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Understanding and Constraining Global Storm-Resolving Simulations Using
EarthCARE and ORCESTRA Observations

Woosub Roh! and Masaki Satoh' 2

(1:AORI, the university of Tokyo 2:Typhoon Science and Technology Research Center, Yokohama
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Abstract

Global storm-resolving models (GSRMs) simulate mesoscale convective systems at kilometer-scale
resolution, allowing more direct comparisons with active satellite observations that have similar spatial
sampling. This capability reduces reliance on subgrid-scale assumptions and enables physically consistent
model—observation evaluation.

The EarthCARE satellite, equipped with a Doppler cloud profiling radar (CPR), provides a new
benchmark for testing both cloud microphysics and atmospheric dynamics in GSRMs. Its Doppler velocity
measurements make it possible to simultaneously assess hydrometeor fall speeds and vertical air motions,
offering valuable constraints on convective updrafts and cloud structure. Satellite simulators enable
quantitative comparisons by converting model output into synthetic radar signals.

The ORCESTRA field campaign (August—September 2024) provides complementary multi-platform
observations of organized convection in the tropical Atlantic ITCZ, combining measurements from research
aircraft, a research vessel, and ground-based systems.

We use EarthCARE and ORCESTRA observations to constrain a 3.5-km-resolution NICAM simulation.
We compare vertical cross-sections and contoured frequency by altitude diagrams (CFADs) of radar
reflectivity and Doppler velocity between NICAM and observations from EarthCARE and the HALO
aircraft. These comparisons demonstrate how combined satellite and field observations can directly
constrain cloud microphysical and dynamical processes, providing guidance for improving global storm-

resolving models.
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Abstract

The vertical velocity structure in deep convection remains one of the most uncertain aspects of mesoscale
convective systems (MCSs). In numerical models, vertical velocity spectra are not adequately resolved at
kilometer-scale (km-scale) resolution, while observational estimates of vertical velocity have been sparse and
lack global coverage. The EarthCARE satellite provides the first global observations of vertical velocity
through its Cloud Profiling Radar (CPR), which measures radar reflectivity and Doppler velocity worldwide.
These unprecedented observations offer a new opportunity to evaluate the dynamical structure of MCSs.

In this study, we analyze EarthCARE CPR observations by comparing them with global and regional
kilometer-scale simulations participated in ECOMIP (EarthCARE and ORCESTRA Model Intercomparison
Project; https://www.earthcarescience.net/projects/ecomip). We compare the model outputs with EarthCARE
data and other field campaign data. Specifically, we apply the Joint Simulator for Satellite Sensors (J-Sim)
and directly compare the simulated signals with the EarthCARE observations.

The figure presents the first multi-model ECOMIP analysis of vertical velocity and compares it with CPR
vertical-velocity retrievals. We will then apply J-Sim to all model datasets to enable direct comparison with
the CPR signals, and statistically compare them using the CFAD. In my presentation, we introduce the

current status and milestones of the ECOMIP project, along with key findings from these analyses.
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Figure: Cross sections of vertical velocity along the EarthCARE overpass in the tropical Atlantic on 3 Sep.
2024. The top two panels show the EarthCARE retrievals in the 1-km and 10-km averaging modes.
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Abstract

Predicted Particle Properties (P3, Morrison and Milbrandt, 2015) microphysics scheme is
widely used by several forecast and climate models around the world. The unique aspect of P3 is
the use of a single free-evolving category to represent ice microphysical processes. In the
EarthCARE-ORCESTRA Model Intercomparison and evaluation Project (ECOMIP), participating
models with P3 cannot apply Joint-Simulator to generate radar and lidar variables because of the
special treatment of ice particles in P3. This study aims to implement P3 in Joint-Simulator and
evaluate its results with EarthCARE data. We perform two NICAM hindcast simulations of
hurricane Humberto with the single-moment scheme (NSW6) and P3. Both simulations have
reasonable evaluations of intensification, even though the strength is underestimated. P3 simulation
has less cloud liquid water and ice compared to the NSW6 simulation, but the melt equivalent
effective radius in the P3 simulation is larger than that of the NSW6 simulation. These differences
compensate with each other and then result in similar distributions of simulated radar reflectivity.
On the other hand, the distribution of simulated Doppler velocity in the NSW6 simulation is
comparable to the EarthCARE observation. However, Doppler velocity in the P3 simulation is quite
large in the convective region, which not reasonable. We will further check and include P3’s

relationship between diameter and vertical velocity to produce reasonable Doppler velocity.
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During MJO Phases Over the Maritime Continent (MC)
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Abstract

Over the Maritime Continent (MC), complex interactions among the Madden—Julian
Oscillation (MJO) phases, seasonal variability, and regional topography play a critical role in
shaping local rainfall extremes. However, it remains unclear which type of rainfall, stratiform
or convective, is predominantly modulated by the MJO. This study investigates seasonal
variations in stratiform and convective rainfall during different MJO phases using GPM-DPR
data during 2014-2022.

