Impact of GNSS RO Data on the Prediction of Atmospheric River Events:
A ROMEX Experiment

Hsiao-Chun Lin', Ying-Hwa Kuo!, Hailing Zhang!, John Braun', and Zhiquan Liu?
'University Corporation for Atmospheric Research, Boulder, Colorado
°’NSF National Center for Atmospheric Research, Boulder, Colorado

RESULTS

» The ROMEX dataset provides 40,000 daily RO profiles, (]) AnquSIS at the First DA CYCIe (2) Effectiveness of RO OBS Error in WRFDA > The 15-km model analysis is downscaled to 3-km
compared to the 12,959 operationdly avallable. > ROMEX data offers many samples in high IVT (AR) regions e = NIC nomni| > RMSE of (O- for precipitation forecasts. o
> The study focuses on an AR event from November 3-5, ' Loituce = 30N B)/O is higher > The prepllcted 48—.hl‘ accumulated precipitation
2022, using the WRFDA system. > The WRF forecast shows under/overestimation of IVT T | i in regions with amount is underestimated.
> GNSS RO data assimilation enhances AR predictions, compared to ECMWF IFS analysis. i i greater |
Ipz]c:]r(tjl%flldrly in moisture transport and timing of AR > Assimilating .ROBaseIine G.nd RQROMEX adjusts | IVT but Al Al moisture.
' overcorrects, likely due to ineffective RO observation error. > RMSE of (O-
» Caution is needed when assimilating RO data from B)/O varies
different missions due to varying error characteristics. LT TBET T T+ e (O L e 5| s among satellite
> Insights from this study will inform future RO observing s = T WA gt I MISSIonsS,
system designs for improved numerical weather e, e B LA B L e O e o W e I indicating
. cadere e NS B T > (a)IvT 25 L 25 ° - differences in
prediction. | , D R ’ g = G-t < o PO e e g ] - X
- e A Y Cbos ‘, " \ :«“""'ﬁ{;’ - £ (Shaded), =(C) :gi;r;éﬁgﬁjd:j%’\l (d) — VT = 250 kg m 57! d(]t(] 130°W 120°W 110°W  130°W 120°W 110°W  130°W
B eSSt G RS I T B e RN L L1 S e 3 300 et s e .
S e N R S AL & I (contour), 1| | (merezans | ChAracteristics. Figure 9. 48-hour
20°N = T ?‘ e _‘\%\ 4 ; 4‘ W . ‘: La00  20°N V¢t p 2 ~150 B 5 50°N 50°N
OBJ ECTIVES s s Ala S U oA o Z’;d 550 > The default accumulated
N R VAPV I PR ... Ml SO P S S - Pl a wind _1s _1s precipitation from
. ~ ., vectors : £ WRFDA error 1800 UTC 03 to 1800
% g = fromIFS at || 5 e profile is UTC 05 November
. . . e e I w 0000 UTC || =10 smaller than 2022. OBS is the
I. Evaluating the effectiveness of the default RO Fabha Mo | Lo 29 October SOMEX NCEP Stage IV
observation error in WRFDA for ROMEX data, and e | W R T 2022 | r data.
PR g e Nee 370 | [ SO G P o Differences _ \ suggesting a NN
oo o o o . T S B ‘m N r e S \ - I . . . o \ 30°N
il. Examining lthe impact of increased RO data on gl 2 PN WL | A s (g‘f’g)’” \\\ ....... need for tuning. w o
AR forecaStlng ° 2o ( )A ’ ’f i - c. I_150 o :' Y ALY . ' I_lso | T Rngge of (<1>:-?3)/o (i)5 for rezfjl?activitzyis RMSE of (0-B)/O (%) for refractivit)1/II75 #00
. (€] ANbgceline = IFS*| B ., - (d) ANLgopex = IFS | B ., : . o
ol T A S RS R e, e AR G M e Figure 5. RMSE of (0-B)/O (%) for refractivity. (a) error profiles in
s0°N — T3 T = T 60°N T———— s V:l - \;{\ ‘ E Kg m 16'030 180° 170°W 160;\/\/& 150°W 140°W 130°W 120°W 110°W 180° 170°W 160"Wﬁ 150°W 140°W 130°W 120°W 110°W WRFDA and by Iatltude, (b) by IVT l'hl‘eShOld, (C—d) by sqatellite missions. CO N C L U S I O N S

1400

oo (3) AR Lq ndfq" Fo recd St Table 3. Forecast of AR landfall time, AR scale, AR duration, maximum IVT during the AR, time of

maximum IVT, and time-integrated IVT during the AR event at (46°N, 124°W). OBS is from IFS analysis.

