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w Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network
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Outline

> Motivation:

 Why do we need precipitation estimates from X-band radar for rainfall-
runoff simulation?

» Single X-band radars:
« X-band radars as magnifying glass in urban areas

» X-band radar network:
« What benefits do we get from multiple coverage?

« Can micro rain radars improve precipitation estimates from X-band
radars?
» Combination of X-band, C-band and micro rain radars

> Possible applications in hydrology (a concept)
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Motivation

Rain event June 6th, 2011

Oate: O68—Jun-2011 — 06—Jun—-2011
DATA SET: DWD—Statlans
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Motivation

Rain event June 6th, 2011

Oate: O68—Jun-2011 — 06—Jun—-2011
DATA SET: DWD—Statlans
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Motivation

Rain event June 6th, 2011
- ----1-Rain Station

1 Oate: O68—Jun-2011 — 06—Jun—-2011
! H am b U rg DATA SET: DWD—Statlans 4.4

DWD rain station at Hamburg airport:

~11 mm/day
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Motivation

- ----1-Rain Station
. Hamburg

DWD rain station at Hamburg airport:

~11 mm/day
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Motivation

- ----1-Rain Station
. Hamburg

DWD C-Band Radar

Date: 2011-06-06 Radar: DWD
Time: 14:55:00 UTC Parameter: precipitation rate
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Motivation

- ----1-Rain Station

1
! Hamburg
S

DWD C-Band Radar yd
Date: 2011-06-06 Radar: DWD
Time: 14:55:00 UTC Parameter: precipitation rate
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Motivation
- ----1-Rain Station
. Hamburg
DWD C-Band Radar

14:55:00 UTC Parameter: precipitation rate

Is 1 km spatial resolution and
5 min temporal resolution
sufficient for rainfall-runoff

simulation in urban areas?
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C-band vs. X-band
C-band radar Single X-band radar
Range 180 km 20 km
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C-band vs. X-band
C-band radar Single X-band radar
Range 180 km 20 km
Resolution | > 1 km in range » 60 minrange
» 5 minintime » 30sintime
» 1°in azimuth » 1°in azimuth
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C-band vs. X-band
C-band radar Single X-band radar
Range 180 km 20 km
Resolution X ‘/
Costs » >2.000.000 € » 60.000 € (including
PC and tower)
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C-band vs. X-band

C-band radar Single X-band radar
Range 180 km 20 km
Resolution X ‘/

Costs X ‘/

Attenuation | » Small effect of
attenuation
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C-band vs. X-band

C-band radar Single X-band radar
Range 180 km 20 km
Resolution X ‘/

Costs X ‘/

Attenuation | » Small effect of » Strongly affected by
attenuation attenuation
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C-band vs. X-band
C-band radar Single X-band radar
Range 180 km 20 km
Resolution X ‘/
Costs X ‘/
Attenuation ‘/ X
Doppler \/ X
Dual-
Polarization \/ X X
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Radar coverage in Northern Germany

e 1 C-band radar (DWD)
time resolution: 5 min
range resolution: 1 km
azimuth resolution: 1°
maximum range: 180 km

b 78
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Radar coverage in Northern Germany

e 1 C-band radar (DWD)
time resolution: 5 min
range resolution: 1 km
azimuth resolution: 1°
maximum range: 180 km

e 1 X-band radar

(Hamburg)

time resolution: 30s
range resolution: 60 m
azimuth resolution: 1°
maximum range: 20 km

e
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C-Band Radar

PATTERN X-Band Radar Network

Date: 2013-06-15 Radar: DWD

C-band radar
range =180 km
resolution = 1 km

Katharina Lengfeld

y | .

Time: 13:40:00 UTC Parameter: radar reflectivity
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Combination of C-band and single X-band radar

C-Band X-Band

X-Band Radar Network X-Band Radar Network
Date: 2013-06-15 Radar: DWD 2013-06-15 Radar: HHG
Time: 13:40:00 UTC Parameter: reflectivity on PA 13:40:00 UTC Parameter: radar reflectivity
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range =180 km range =20 km
resolution = 1 km resolution = 60 m
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Combination of C-band and single X-band radar

C-Band X-Band

X-Band Radar Network X-Band Radar Network
Date: 2013-06-15 Radar: DWD 2013-06-15 Radar: HHG
Time: 13:40:00 UTC Parameter: reflectivity on PA 13:40:00 UTC Parameter: radar reflectivity
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» Good agreement in spatial structure with
higher resolution
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Combination of C-band and single X-band radar

