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Development Strategy of NICT’s Cloud Profiling Radar after SPIDER

Hiroaki Horie, Hiroshi Hanado, Kenji Sato, Yuichi Ohno, Seiji Kawamura, Nobuhiro Takahashi

National Institute of Information and Communications Technology (NICT) developed the first cloud
profiling radar (SPIDER) in Japan taking advantage of experience of various airborne and spaceborne precipita-
tion radar developments. Then NICT is developing the Cloud Profiling Radar on the EarthCARE satellite
(EarthCARE/CPR).

Moreover, simultaneously with development of a spaceborne radar, the calibration and evaluation radar for
verifying the performance has been also developed. Although, the airborne radar has been developed for the
verification, a development strategy is shifting to a ground-based calibration/validation radar. The develop-
ment strategy of the calibration/evaluation radar for EarthCARE/CPR and next generation cloud profiling

radar development concept are introduced.
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*INICT : National Institute of Information and Communica-
tions Technology

*2RRL : Radio Research Laboratory

*3CRL : Communications Research Laboratory

*#TRMM : Tropical Rainfall Measuring Mission,
PR : Precipitation Radar
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Figure 1 : Airborne microwave rain-scatterometer/radiometer system. Top left: Cessna 404 airplane carrying the radar
system, Bottom left: Mechanical scanning antenna system installed to the bottom of fuselage, Right: Airborne microwave
rain-scatterometer/radiometer system installed in the airplane.
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Figure 2 . Image of TRMM satellite and Precipitation Radar (PR). Left: Observation image of TRMM satellite, Right:
Precipitation Radar with 2m by 2m antenna aperture composed of 128 of waveguide slotted antennas.
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*¢SPIDER : Super Polarimetric Ice-crystal Detection and Ex-
plication Radar
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Nadir Beam Antenna
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Figure 3 - Airborne Multiparameter Precipitation Radar (CAMPR). Top: Beachcraft 200 airplane carrying the CAMPR,
Bottom: Mechanical scanning antenna system (forward beam and nadir beam).
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Figure 4 - Airborne Cloud Profiling Radar. Left: Gulfstream II airplane carrying the SPIDER, Right: Radar pod with antenna
pointed horizontally. Antenna is covered by rotating backside during take-off and landing of the airplane. The transmitting
and receiving unit is installed inside the radar pod.
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Table 1 : Major Specification of SPIDER

HoOH I Bk fH
WA 95.04 GHz
77 FFIE 49.4 dBi
E— A8 (7 > 7 FBAM) | 0.6 & (40 cmep)
REREET 1500 W
28V AN 0.5/1.0/2.0 us
2OV AR R LRI K Duty AT CIERE
RIS AR ORI & 72 13 FEH)
ZAS B B UK B & OEE)
K v 75 SpE S INIWVANRT £721E FFT
odis —30dBZ@ K5 b, 1 MHES
7 VT FER HARE A (—40 B> & +90 J)

HWERTL — ¥ S E4R{LL T3 1, SPIDER b 430 fif
EEHEHAY —FBIFICOR T wEEZ T, |
KD vy a rEIHEE 3 SIS L, Rk 3ERIC
BRa 7w, srEBEgRsEpchikicz s izlzo, K
EfZEFHR Y « v M HEEPSEET (NASA/JPL) »M
EEHEHEN L —% (CloudSat/CPR) %GBS L
7z. CloudSat i 2006 fLic¥TH EiF o h, BAEDERS
nNTwas., 2L T, BRINFHBERE (ESA) © Earth
Explore 2 v ¥ a>DO—>2TH37 —A7 7aHHEIZ HK
ORMEEEDRSMT 2SN D D, T2 B A
(JAXA*?) L HEIT7 —A 7 7HEERZEHA LV —5

*7JAXA : Japan Aerospace Exploration Agency
**EarthCARE : Earth, Clouds, Aerosols and Radiation
Explorer,
CPR : Cloud Profiling Radar
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Figure 5 : Outline of EarthCARE/CPR (antenna is opened.).
Top cover is removed to make it easier to look inside.