40°N

' VO Y N > The ECMWEF IFS 9-km analysis serves as the observation reference. OBS* ey BEtlllng Welilds e iabrry > ROMEX data provides a large number of
o [ A\ W T RS R\ 200 : : : : ' 20Z 03Nov 00Z 04 Nov 23Z03Nov 23Z 03N 227 03 N .
LIRS T ST > AR improvements noted in Baseline, ROMEX, and ROMEX err1 €XPEriments. AR landiall time > > > > o samples over AR regions.
R Yol el IR | co0 . . . . AR scale 3 4 3 3 3
S I S ity S cany I > Incorporating more RO data and increasing the sample size could AR duration (hrs) 41 34 36 35 36 > ROMEX data significantly impacts IVT over the
B S PRNOV |-l TCO NO P Improve AR predictions. Maximum IVT (kg m1s) 931.5 1015.6 935.1 908.3 912.0 AR region though there seems to be an over-
180° 170°W 160°W 150°wW 140°W 130°W 120°W 110°W 180° 170°wW 160°W 150°W 140°W 130°W 120°wW 110°W ° ’
> Tuning the observation error profile with ROMEX statistics improves AR Time of Max IVT 00z05Nov  Olz05Nov 15204 Rov 00z05Nov 01205 Nov st : :
: . imei - ment In the m | stat tentiall
Figure 1. IFS analysis of IVT (shaded), SLP (contours), 850-hPa wind at 1800 predictions. Time integrated IVT (107 kg m™) 9. 8.8 8.1 7.4 7.5 qdjus © . € odel state, potentially
UTC on 03 November and 0000 UTC on 05 November 2022. g g o o o linked to observation error.
o e > RMSE of (O-B)/O is higher in regions with
EXPE RIM E NT DE Sl GN K ‘ | greater moisture.
T e L T B | e | > RMSE of (O-B)/O profiles varies among
ol N L ST L COSMIC-2, Spire, and Yunyao satellite missions.
B I N e SO S S B Ve RO | > Improvements in AR landfall, scale, duration,
| | | | | | g G . ./(b) Conv <, ./(c) Baseling-, .(d) ROMEX....- . and IVT are noted in Baseline, ROMEX, and
I. 6h 25°N 7 : . ; Ry 25°N - : 5 : By 25°N - : 5 ; : 25°N 7 : : : Ry 25°N 7 . . : g}
DA CyC Ing every s 11.03 18  11.04 00 1104 06 11.04 12 1_1|_‘i(:::‘1e18 110500 110506 11051> 110518 130°W  125°W  120°W  115°W  110°W  105°W 130°W  125°W  120°W  115°W  110°W  105°W 130°W  125°W  120°W  115°W  110°W  105°W 130°W  125°W  120°W  115°W  110°W  105°W 130°W  125°W  120°W  115°W  110°W  105°W ROM EXObserr'I experl ments Wlth Oddltlondl RO
00 UTC 00UTC 00UTC 00UTC 00UTC 00UTC O00UTC 00UTC Figure 6. Temporal variation of IVT at (46°N, 124°W) from IFS Figure 7. AR scale at coastal stations during the AR event. OBS is the ECMWEF IFS analysis. data
290ct 300ct 310ct OINov 02Nov 03 Nov 04Nov 05Nov analysis (OBS), Conv, Baseline, ROMEX, and ROMEX gpser .

Figure 2. Diagram of 6-hourly DA cycles for each experiment from 0000 UTC

29 October to 0000 UTC 05 November 2022 (4) Prediction of Max > However, the predicted 48-hr precipitation

amount is underestimated in 3-km model run

Kg m s

Table 1. Experiments and assimilated observations: Conventional data : e s S AR R e R PR S X5+ s MR B = 1600
includes.sfl)rface, radiosondg, aircraft, and satellite winds;, ROMEX pserr ) s\\i\ & \"\ ‘ ¥ ot ' w‘\&é % \“\ ‘ s due to We(]ker IVT
uses a different RO error profile. o i NN R T =t so°N oS ORSeH e Ry
. - - - A = e~ ——ws_ . /s 1200
Experiment Assimilated Observations RO OBS Error = V‘; —— SN e ST § e
i 3 1000
conv Conventional observations default — ok (( - W\ /A0 EERIEE I TN &QMQ , /< M AC KNOWLE DGMENTS
Baseline Conventional + ROggseline default P /8n £ 4 [L\ =2 DOg g Vs F s Q DR Sl e
ROMEX Conventional + ROropex default A ROSRSEER S n\\* T RS i T | R 2 N v
ROMEXopser1  COnventional + ROgovex  See figure 5a PO R B0 0 S Tl 0 s 951 [N S o S O bt Gt ST GO a0 RS i Lt 6 U o DR P i et OERC SN it SV 5 SR S %fj = This research has been supported by the National Oceanic and
Kgms Atmospheric Administration &OAA) Science Collaboration Program -
| ,_ Table 2. Satellite missions included in the Cooperative Agreement under award NA2I0AR4310383. We would like
“N | {5.km grid spacing ROsaseiine ANA ROrovex datasets. to acknowledge high-performance computing support from the
| | gy~ Satellite Missions Derecho system (doi:10.5065/gx9a-pg09) provided by the NSF
N 1| ROggeeiine COSMIC-2, KOMPSAT-5, o, National Center for Atmospheric Research (NCAR), sponsored by the
| SRR 5 MetOp-B, MetOp-C, PAZ, ” - oo National Science Foundation. We also thank the UCAR COSMIC team
A n | .= Sentinel-6A, TanDEM-X, for their support, guidance, and for providing the ROMEX data. Dr. Ying
| T TerrasAR-X N b T LN 2 Zhang in the NSF NCAR Mesoscale and Microscale Meteorology
T ROromex  ROsaseiine + FY3, PlanetiQ, , 2 el A e NN s BN A ML Laboratory provided support on the WRFDA simulation.
| | | | Spire, Tianmu, Yunyao N I P R e ert” i o o o N e e g g S e ] | des Tl N A R e W e ig L 3 et NI e e
I | , I , e e oy o o e e e et

180° 165°W 150°W 135°W 120°W 105°W

Figure 3. WRF model domain with 15-km grid spacing. Figure 8. IVT (shaded), SLP (contour), and 850-hPa wind vectors from IFS, Conv, Baseline, ROMEX, and ROMEX,,...., and their differences at 0000 UTC on 05 November 2022.




