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l. Introduction

ll. Methodology

 Need for Extended-Range Forecasts +  Study Period: July 2018 and 2023 Step 1. Selection of CFSv2 and FuXi-ENS Members for Dynamical Downscaling Step 2. Dynamical Downscaling using WRF
Extended-range forecasts beyond typical short-term . Observational Data (OBS): 87 ASOS stations in South Korea * Weather Research Forecasting (WRF) model with Advanced Research WRF (ARW) dynamic core (Version 4.5)
forecast periods of 7-10 days can benefit many weather- _
dependent sectors, such as agriculture, but remain * Forecast Data: (1) Seasonal Forecasting System 5 (SEASS) Domains (Double-Nested System) Physical Parameterizations
challenging to achieve with sufficient accuracy and reliability. (2) Climate Forecast System version 2 (CFSv2) CEnsemble member number o
. 0 Microphysics WSM3
Devel ¢ of Machine Learning (ML) Model (3) FuXi-ENS e s e ls el e e folfele s8h aah " S— P Phy
° evelopmento dachnine Learnin oaeLs | ‘ i -
p. o . g FUXG-ENS Select 4 CFSv2 members 10 Radiation Physics RRTMG longwave and shortwave
While t.radltlonal physical moéels have long been the A with the highest daily Tmean correlations with ECMWF-ENS51 izzz =
foundation of weather forecasting, recent advancements Institution ECMWF (C3S) NCEP Fudan Univ. mmmm 8 Surface Layer Revised MM5 Monin-Obukhov scheme
in ML models for weather prediction have demonstrated \ ) i
promising forecasting skills that are comparable to, or Initial Conditions 1st UTCO0 Every 6 hours 30th UTC12 wo Land Surface Noah Land Surface Model
even surpass, those of physical models. of each month of each month . N i o
1 member &> e o : : - ware e e e wose - B Planetary Boundary Layer Yonsei University scheme
Ensemble Members 51 members every 6 hours 51 members ECMWEF SEAS5 51-member average (ECMWF-ENS51) anetary Boundary Lay y
* Study Objectives daily mean temperature (Tmean) Mother domain (20km) Nested domain (5km) Cumulus Parameterization Kain-Fritsch scheme
Thi : Spatial Resolution 1°x1° 1126 (~1°) 0.25°x 0.25°
Is study evaluates the 1-month forecasting performance * SEAS5 is unsuitable for dynamical downscaling
of a physical model (CFSv2) and an ML-based model (FuXi- Temporal Surface 6 hourly because its pressure-level data is 12-hourly. Select 4 FuXi-ENS members Table 2. WRF model configuration used in this study
: : - D . with the highest daily Tmean correlations with ECMWF-ENS51
j ENS), with dynamica) downsealing employed, aiming to Resolution | Pressure | 12 hourty 6 hourly
provide valuable insights for enhancing extended-range (or . .
subseasonal) forecasts in South Korea. Table 1. Forecast data used in this study Figure 1. Diagram illustrating the selection process of CFSv2 and FuXi-ENS members for dynamical downscaling Step 3. Construct Forecast Ensembles by Averagmg the 4 Selected Dynamlcally Downscaled Forecasts from Each Model
lll. Results
* Dynamically Downscaling Member Selection Results  Enhanced Predictability from Dynamically Downscaled Forecasts
* Relationship between Daily Temperature Fluctuations and Forecast Predictability CFSV2 “ CFSv2 July 2023 is not shown due to the limited space. (a) (b)
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> _& X A —0—0q *,o/'_’_.—d Figure 4a. Heatmaps of daily Tmax/Tmean/Tmin correlations of CFSv2 with OBS for July 2018 and - 00
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Figure 2. Observed (OBS) daily maximum and mean temperature (Tmax and Tmean) for July 2018 and 2023 Figure 4b. Heatmaps of daily Tmax/Tmean/Tmin correlations of FuXi-ENS with OBS for July 2023 and Week 3
the selected members for dynamical downscaling based on the comparison with ECMWEF-ENS51 (in purple boxes) (uly 16-22) =
1.0
? T ? T % (a) Selected Daily Tmean Correlations with (b) Selected Daily Tmean Correlations with 0
X ‘ Year Year :
05 X = X CFSv2 ECMWF-ENS51 OBS FUXi-ENS | ECMWF-ENS51 OBS
18
$ % I SEAS5 (51 members) 24h 0.932 0.891 40 0.942 0.952 (JL\Ill\§//62eCI’>< ;19)
c 0.0 X X 1 = CFSv2 (40 members) B
O £ X B FUXI-ENS (51 members) 018 36h 0.912 0.883 018 39 0.937 0.936 i 16
x % 162h 0.877 0.855 37 0.935 0.924 , —
-0.5 X * Tmax is not shown due to the limited space.