fet Bh, ek A,

RE HB—, JIIN SR, &iF B2

% 2 . EarthCARE/CPR O FZF7T
Table 2 : Major specification of EarthCARE/CPR

H H I Bk &
FEPEH 94.05 GHz
7T FHRE(T 7B | 65.5dBi(2.5 me)
1)
E—A @7y b 7Y > ]0.095 FE (750 m)
M)
IR(FREHES 1500 W@EIK, EOL
238V A (REES FRE 3.3 us(500 m)
2OV AR KU R 6100 Hz »» & 7500 Hz (5 & &
EEIC & AIE)
PS A Y FIE (ZEhE)
ZA FI 3 (G E)
R v 77 s PNV A AT R
R —35dBZ@K % I ¥, 10 km
li=vax
7T RER ML (B LD
il 500 m
R #9400 km CKEZ[E1HA)
CPR
".ﬂ’/&fk . . .
ZI : Satellite track dlregtlon
A -

Transmitting Power

> 1.5kW@EIK output
Beam Pointing: Nadir

Observation height
20km (low latitude)
16km

12km (High latitude)
(selectable on latitude)

=

__‘l Vertical Resolution:

S

Surface

Footprint: 750m
Horizontal Integration: 500m

6 : EarthCARE/CPR OB . MEC LV BHISEL2VIVEZ 2 2N TE 5.
Figure 6 : Observation concept of EarthCARE/CPR. Observation height is switchable according to latitude of the satellite.

(EarthCARE/CPR*®) OFAFE%EBIA L 72, 2 OEEIH
VSR THID TRy 7T HER IR 2 A T B
EEHRGRV—FThs. CPROANEEKS 1T, £2
WFEEFETLEZTRT. M6 CPRICLZEH A A —2T
HY, HEHEOAEMT 2. FEUHNPELHET 5%
BE#HLV—YTH3H, TRMM/PR 13#7 200 km O #i
PHEZERTE 201 L, CloudSat % EarthCARE 12
ks s CPRIZ, BN ETAREZERT 57201
TUTrERBEREEE L WKRKORET VT FOBNETH

D, EEE—28MDLr—% L% %, EarthCARE £ 13
2016 “FIC ESA 2846 L2 TETH 5 .

RS, HEFHEN V- ORI LY,
TRMM/PR & [6 U B #H & 12 & % 4 Bk 8 7k 81
(GPM) E#EEH 2 FA¥FEFEALY —5 (GPM/DPR*)
DOFIFIZE S RN T VWS . CPM EHEDA X —Y %

*9GPM : Global Precipitation Measurement (Mission)
DPR : Dual-frequency Precipitation Radar
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M7z, BABESMAER 8 1Rd . £IICFEERETETR
T2, BREAOE-OKagmor—yBnBnsnts
b, TRMM/PR X D 3 WEERN#EE (0.2mm/h) % T
BT 22N TE5. GPM EHEIZ 201442 A 28
Hic¥TH B s,

2. SPIDER DERIC X SREIFEDIRE

SPIDER D BHFE U HNI T E &% FE L BEIRE 1 K&
I, RS- EHO S vy 2ER L, NICT
HoBH « X7+ A2 FE L IRER, L€ L7z#EH
MHBE L o7z, Tk THEML 72 F 22l
HERH O LN « 3> F @il (X-BAIU), &2 HA G
B (WMO), ®EKEMIIO APEX-E3 £, /87
A FA 32 3 D VG BT RSP e B, SR o g B,
CloudSat £ [FMIEH, ¥ v 77 —F 4 &7 —[RRFEH

7. GPM FHEEDA A =YX,
Figure 7 : Observation image of GPM core satellite.
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>
Skm
8 1 GPM F#E OBl .
Figure 8 : Observation concept of GPM core satellite.
% 3 : GPM/DPR O FEi#EC
Table 3 : Major specification of GPM/DPR
H S| Ku-PR Ka-PR
JEIWH 13.6 GHz 35.55 GHz
TYTF Ty NY 5.2 km@nadir 5.2 km@nadir
REREEQ@HIR—1 | >1012W >146.5 W
PERES RE 500 m 500 m/250 m

2V AR U R HWESE - EAAKCLY |HESE - EAAKC LD
CIES
2SR EAR TEfR
Ry 77 R ML L
& (i) 0.5mm/h 0.2 mm/h(500 m),
0.5 mm/h (250 m)
7T FER 245 km (+/—17 J¥&) 125 km(+/—8.5 /%)

R

407 km CKFEFER, #aEfEsE 65 &)
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Table 4 © SPIDER airborne experiments summary

