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Executive Summary

The essence of reliable climate forecast lies in a perpetual commitment to the improvement of
prediction system. This report delves into the 1) strategies for land surface process improvement,
2) suggestions for the practical applicability of specific techniques to the operational forecast
(testbed), and 3) comprehensive analysis for a model evaluation aimed at enhancing the value
of KMA climate prediction system (GloSeab).

To improve the surface processes in the climate prediction model, the characteristics of
the current river routing model were investigated and pointed out the weakness. It was found
that GloSea6 uses a relatively simple river routing model, and the simulated river storage is
overestimated compared to the observation. To simulate accurate river flow and air-land-sea
interaction, it is most desirable to coupled a sophisticated and realistic river routing model. As
a simple method, it was tried to reduce the amount of freshwater flowing into the ocean by
increasing the resolution in same river routing model. The GloSea6-TRIP, which can replace
the existing 1-degree resolution with 0.5-degree and 0.125-degree resolution for TRIP, was
newly constructed. It is clear that the new system reduces errors in river flow and discharge
compared to existing operational system. These results can be useful in improving seasonal
prediction due to more accurate air-sea interaction and in applied and policy research on
water resources.

APCC has played a role as testbed to apply technologies developed in R&D to the
operation. We performed semi-operational experiments under identical environment to
operation. In 2023, sensitivity tests are expanded to optimize parameters in parameterization
of sea ice. Three sets for single parameter, visible snow albedo and near-IR ice albedo and
two sets of multiple parameters are designed to improve predictability. All experiments are
performed for winter and summer seasons from 1993 to 2016. The results are compared with
observation and operational hindcast. The experiments with adjusted albedo simulate similar
pattern to operation in surface temperature bias. It indicates that it can be applied to
forecast without reproduction of hindcast because climatological mean is not changed much.
There is a little difference in the direct response to the increase or decrease in albedo.
However, results showed distinguishable difference in simulating teleconnection between Arctic
and midlatitudes. It is known that influences of Arctic warming may lead to cold winters over
Eurasia, based on observational analyses and extensive climate model results. To separate the
large-scale circulation patterns that are driving interannual variability in sea ice from those
that are driven by sea ice variability, we used a simple method based on the sign of the
turbulent heat flux anomaly over the Arctic region of interest to classify winters into two
regimes of sea ice-driving atmosphere and atmosphere-driving sea ice. It is found that during
winters when the atmosphere is driving the sea ice, warm Arctic is associated with strong



cooling over Eurasia in observation. This indicates that the anomalous large-scale circulation
simultaneously causes reduced sea ice over Barents-Kara Sea, Arctic warming and cold
Eurasia. Operational GloSea6 reproduces warm Arctic-cold Eurasia (WACE) pattern, but it
does not follow this causality from observation. The experiment with 10%-increased ice
albedo simulates similar pattern to observation and capture the causality.

In addition, coupled initialization is also applied to GloSea6 in the testbed research. The
practical applicability of the method in the operational forecast is evaluated by examining the
scientific efficacy and technical efficiency of the atmosphere-ocean coupled initialization.
Firstly, there is a scientific effect of the method concerning internal and external dynamics
affecting the subseasonal forecasts of summer precipitation in East Asia. Forecast skill on
factors such as air-sea interaction, strengthened tropical convective activity, extension of the
WNPSH and tropical-extratropical teleconnection influencing the East Asian summer monsoon
are improved through the implementation of the coupled initialization. Secondly, there exists a
scientific effect of the method in the subseasonal prediction of tropical variability during
winter. The effects of the coupled initialization in the three-week forecast are clear not only
in the mean fields of precipitation and lower-level winds but also in the magnitude and
spatial distribution of 30-60 days oscillations, and the MJO’ s eastward propagation. Thirdly,
through estimating the required time for generating coupled initial condition, it is confirmed
that the method is technically applicable to operational use when integrated into the
operational forecast suite. Considering the operational schedule and the quality of initial
conditions, it is recommended to set a data assimilation period within seven days and to
allocate high priority in job scheduling. Fourthly, it is confirmed that the coupled initialization
can be operated stably in the operational forecast. Absence of model blow-up during the
experiments signifies the high operational stability of the method. In conclusion, considering
the scientific effectiveness regarding forecasts of atmospheric circulation over the tropics and
East Asian and the operational stability in view of technical points, it is recommended to
implement the coupled initialization in the operational subseasonal forecast of the National
Climate Prediction Model.