The results show that over the Sumatra region, the occurrence of both stratiform and
convective rainfall is higher than over western Java during both active and suppressed MJO
phases. In Sumatra, stratiform rainfall frequency is dominant over both oceanic and inland
areas. Over western Java and Sumatra, particularly during the wet season (DJF;
December—February), suppressed MJO phases generally induce a higher occurrence of
both rainfall types, compared to active phases. During both active and suppressed phases,
inland regions exhibit a higher frequency of reflectivity associated with stratiform rainfall than
with convective rainfall.

Notably, during suppressed phases, high frequencies of both stratiform and
convective rainfall occur across most seasons, whereas during active phases, the highest
frequencies are primarily observed in DJF. In the DJF suppressed phases, over the northern
Java Sea, convective rainfall with reflectivity values of 20-30 dBZ extends up to
approximately 11 km, indicating deeper convection compared to the western ocean and
inland regions (~8 km). In contrast, during suppressed phases in DJF and MAM (March—
May), inland western Java exhibits shallower convection, characterized by the highest
frequency of 20 dBZ reflectivity below 4 km.

Overall, our findings suggest that suppressed MJO phases may produce heavier
rainfall than active phases over parts of the MC. Accurately distinguishing between stratiform
and convective rainfall is therefore essential for improving quantitative precipitation
estimation and enhancing flood early warning systems.



1Y FEXEILERBICHE T S5RENES T EBKIRTLOBER

MEXEE |, FEM % H. J. Syiemlieh’, L. Cajee?®, S. S. Kundu®,
S. A. Choudhury’, S. M. S. Hossain’, S. Yildiz%, F. AkterS, Y. Fujiyoshi’

(1 EMAZFEIZE, 2:FNKREZZFE,
3:North-Eastern Hill University, India,
4:North Eastern Space Applications Centre, India,
5:Bangladesh Meteorological Department, Bangladesh,
6:University of Dhaka, Bangladesh, 7:itiBEKFIEERFHERT)

HE
LT A > FERFEAL B O (UGS IR & S FEH R A S IkIc T + A Re A — 2 23R E L,
B Akt L C& 72, 2017 FFITHRAID 2 BERE L T LIEIL b BT 2 72,
AW TIX IO ORERLER &, [ UHERICBWTY MY — LS iu7e GPM DPREEIZ L D/
TRLEE /N7 A — X 2 FHWT, BEEEAD X EERE On), BKEER), —M(L8F T A —%
(Nw) DR OBRZBFFE L=, 1.5 < Dm < 2.5 mm & & O[KIE, \wRRERELSELAT D, 1
SIFEt mm h ' BREDOFEWR TRESIT oML 24 7 ADOR Ny = 36 dB) &, 2 mm h' f2EE
DIKNREZH DX A 7 BORNw < 36 dB) THiE SN2 2 ILEHES i Z =T, T LVEVA—UF
D, A 7 BOMMNHEYET LT, T A—0FRIZA T ADOEN LY Hlid 5, Z O %IE
FEFRTH IUEHS THREETH o7z, AT L IR LT, %A 7 B OMITEIRMERE K ZETm
ZOVRIEENSEET DR TH D DI LT, XA 7 ATRHRMHEREK & FICE TR O RS
W+2MEELDLND, LrL, GPMDPR X7 ML, ZA 7 ADOWMEE A EFIELR,
INHORRIE, Z AT ADWDA o NI KEILFHBOE L A= FEFHAS T LM THLH Z &
ZoRed 5 LA, GPM DPR 7 X# 7 MIQPEICE s CHEERZOZ A TOMEZZYEIZY MY
—T7TETCELT, TORRKRII Ny OZYRHEENRTE TN RNTEDTHD Z L 2REBET 5, GPM
DPR U kU — U2 BIT D Nw ODHEE FIEOSEDT-DIZ, XA T ADOHNED X ) RBRELS L
DX I B E RS 12KV AT DB TAE L2000 LMNICT HHERD 5,
2024 4F 3-10 A2 v BT E LRI G2 B 6 km ONLEISEW T, il L — & — &t
[0 LIS U 7= Rk A IE OBLII 4 F2h L7z, ffin L — & — | B S O JE FHK) 10 km o> RHI [Hifg
% 24 rpm ORFHSFRRECTHIMIL, BEKU AT LD ORISR O RZHMcE 5, A
TADWIE, VA7 mRF s A= U FROREE O EIRVERR K O Tk 5 KR,
T — VT A CNOXRRIERKIZB W T A LI,