No EZI ) EiFEH | 774 M i

1 | HERSEIO JUN - By il (X-BAIU) | 1999/06 1 CREST** I X % [ X VIR DOREE & 54 -

2 2002/06 7 FED A G = A LD (WFgeREHE KR

3| ZFHAYEEE (WMO) 2000/02 1 g’; ;”;“@ JJL X-BAIU 1999, WMOZ2000 i2#%

4 2001/01 6

5 2002/02 8

6 2003/01 5

7 | APEX-E3 EB (FEKEFHL) 2003/03-04 14 CREST** 12k 3 [7 ¥ 7O LI ARKIHEY I
L 2 RGBT REEOEH WioeFE Haik
2 R |, BREY 74 bR

8 | PHERENVEACTREEEIR (% A FIEE) | 2002/12 7 WHETIEBFERRS (JAMSTEC) P&

9 2004/03 8

10 | 363 vl 2004/06 4 HEBERETH

11 | Ry 75 —54 & —[FEEH 2001/02 2 NICT FH&

12 2004/06 2 NICT ¥5#

13 | BB 2002/12 2 NICT ¥&

14 | CloudSat i 2 [FIHAEIHI 2006/02 3 NICT ¥

15 2007/04 3 NICT ¥&

7S MNRICIE 7 ) —T7 94 P EED
**CREST : Bl R FLEEAS - B AR R seHE e 2

X9 :SPIDER I & 231 EBIM. £ v —5" Ky FOREEFEM LB, 4 XREHL7 72RO EL, FHOoG %

i 7M.

Figure 9 : Ground observation configuration of SPIDER. Left: Radar pod is mounted on the rotatable dolly. Right: Transmit-
ting and receiving unit and antenna are removed from the radar pod and are installed on the pedestal.

BENDD . FAIWZINETIT o 2RISR Y X
kR, MBI o d T NICT O FEIC X %22
BENEE IV EL &L, MBEENZ V. —D0D
B I BN SO ENRE L E R D TH
3.

— 5 CHIRECELEE e > A 7 4% CAMPR 0B
FELFI S, WIZEHICHERR L e WIS A I I BT ]
HEZo BEERERL & L T % /2. SPIDER % #fiZe#m 5 Y
HUT-BRicH BRI S LT T 2R aEY AR
L7z, 20tk, REMOM EEHZ225%E L CElT 572
DIT, WZHEIERF L — Ky R 2408 L TEHARN
HORZELEZRD 85 L 512 L. SPIDER D&
HEM EREOKRFEXIICRT. BZEHLET T+
ZLU—F Ry RO H LI Eick Y, HBREHR
[AoW] ETOBHEDAIREE o7z, IhEFTHMEL

FeF e EERH - AR EEIEIEERR Y 2 b 2R S IR T.
SPIDER O &% CTd % NICT /Nt TofHliz 4
B T2, oR 7203 & A BTN Fh 2 & i BT
DB T E .

HEERY -V OMEE e 2 5 &, MEEBHIC L 5
R & O FEAETHIR B O fiZEs & O RIEIBHI LB T H
D, I EREEML Twb . HE S
Te 2SR D 2 ) v Mk, B CEHN R 2 FRRIC[E U
BMEICBATE22Ths. BHIPIZKI0ICRT
(Ohno et al. 2012) . 2007 £ 4 A 26 H1Z M L 72 £k
T, FEHEEREOHE &R OMBIK 2 Bl b DT
b 5. £ CloudSat K U SPIDER 12 & b 8l & h
V= REHRFTH 5. SFEEDEIED 205, 12T
FICEICHE>TWw5S . %72, CloudSat DET I —DF
FEOkm fHTicd 5 a—1%, EWiEEZ &A1& & SPI-
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Table 5 : Ground- and ship-borne SPIDER experiments summary

No % B GERN FHEER | B fis %

1 [ HEKFEE (5 ) 2001/05 14 | JAMSTEC MRO01-K02 dJbASFRemisv - s sige R
DOZEENCEE T 2 BIHIBFSE