There has been a recognized need for a consistent evaluation system to effectively
demonstrate the practical effects of development technology of climate forecast system. To
address this, APCC is constructing a comprehensive climate forecast model integrated evaluation
system called CrEMA(Climate foRcast model Evaluation system by APCC). CrEMA comprises both
a performance evaluation and a diagnostic evaluation framework. This year, the CrEMA
diagnostic evaluation metrics were developed for the three major climate variability: ENSO (El
Nino-Southern Oscillation), MJO (Madden-Julian Oscillation), and EASM (East Asian Summer
Monsoon). These metrics are structured to encompass forecast performance, primary mechanisms
(processes), and teleconnection of each climate mode. The diagnostic evaluation metrics were
categorized into performance, process, teleconnection, aiming to offer comprehensive evaluation
insights for each climate mode. The CrEMA diagnostic metric results are presented in a



scorecard format, offering insights into performance improvements compared to the reference
model. This allows for an assessment of predictive capacity of the operation model and the
effectiveness of the developed technology. By applying the CrEMA diagnosis system to GloSea5
and GloSea6, an analysis of the major climate variabilities (ENSO/MJO/ENSO) within GloSea6 was
conducted. This assessment identified the model’ s deficiencies and provided directions for
model’ s improvement.

GloSea6 has shown an overall improvement in predicting ENSO compared to the reference
mdoel (GloSeab), notably addressing the ENSO spring predictability barrier within the climate
forecast model. Significant improvements in ENSO biases-previously characterized by intense
amplitude, strong seasonality, and rapid phase locked characteristics-have been attributed to
advancements in equatorial SST mean, its annual variation, and the Bjerknes feedback. These
enhancements have notably refined the overall prediction accuracy of ENSO. However, certain
obstacles persist. During the La Nina development phase, the strong coupling between Taux
(zonal wind stress) and SSH (sea surface height) diminishes La Nina prediction accuracy.
Moreover, a rapid decrease in heat flux during El Nino decline leads to premature termination
of El Nino, consequently impacting the simulation performance of ENSO duration. While the
fundamental properties of ENSO, except for duration, have seen improvements, these alterations
affect the simulation performance of teleconnections. Temperature patterns associated with
ENSO fluctuations have shown global and East Asian region improvements. However, the
simulation accuracy of precipitation patterns has diminished. This decline is attributed to
GloSea6’ s dry bias in equatorial Pacific and a strong double ITCZ. Rectifying the systematic
errors in equatorial precipitation might not only ameliorate these biases but also improve the
teleconnection-influenced precipitation field associated with ENSO.

As a result of the MJO diagnosis in GloSea6, the overall MJO prediction performance
improved compared to GloSea5. Specifically, the eastward propagation of the MJO in the
Maritime continent, known as the MJO prediction barrier, showed improvement. This
enhancement is believed to be attributed to the correction of the dry bias in low-level moisture
over the Maritime continent, consequently improving the related equivalent potential temperature
cold bias and vertical diabatic heating structure. On the other hand, the performance of
low-level moisture convergence over the Indian Ocean deteriorated. While this did not directly
impact the skill decrease of the eastward-propagating signal over the Indian Ocean, it should be
addressed due to its association with the SST warm bias over the Indian Ocean. The
MJO-related upper-level prediction performance generally decreased, with notable instances such
as the degradation of skill in the horizontal divergence structure at the upper level and the
zonal expansion of the Pacific Subtropical Jet. The eastward expanded jet influenced
teleconnection and the eastward shifted PNA region. In light of these findings, it is imperative
to focus on improving the upper-level structure in the next phase of model enhancement.