HERBMRKL—THASIA-EEHEN R/ Y F&&4 5 msEtE
B LUV ZTOXRBFEREIZIZDOINT

BIUTFE' &G ARBEE’
(1:BHAZ AORI, 2:JAXA/EORC)

g

BEfEHA O H RIZEBWNT, WS/ N > KB (quasi-stationary convective band (QSCB);
P B RRRBEKTT) TR R 2R &2 H 72 597, QSCB X LIX LT B E 2 Ffh £ V) A
=)L AT LAD—EE LTHNAN, A Y VAT AORITREIE - B & B L T2
TH V., QSCBOTFHEREEICL TWD, —JF, FEATHIIEIC K DB EEHEIEK L — & % 7o fighT
B, BARHEFUC F31T 2 MR- A X2 kO 3 WIEKEAEHEICIZN S DD X A TR 1 |
ENENNERL D KIBRESO FTTAEL TWD Z ERHELMIEINTWS, LinL, 2O
D QSCB D A Y VAT AEMRA LRI e, & 2 TR TIL, MESHEBKL—%
ﬁ%%ﬂ%bf%%%@@fVVX%A@%K%ﬁ%kﬁﬁﬁﬁ%®%@%%%#K#éo%

. SEATIRZEIZ X 290« M A X R ORI E DOEEIZI W T, QSCB ZfED A Y VAT AR E
9{4%0 T oD R L. T O ADBMRIZEIT 5,

ZOHMER DTS, TQSCB kT — & X—R | ZEkT 5, £3°. HELHEREAK L —Z 38
L:#o@ﬁwwﬁmfﬁtw%Fﬁﬁjka@ﬁL HREORHRTER R, B S g &
DR A K LT T — F =R AERT D, IRIT, [BIT O &2 VT QSCB A i
L\%@mﬁ%%k_HMéhkF%wﬁﬁJ®7~&«~x%%$b\mﬁ¢50é%_
ERAS REKFMEMTT — & Z VT, QSCB RIS JEA 2. 5 EME T DEREESG 2 A 9 5, MR I
2004-2023 4 4-11 H ToH 5,

2 113 FHIOMEHT > 5 . QSCB IR DFHE DO ZARMEN R S Te, HFEOKR/NTRKENZ 2 A4
T WO/ S WY A FIIRRR AN CTh o7, —F, HEOKE 2 A 7Tl
JEARRR 2SN & FAREEICEHER L T v | MRk L72BEK S 2T A ORHEN R ST, BEES O
TS HFED/NSWE A 713 BERE S TR L ERREYS TAHEL TR Y | BEFE 2k
LT DR TH D ENRR SNz, MRS, EEORENZ A 7L, 2 E RS TEL
THEY, K FEEZROWP FTESRENIEE B CH 72, 20X A 7L, sHEEOEOEIC
iz o> CRIABZRKBRLROEB &2 - TR Y, QSCB BI4AK 2 HENCIZHE CH B 2R mif b 23 Bl 4h
STV, TRHOREIL, TEO/NSWNWH A T L REERSTEY, FEITHEICBIT 5L
INOFRADOFFH & RBEERITh 5, BUE, HARBEL O A <2~ & OERAIT . QSCB [Vl
EDRIZIZTONTHMITNDH EZATH D,



