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Motivation

DA ARO observations has shown both beneficial and adverse impacts on forecast skill across regions
(Do et al., 2025, Banos et al., 2026, Davis et al., 2026), yet the mechanisms behind these mixed effects
remain unclear. How ARO interacts with other observation types within data assimilation systems
remains poorly understood.

# Scientific questions

(1) Whether ARO improves satellite radiance assimilation by bringing the initial state closer to
the true atmosphere, thereby increasing radiance usage, and at which vertical levels and
timescales these indirect effects emerge?

(2)How those impact compares with other anchoring observations used for radiance bias
correction, such as spaceborne radio occultation (SRO)?

(3) Whether the combined assimilation of ARO and dropsondes produces a greater forecast
impact than either dataset alone?
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Case Stu dy January 29 to February 28, 2025 IVT and ARO

GNSS ARO (final, blue lines), GFS IVT(kg m~! s7'; shaded), IVT Vectors, and SLP(hPa; contours) |

IVT(kg m~' s7)
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Model and DA configuration

Joint Effort for Data assimilation Integration structure (JEDI) Assimilate ARO bending angles
led by Joint Center for Satellite Data Assimilation (JCSDA)
pe ‘ - — Soume:%
r::?r-\‘::lEﬂmg TN \AL_—ﬁ\) (by Ivette H. Bfanos)
0. -
MPAS-A 8.2.1 , Q @’-’)
Provide th § I — Added and
rovide the ed an g
model values % Qﬁ.) tested* within A_ Observation Operator
at ﬁgzgtri\::;ons Skylab : (Hordyniec et al. 2025)
(GeoValLs) | = Franoais
Vandenberghe
DA System Integration (JEDI)
J(x)==-(x—x) "B Y —ax) + =[H(z) —y]"R[H(x) -
() = (& — @) (x —xp) + 5[H(x) - y] [H(z) —"y] Q\a Error Estimation & Quality Control
Configuration
. MPAS-JEDI 3.0.2 and MPAS-Workflow 3.0.2 tailored to assimilate @w Ve (& (Bl e
the ARO observations. -/ (Seieel App)
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Experimental design

CTRL (All obs)
noARO
noDROP
noDROP_ARO
noSRO

DA Conventional obs,
AMV, AMSU-A, MHS

Y
Y

AMSU-A: NOAA-15, NOAA-18, NOAA-19, MetOp-b, MetOp-c
MHS: NOAA-19, MetOp-b, MetOp-c

Configuration

DA GNSS ARO | DA Dropsondes | DA GNSS RO

Y Y
N Y
Y
Y

« Hybrid 3DEnVar (25 % of static BEC from Jung et al. (2024))
& 75 % of an GEFS ensemble based BEC (30 members)).

« Variational bias correction for satellite radiance.

1200 km horizontal and 6 km vertical localization length
scales.
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Spatial distribution DA OBS (1st cycle, 00 UTC January 29)
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+* Scientific questions
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(1)Whether ARO improves satellite radiance assimilation by bringing the initial state closer to
the true atmosphere, thereby increasing radiance usage, and at which vertical levels and
timescales these indirect effects emerge?
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Impact of dropsondes on AMSU-A (CTRL vs noDROP, globally)
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Feb 16: significantly increase DA AMSU-A count

. degradg
AMSU-A Mean |OmB| difference Channel 7 (10-11 km) Channel 8 (13-14 km)
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* Dropsondes do not overlap AMSU-A: assimilating dropsondes
significantly increases the number of DA AMSU-A obs that are

assimilated close and further north, northeast from dropsondes
- improve AMSU-A fit.

« Some degradation appear over China and Himalayas
regions, which link to the reduction of assimilated AMSU-A
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Feb 18: significantly reduce DA AMSU-A count

AMSU-A Mean |OmB| difference Channel 6 (7-8 km)
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« Dropsondes overlap AMSU-A: assimilating dropsondes
decreases the number of DA AMSUA obs that are far away to
the NE and NW of dropsondes and degrades AMSU-A fit.

« Some improvement appear over west coast, corresponding to
both increasing and reducing of assimilated AMSU-A obs.



Impact of dropsondes on AMSU-A (globally, all DA cycles)

AMSU-A Mean |OmB| difference

degrade
60°N |§F2 60°N |57 60°N |
S « S G SR
BOON C 30°N 300N m \O
TR i 3
« m
0° 0° 0° Z
o
30°S 30°S 30°S
60°S 60°S 60°S
| | n
0° 60°E  120°E  180°  120°W  60°W 0° 60°E  120°E  180° 120°W  60°W 0°
improve
DA AMSU-A Count difference
60°N |7 60°N | 60°N |~
30°N[ T 30°N [ 30°N AT, <
3 4 =
0° 0° 0° S
(@]
(@]
30°S 30°S 30°S
60°S 60°S 60°S
0° 0° 60°E  120°E  180° 120°W  60°W 0°

» Assimilating dropsondes improve AMSU-A fit over the North Pacific and Northern Hemisphere

midlatitudes, especially for in channel 7. These largest positive impact link to the increasing of DA AMSU-A
number.
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Impact of ARO on AMSU-A (CTRL vs noARO, globally)

Impact of ARO
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« Similar to dropsondes, ARO improves AMSU-A fit in later DA cycles, with the largest improvements at 7-14 km.