For the evaluation of East Asian summer monsoon predictability in climate prediction



models, diagnostic metrics include essential evaluation components suggested in previous
studies and additionally developed. In background climate part, the average biases of
monsoon-related variables affecting monsoon predictability were diagnosed. In predictability &
basic characteristics part, diagnostics involved the predictability of major components of East
Asian summer monsoon system. Regarding teleconnections, the diagnostic evaluated whether
delayed and simultaneous teleconnections induced by the tropical/subtropical ocean were well
reproduced in the western North Pacific and East Asia. In the process part, we diagnosed the
simulated performance of local air-sea interactions in subtropics that bridges tropics and
mid-latitudes. The results analyzed through diagnostic metrics were quantified into standardized
numerical values and visualized in the form of a scorecard. This will serve as objective
results to determine the applicability in operational decision-making.
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4.21. 1st and 2nd EOF, and PC2 timeseries of surface air temperature for OPER,
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4.23. Trend and timeseries of surface air temperature for OPER over Barents-Kara

Sea and FEUrasiq. seceeseceescessccescsecececeencecanccencceancsesccsncsescsesccascsanscsancces 63
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4.30. Monthly difference between climatologies from OPER and observation over globe
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4.31. Monthly anomaly correlation coefficient over globe (top) and East Asia (bottom).
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4.32. Monthly root mean square difference (RMSD) between each experiment and OPER.72
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4.34. Monthly anomaly correlation coefficient (ACC) of 2m temperature over globe for

winter season. Black dot indicates mean of ACC during 24 years. Horizontal line
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4.35. Monthly root mean square difference (RMSD) between each experiment and OPER.75

4.36. Monthly anomaly correlation coefficient (ACC) of 2m temperature over East Asia
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4.37. Skill scatter of predictability. X axis indicates anomaly correlation coefficient. Y
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Climatological mean pattern and bias of sea surface temperature (SST) in the
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5.12. Sea surface temperature anomalies associated with ENSO in the equatorial Pacific
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5.14. Zonal structure of sea surface temperature anomalies in the equatorial
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Figure 5.16. (Left) Zonal structure of the standard deviation of the sea surface temperature
anomalies in the equatorial Pacific (5S-5N averaged), showing too strong maximum
variability in the central equatorial Pacific. The black, blue and red lines denote
the reference and models from GloSea5 and GloSea6. (Right) The metric value of
ENSO amplitude. The gray, blue and red bars denote the reference and the
models from GloSeab and GloSeqn. ceeeseecceeccceecceecceeccerccceaccescccences <90

Figure 5.17. Spatial structure of the standard deviation of sea surface temperature anomalies
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Figure 5.18. (Left) Zonal structure of the standard deviation of the sea surface temperature
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of SSTA. The gray, blue and red bars denote the reference and the models from
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Figure 5.19. Zonal mean annual structure of the standard deviation of the sea surface
temperature anomalies in the central equatorial Pacific (Nino3.4 averaged). The

black, blue and red line denote the reference and model from GloSeab and
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Figure 5.20. Evolution of the 3-month running averaged Nino3.4 index (colored thin lines) and
their composites (black thick line) for historical El Nino (left panels) and La Nina

(right panels) events. Evolution stars from April of the event-developing year to
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Figure 5.21. Histogram of ENSO peaking month of the Nino3.4 index evolution for historical
ENSO events, based on data from January 1996 to December 2016. The
phase-locking sharpness is defined as a distance variance, ie., mean square of
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Figure 5.22. Distribution of zonal location of the maximum (minimum) SSTA during El Nino