WBE YA U QRS HEOBB G HEE FEDRFE

RiE ', Mykhailo Lohachov'
(1'EHREREZEXE)

e

<A 7 OB FHC K DBEHEE TIE, o L e DM - MR m D DO~ A 7 v S A B
RINCBET 2 Z &, HEREOM ERMIRF SIS, Rk X Ok Tk, SRk
ZERIC K E S BB T 5720, 2D OFEIRICET 5 5 HROEIRI T B 7o e E TIES 25
LB, RBFETIX, ML BIHIT — X B L OKRKAE S E AW T, BERFEZELERBESRETICER
7% GMI & F ¥ XL OMFRES = (R ZR<) ZHEET 5 FIEEZHE LT,

BETOHHHEHREET VI, ET AN THE L7 RABBRICESE B 72T V%R
BINT DAEE 2 FFo, BEREM T T, b Lo nE o Bin 2 42 % (FHEEZRL)
BT A —T=a—F Ny hU—27 (DNN) IZXVHEEL, B EFHRICOWTHFES =
ETCHMEEENT D, —J7, FEERSEM S HESINIZEEITIE, DWIZ X 2 EEHEIC LV &
HEREZRKD D, KT /ML, GMI D 10. 6~166 GHz DO%F ¥ R/LOH MRz, MEEIEE S
[FRHCHEE T 5, BT A OFE B LOMEEIZIEL, 2015 FDORKGKMFITHE SN THER L7z GMI R
FBNT — & =2 % iz,

T ORI, S, B L OUPKIRICE T 2 BN R REM T CREEE /T 7R,
TEH RO kIR 721 10. 6 GHz T 0. 006 i, 166 GHz T 0.02 KiliTh o7z, Fio, 2%
ETNORHELZANDZ LT BEFORMET a7 M aFWiga L ik LT, S EEY
o b= g TR DB DR OB\ B D 2 LR S LT,

GMI & AMSR3 FIOD#T GSMaP BsKigh | & % o) BRI 5
ERME' BE—
(1: REK)

E

TERD GSMaP ~ A 7 w U EE (WR) BEIBCpEVE - (REkiE) 1%, B2 b & ¥fEs . DPR @LfE &
. BEAKIR AR NS D, RIS, PEAT— Y 2 EOHIEERE K O/ NI A IS Th D, — T,
PERVEIL, ¥ T, DPREUAME L v | Bk Z i KEHE 4 2,

AFFEOHBX, 26 OREAEIT 5. GMI & AMSR3 D LW Bk @k 2B+ 5 2
ETHD, AR, £F. T AEOEER G & DPR O~V v FT v T EES T, M HOH
WK ICHIE A B L-, 2072912, DPR KR & FER K GMT O i =R (Bs) . FEEEIR
FE (TB) ot EXUR (Ts) IZkF A (TB/Ts) 2 F = v 7 Lz, £z, T oFRmKE (Rl



KEHEIE FOW)) R, MR AKIBEICK D2 BB Z T, ZOFERICESE, GMI @ Es, TB/Ts,
FOW, Ts, HUEVEREKFEREAZ A& LT, DPR BEKIEEI G 2 ERT 257 VA% Lo, KIZ

D GMT FH D Hrle A st 1% % AMSR3 (2 3572912, AMSR3 TB 75 GMI TB % & k3 2 #fE Rl
T NNEEST,

GMI FH D ASBCH EVE D 1%, fEiE L e B, ¥R G b)) OB AKIEEIE R RE < (Uhs
<) 7o 7T, DPR OBPMEIZIEL 72> TV D, F7o, HEKIEL Y & DPR BKEIA & OB A L
7= (FRlHER) . Fo, E~VEE, A2 REER EOMPHERKO K LA L TG, F
Too ARBFZEIL. 2025 DUV DD HFNT DUV T, AMSRS DIENTE & Hil KB H &5 X D ok
B G % DPR O B L— 2 OB & bl U7z, 2 ORES, FrikdgerlE kg, ks L o ke k|
W (M B ORKIEEIE 2 KRE< Uhs<) UMY —7 L, BEEISELS 7o TWD Z R0

>77,

REFEZRWN=A U OB EH b DRRKEEHTE

MiER S BRKRM?, EREXS DMRIEE’
(1 FERFMEBIYN, 2 FEXPERSSHREL, 3 ERESHAREE)

2E

PEFRD GSMaP 1281 5~ A 7 a P S FH X D BKREEHEE CIE, MERE KT a7 7 A
IV D% BEFR & ERTCHEZE L 7= Look-Up-Table (LUT) &35 Z & TRKREZHEE L T\ 5.
LUT (ZJEBEH R - k72 & OFMHFIE U TR SN, Ko VR E 2 -8R0 7o i
WbZMEELT 5. 207D, Fflt o P~ RIS D B2 A FARKREWENHRETH
5. IDITIEE, @EET v v a2 LT N R OB - FHRNEATE Y, Skt

