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X — #egw Aol R AteA g@igae & i dg (NCMRWF) @@ MIHIR gT$-mwida segféar (HPC)
giaur & Faree far &, S deareAs Aled qaiAe (NWP) #isel Tl & faT 2.8 dervala de T sieaor
AT et axal ¥, foed ade 3R g7y W Aled qaigAe Haid giar 1 I8 3e¥de MIHIR s (Cray) XC40
HPC gfaar & NCMRWF Ifawhiss #Alser (NCUM) HE&ROT 13.0 & hM9eh Wediel Srhisfoler 3R 3o
faeavoT & gEqd AT &1 3T Asal H fd FFs Yar wolfdauise Haew (PFLOPS) & &# WX 06T &
HERIFHAT Il &1 58S FIC ASH TS didiol H & TS (Cray Aries) 3oa dsfasy, & Reiear
Wa@m@?g@%l NCMRWF Ifewrss #Afser (NCUM) E&oT 13.0 & Tfesa a3t 3 #§9r
HNRES A T FE F AU & Word w@faffd g (CrayPAT) &1 398l & MIHIR 9 &Y &ifdsr
Reifege n96e (130 ) MR ¥@r & &7 # 3R n1280e (710 el 3=o Refleqee FiewRe
WIASel R IR B1 Yedle T Hediche ar aifdisl SEdrEl W R IR o1, 3R Sefhell FAEN & yerma, St
JHTHSS 3R H HAT (Halo size reduction), 31HeT 3ees I0ETaal (Domain decomposition strategies),
OpenMP 3fser, 3R MPI Y& 3ERe W Hgd &, &1 Aeaiewa fmam @ anl aRoms 9efiid & § o faeaia
THIHSS GlSE & SR 10 F " 5 s dige aa § Asues GHT § @ 10 @5 T GUN Bl §
3R 38 YHR HIR S0 HH g S 8, IR GHE T F AT 15.2% T "eHl 3.8% 8 S g ST
e H 4x8 ¥ 3x12 H Feelid & MPI HR{fes 3ol & 3R Fay o &3, Siafeh Yo qeveen o fosarest
AT H 12.8% % GUR A1l T fassd & XC40 fwes R sifasy & HPC ffedR W 3ea-Refiegerst
NWP HSHl &I FRrcldqdsh Thel Fl & T ST 3R HUR 3efeholel 1 ARG Xl # FHogar gl o
NCMRWF # daira feram o)

ABSTRACT. The National Centre for Medium Range and Weather Forecasting (NCMRWF) operated the MIHIR
High-Performance Computing (HPC) Facility, delivering up to 2.8 petaflops of processing capacity to run Numerical
Weather Prediction (NWP) models, thereby enabling accurate and timely weather forecasting. This study presents a
comprehensive performance profiling and optimization analysis of the NCMRWHF Unified Model (NCUM) version 13.0
on the MIHIR Cray XC40 HPC Facility. The model requires computations in the order of peta floating-point operations
per second (PFLOPS). The NCUM is profiled at two horizontal resolutions n96e (~130 km) taken as baseline and n1280e
(~10 km) using the Cray Performance Analysis Tool (CrayPAT) to identify runtime bottlenecks and communication
overhead. The optimization experiments focused on halo size reduction, domain decomposition strategies, OpenMP
threading, and MPI rank reordering. Results demonstrate that reducing the extended halo size from 10 to 5 grid points
improves execution time by ~10 seconds and thus reduces communication costs and lowers imbalance in key routines
from 15.2 % to 3.8 %. A change in domain decomposition from 4x8 to 3x12 further reduced MPI collective imbalance,
while rank reordering improved execution time by up to 12.8%. These findings will be valuable in guiding domain and
communication optimizations to efficiently scale high-resolution NWP models on the Cray XC40 system and future HPC
architectures to be deployed at NCMRWF.
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1. Introduction technological progress rather than isolated physics
breakthroughs. Despite this incremental evolution, NWP

Advances in numerical weather prediction (NWP) ranks among the most impactful achievements in the
have emerged from decades of sustained scientific and physical sciences due to the computational endeavour
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