(La Nina). The black boxes show respectively the reference and the model. -« 94
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Figure 5.24. Spatial pattern and minimum zonal location of sea surface temperature anomalies
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Figure 5.25. Distribution of 1-yr and 2-yr El Nino and La Nina duration. The black boxes
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Figure 5.26. The metric value of ENSO duration. The gray, blue and red bars denote the

reference and the models from GloSeab and GloSea6. «swsssseses 97
Figure 5.27. Schematic diagram exploring the key ENSO feedbacks; SST-Taux feedback,
Taux-SSH feedback, SSH-SST feedback, and SST-NHF feedback (Planton et al.,
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Figure 5.28. Scatterplot of (left) SSTA in the eastern equatorial Pacific(Nino3 averaged) and
zonal wind stress anomalies (TauxA) in the western equatorial Pacific (Nino4
averaged), (middle) zonal wind stress (TauxA) in the western equatorial Pacific
(Nino4 averaged) and sea surface height anomalies (SSHA) in the eastern
equatorial Pacific (Nino3 averaged), and (left) sea surface height anomalies (SSHA)
and sea surface temperature anomalies (SSTA) in the eastern equatorial Pacific
(Nino3 averaged). The black and blue (red) makers show respectively the
reference and the model. The metric is based on the slope of the regression and
is the absolute value of the relative difference : abs((model-ref)/ref)*100. «wseeeeer 99

Figure 5.29. The metric values showing the strength of (left) the SST-Taux coupling, (middle)
the Taux-SSH coupling, and (right) the SSH-SST coupling. The gray, blue and red
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Figure 5.30. Hovmoller diagrams of zonal wind stress anomalies (TauxA) in the equatorial
Pacific regressed onto sea surface temperature anomalies (SSTA) in the eastern
equatorial Pacific (Nino3 averaged), showing the strength of the SST-to-Taux
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Figure 5.31. Scatterplot of zonal wind stress anomalies (TauxA) in the western equatorial
Pacific (Nino4 averaged) and sea surface height anomalies (SSHA) in the eastern
equatorial Pacific (Nino3 averaged), showing the possible nonlinearity in the

strength of the Taux-to-SSH coupling. The balck, red and blue lines and numbers
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Figure 2.3. Experiment process for the coupled initialization forecast and relevant activities.
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Figure 2.5. CrEMA structure including two categories and their components.
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3.1.1. JULES /N4 =&

JULES®] A|st+2& 7H’d?l T=S5 9 F2 AW=d9 Lower boundary condition® =
st 98 duglFES vlwste] Z+Zb Table 3.13 Table 3.2¢0] g.¢ksto] AASHHATE Lower
boundary condition (Table 3.1)¢] 73-¢-+ restricted drainageE *>33to] free drainage’l 7+

=

BWol AREStaL dlom, o] AAEALE EYTiEo]l HAaRost= Aol UEtde ERo]
O 43 A Aot JULES AlHrde] 9= free drainage®} zero-flux boundary condition 27}
AE A8 § A=, A 7144 71FdS2d dJ37(GloSeab)oll A= zero-flux bounary

condtions Aelzx ot A4 HsHTable 3.2)¢] 7 $-ol&= free drainagey; restricted
drainageE A} ¥3}a. A= CABLE, NOAH, ORCHIDEE®] 7 $-o+= A5l 38 mEo] ofd gl
Atk tiFEe AW=Edo] TOPMODEL ztAst W& A=Hst= 4971 Bkedl, JULES,
CATCHMENT LSM, CLM o] &f7]ol 3|33t}

JULES =24+ MAd<S AR Aste dagse A48 i b= 3 22 =70

g ojof ).

2) JULES Agt2E /MAddE ddste HZ o gtA VICS 7I'd &<l Bucket model& =F

galel, ROHEE RolAL, Ao AW U= ARFRES BASE o] A3
G A ANEEE Foln MASAG RS FHo| &
= 3y

=]