(ZFHRIZ 6 F TR 72 PRk EEHEE FIE O EEMEN S £ - T D IWEFHIX, "R 2IHERE R
ML IR B — PEKERE OB 2T — X BRE) CHE TEX 5 2 LD, B LUT ICH~_T XY ik
RGBSR R TCE DR B D, £ 2 TARMIIETIE, LUT IR sFiEE L TEREFE %
FW T BEKBREEHEE 23k 7.

ARFFETIE, GPM EMEICH R S 7z GMI BERE (183 v > /V) »5H, DPR biéﬁiﬁu Lz
MR EFEAKRELZHET H2REFEET VEABE L. GMI & DPR 61@*%%6’%%2%%
[FRFCER S D 2 & D, REZERIT RO ISAHT I 5 A T2k 23 i)/ h & < Ehﬂz 7|"LL
AR T NT —FEIE L Ie o TV DL RETETT VIZIE, NASA THRENED 5TV D
GPROF-NN (Pfreundschuh et al., 2022) #Z&%|2, %@/ \—t~ bno o &2k L L7- Quantile
Regression Neural Network (QRNN) %\ 7=. QRNN T, BN 7= Hh3e m oK iR
DELRDAZ, ShrmFleE LTI 5. BARICIE, EEoniisicxtic T 2#EE L =2—7
Ry NU—ZRNEFICH L, 2o 2 AW TRESMEE (CDF) % FEk3 5. FIfici
SRR E AW, SRS & OBKkOBRINE FoIMET % 2 &L TET VA FaEl L. HERRREIZ
PR L7- CDF O HIFHMEZ R U, iR mbEKmmE OHEER & L.



FEBROFER, GMIHEERE 2 A S & U THERE L iR mBKTRE L, DPR ORI & A
BLTHY, EEFEEICESHEAY MY — L0 EBRTREM 2 WP HER L-. 5%, 1tk
® LUT N— A FEE OF &R 28 U CHEEMERZ T2 & & ig, HFRmBEKMEICM A T
DPR 2B 28nE 7 1 7 7 A V& RIRFICHEE 3 D A~EBR T 2 TETH 5.

RS RBFEOFRNRERIFTREHRES LERBFEICLD
<4 7 ORBSEEK#EEDEE

WMEBHE' ER— HRME'
(1 RERFRER BEHRH)

2E

PERFEKHETE Tl GPM Core f#f 2 @ Dual—frequency Precipitation Radar (DPR) A JL#EL L
Global Microwave Imager (GMI) 7 &= #h~A 7 vl (PUW) BHIZHW=7 /13U X ARHEE
ZHo TS, ITHIE, DPR Z2ZE7T — & & LIZREEEIS LD PUW 2> & MoK 5RE 2 HEE § 5 F5E
DIER L Cu 5, PNPR (Sand et al., 2018), DRAIN (Viltard et al., 2023). BILOVGMI 7° 5
DPR $hEAS S 2 B 92 Tk (Yang et al., 2024) 72 S L > CHEEM EAER L C& 7z, —
7. EIER SR IR 2 AW HEE I T ERAHIRI &2 521 53, Hirose (2019) ICX DL E IR &
TFUHNT F LA N EHAEDE T FEIEODOROBHMEREZ W E L, £, BKGOFE#E
RSB ZE L OMiTE A B9 & 32898 (B : PrecipGAN, AMT 2022) H#E SN TWDA, EIRIE
o< FTERIMTEICH D,

PLEE, (1) PMW—DPR B oAk, (2) IR BMHEE O, (3) IRIZ X DM - FAEk, =
FHIMNMIEHTE 5, —FH, HIEXSHEEORINERIIERE A L, ~ A 7 2 BRFHIES<
BEAKHEE DL E HI9E L TE DR EMREE LIZFEIED 7e 0,

