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1.- Research Objectives 2.- X-Band Polarimetric Radar (JuXPol) and ADMIRARI

At four GPM/GV field campaigns, polarimetric radars have been scan- - : - :
.. th the radi ter ADMIRARI [1, 6]. In order to devel The Jiilich Forschung Zentrum (JFZ) is a German research facility which
fils L SYNELgy Wi € TaCTOTEIEr ol SLORAER B0 eevep @ possess a large instrument suite to make studies on the environment as The University of Bonn’s ADvanced MIcrowave RAdiometro for Rain Identification ADMIRARI is a triple- | RARIinstalled at the JEZ. A rain radar (right) and

Fad.lometer radar retrleYal scheme, indep enden.t estimations of liquid p reelp well as a cloud and precipitation observatory. One of the main instrument | frequency (10.7, 21.0 and 36.5 GHz) dual-polarized (H & V) scanning passive microwave radiometer (MWR), its | acloud lidar (left) attached to the pedestal.
itating parameters are first developed to overview the performance of active : : - . e - : . . : , _ ,
: : . : is the X-band dual-polarized weather radar (JuXPol). Additionally, the | polarization capabilities gives the ability to retrieve slant Liquid Water Path (LWP) and distinguish the cloud and rain | *-
and passive sensors when observing the same precipitating system. Earlier : : S : :
tudies (LPVE i h that rad b 7 to estimated f University of Bonn’s triple-frequency dual-polarized radiometer ADMI- component separately.
SIEEIES * campalgit) lave SHOWH that radat can be tsea 1o E5Hated 1ot RARI has been deployed to the JEZ and measuring at fixed 30° elevation Additionally to the MWR, ADMIRARI senses the atmosphere with co-located ancillary instruments, i.e. a 24.1 GHz

tﬁe riin layﬁr at’(cienu?tlgn. a}?sbthe dr ad1lo nleteli(for the dho.uﬁ andbgacsiest, leaymcgi and RHI mode since end of April 2013. At an azimuth bearing toward | micro rain radar and a 902 nm cloud lidar.
- e;g.epuabl 031 Se r}ngVE anb o asd ?nh?own. Wt 1;:. canh.eh - eirn.une x ADMIRARI (234°) JuXPol performs RHI scans every 5 min. Typical ADMIRARI data set comprise of Brightness Temperature (V & H), Polarization Difference (V - H) and the
COMDIIILE DOTL SENSOTS.. S OESEERE bl &1 PHECIPHALIOn WA pO atime ADMIRARI is located at a distance of 3.8 km southwest from JuXPol and | ancillary active instruments: Reflectivity at 24.1 GHz and backscattering factor at 902 nm [2, 1, 6].
ric variables were negligible and a A = aZ” relationship were used but results its scan strategies comprise of fixed elevation observation for 5 minutes
depend strongly on the DSD taken into account for the coefficients a and b. : : : : : : o
followed by a RHI from 21 to 60°. Normally the RHI mode is only started The JFZ operational radar is a 9.3 GHz dual-pol and is one of the twin X-band systems in Bonn and Jiilich, Germany.

The present study is an attempt to extend the well known ZPHI method [3, 5] S . . . . . .
o F B olowier mT e Aot e et oo e TG oy e T O o ol i e when precipitation is expected. The RHI scans have typically 150 meters range resolution, and 0.2° elevation steps scanning from 0 to 90°.

cipitation parameters.

The picture below shows the radiometer ADMI-

3.- The ZPHI method applied to JuXPol RHI scans (Case study June 20th 2013)

In order to apply the ZPHI method to RHI observations, data collected at the JFZ is being analyzed.

The ZPHI method is used to correct the reflectivity Zh from attenuation in QPE PPI scans at low The method is onlv apblied to the rain laver. therefore the ranee of
elevation angles and therewith estimate rainfall. The technique couples the profiles of attenuated Radiometer Observations @ 30° elv. from June 20th, 2013 Zh |dBz] at 10:30UTC ,_; the Brichtband b t}tl PP . " el determined it tg 1

Zh(r) and the differential phase shift &, () | I N 1 © PHgband bottom ey el C RIS G e sn i Es TS LYEY

VY W R . LE using polarimetric variables pp,, texture Z;. and ®4,. As auxiliary

a(r) Z(r)]g [exp(O.QSE PIA) — 1] | | | | ' | : information, amb.ient tempeljature. is also used to estimate 0° iso-term

for cases when Bright-band signal is not too strong.