C-Band X-Band

X-Band Radar Network X-Band Radar Network
Date: 2013-06-15 Radar: DWD 2013-06-15 Radar: HHG
Time: 13:40:00 UTC Parameter: reflectivity on PA 13:40:00 UTC Parameter: radar reflectivity
dBZ

60
54
43
42
36
30
24
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6
0

» Good agreement in spatial structure with » X-band radar highly attenuated by liquid

higher resolution water
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Combination of C-band and single X-band radar

Using the ratio of reflectivities of C-
and X-band radars for attenuation
correction:

Zco—
K,nqx = 10log G e

ZX—band

X-Band Radar Network

Date:
Time:

2013-06-15 Radar;
13:40:00 UTC Parameter:

HHG
K max on PATTERN grid

dBZ

40

Katharina Lengfeld RainGain: Intern.Local Governm. Conf. on Surface Water Flooding

2014/10/08



Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network

ﬁ"'

PATTERN

Combination of C-band and single X-band radar

Using the ratio of reflectivities of C- X-Band Radar Network
. Date: 2013-06-15 Radar: HHG
and X-band radars for attenuation Time: 13:40:00 UTC Parameter:; K max on PATTERN grid
correction: dBZ
- : 40
Z C—b .36
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Kmax = 1010g Z— _E
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Combination of C-band and single X-band radar

Using the ratio of reflectivities of C- X-Band Radar Network
. Date: 2013-06-15 Radar; HHG

and X-band radars for attenuation Ti?:z: 13:40:00 UTC P:ra::leter: K max on PATTERN grid

correction: dBZ
: . 40
Z C—band .36
Kmax = 1010g Z— _E

X—band

dBZ

or + Kiax j it 0
. —isotonic regression
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0 100 200
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Combination of C-band and single X-band radar

Using the ratio of reflectivities of C- X-Band Radar Network
. Date: 2013-06-15 Radar: HHG
and X-band radars for attenuation Time: 13:40:00 UTC Parameter: isotonic regression
correction: dBZ
s i 40
ZC ba l30
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Kmax = 1010g (Z— . -
X—band 1
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Combination of C-band and single X-band radar

Using the ratio of reflectivities of C- X-Band Radar Network
. Date: 2013-06-15 Radar: HHG
an d X_- ban d rad ars for attenuation Time: 13:40:00 UTC Parameter: radar reflectivity
correction: dBZ
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Combination of C-band and single X-band radar

Using the ratio of reflectivities of C- X-Band Radar Network
. Date: 2013-06-15 Radar: HHG
an d X_- ban d rad ars for attenuation Time: 13:40:00 UTC Parameter: radar reflectivity
correction: dBZ
. S 60
C—band -
Kmax = 10lo 7 28
X—band
42
60_ """"" [N AL A I S L S | [N S L AU R ] 36
30
1 24
20; “; - 18
- e i
2 I E 12
0 _
l — C-band | ! . B §
N X-band N 0
» - - X-band corrected
—400 IIIIIIII l(I)O”HH.H2l‘)0l””“”3(‘)0 IIIIIIII 400
Range

Katharina Lengfeld RainGain: Intern.Local Governm. Conf. on Surface Water Flooding 2014/10/08



Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network

foar

PATTERN

Combination of C-band and single X-band radar

X-Band Radar Network X-Band Radar Network
Date: 2013-06-15 Radar: DWD 2013-06-15 Radar: HHG
Time: 13:40:00 UTC Parameter: reflectivity on PA 13:40:00 UTC Parameter: radar reflectivity

dBZ
60

54

48

42

36

30

24

» Good agreement in spatial structure with » Slight underestimation of attenuation
higher resolution » Stable even at high attenuation
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Combination of C-band and single X-band radar
uncorrected corrected
max = 1240 max = 926
40 T T T T T 100% 40 T T T T T 100%
35 I 80% 351 1 80%
N N
o 30 m 301
B, 60% 5, 60%
5 40% L 40%
8 20 B g 20 L]
= N = 95133 - N = 99267
15k Bias = -2.65dBZ| 20% . Bias = -0.03 dBZ 20%
RMSE = 3.87 dBZ RMSE = 3.14 dBZ
=0.90 =
1 0 r | i 0% 1 0 r | 0|88 0%
10 15 20 25 30 35 40 10 15 20 25 30 35 40
MRR [dBZ] MRR [dBZ]