. . . 6h 0.875 0.833 13 0.913 0.880 : ) e . . : .
le‘;gst:’nzqéogfgiifv‘;vl'f:b?:fi:?:l Figure 5. Spatial distribution of weekly Tmean from OBS (interpolated from 87 stations), ECMWF-ENS51, 4-selected-member ensembles of CFSv2 original (OG) forecasts and downscaled (DS) forecasts (CFS-OG-ENS4
-1.0 2023, and were replaced with Y 234h 0.845 0.540 44 0.741 0.295 and CFS-DS-ENS4), and 4-selected-member ensembles of FuXi-ENS original forecasts and downscaled forecasts (FuXi-OG-ENS4 and FuXi-DS-ENS4) for July (a) 2018 and (b) 2023 (Upper right: spatial mean values)
2018 2023 2018 2023 2018 2023 forecasts with 408-246h lead time. 228h 0.725 0.461 S 0.725 0.598 Note: the OBS spatial distribution is interpolated from only 87 ASOS stations, which may not be fully comparable to the 5-km downscaled forecasts.
Tmax Tmean Tmin 2023 2023
24h 0.685 0.380 14 0.714 0.293 T T T T T T T T
1 » While ECMWF SEASS5 shows the highest daily temperature correlations with OBS (as presented in Figure 3), its low spatial resolution leads to a general underestimation of temperature and an ;
Figure 3. Boxplots of daily Tmax/Tmean/Tmi lations of SEAS5, CFSv2, and FuXi-ENS with OBS 30h 0590 0.451 12 0.704 0.421 | !
lgure 5. Boxplots or daily Imax/imean/imin corretations o » LPoVe, and FUAIRENS W . inability to capture regional details. CFSv2 original forecasts (CFS-OG) with a resolution similar to SEAS5, show even greater underestimation. I
e e e e e —  — — — — — — — — — — — — — — — — — — — — — — — — ———— — — — — — Table 2. Daily Tmean correlations of the selected (a) CFSv2 and (b) FuXi-ENS members with ECMWF-ENS5T (selection criteria) and I » Meanwhile, FuXi-ENS original forecasts (FuXi-OG) with relatively higher resolution show little to no underestimation in terms of spatial mean — particularly no underestimation in 2023, and only slight :
: Compared to July 2018, temperature fluctuated much more during July 2023, both in frequency and : with OBS (true values) for July 2018 and 2023 : underestimation in 2018 (noting that S. Korea experienced a record-breaking summer in 2018). However, even FuXi-OG remains too coarse to accurately capture fine-scale regional variability. :
I magnitude (See Figure 2), and this large interdiurnal variability likely reduces forecast predictability. 1 o e e e e e e e e e e - ——--- | :  After dynamic downscaling, both CFSv2 and FuXi-ENS forecasts show significant improvements, particularly in simulating region-specific temperature features, benefitting from high- |
: All SEAS5, CFSv2, FuXi-ENS forecasts show better temperature predictability for July 2018 than for July : i ECMWF SEAS5 demonstrates its usefulness as a benchmark for selecting CFSv2 and FuXi-ENS members to be | | resolution simulations. In terms of spatial mean values, the temperature underestimation apparent in CFS-OG-ENS4 is slightly reduced in CFS-DS-ENSA4. :
1 2023. Among the models, SEAS5 demonstrates the highest skill with the smallest variability across | : dynamically downscaled. Although not always the best, the CFSv2 and FuXi-ENS members selected based on their : : e When comparing CFSv2 and FuXi-ENS, FuXi-OG-ENS4 already outperforms CFS-OG-ENS4; after downscaling, FuXi-DS-ENS4 shows even more pronounced improvements over CFS-DS-ENS4, |
: different members, followed by FuXi-ENS, while CFSv2 shows the lowest skill (See Figure 3). : i comparison with ECMWF-ENS51 consistently achieve positive correlations with OBS (true values). | : with spatial mean values closer to OBS, demonstrating the great potential of ML-based models like FuXi-ENS for extended-range forecasting. :
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IV. Summary and Future Work
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