ARFZETIL, GMI BEEEIRE (13 F v rL) BIOEREY 7 V72 ARAT1E L, OFEbDD 8 5EHUR
H& (TIR) BEESIREE 2 F v RV H NSNS 242 B H L7z, TIRIE 10 /N2 R XNFREZ] (10 43fH]
) & LTHRIA L. ADIEREICE Y 14ch (GMI D Fr) . 24ch (GMI+IR HEFZ) . 44ch (GMI+IR
3 & 72D, ET/MTIL ResNets0 = a—X 2 H T 5 U-Net Z V>, I3 HLAL CREK IR 2
BEREER L7o, ZT — 21X GPM DPR L2 driRFEKTRE Th 0 | RHHZEM] T O i
(MSLE) Z#KB% & LTi/ME LTz, OF DD T —H X ML OB A U 2R ~Fcilt 53> 7
Vo7 Twy 7 L, FRIFEEYA ANy FEHWTEmL, JEAK Sy FIIRIN LT,
TARAIERR & LT, IS 2016-2018 4EE 2 (JJA) D HAEIAEE L, 2016 4 578, 2017
FAGE, 2018 27 A MIZEID YT/,

RS OB TIZ, GMI+IR (3 B4 BREDS MSLE 123 T GMI BB L OVGMI+ TR (HEREEZ]) X



DARVWMEZ R L TR Y, FRAMNRERFIEROI A~ A 7 2 I UK HEE ORGEm B 53
% ATREPEAS IR STz,

BUEIX, K& — 2 Oz 3078 RERIIESE 2 BI7RAYICH 5 Convolutional LSTM
(Shi et al., 2015) DEA, ASRERIIEOFHE, FEXFIOHRAED T\ D, FRKT
(X, FXEHRHIbE S KL OB A 4R L, RAMNRERSIEHR 2 Hi S LIciRg 8 c L b~ A1 7
2 I N R B AKHE E D R AL DR & MREET Do

Improving GSMaP Precipitation Spatial Patterns and Diurnal Cycle

Konduru Rakesh Teja!, Moeka Yamaji', Masafumi Hirose?, Munehisa K Yamamoto?,
Takuji Kubota?, Hitoshi Hirose®* and Tomoo Ushio®

1. Earth Observation Research Center, Japan Aerospace Exploration Agency, Tsukuba Space
Center, Tsukuba, Ibaraki, Japan.
2. Meijo University, Nagoya, Aichi, Japan
3. Osaka University, Suita, Osaka, Japan

Abstract

In the satellite era, numerous sensors have been deployed to observe precipitation from
space, spanning the electromagnetic spectrum from high-frequency visible bands to low-frequency
microwaves. Each sensor type offers global precipitation estimates based on its unique sampling
characteristics, yet these estimates differ in accuracy and temporal resolution. To mitigate these
individual sensor limitations, multi-sensor has become a key focus. The Global Satellite Mapping of
Precipitation (GSMaP), developed by JAXA, exemplifies this approach by combining infrared (IR) and
microwave observations to generate hourly global precipitation data. However, IR-based estimates,
which depend on cloud-top brightness temperatures, often misrepresent the timing of precipitation
peaks. In contrast, microwave-based estimates are physically more reliable but suffer from sparse
temporal sampling because satellites observe any location only at specific time intervals, making
complete diurnal sampling challenging. These constraints introduce temporal biases in IR-derived
diurnal cycles within GSMaP, particularly over coastlines, mountainous regions, and oceans.

To overcome diurnal cycle limitations in GSMaP, we adopted a satellite data fusion strategy
designed to enhance diurnal cycle of precipitation. This approach leverages extensive satellite
observations from TRMM Precipitation Radar (PR) and GPM Ku-band Precipitation Radar (KuPR),
collected across diverse diurnal phases, to construct a blended PR—KuPR dataset that provides the
most comprehensive global diurnal sampling of precipitation. Building on this foundation, we
implemented a data assimilation framework using a Kalman Filter to integrate the climatological
diurnal cycle derived from PR—KuPR into the GSMaP algorithm. The resulting diurnal cycle-corrected
(DCC) version of GSMaP significantly improves the depiction of precipitation diurnal cycle patterns

over oceans, coastlines, and complex terrains.



This integration of PR and KuPR blended observations with data assimilation techniques
represents a pivotal step toward reducing biases in satellite-based precipitation diurnal cycle
products and enhancing their reliability for both scientific and operational applications. This
advancement enables robust global climatological analyses of precipitation’s diurnal variability,
providing a more accurate foundation for hydrological studies, climate modeling, and extreme
weather assessments.
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