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Improving land—atmosphere interactions in GloSea6 seasonal forecast

system by implementing a multi—layer snow scheme

Eunkyo Seo'?, and Paul A. Dirmeyer?

'Department of Environmental Atmospheric Sciences, Pukyong National University

Center for Ocean—Land—Atmosphere Studies, George Mason University

Traditional land surface models typically employ a zero— or single—layer snow scheme, which inadequately represents
the insulating properties of thicker snowpacks, resulting in seasonal temperature cold and warm biases in winter and
snow snowmelt seasons, respectively. This study assesses the impact of implementing a multi-layer snow scheme on
reducing these biases within the Global Seasonal Forecast System (GloSea). We compare the latest version, GloSea6,
which uses the multi—layer scheme, with its predecessor, GloSea5, which retains the zero—layer approach, over 24 years
of retrospective forecasts (1993-2016). GloSea6 shows a significant improvement in simulating surface temperature
and permafrost extent by delaying the snowmelt season by about a month. This delay reduces soil moisture depletion
in spring, enhancing the partitioning of incoming energy into latent heat flux, which promotes evaporative cooling and
reduces excessive land—atmosphere coupling. These advancements mitigate the near—surface warming bias during the
summer season. Additionally, the accuracy of precipitation forecasts is enhanced, particularly in snowmelt regions,
reducing errors in areas such as the Great Plains, Europe, and South and East Asia. This study demonstrates the worth of

integrating the multi-layer snow scheme for more accurate seasonal forecasts of temperature and precipitation.

Key words: Multi-Layer Snow Scheme; Seasonal Forecast System; Land—Atmosphere Coupling
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Ao e 714715 Hol8E &85t ge 292 ASOS 9570 AHE diALZ 21008714 9] 7] & WS} Fo0] AL
FZ2 o= qirh A2 915t 7143 =71 ZEAUE & -2 SSP-RCP 7| F 3} A|ue] e F 34 d o it
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A2 W AZHtE(Subseasonal timescale) 5 ZoF= oF 158004 602 o] 717t AS5ste Eok=, #ARY &
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% 3099 o &9 ERA-5 (European Centre for Medium—Range
Atz 0] T2M (2m temperature) B8 0|85t st 9 A3 dlojg] HNEE
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S ol4tetetA E9F(Sea surface partial pressure of carbon dioxide; pCO,) % Y ol4tstgts =& W
AxzA, A AT dF G4 F54F HIEAS 6] 25AQ ARl pCO, AZARE Avy BE, 1%
O 2 HE tetA HASHAT, 1 57 A AT g Saed BYE Yo FE3 Aol o] e A S
sl 22 =94, A2, et o g AE JFAREL AFANFT 71HS E-8sto] A AT S| o] itatta Zeb
AT A5E BAshs dFs°] &8s P Qv AT AHH AB8F 7HES A FH U FEE
St Eot= A7 Qlvk kA, & dFollM= £ 33 AR E Shaohe olvA] ZlHt dEd 7 &85t A

F olatatet A B R4S BAstaat shlnt. olu, pCO, AEARE FHH R EE7]| i | L]
o ofzlgol Itk ol Hel] 99, A1Fnd Bogaze deusel pCo, T B WAS AL
AEA4 pCO, ASAREF 085t nlHZ7gsh= HolghaS +3sith B2l 7|H oz ojux] FofofA go]
85 U-Net& AH8std o, 7|32 2= Community Earth System Model Version 2 Large Ensemble (CESM2
LE) A2 & o] &5ttt de¥ie=E oW 25, 47, ¥, £4F, 222 A5 7] F olddets E28& ARE
A&ttt CESM2 LE A& HIEeE U-Net RO APHSHE A= E B7Ikt 2y, 7]1& APATolA A
AFAAT 71 E 2 Ao A Abet U-Net 2do] si¢ pCO, 9| A33H e 29| 50| o L4582 FRlstqirt.
Eg, n23e 55 A= pCO, AR 10-fold ZAHZF AT}, 7|2 wlo|gl 7|4 pCO, ABAFERT £ =S
Ho|FQlth 53], & dFolA 53 pCO, AiA%o] FH FLAPHE E-8sto] AFAR 37 fdS HoAFrh
olet A5 & AFolA At U-Net & F HolghxS F9fl sl pCO, AEAF A& AL ZfA 79T &4