52 AAEd I o] GloSeab HHGT7 ol A= TOPMODEL ZtAstH e At ¢z
AbE3ska Qo) kAR, Figure 31004 REAF= A Zo], TOPMODEL 7]4Hke] x| 35}
2] &2 topographic 1ndex9‘r #A#d3 T (AF) D (storage deficit) A9 wj/i o] o=
S o] 9t} JULES Azde T (3F)9} D (storage deficirk Z o]} AdadAdo] =2,
&g ALl ojEA o] AA, BHAo] glo] oldt oEA o] & WHTE AMEE A
T, dSAde] AAT Do gol v AAA Aok EZ, GloSea6e] G AAE ATE
o7F Hasdt, HAS FH0] b BT F e AAolA, olH3 Pl vS AZ F AU

om gttt wekA, BAo] HQstA| ¢Fol HAS < FH&o] &olsta, ALHIE =
3l zZ+e zHo] 9l GrUB (Tashie et al., 20222 AAstAth

O

a2 o

ol
-

2orr Ko
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Table 3.1. Categorizing Land Surface Model according to Lower boundary

conditions.

Lower Boundary

. Model (Name)
Condition

References

TESSEL (The Tiled
ECMWF Scheme for
Surface)

Balsamo et al. 2009, Balsamo et al. 2011,
Pappenberger et al. 2012, ECMWF 2014

ORCHIDEE (The
, Organizing Carbon and
Free drainage . .
Hydrology in Dynamic

Ecosystems model)

de Rosnay et al. 2002, Verant et al. 2004,
Ngo-Duc et al. 2007, d” Orgeval et al.
2008, Campoy et al. 2013

VIC (The Variable
Infiltration Capacity
model)

Liang et al. 1994, Liang et al. 1996,
Lohmann et al. 1998, Nijssen et al. 2001

CABLE (The Community
Atmosphere Biosphere
Land Exchange model)

Kowalczyk et al. 2006, Wang et al. 2011

Restricted drainage
Noah (The Noah land

surface model)

Chen et al. 1996, Schaake et al. 1996,
Koren et al. 1999, Chen and Dudhia 2001,
Ek et al. 2003

CLM (The Community

Zero-flux boundary
Land Model)

Niu et al. 2007, Zeng and Decker 2009,
Oleson et al. 2010, Lawrence et al. 2011

condition LM3 (Land Model 3)

Milly et al. 2014, Subin et al. 2014

LEAF (The Land
Ecosystem-Atmosphere
Feedback model)

Walko et al. 2000, Fan et al. 2007,
Miguez-Macho et al. 2007, Miguez-Macho
and Fan 2012

MATSIRO (The Minimal
Advanced Treatments of

Water table

represented as a
P Surface Interaction and

moving lower RUnoff)

Takata et al. 2003, Yeh and Eltahir 2005,
Koirala et al. 2014

boundary Noah-MP (The commnuity

Noah land surface model
with multiparameterization
options)

Niu et al. 2007, Niu et al. 2011

Two-way flux
Catchmet (The Catchment
model)

between the root
zone and water
table

Ducharne et al. 2000, Koster et al. 2000

Options for free _
, JULES (The Joint UK
drainage and ,
Land Environment
zero-flux boundary ,
. Simulator)
conditions

Cox et al. 1999, Gedney and Cox 2003,
Clark and Gedney 2008, Best et al. 2011
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Table 3.2. Categorizing Land Surface Model according to groundwater
dynamics.
Groundwater
_ Model (Name) References
Dynamics

Catchment (The
Catchment model)

Ducharne et al. 2000, Koster et al
2000

CLM (The Community
Land Model)

Niu et al. 2007, Zeng and Decker 2009,

Oleson et al. 2010, Lawrence et al.
2011

TOPMODEL-based
baseflow computation

JULES (The Joint UK Land
Environment Simulator)

Cox et al. 1999, Gedney and Cox 2003,

Clark and Gedney 2008, Best et al.
2011

MATSIRO (The Minimal

Advanced Treatments of

Surface Interaction and
Runoff)

Takata et al. 2003, Yeh and Eltahir
2005, Koirala et al. 2014

LEAF (The Land
Ecosystem-Atmosphere
Feedback model)

Walko et al. 2000, Fan et al. 2007,
Miguez-Macho et al. 2007,
Miguez-Macho and Fan 2012

LM3 (Land Model 3)