2 | K (A5W0) 2001/09-11 | 45 | JAMSTEC MRO1-K05 legl,2 PHESEVEIKFRE « 4 >~ K
OB

3| R (A5W) 2001/11-12 | 32 | JAMSTEC MRO01-K05 leg3,4 K& —¥ErEtAEER < RE
b TS

4 | Jefi (A 50) 2002/08-10 | 45 | JAMSTEC MR02-K05 legl dbAumis O BRI

5 | A Y A7 (FHEARFEAR YA M) | 2005/11 10 | RERH¥FPHE

6 | ANTRERVBIH (BN S5 A (33) 2008/06-07 | 50 | BFARAIRETIEE [EARKD - DO AT - S

7 2009/06-08 | 64 | BT 2 MGHIRITE (BISeARE K[EWIFEH N1
& 2 EHAEH

8 2010/05-07 | 65

* NICT /@B 3 i3 Bk <

CloudSat/CPR & SPIDER®) [E1#A%H | (2007/04/26)

Flight Path of G2 & CloudSat ‘/1[3 CloudSat reflectivity factor (dBZ)
26 April 2007 B ‘
- 8
L
40 6 250
" - '150
4 .
N \ ff‘ : I
. ;
- a4k J
o ’ Lat 40.0 39.0 380 370 36.0 350 34.0
Lon1385 1388 139.1 139.4 139.7 140.0 1403
37 Ty JST13.04 13.04 13.03 13.03 13.02 13.02 13.01
SPIDER reflectivity factor (dBZ)
36 i
\.31»&,{“‘ 8F %0
35 N 6 150
"—j L ° ) ) 50
s ar L S0
34 ] ) | M50
'y \ -25.0
0 i
137 138 129 140 141 142 [t

PR AR DA R R A AT

Lat
Lon
JST

10 : CloudSat/CPR & SPIDER o [Fl ## fI#5 5. #2007 45 4 7 26 HIW FEfL 7.

39.0
1388
1270

35.0
140.0
1337

370
1394
13.03

26/ 412007

38.0
1391
12.87

36.0
139.7
13.20

72 B3 CloudSat fir 2 O i & SPI-

DER ®7 Z 4 bATRL—HL TWw5. £ ERIE CloudSat 2 & W Bl & iz V= REHRFTH Y, 45 T SPIDER &
LB sy — Y RERTFCTH 2. MEEOENEIH 2P, TI—DBIEL—BL W, HFEKOFR, EEIkm b
72012 SPIDER % JE®/ofiizekk s Bbn s = a—»%5 % . (Ohno et al. (2009) 2»55[H)

Figure 10 : Synchronous observation of SPIDER and CloudSat/CPR. The experiment was performed on Apr. 26, 2007. Left:
The CloudSat satellite track and SPIDER flight path. Their paths are agreed with each other. Top right: Radar reflectivity
of cloud observed by CloudSat. Bottom right: Radar reflectivity of cloud observed by SPIDER. They agreed with each other
except the difference in resolution. The echo of the airplane carrying SPIDER is shown in the top right figure at the middle
of latitude and 9km height. (Referred from Ohno et al. (2009))

DER ### L T oo ra—FE 2z ohd. B
B ER CORREENG, 20z a—25E0ik S 7B
PO ThHY, MiE OB E E v, F 7,
CloudSat % EarthCARE/CPR &7 > 7 7 & BEHE
ENDTHHEE T O ABEIT 270, 2RO TRITREE
DMEHEE S L TH NS L [RPABRIAEIT L 2w
HREMEN D L. 22T, FARFICBEIT 2 2 L2 FRICE
M9, Lo Lads SETEE T ICIT VSR TR I BRI
L, etttz 45 2 L CRIFZE_RT 5% 2 550
FWICE Y OO dh 5. FEEIC TRMM/PR D%k S v