I,(70, Ttop) + [exp(O.ZSEPIA) — 1] I (r, fr'top)7

A(r) = [dB km ™ ']

Brightness
Temperature [K]

A[dB km™] at 10:30UTC A [dB km'] at 20:50UTC

T

Ia(r,70p) = 0.46 b /Ttop a(s)[Z(s)]" ds

Polarization
Difference [K]

and the path integrated attenuation (P A) is given as a function of A® as follow:([3, 4, 5]):

W
40
PIA = v(r)A®, with  A® = ®y,(rs0p) — Pap(ro)

Height [km]
Height [km]

The coefficients a and b are Temperature dependent and normally it is assumed constant along the vy | j . im —

path and the above equation can be simplified being independent of a. However, for RHI that as- ZhdBz at 10:35UTC 0 3 Zh [dBz] at 20:55UTC

sumption is not valid since there is a strong change on Temperature for high elevation angles.
Once A(r) is computed, it is being applied a power law relationship between rain liquid water content

and specific attenuation according to:
lwe(r) = c[A(r)]* [gm™]

Distance [km]

The ZPHI method normally re-
quires a A® minimum of 5°, to

It has been determined relationships for the above mentioned coefficients with the Temperature, G (bl M%) ensure that it exceeds significantly
which is mapped to each radar range: : e vy 7 i | T | i _ | the noise on ®,, measurements.
a(T) = [16.19 —0.52T +0.0172]10° AR B M e L i | \ ;fﬁlat might, however, jeopardize

o a5 ST Sy | A L) SIS TR iy | L L L e reliability of the ZPHI algo-

v(T) = [38—0.537]102 - : " - e . - . | T . | ¢
(T) = 2.0410 — 0.02017" + 0.0003 T> Distance [km| Distance [km| Distance [km] Distance [km] ALERY aPphed 0 RHI CASESIASIEIS
(T) shown in the next picture.

Height [km]
Height [km]
Height [km]
Height [km]

C
d 0.7651 — 0.0045 1

4.- Results for Liquid Water Content 5.- References

The RHI 1 t th diometer’s FOV (typically f t °) i d . : :
: angles must ‘map the radiometer’s POV (typically from 0 to '3») 1n order Once the Specific Attenuation is estimated, the reflectivity is corrected by ADMIRARI's rain LWP is obtained by means of [1] Battaglia A., Saavedra P, Rose T., Simmer C., 2009, Rain observations by a

to estimated from the ZPHI method the specitic attenuation along ADMIRARI's FOV. attenuation, moreover from the RHI scans the ADMIRAR’s FOV is a Bayesian algorithm as explained by [2], and it multi-frequency dual polarized radiometer. IEEE Geo. Rem. Sens. Lett., 6(2),

In those cases the liquid water content can be calculated wusing lwc(r) = : : : _
: : , : is shown below versus radar estimates: 354-358.
Rain lwc [g m™] at 10:30UTC Rain lwc [g m™] at 10:35UTC extracted in order to have the radiometer’s observation volume [2] Saavedra P, Battaglia A., Simmer C., 2011, Partitioning of cloud water and rain

v ( '\ ' v ( '\ represented in the slant profile. : T SE— water content by ground-based observations with the Advanced Microwave
1 & Corrected Z [dBz] for ADMIRARI's FOV @ 30° elev. Radiometer for Rain Identification (ADMIRARI) in synergy with a micro rain
’ \ , ’ \ _ 5 radar. J. Geo. Research., 117,1D005203,d0i:10.1029 /2011JD016382.

[3] Testud J., Le Bouar E., Obligis E., Ali-Mehenni M., 2000, The Rain Profiling
Algorithm Applied to Polarimetric Weather Radar. J. Atmos. Ocean. Tech., Vol.
17,pp. 332-356.

[4] Ryzhkov A., Diedrich M., Zhang P., Simmer C., 2013, Potential utilization of
specific attenuation for rainfall estimation, mitigation of partial beam blockage,
and radar networking. Pt 1. Description of the method. in preparation.

[5] Bringi VM. and Chandrasekar V., 2001, Polarimetric Doppler Weather Radar.
Rain lwc [g m'3] at 20:500TC Rain lwc [g m'3] at 20:550TC

Principles and Applications. Cambridge University Press., pp. 394-414.

"""“"' \ " [6] ADMIRARI website http://www2.meteo.uni-bonn.de/admirari

pd —
o iy

Height [km]
Height [km]

Bt

1 : 3T
= |_: - I ] "n : L]
‘- T. | Fiad ' -\f‘:'lk: I u_ﬁ: T Ll r. 1 :
. =i":_ ‘.:.. '.'. I- ; ! h’-il.- "ol L, 0 ] ]
o ) | '

- 20 30 40
Distance [km]

[—
o
(ADMIRARI) Rain LWP [kg m™]

slant range [km]

o =~ o)} =]

. ! OUSLY BECAUSE THE ZPHI METHOD PERFORMS BET-
LWC, therefrom integrated values are computed to compare with the
| ! ’ . TER WHEN SIGNIFICANT ATTENUATION IS OBSERVED.
independent radiometer’s retrievals (LWP or PIA). The advantage to
L | 702 : : : THIS METHOD WILL BE APPLIED TO THE GPM GV
D . T b r have a good correlation radar-radiometer is that PIA can be mapped to D Ve TER VAU
all ADMIRARI frequencies i.e. X, K and Ka-band, as it was done for the

I—— | . | . : MENTS ARE AVAILABLE TOGETHER WITH C AND X-
20 30 20 30 GPM LPVEXx campaign (see [6] and posters therein).
Distance [km] Distance [km] BAND RADARS.
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i 6 Number of Profiles
\ A REASONABLE CORRELATION IS FOUND SPECIALLY
1 8 : : o : : FOR RLWP VALUES ABOVE 0.5 kg m 2. THAT IS OBVI-
These profiles are also obtained for the specific attenuation and rain
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