» Reduction of bias (-2.65 dBZ - -0.03 dB2)
» Reduction of RMSE (3.87 dBZ - 3.14 dB2)
» Slight decline in correlation (0.90 - 0.88)
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Summary |

» X-band radars can serve as magnifying glass in urban areas
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Summary |

Can a network of high-resolution X-band

radars improve precipitation estimates?
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C-band vs. X-band
C-band radar Single X-band radar X-band radar network
of 4 radars
Range 180 km 20 km 60 km x 80 km
Resolution X ‘/ » 250 m ir.l range
» 30sintime
Costs X ‘/ » <300.000 €

Attenuation » multiple coverage

allows for correction

AN
X

D I

oppler \/ X X
Dual-
Polarization \/ X X X
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Radar coverage in Northern Germany

e 1 C-band radar (DWD)
time resolution: 5 min
range resolution: 1 km
azimuth resolution: 1°
maximum range: 180 km

e 1 X-band radar

(Hamburg)

time resolution: 30s
range resolution: 60 m
azimuth resolution: 1°
maximum range: 20 km

e 4 X-band radars

(PATTERN)

time resolution: 30s
range resolution: 60 m
azimuth resolution: 1°
maximum range: 20 km
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Design of the radar network

e 4 X-band radars
time resolution: 30s
range resolution: 60 m
azimuth resolution: 1°
maximum range: 20 km
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Design of the radar network

e 4 X-band radars
time resolution: 30s
range resolution: 60 m
azimuth resolution: 1°
maximum range: 20 km

time resolution: 10 s
height resolution: 35 m
height levels: 31
 3reference stations

1) MRRs:
time resolution: 10 s
height resolution: 35 m
height levels: 31

i) gauges:
time resolution: 1 min
intensity resolution: 0.1 mm

Katharina Lengfeld RainGain: Intern.Local Governm. Conf. on Surface Water Flooding 2014/10/08
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X-band radar network: Clutter detection

Example: Reflectivity field of X-band radar MOD, July 39, 2013

X-Band Radar Network
Date: 2013-07-03 Radar: MOD
Time: 14:57:30 UTC Parameter: radar reflectivity
5 < 5 g = 'QK ol /1
I Ot fora 1) BN

» Disturbances due to houses, trees, moving objects, other emitters, etc.
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X-band radar network: Clutter detection

Example: Reflectivity field of X-band radar MOD, July 39, 2013

X-Band Radar Network X-Band Radar Network
Date: 2013-07-03 Radar: MOD Date: 2013-07-03 Radar: MOD
Time: 14:57:30 UTC Parameter: radar reflectivity Parameter: all clutter

Time: 14:57:30 UTC

] ol /1_\ — 8

» Disturbances due to houses, trees, moving objects, other emitters, etc.
» Clutter filters for single radars do not detect all disturbances

Katharina Lengfeld RainGain: Intern.Local Governm. Conf. on Surface Water Flooding 2014/10/08
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X-band radar network: Clutter detection

Example: Reflectivity field of X-band radar MOD, July 39, 2013

X-Band Radar Network

Date: 2013-07-03

Radar:

Parameter:

MOD
radar reflectivity

Time: 14:57:30 UTC

= T
7 Tl | dBZ

X-Band Radar Network

2013-07-03

Radar:

MOD

14:57:30 UTC

Parameter:

network coverage

—rd

» Disturbances due to houses, trees, moving objects, other emitters, etc.
» Clutter filters for single radars do not detect all disturbances
» Multiple coverage within the network area

Katharina Lengfeld RainGain: Intern.Local Governm. Conf. on Surface Water Flooding 2014/10/08
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X-band radar network: Clutter detection

Example: Reflectivity field of X-band radar MOD, July 39, 2013

X-Band Radar Network X-Band Radar Network
Date: 2013-07-03 Radar: MOD Date: 2013-07-03 Radar: MOD
Parameter: radar reflectivity Time: 14:57:30 UTC Parameter: all clutter
\ 2 [ S L ’ T S 3 7

Time: 14:57:30 UTC

T

o /\ \ -
\ o3/
\ o5
>

¢

3R AT AN

A2

Disturbances due to houses, trees, moving objects, other emitters, etc.