¥ a > TdH% GPM/DPR Tix, HEEH O 2ot s 6
My — %23, LB - REEHORN LY — 5B
FRBIN LIz, 5B, GPM/DPROGIHEAE L T2 H
DKair V—FBJAXAKC I VBFENT. 265D
VSRS GERT S LICEY, BfREOIRS
o, BENBEOSIEEE»O LD TE S5 (Na-
kagawa et al. 2012). &8, ALY — 513 JAXA O
FTETHFE SN NICT O/ 7o 2 4n L TR
WEBKL TWw3 . 7z, EarthCARE/CPRIZDWT 3
Mzl X2 RELIEIMA L ko lz. 22T,
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EarthCARE/CPR OFEFETIIER 2 WLz B,
T YT T E—LDOM EANDOIREEE (77 7y v
V> b)) FR 750 m, SRESEREIX 500 m T, AKSF 500
mES e T =2 2T 5. 10 km AR O H/N
ZEREIZ—-35dBZTH Y, CloudSat D EE X D 6
dB EWERMERRER->T WS, EEN-35dBZ b
W, KED 98%, BESED 0% PHMTE 2 (Ste-
phens et al. 2002) . £7z, NIVARTEICLBZ Ry 75
HEFHHREE X, 10 km f543 R —19 dBZ O—#Hk 75 &
WXL T1.0m/s TH B, HEOHE LV —F &2 &
b7 7 FEAAAORERE T O LD bHESL
%570, PRI 2HIE# TS 1.3m/s L5 5.
WHEOR Y 7988V —F LR B LIBENS > TWD
EP2ICRZBN, V—FDN—F7 =712k BFHEE
BERRV—F IV B R, 7VTFE—LANTHHEHR
EDOFERMRKEVTDIZANY b T AEBIED S Z
&, NNVAERDNVA TGV =S BERT VT
FOEOESIL BT 5700t — v ARTEYLT 2
CEBREPSREBHEENEL D . I OBEEFHERAR
HREMATEY, 0.8m/sfEEDH 2 (Kobayashi et al.
2002). &2, HEOERZ—HTIREL, HEDET
HECFAET 2EO Vv — 5 KERT OB HERED
HESMBAT B Z LT, Ny 7 IHEHEICEENE:
U % (Schutgens 2008). K11 317K TH % 3,

(1) Z (org)

2 factor
8838888850

2 factor
8838888850
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shekdigbors

$h38%53be0s

bh8h%sgboey

fet Bk, Rk R, KRB e, I WG, & BE

HEREDORAC L > T, WREKL 2 EOHESFIOR
BN 0m/s Td, E—2D&HEZZDOVv—5 D
DR LUHE LIZIZFELC 6.5m/s O EAR E L CEHAI X
N30t L, E—2ADKEEITIX 6.5m/s O TRER
FLTEHIENS . RICE—ABTHICOAERH Y E—
LEHFICERMAIGEICIE, EEXABWTRLTH 1ES
HALE L TR ERLTWS XS REEREHTS 2 L1
KD, o TE—ANDV—F KEHETF OIE—REMELR
BERD., COBBRFEFEOEICHHA L CHEKKRE
V=S TEDLICBHITE 2 ny S ab—y g VEHE
L7fEE 2 12 Th % (Horie et al. 2012) . SPIDER
WX DB s T T — 8 RS 50 m O ERE,
E /77 500 m @ 53 fRAE CHRAE L 7z v — 5 KR T

HERE:
7800 m/s 7:/7—__)__

0.095 &

6.5m/s A Om/s
\ 4

K11: 77 E—2NOHEHEDRBAA X =Y. HiH
TiE 6.5m/s D EFTBEHI SN2 DL, $#5TIE6.5
m/s O RSB S NS .

Figure 11 . Schematic concept for contamination due to
satellite velocity within antenna beam. The upward daft of
6.5m/s is observed at the front edge of antenna and the
downward draft of 6.5m/s is observed at the end edge of
antenna.
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L% on 2o
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2
°
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o 20 a0 60 80 100 120 140 160 180 200

12 : EarthCARE/CPR 2k 2 R v 7RI S 2 v—ya >, (1), (4) SPIDER X VEHAIS NI ZHF RNy 7
HE, chz2HEMEET 5. (2), (6) EarthCARE/CPR OB T =2 Dy 2 ab—y 3> G00mBESMEEZFER). (3), (6) 10
km 5> U722 iER (EBREBEHTEE1T5 28, AKIZL Twiwy.) . (Horie et al. (2012) X W 5[H)

Figure 12 : Simulation result of Doppler velocity measurement by EarthCARE/CPR. (1), (4) Z factor and Doppler velocity
measured by SPIDER airborne experiment. They are used as truth data for this simulation. (2), (5) They are calculated by
simulation for EarthCARE/CPR, which is equivalent to 500m integration performed on board. (3), (6) They are integrated
results over the 10km (moving average will be performed for the actual processing, but they are not performed). (Referred

from Horie et al. (2012))
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Figure 13 : Development concept for the W-band cloud Profiling Radar for the calibration/evaluation. Left: High-sensitivity
ground based Cloud Profiling Radar (HG-SPIDER), Right: Electronic scanning Cloud Profiling Radar (ES-SPIDER).
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