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Fig.1 Fractional differences of bending angle (BA Diff.) from simulations between the 2D raytracing

operator and (a)the £250 km, (b)£300 km, (c¢) £400 km limited-ray-path raytracing operators,

and (d) the 1D local operator as a function of the 2D raytracing simulated bending angle ( 2D
BA) for rays whose impact heights are within 3—3. 3 km of all COSMIC ROs within (30°S,30°
N) from 19 March to 30 April 2017 that pass the QC1 step

2D FEARIBER I A R S M 5 2D BF 4G
EFL I B R S A AR R R . e U, B
SRR TR IT EZ AT LR R(ho) 1y oo =
+400 km f A FREFEKE 2D 4238 BRI 5T ¥
BRI 2 AU 1A BRI 2D Az
6 S UL B oF 5 1) 35 BE AE 3~ 3. 3 km 3 [ Y £k
M ARIES R . AR EE 2D i 4k B 4236 B
ORI 5 A 52 0 g B (2 ~ 14 km) 7Y 25 £ A5 40
A 3 4 s, B3 hiE 3 AN AR AT K B
2D PFEARIE BRI 5 - S 1D Abel 7% 5 WL 52 - 1
LB 5 G 2D S4B B0 5 15 2 By 45
HEAT T B PR U0 I 5 - 25 A A UL 49 2R 22 1] Y AH
XF O 22 (] 3a) F0b5 1 22 (18] 3b) 19 3 B 53 A, (34
2017 453 H 19 H—4 A 30 H #i#iIX 30°S ~30°N
22 () gk i 20 5 e 2 50 22 AR o A R Y A
COSMIC i B %k, = AH RO K 2D ggi2ia
BRI B 7 AU B S A A EAER R TR . 5
2D G kB BN 3 F LA 25 S AH L, 1D Abel 7%

120

WL 55 R APL A 25 A 7E R R e B2 S km LR A B
FR TE Al 2 , ZE S 00 5 BE 2 3.8 km 4b 1F i 22 e K, 25
FAAEXS i 22 29 6% . 2D Gt 258 B 55 5 H Al 00
TR B 1 B A0 45 TR 22 25 0 b U 25 TE S e i B 3
km Ab e Rk, Horp 5 3 ARG KR 2D AR 8 B
I 57 R 1) 25 £ =2 ) 1 bR o 25 B/ (< 1.2%)
5 1D Abel 72 4 WL 55 5~ AU Y 75 A 2 22 A9 b v 22
KT 4.8% T340, IR A Wi 2 802 B{ A% B it
P, 3 A PR AT 2K 2D AR 38 B I 5 1 K
1D Abel 724 WL 53 1~ 5 J5i 4 2D 5 £k 38 55 WL I 55
FA5 B0 AR AL 25 1 s 25 RbR o 22 (&1 4) B R KR
Pl T S 28 £ i AR i R A (B 3) K, FRIR
b BTG M X GPS B i i AT 5 2 8 2 %
A28 o A2 1) ) AT SO A A

FE T 2—5 A5 R AT LIS IR 4548 PR R
43305 Pl BIR A 7 B9 S 4 T i TG KT BB /N T 200 ~
400 km( 15 km $200 & B /N T 200 km, 2 km 52 1 5
JE/NT 200 km ) () 2D A BRI B 2D PR AR R B



ARERE , 45 ¢ il B

N§Y
=
=
i

JBE 25 i A28 Tk 47 T AC30E i 0 U2 AIRZ GPS 8 A2 BB} [ R AR

B Pt T

o

BNEI%
()
T

A 2/%
[e]
T
4
i

1 2 3 4 5 6 7 8

T HYEE /(10 rad)

2%
()
T

20

5%
)
T

_40 1 1 . 1 ) 1 : 1 s 1
1 2 3 4 5 6 7 8
T HEE /(10 rad)

B2 S5 AR EBORA ) 2R 0 2 52 AR TR S 7 S SR — R B Y 2 (8 A BT
(I 3 ThT A5 T i 3 A 8 IR AN 58 — B8 A8 =R A BT R 4 R L0 (A 3RO )

Fig.2 Same as Fig.1 except for those simulations with multivalued bending angles for which the QCI1

test fails( The first, second, and third rays from higher to lower impact heights are shown as

black, green,and red dots,respectively)
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Fig.7 Horizontal distributions of standard deviations of total precipitable water( unit:mm) between the ECMWF analyses and the
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Impact multipath quality control improving GPS RO data assimilation in
the tropical lower troposphere

ZOU Xijaolei' ,LIU Hui’

' Joint Center of Data Assimilation for Research and Application ,Nanjing University of Information Science & Technology ,Nanjing 210044 , China;
2Earth System Science Interdisciplinary Center( ESSIC) , University of Maryland 20740, USA

The Constellation Observing System for Meteorology , Ionosphere ,and Climate (COSMIC-2) has more pow-
erful GPS receiver antennas,a twice higher sampling rate of 100 Hz,and a three times smaller inclination of 24°
than those of COSMIC-1.COSMIC-2 will, therefore , provide an unprecedented ample number of radio occultation
(RO) data in the tropics.Assimilation of RO data in the tropics is challenging due to unique features such as large
horizontal gradients of refractivity, spherical asymmetry, and impact multipath in the moist tropical lower tropo-
sphere.Bending angle data assimilation in the tropical lower troposphere is done in this study using a two-dimen-
sional (2D ) limited-ray-path raytracing operator and a one-dimensional( 1D) Abel transform operator. An impact
multipath quality control( QC) developed in our previous study is incorporated to eliminate occurrences of impact
multipath in bending angle simulations. The fractional differences in bending angle simulations between the
limited-path-length raytracing operators and the original 2D raytracing operator have zero bias,and their standard
deviations are more than three times smaller than those between the 1D Abel transform operator and the 2D ray-
tracing operator.The highest accuracy and precision are achieved for the 2D limited-ray-path raytracing operator if
the ray path is confined within +400 km.Use of the physically based impact multipath QC is shown to improve
COSMIC data assimilation and forecast results using either the 1D Abel transform or the 2D limited-ray-path ob-

servation operators of bending angle in the tropical lower troposphere.

GPS RO bending angle data assimilation; limited-ray-path-length raytracing operator; impact parameter

multiparty quality control
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