WEATHER RADAR AND FLASH FLOOD
(UNDERSTANDING AND) FORECASTING

Marco Borga

University of Padova, Padova, Italy
HYDRATE team (www.hydrate.tesaf.unipd.it)

RIMAX OPAQUE
KARLSRUHE
28 NOVEMBER 2008




Talk Overview

- Flash flood characteristics;

- Radar monitoring of flash flood-generating rainfall:
 Radar/raingauge estimation and hydrologic visibility

» Study of ground rainfall/ radar rainfall as a function of range
- Effects of the VPR, Z-R etc

- Use of radar-rainfall estimates with hydrological mo dels

- Use of radar-rainfall estimates to enable more
understading by means of post-flash flood surveys

- Conclusions




Flash-flood characteristics

® Scales
> Characteristic times in hours
e Intensities
> Steep flood waves
e Coupling
> Geomorphic effects in hilly-mountainous areas
® Observation
> Ungauged watersheds (rainfall and levels)
> Radar detection
® Forecasting
> Coupling meteorology and hydrology
® \Vulnerability
> Point and distributed targets



Space-time scales of flash floods

Space-time characters of FF-leading
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An example:
The flash flood event of 29 August 2003
(north-eastern Italy)
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Radar monitoring of flash flood generating rainfall

® Brief history of radar rainfall estimation
® Problems with heavy rainfall

> Orography

> Attenuation

> Vertical profile of reflectivity

> Z-R
® Adjustment with raingauges

> Necessary? Advisable? Usable?



Brief history: Marshall-Palmer and Z-R relationship

e The quantitative use of radar measurement motivated an
important body of works starting in the late 1940s with the
finding of a relationship between the radar reflectivity and
the rain intensity (Marshall et al., 1947, Marshall and Palmer,
1948):

the Z-R relationship Z = ARV

e Unfortunately, in (too) many cases Z-R relationships were
tuned to fit raingauge measurements
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In the beginning (1947) Marshall and Palmer
created the MP Drop Size Distribution

And MP Z-R relationship

And we said that the ZR was good, and created more...

TABLE 7.1 Empirical Relations between Reflectivity Factor, Z(Mm®/M?), and Precipitati
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Brief history: work on attenuation, bright band, rain advection..

- At the same time, some work is focused on the physical understanding of radar
measurement.

Works on (among many others):

> attenuation by rain ( Hitshfeld and Bordan, 1953),

> the bright band due to the melting layer (Austin, 1 950, Lhermitte, 1952)

> the rain advection by the wind (Gunn and Marshall, 1955).

- An important result: spatial organization of radar errors

- Unfortunately, the limited possibilities of signal processing and archiving at that
time, made this knowledge almost impossible to appl y for meteorological and
hydrological applications.
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Brief history: radar-raingauge camplementarity
(calibration factor, assessment factor, cokriging).

- During the following two decades the main question explor ed by hydrologists has
been the complementarity between rain gauge networks and radars (Wilson and
Brandes in 1979, and more recently Collier, 1986, Cre utin et al., 1987, Krajewski,
1987).

- In spite of the quality of the theoretical frameworks u sed, the answers were
somewhat discouraging:

The calibration techniques in some cases (Wilson and Brandes, 1979) were only
able to reduce the bias between gauge and radar mea  surements, in other
(cokriging based approaches) too weigth was on raingauge measures.

- Exploiting only the radar-raingauge complementarity le ads to forgot the spatial
organization of radar errors
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Brief history: understanding of radar error and capability (hw-sw)
to cope with them

- Development of new radar systems with volumetric scanni ng and the digitisation of
the signal processing.

- In a key paper published in 1984, |. Zawadski start ed a new direction on
understanding radar rainfall estimation: "  The accuracy of radar estimates at
ground will only be improved by addressing the various sour ces of errorin a
painstaking and a meticulous manner. The combination o f hardware and software
made available by the technology of today permits a compl exity of radar data
processing which should be helpful in reducing the error s discussed here " (the
paper established the relative importance of the diffe rent sources of errors).
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Brief history: development of comprehensive algorithms for
radar-rainfall estimation

- Development of comprehensive algorithms (Joss and Waldv ogel, 1990; Andrieu
and Creutin, 1995; Krajewski et al., 1999; Anagnostou  and Krajewski, 2000; Borga
et al., 2002);

- The considered error sources belong (generally) to thre e broad areas :
1) the electronic stability of the radar system,
i) the determination of the detection space and,
i) the fluctuation of the atmospheric conditions.

- A number of algorithms are structured as assimilation pr ocedures

- Additional remote sensing capability was added in the 1 990s: Dopplerization, dual-
polarization capability...
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The electronic stability of the radar system
It has to be ensured by the service managing the radar system;
Can be checked by using ground clutter.

The determination of the detection space
-Shielding by orography (specialised SW);
-Ground clutter (Doppler).

The fluctuation of the atmospheric conditions:
-Z-R variability

-Attenuation

-Vertical profile of radar reflectivity

-Hail!



