 2011



ldentified shortcomings of current
warning systems against flash
floods
gcont’d)

» Existing gap between the
(hydro)meteorological community and
the decision makers, emergency

managers and the public

» To address the problem: Better
education of the public concerning the
inherent uncertainty and probabilistic
nature of the flash flood forecasting

P-Brno, 28.2. 2011



Performance of the meteorological
information systems

 NWP prediction of the precipitation of the event:
— Rather poor (not surprisingly; not shown)

« Monitoring of the heavy rain by remote sensing:

« Meteorological satelites (MSG):

— Detection of the dry intrusion associated with the PV anomaly and of
the plume-like structure indicating the upward motion and partially the
training effect over the area

 Weather radars
— Detection of the storm development and training effect
— Severe underestimation of the precipitation accumulation

« |mportant role of the automatic (telemetric) raingauges

P-Brno, 28.2. 2011



Role of the orography?

P-Brno, 28.2. 2011




cinka flash flood — catchement overview
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Jicinka flash flood — warning discussion

SOME products were used for warning
SOME products were available, but not used
SOME products were not available, but are in development

“. .. >zech Hydrometeorological Institute, Czech Republic Petr Novak, Lucie Bfezkova



Jicinka flash flood — warning discussion

SOME products were used for warning

Products used for warning:

» Radar images (dBZ) in 5 min step
» QPE images 1-hour step

» Raingauge data usually in 1 hour step, for some raingauges in 15 min
step

“. .‘ >zech Hydrometeorological Institute, Czech Republic Petr Novak, Lucie Bfezkova
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17:20 UTC approx. available
18:04 UTC warning issued

“. .‘ >zech Hydrometeorological Institute, Czech Republic Petr Novak, Lucie Bfezkova
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Jicinka flash flood - average catchment rainfall information

available to the forecasters at given time
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Jicinka flash flood - average catchment rainfall information

available to the forecasters at given time
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Jicinka flash flood - average catchment rainfall information

available to the forecasters at given time

[mm]
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Jicinka flash flood - average catchment rainfall information

available to the forecasters at given time

[mm]
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Jicinka flash flood — warning discussion

SOME products were available, but not used

Hydrological modelling:

» small catchments are parts of ,standard” hydrological models with
,middle-sized catchment” resolution

» small catchments are usually not monitored, sometimes there's
a watergauge station, only very seldom watergauge station with automatic
data transmission

» theoretically it is possible to calculate discharge forecast also for small
catchments, even if the input resolution is insufficient

LA >zech Hydrometeorological Institute, Czech Republic Petr Novak, Lucie Bfezkova
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Odra catchment - model schematization

Svinov

Standard forecasting
profile
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Odra catchment - model schematization

Svinov

Standard forecasting
profile
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icinka Flood - hydrological forecast
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Jicinka flash flood - average catchment rainfall information

available to the forecasters at given time
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Jicinka flash flood — warning discussion

SOME products were not available, but are in development

> Increasing frequency of QPE/QPF calculation — newly in 5 min step (QPE
combined with QPF) — detail rainfall analysis

» New methods of hydrological forecasting — fuzzy model for flash flood
warning

» Janal P, Stary M, 2009:Fuzzy model evaluation of peak outflouw from a river basin during flash
flood. CCWI 2009, Sheffield, ISBN 978-0-415-54851-9.
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Jicinka flash flood - average catchment rainfall information

available to the forecasters at given time

[mm]
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Jicinka flash flood - average catchment rainfall information

available to the forecasters at given time

[mm]
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Jicinka flash flood - average catchment rainfall information

Blue: QPE (cumulative per event)

Brown: 3h QPF

event total

Blue+brown: QPE+ 3h QPF

available to the forecasters at given time
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B adjusted COTREC rainfall forecast 180 min
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Jicinka flash flood - average catchment rainfall information
available to the forecasters at given time

[mm]
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Jicinka flash flood - average catchment rainfall information
available to the forecasters at given time
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Planned improvement of the
flash flood warning systems

— Shortening the time interval for accumulation of the
precipitation from radar (adjusted by raingauges)

— Improving the flow of information (forecasts,
warnings, map products) towards customers (Fire
and Rescue Service, municipalities, emergency
managers, public)

— Training of the forecasters

— Education of the public, organizing active
monitoring at the regional and local level at the alert
stage

P-Brno, 28.2. 2011



Thank you for your attention
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