« Dropsondes give more improving cycles.

ARO improves AMSU-A quality control by retaining good observations and rejecting bad ones.




Impact of ARO on AMSU-A (CTRL vs noARO, globally)

AMSU-A Mean |OmB| difference
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«* Scientific questions
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(2)How those impact compares with other anchoring observations used for radiance bias
correction, such as spaceborne radio occultation (SRO)?
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Impact of Dropsondes & SRO on AMSU-A (globally)

AMSU-A Mean |OmB| difference

Ch 9]
(65/121) i

Ch 8 |
(69/121)

Ch 7|
(75/121)

Ch 6 |
(64/121)

Ch 5]
(64/121)

KAk A kA hkhkhkk dhkhkhkkhkhkhk *hk  kokkhkk

'19 Q"’ 0“ g '\9 \?’ \3’ \9 ’1:"

) p N p :
¥ v N ¥ v N N v v

DA AMSU-A Count difference

I B CUHIEN
17-18km
Ch 8 I
13-14km
Ch 7 I
10-11km
Ch 6 II
7-8km
Ch 5

Cho9

(83/121) ]

Ch 8

(93/121) |

Ch 7|

(74/121)

Ch 6

(74/121) |

Ch 5]

(72/121)

AMSU-A Mean |OmB| difference

degr;ade

*x ok k ok k ok
....

LEEE 0T RO T AT
TV IS T
[HE 1] BN
[l ERHEIEE AN |

Jul
S
I IIIIIIIIIII 111}
* % %k Kk

* ok Kk k k ok

o
% Difference

Q0 Q NG \/ N v

N > ; 4 v
& & 6"’ ¥ v v &

DA AMSU-A Count difference

| 1]
QL RICTTT TONT
1, i

* k Kk k ok Kk

v
Q

II II[

2.0
Il.S
r1.0

r0.5

o
o
% Difference

r—0.5

Q ’1«
X o N v
N Qv N N

* SRO assimilation shows much significant improvement than dropsondes, with benefits accumulating
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Impact of Dropsondes & SRO on AMSU-A (over North Pacific)
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Over the North Pacific, dropsondes retain more AMSU-A and improve AMSU-A fit in the early DA period while
SRO rejects more and degrades the OmB. It may link to the impact of West Pacific flights, which provides more
dropsondes.
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Impact of AR Recon & SRO on AMSU-A (over North Pacific)

AMSU-A Mean |OmB| difference AMSU-A Mean |OmB| difference degrade

3
cho] cho]
(50/121) (72/121) 5
ch 8]
I (86/121)
ch7]
(79/121)
Ch 6]
(64/121)
chs]
(58/121)

Cb ’\/ 0 ”) Q) (b ’L ")
& S A8 A W5 e S et IS o

DA AMSU-A Count difference

Ch 8 |
(53/121)

=

Ch 7|
(65/121)

| (=)
A
% Difference

Ch 6 |
(58/121)

Ch 5]
(59/121)

I_z
-3

o ® improve

2.0
II.S

17-18km
cns | I HHE R [ | NI LT e
[0}
13-14km B F0.5 I
] | IR AR I .
00 ©
10-11km E
| | | o AL RO HEONE I |5
7-8km ~1.0
Ch 51 Ch 51
-1.5
3-4km********** % % ok ok k ok k% * % * % % % f********* *** * % % % * % * % Kk %k
e o o o o , [ ] . . i ‘ e o o o o , ‘ ‘ 2.0
o 5 ™ A o % © o o “ 'S o S ™ A o ) o O o © 'S
Q":L Q’VQ Q’VQ Q'VQ Q'V\/ 0'1'\/ Qv 6"\, 0"’,} ¥ 0"’% Q";L Q"'Q 6"0 Q"’Q S 0'"'\/ 6":» 6":\, 0"’:} Q'Lﬂ/ 0"’% less

Over the North Pacific, assimilating dropsondes and ARO leads to more AMSU-A observations being assimilated
and generally improves AMSU-A OmB during the early DA cycles compared with SRO assimilation. This is likely
because the West Pacific flights provide enhanced dropsonde and ARO coverage in the region.