QUESTION 1:

How can we cope with errors in radar observatios,
for the case of flash flood producing storms?
Which is the impact of the different error sources?
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8-9 September 2002
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Comparison of ratios of ground rainfall/radar rainfall (6/R)

as a function of range .
2 estimators :

« VISHYDRO procedure
-DTM
- Operating protocol
- identified VPR's

Ratios of ground rainfall/radar rainfall as a function of range
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« accumulation at the event time

. Example for the 8-9 September event scale
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G/R ratio
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Effect of the VPR type
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Effect of the Z-R relationship

Example for the deep convection event of 8-9 september
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Z-R relationship and calibration error

Global analysis (e.g. all the elevation sites)
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Main results - 1

« VPR is the first-order control of raingauge /radar ratios
« Importance of the spatial variability of the VPR and rain typing

 Influence of the Z-R relationship must be studied according to
the event type

« Results are encouraging:
possibility o extract from the procedure the Z-R relationship
and the calibration error



QUESTION 2:

Given the adjustment of radar observations,
accounting for the physics of the radar sensing,
are radar rainfall observations feasible

with runoff models?

- Val Canale Flash Flood 29.08.2003:

> Precipitation analysis

» Hydrological analysis and modelling:
> Flood peak analysis
> Flood response analysis



NEI HO Case Study: Val Canale FF 29.08.2003 - 1

Radar accumulations
up to 400 mm in 6 hrs
(> 500 yrs return time)
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Analysis of rainfall "
maxima.

spatial patterns for
rainfall maxima

over 1 hour (a)

and 6 hours (b);

ratio of the event
rainfall maxima to
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of annual rainfall
maxima for for 1
hour (e) and 6
hours (f) (values
of ratio < 1 are not
displayed).
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HYDROLOGICAL MODELLING

LEGENDA
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THE HYDROLOGICAL MODEL

Land use Weather radar grid
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Parameter estimation of runoff model

1st Step: a priori parameters

2"d Step: fine tuning spatial patterns by spectral unmixing
3rd Step: parameter calibration (fine tuning)

4th Step: fine tuning model structure

5th Step: plausibility check of simulated spatial patterns

- Constrains parameter uncertainty significantly beyond
simply calibrating them to runoff
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Flood peak analysis:
What about the general accuracy of the model?
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Flood response analysis:
The impact of antecedent soil moisture conditions
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Main results - 2

« Given the adjustment of radar rainfall observations
according to physics of radar sensing, radar estimates
can provide relatively unbiased rainfall estimates, at the
correct space and time scale (but: no atteuation;
close to the radar site < 80 km).

« In the case of flash floods, these observations can be the
only available (rain gauges too sparse)

« In the case of flash flood, the problem is (again) mainly in the
runoff model (which needs to be applied without a priori
calibration).




QUESTION 3:

Given the availability of radar observations,
Can we improve the understanding of extreme flood
of flash flood events?

Need to observe the ungauged events!

- Val Canale Flash Flood 29.08.2003:

> Precipitation analysis

» Hydrological analysis and modelling:
> Flood peak analysis
> Flood response analysis



Hydrometeorological observatories (HOs)...
...and a methodology

® Flash flood are locally rare phenomena. We need to
obs.er'\ge flash floods where they happens in a wide
region!

® Establishment of observatories over large geographical
areas (about 10 000-30 000 km? area wideg),
sufficienﬂ¥ large to have a good probability of
observing flash-flood events.

® Over HOs, operational and research observation
systems are implemented to attain high space-time
resolution.



Development of a flash flood observation
methodology

The principles:

> To benefit from the density and the quality of
the radar coverage as well as from dense rain
and river gauging networks in order to collect
physical variables.

> To collect complementary information from
field investigations carried out during the days
following the event (hazard and vulnerability).



post-event analysis - 1

® Data
> Flood traces
> Withesses accounts



Post-event analysis - 2
® River sections survey
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Six HOs are being developed in Europe...
(FLOODsite and HYDRATE R&TD EU Projects)

HO Western Romania
HO North Eastern Italy . - -
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Peak discharges

[ no discharge estimation
[ from 0 to 5 m3/s/km2
[ from 5 to 10 m3/s/km2
I from 10 to 15 m3/skm2
B from 15 to 20 m3/sfkm2
B over 20 m3/sfkm?2

* The spatial repartition of the peak discharge corre  sponds to the repartition of the
total rainfall amount

» Many upstream small catchments (area<300 km  2) exceeded 10 m 3/s/km?and
almost all the tributaries produced more than 5m  3/s/km?2




Rainfall-runoff dynamics
Vidourle (80 km?2)
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* Runoff coefficient does not exceed 50%

« Karstified geology explains large retention capacity and rapid release of water
stored in the karst after the flood.



Main results - 3

« Post-event analysis can provide fudamental observations
for the understanding of the major controls on flash flood
development (antecedent conditions, topography,
soil properties, land use, geology,..)

o Capability to generate a more complete picture of the storm
and flood environment than would otherwise be available on
ungauged basins.