Clutter filters for single radars do not detect all disturbances

Multiple coverage within the network area

Network based clutter filter detects most disturbances in areas covered by more
then two radars

YV VYV
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X-band radar network: Clutter detection

Example: Reflectivity field of X-band radar MOD, July 39, 2013

X-Band Radar Network X-Band Radar Network
Date: 2013-07-03 Radar: MOD Date: 2013-07-03 Radar: MOD
Parameter: radar reflectivity Time: 14:57:30 UTC Parameter: radar reflectivity

Time: 14:57:30 UTC

1P \3};\,

o s R > —
Y ANy AN

iy

Disturbances due to houses, trees, moving objects, other emitters, etc.

Clutter filters for single radars do not detect all disturbances

Multiple coverage within the network area

Network based clutter filter detects most disturbances in areas covered by more
then two radars

YV VYV

Katharina Lengfeld RainGain: Intern.Local Governm. Conf. on Surface Water Flooding 2014/10/08



Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network

PATTERN

X-band radar network: Calibration

Common volume
for calibration

X-Band

I

Calibrating X-band radar with MRRs has
several advantages:

» Common intersecting volume

» MRR measurements for each 30 s
reflectivity field of the X-band radar

» Using the actual measured quantity
Jreflectivity” instead of estimated rain
rate

Katharina Lengfeld RainGain: Intern.Local Governm. Conf. on Surface Water Flooding 2014/10/08
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X-band radar network: Calibration

Common volume
for calibration

X-Band

I

max = 278
. 60 100%
Calibrating X-band radar with MRRs has
several advantages: 50 80%
N
: : S
» Common intersecting volume ~ W Bk
» MRR measurements for each 30 s S .
.. . = 40
reflectivity field of the X-band radar g %
» Using the actual measured quantity - N =22015 |
e . . 20 Bias = 259dBZ | 20%
Jreflectivity” instead of estimated rain ¢ RMSE = 3.91 dBZ -
rate 10 / e N 208 -
10 20 30 40 50 60
MRR WST [dBZ]
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X-band radar network: Z-R-relation

B 1 > MRRs measure reflectivity Z
: ] and rain rate R
g °F 1 > Direct determination of Z-R
3 E relation is possible
& 4 =
2F ]
0 M ]

01 2 3 456 7 8 9 10111213141516 17 18 19 2021 2223
time [hrs]

o

40

20—

dBZ

40

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 0
time [hrs]
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X-band radar network: Z-R-relation

:; 1 » MRRs measure reflectivity Z
: and rain rate R
g : 1 » Direct determination of Z-R
r E relation is possible
x4 -
2 4 > Drop in the correlation of Z
O0 i é“‘;‘ ;1 ;“:3 ; ili ‘; ll(] 1I] 112 113 14 15 1I6 117 1:‘3 l:) ZIO 2I1 :£2 2l3 0 and R IS a gOOd Indlcator for
time [hrs] new Z-R relation
O R el AR T » periods are cha-
~os- | w 75 explaired racterized by light rain
E Tl | Yo variance > period represents a
306 ] kind of transition between
g 04 U U UU U ] light rain and shower
ER: 1 » Blue period characterizes
° 02r ] the intense shower event
0.0k 1 » followed by light shower

1 L L 1 b L L | 1 L L L ‘“I L Il | 1 1 L |
0123456 7891011121314151617 181920212223

time [hrs]

o

(violet period)
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X-band radar network: Z-R-relation

100.00 T T T bkn? 20 100.00 T T T bkn'-. T T 20 100.00 T T T bkn\l 20
g 100} r"‘é?;/ Jo & % 1.00 :f;'i{\;’ 0 & E 100k 0 &
000 Lol “1:: 20 001 Lttt c";:; 1lu.o 20 ool 60'29
= B —
g -
E 6 e
2 =
00 Mac o TR
01 23 45 6 78 910111213 14151617 181920212223 0
time [hrs]
o e ] 0 O > periods are characterized by
light rain
10.00 - 10 10.00 ¥ 410 . .
) _ > period represents a kind of
£ oo pENE 1 e transition between light rain and shower
ool » Blue period characterizes the intense
/ o e shower event
0.01L2 ) L 20 0.01 L . 1 1 L . 20 . . .
I v w0 »  followed by light shower (violet period)
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X-band radar network: Z-R-relation

Climatological Variable
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» Variable Z-R relation leads to better agreement of rain rate derived by MRR and
X-band radar
» Standard deviation is reduced by 20 %.
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network