«* Scientific questions
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(3) Whether the combined assimilation of ARO and dropsondes produces a greater forecast

impact than either dataset alone?
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Dropsondes & ARO performance (vs ERAS over NEP)
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Summary

Impact of Dropsondes & ARO on
AMSU-A

UC San Diego

Dropsondes and ARO largest
impact occur in AMSU-A channels
6-8 (7-14 km). Benefits become
more evident in later DA cycles.

Dropsondes show generally
stronger impacts.

Dropsondes and ARO improve
AMSU-A QC by retaining good
observations and rejecting bad
ones.

The impact on AMSU-A extends
beyond the dropsondes and ARO
observation region.
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Impact of AR Recon & SRO on
AMSU-A

 SRO assimilation provides the

stronger improvement in
radiance bias correction, with
benefits increasing through cycling
DA.

SRO is also associated with
greater radiance usage.

Dropsondes and ARO produce
stronger early-cycle
improvements in AMSU-A fit over
the North Pacific, but theirimpact
is more regional and less
sustained.

Thank you!

Comments/questions?

n9do@ucsd.edu

Dropsondes & ARO performance

 ARO and dropsondes improve
temperature and wind (U, V)
analyses when assimilated
individually or together.

* For moisture, ARO assimilation
improves the analysis, while
dropsonde assimilation leads to
degradation.
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Instrument Channel (F;]e;:)Sensitivity (F:(e”e]l)k Sensitivity Primary Variable
AMSU-A 5 ~850—-700 hPa ~3—4 km Temperature
AMSU-A 6 ~700—400 hPa ~7—8 km Temperature

‘ AMSU-A 7 ~400-250 hPa ~10-11 km Temperature
AMSU-A 8 ~250-200 hPa ~13—-14 km Temperature

‘ AMSU-A 9 ~200-100 hPa ~17-18 km Temperature
MHS 3 ~500-300 hPa ~7-9 km Humidity

‘ MHS 4 ~400-250 hPa ~8—11 km Humidity
MHS 5 ~250-150 hPa ~11-14 km Humidity
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Dropsondes impacts on ARO
Assimilated ARO difference, CTRL vs noDROP

Bending angle OmB, CTRL vs noDROP

Normalized O-B Departure
Aggregate: 0000 UTC 29 January to 0000 UTC 28 February, 2025
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* For the whole DA
period, dropsondes
did not significantly
change ARO fit and
DA ARO count.

 Dropsondes
improve ARO fit
most strongly at 6—
10 km.

« ARO acceptance
increases mainly at
3-5 km.

« Better ARO fit does
not always lead to
higher ARO
acceptance.

* Impacts extend 300-
400 km from
dropsonde locations.




Dropsondes & ARO performance (T Increment @ 6km, 1st cycle)
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Dropsondes & ARO performance (T Increment @ 6km, after 3 days DA)
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GNSS Airborne Radio Occultation

*Side-looking GNSS receiver tracks setting and rising satellites ~ «  Atmospheric refractivity is a function of pressure,

*Nearly horizontal ray paths experience a refractive delay temperature, water vapor pressure
*Atmospheric refractivity, temperature, and humidity profile is N=(n-1)- 10% = k, & +k, € +k, £
derived from refractive delay T T 1’

B SCRIPPS msrirvrion or Haase etal., 2014, GRL.
¥ OCEANOGRAPHY

UC San Diego
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Refractive bending angle

Inverse Abel Transform:

Yy ( ) [1 /:c:nRrR Od, (SC) d ]
o n(a) =ngrexrp | — x
\ ,’0‘/ ‘ . 7'(' o 2 S 2
’ a Bending angle -, a=z=nr, VI T4
Refractivity at a given
S~ height depends on

Atmospheric parameters are retrieved at a representative tangent point —
point closest to Earth surface

B SCRIPPS wwsrirurion of Haase etal., 2014, GRL.
¥ OCEANOGRAPHY

UC San Diego



The atmosphere is not 1D, especially not in ARs

AR Recon-23 I0P28 ARO USAF WC130/5300 NCEP GFS 2023-02-26 00:00:00(UT)

~

* Removed assumption that observation is made at a point

* Developed an operator that raytraces through a 2D
background field along the occultation plane

* Creates modelincrements at every point sampled by the
ray path

* |talsotakes into accounttangent point horizontal drift

* Now available for any NWP model with a JEDI interface
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Hordyniec et al., 2025, JAMES
https://github.com/jhaaseresearch/sio-aro-ropp

Q’~ SCRIPPSINSTITUTION OF

UCSanDiego % OCEANOGRAPHY



https://github.com/jhaaseresearch/sio-aro-ropp
https://github.com/jhaaseresearch/sio-aro-ropp
https://github.com/jhaaseresearch/sio-aro-ropp
https://github.com/jhaaseresearch/sio-aro-ropp
https://github.com/jhaaseresearch/sio-aro-ropp
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