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Weather Radar and Hydrology – Grenoble – March 2008
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Urban drainage systems:

2 examples crying for RTC

Real time control and modelling concept

Radar data processing procedure

Results

- rainfall

- runoff
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���� #

��$�'�#�(#)$�*+*�$ *��$�'�#�(#)$�*+*�$ *��$�'�#�(#)$�*+*�$ *��$�'�#�(#)$�*+*�$ *

1 km 

Limited flow capacity

DP Hummel

DP Gruetz

N
Natural creek
(dry weather flow ~50 l/s)

receiving storm sewer runoff

Total area 620 ha
Sewered area 383 ha
Impervious 152 ha

Objectives:

- no overflow from ponds

- no flooding downstream
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WWTP

Combined sewer
overflow

In-sewer storage

max. 350 l/s

Natural river bed / Surplus
water only
Length: 3.6 km

Feeding channel
19.5 m3/s

Base flow: 0.3 m3/s

Weir

Hydropower
station

���� ,

��$�'�#�(#)$�*+*�$ *��$�'�#�(#)$�*+*�$ *��$�'�#�(#)$�*+*�$ *��$�'�#�(#)$�*+*�$ *

Objectives:

- divert enough water

to avoid quality problems

- leave as much water

as possible for hydro power
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Radar 
Rainfall
(online)

Real-Time

Current Model State

~

~

t(r-t) = 0

t(r-t)+2 = 10

t(r-t)+3 = 15

t(r-t) +1 = 5

Hysrad-O
Rainfall Runoff

(hydrologic)

Extran-O
Transport

(hydrodynamic)

Hysrad-F
Rainfall Runoff

(hydrologic)

Extran-F
Transport

(hydrodynamic)

tf + n  (2 
hours)

~

~
n forecast
time steps

tf =  t(r-t) +1

Control
decisions

(decision finding
procedure, e.g. 

linear optimization)

Drainage System
current state

Drainage 
Model
(online) Radar RainfallDrainage 

Model

HyRaTrac
(linear 

extrapolation)

Current Model State

Forecast & Optimization

Control Input
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Three main steps

Clutter correction

Attenuation correction

R/Z relation

Removing small no-rain structures
Filling „holes“ by cross-wise interpolation
Smoothing of remaining no-rain peaks

Iterative forward and backward
correction with optimized parameters

Variable relation
Parameters estimated from DSDs
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� „Rainy“ Z data

still highly uncertain, but …

• better than before

• best one can get

• improvements possible

?
?
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Step 1

Step 2

Step 3

For all beams:
- Forward correction
- When „overshooting“: mark beam

Check „marked beam distribution“
- if too many: repeat step 1

with lower a parameter
- else:  step 3

Interpolate attenuation „references“
from neighbouring beams

Apply backward algorithm
to find suitable parameters
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Step 1

Step 2

Step 3

For all beams:
- Forward correction
- When „overshooting“: mark beam

Check „marked beam distribution“
- if too many: repeat step 1

with lower a parameter
- else:  step 3

Interpolate attenuation „references“
from neighbouring beams

Apply backward algorithm
to find suitable parameters
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Step 1

Step 2

Step 3

For all beams:
- Forward correction
- When „overshooting“: mark beam

Check „marked beam distribution“
- if too many: repeat step 1

with lower a parameter
- else:  step 3

Interpolate attenuation „references“
from neighbouring beams

Apply backward algorithm
to find suitable parameters
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… variable dependent on event type

… variable during an event
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Results

- Rainfall

- Runoff
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Event totals
for the locations
of 42 rain gauges
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Radar rainfall
observations
And forecasts
With and without
Attenuation
correction

Plus 
rain gauge data
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C-Band Radar

Catchment

65 km
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WWTP

Combined sewer
overflow

In-sewer storage

max. 350 l/s

Natural river bed / Surplus
water only
Length: 3.6 km

Feeding channel 19.5 
m3/s

Base flow: 0.3 m3/s

Weir

Hydropower
station
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#..���#��%(��$*���*#..���#��%(��$*���*#..���#��%(��$*���*#..���#��%(��$*���*

Objectives:

- divert enough water

to avoid quality problems

- leave as much water

as possible for hydro power
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Error sources of various origin
� to be treated separately

Calibration factors (c = gauge/radar)
� only after all other possibilities are exhausted

Uncertainties high but difficult to quantify
� no or scarce references

Empirical correction functions and parameters

Can we expect better results from advanced
stochastic or statistical approaches ?
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The relevance of attenuation corrected X- and C-band  data 
for real time applications

Hans-Reinhard Verworn
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Thank you

Weather Radar and Hydrology – Grenoble – March 2008
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