PATTERN

X-band radar network: Composite

Example: Precipitation field of July 3", 2013

PATTERN X-Band Radar Network
Date: 2013-07-03 Radar: BKM, HWT, MOD, QNS
Time: 14:57:30 UTC Parameter: precipitation rate

[mm h™

>100

0.1

» Precipitation estimates for the network radars
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network
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PATTERN

X-band radar network: Composite

Example: Precipitation field of July 3", 2013

PATTERN X-Band Radar Network PATTERN X-Band Radar Network on 250m
Date: 2013-07-03 Radar: BKM, HWT, MOD, QNS Date: 2013-07-03 Radar: HWT,MOD,QNS, BKM
Time: 14:57:30 UTC Parameter: precipitation rate Time: 14:57:30 UTC Parameter: precipitation rate

[mmh'] 1 ﬂfﬁ :_/ [mmh']

>100 >100

0.1 0.1

» Precipitation estimates for the network radars
» Composite of all four network radars on a 250 m grid
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network
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PATTERN

X-band radar network: Composite

Example: Precipitation field of July 3", 2013

PATTERN X-Band Radar Network PATTERN X-Band Radar Network on 250m

Date: 2013-07-03 Radar:  BKM, HWT, MOD, QNS Date: 2013-07-03 HWT,MOD,QNS, BKM
Time: 14:57:30 UTC Parameter: precipitation rate Time: 14:57:30 UTC precipitation rate
‘ VY 3 ™ e ST T 3 VY T

N

!

[mm h™]

>100

01

» Precipitation estimates for the network radars
» Composite of all four network radars on a 250 m grid
» Good agreement between X-band radar network and C-band radar
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network
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X-band radar network: Composite

max = 229448 PATTERN X-Band Radar Network on 250m
> 100% Date: 2013-07-03 Radar: HWT,MOD,QNS, BKM
60 {.- Time: 14:57:30 UTC Paramete: prec_ipimtion rate
'{"l [ s VAP 7] = " V’ T / S ]‘l'l]
50 P 80% ‘
>100
— 40
N 60%
=
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g 40% v
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10 — —y =099 - 0.10 20%
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0 0% e
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» Precipitation estimates for the network radars
» Composite of all four network radars on a 250 m grid
» Good agreement between X-band radar network and C-band radar
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network
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X-band radar network: Combined product

Example: Precipitation field of July 3", 2013

Combination of C-Band Radar and PATTERN X-Band Radar Network PATTERN X-Band Radar Network on 250m
Date: 2013-07-03 Radar: HWT,MOD,QNS, BKM Date: 2013-07-03 Radar: HWT,MOD,QNS, BKM
Time: 14:57:30 UTC Parameter: precipitation rate Time: 14:57:30 UTC Parameter: precipitation rate

A \»:’
I~
s

A

7T

| mm b

>100

Precipitation estimates for the network radars

Composite of all four network radars on a 250 m grid

Good agreement between X-band radar network and C-band radar
Combing C-band radar and composite of X-band radar network

YV VYV
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network

PATTERN

X-band radar network: Combined product

Date: 2013-07-03 Radar: HWT,MOD.QNS, BKM,HHG

C-band radar

* Range resolution: 1 km

e Time resolution: 5 min
100 e Maximum range: 180 km

Time: 14:45:00 UTC Parameter: precipitation rate
. A}

= " ]
- N -
N, 4 ‘ [mmh']
i, .
A -4
\f [

A

Composite of X-band radar

network
0 * Range resolution: 250 m
5 e Time resolution: 30s
| e Covered area:  60x80 km?

X-band radar Hamburg

* Range resolution: 60 m
\AY: ia e N [ e Time resolution: 30s

L s L e N " el e Maximum range: 20 km
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network
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PATTERN

Summary Il

» The precipitation product of C-band, X-band and micro
rain radars combines advantages of all three systems:

> Long-range and accurate reflectivity measurements |
from C-band radars 5%
» High-resolution reflectivity measurements from

X-band radars
» Direct determination of Z-R-relations from MRRs

¥
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Precipitation and Attenuation Estimates from a High Resolution Weather Radar Network
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Thanks for your attention!

Date: 2013-07-03 Radar: HWT,.MOD,QNS, BKM,HHG
Time: 14:45:00 UTC Parameter: precipitation rate

T :. S ﬁ ——
&) Questions?

http://pattern.zmaw.de

L \% r =3

N

Contact:
katharina.lengfeld@zmaw.de

i

Universitat Hamburg
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Max-Planck-Institut
fur Meteorologie
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