U= AAFRET

°l".>|3
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FEE NS5 59 59 EAAEE AF3}olhe A2 A Ko 7|5He o)A ul o] D42 o|t}, X H 2y 7|§He] TheFet
717817158 A& A 2go] AXEHJAAT, 22 AHEA S HED Uk w2hA, 2 dFoe HolA AFFS
Z-goto] It ASE 25 FHE A5 ALES TS, 7% o &9 ESEAS FFeehs TS AAsHAH. ol &
A8l 2 a4 GAE g2 Ad "ol A GAAE sy ¢are]E<l Bayes by Backpropagation (BBB)Z Monte Carlo
Dropout (MC Dropout)< #-85t1l, Algtd = HoJe & a&F oz &8517] 93] Model-Agnostic Meta—Learning
(MAML)S &-835lo] T 71x] 9] JAME of| = A|A"] (MAML-BBB, MAML-MC Dropout)& 3%35}¢ct. MAML-BBB
S HEFES TN A7ISA7MAF 2 E GEEE o5t ESHAS a4 0 & Whdstal, MAML-MCdropout
4.2 ot 9 A5 oA EFoH(dropout)& AHESl & TR R HZ8loto] EAAES AT £ RdS
w3t A3, A#-AZHE (error—spread) AZx SHo|A MAML-BBB ¥ o] MAML-MCdropout R@Xt} =

A g s § AT 5 e FFE A5E 3 3‘6}% Ao 2 ettt ¥hd, MAML-MCdropout 292 &
2 Aol A B4l (overconfidence)ot= |52 ot= o] Qlrt. ]2 g A= BBB 7]H o] MC dropout 7| Erh
FEE A5l o Ao, Kot AT 5 Q= & éﬁ B7HE AT 5 o= AR
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Generation of state—dependent ensemble perturbations based on
time—varying seawater density for GloSea$ initialization

Jeong—Gil Lee!, Yoo—Geun Ham!, Ji-Gwang Kim?, and Pil-Hun Chang?

'Department of Environmental Planning, Graduate School of Environmental Studies, Seoul National University
“Department of Oceanography, Chonnam National University

*Forecast Research Department, National Institute of Meteorological Sciences

In this study, we developed a state—dependent oceanic initialization system for initializing the ocean temperature and
salinity in the Global Seasonal forecast system version 5 (GloSea5). Our algorithm addresses the limitation of stationary
perturbations for Ensemble Optimal Interpolation (EnOI) by spreading observed information along isopycnal lines to
create three—dimensional density snapshot states. The proposed algorithm, referred to as state—dependent ensemble—
based EnOI (SD-EnO]I), accounts for temporal changes in the background error covariance without relying on ensemble
model simulations. To evaluate the quality of the oceanic initial conditions (ICs) produced by SD-EnOI, we compared
them to those generated by the Global Ocean Data Assimilation and Prediction System version 1 (GODAPS1) operated
by the Korea Meteorological Agency (KMA), over the period from January to December 2017. Our findings indicate
that the thermal structure of SD—EnOI ICs is more realistic than that of GODAPSI, particularly in the tropical Pacific
region. The strong warm bias in sea surface temperature (SST) and the shallow mixed-layer depth bias observed in the
GODAPSI ICs are absent in SD-EnOI. Due to the more realistic oceanic thermal structure present in the SD—EnOI ICs,
retrospective forecast experiments showed a systematic reduction in climatological SST drift in the central—eastern Pacific
for forecasts up to four lead months compared to using GODAPS1 ICs. This demonstrates the significant impact of the

initialization process on the quality of dynamical seasonal forecasts.

Key words: Ocean, Data assimilation, EnOI, state—dependent, GloSea5
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