Milly et al. 2014, Subin et al. 2014

Darcy’s Law Noah-MP (The commnuity

Noah land surface model
with multiparameterization
options)

Niu et al. 2007, Niu et al. 2011

VIC (The Variable

Bucket model _ , ,
Infiltration Capacity model)

Liang et al. 1994, Liang et al. 1996,
Lohmann et al. 1998, Nijssen et al.
2001

CABLE (The Community
Atmosphere Biosphere
Land Exchange model)

Kowalczyk et al. 2006, Wang et al.
2011

TESSEL (The Tiled
ECMWEF Scheme for
Surface)

Balsamo et al. 2009, Balsamo et al.
2011, Pappenberger et al. 2012,
ECMWF 2014

None Noah (The Noah land

surface model)

Chen et al. 1996, Schaake et al. 1996,
Koren et al. 1999, Chen and Dudhia
2001, Ek et al. 2003

ORCHIDEE (The
Organizing Carbon and
Hydrology in Dynamic

Ecosystems model)

de Rosnay et al. 2002, Verant et al.
2004, Ngo-Duc et al. 2007, d’ Orgeval
et al. 2008, Campoy et al. 2013
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I

Root Zone
S.

_'@Qs"' Qp

T =T,exp(—=D/m) QO X exp(_ _)
Q A X exp())

Q — total discharge, Qg - surface flow,
0}, - base flow, A- Topographic Index,
m — Exponential scaling parameter

G = Suz/ta l

increment

in (ﬁ) increments

Root Zone z Root Zone g
S, g S, E

3 :

g g

qv = uz/tdla qv = u.z/tdla
S 5

Qp

Qb ruB

Figure 3.1. Proposed groundwater module.

3.12. Agte 2E A 83 7=

At 2E A E =S 98] 94 Rose/Cyle 7404 JULES A Rd FEARS
Q- =¥E& BAAT. WA, A3 2E namelist = JULES_HYDRLOGY:: I_tope] Sl&dl,
[_tope =g]¥H<4(Logical type)ZA] GloSeab6 HLPZANA Truez AHAEHo] gow, o=

TOPMODEL-type A3t 227)(Gendney and Cox, 2003; Clark and Gedney, 2008)2 A}&3+che=
AL owsty, w3, TOPMODEL ®j7l¥<4= 5 fexp, ti_mean, ti-sige GloSea6 & &7 ol A
Zkzy o 3 2ol AR Eo AREgh

r]

D fexp: E3F A 4(saturated hydraulic conductivity)7} £o]=+ H] &S A= decay
factor (m™)E ¢Jw|3th. Gedney and Cox (2003)= fexpE 0.5m™e] <& Akt a,
Niu and Yang (2003)& 2.0m™'gS& AH&E AL A¢Heth @3, GloSeab dHAH
& fexpzke 1.0m'=2 AAs ALg3iT)

2) ti_mean: FItHSGolH, ZE A=Al topographic index®] H #<S 2ov|$tt}. Marthews
et al. (2015)2 ti_mean?] ZFo.Z 5.99 A AEFF o, GloSeab AFAEAHL 0.0S AFL3)
I Ut

3) ti_sig: &7 FolH, =E AR topographic indexe] EFHA S nu|dct. ko] 0.5
Ho Zod HEAS 3 052 WEHoz HAHEE Hojdrh GloSeab LA A
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o]s} o], GloSeab APBANA AHgHE 7 wiAWS gk =S EHANA AAT gt

oEA ARgskaL Te Zﬂ% ¢ = Advh. wEkA JULES —rl'ﬁ_r*é%il MAE H38 A RES
dHolEst= Wty ==, TOPMODEL wi7/i¥H 45 A&etA F438k] GloSeab &G4

[e] = -
AgSHE WoE B mc}.

JULES x4 A& dugFasds 3 4 Fsed8d 48 os 3 Zo] Eq
[3.1]ell A4l Eq. [3.2607}A] A Elsle] A AR oW, Table 3.30.2 G240 A}
AA AT AAF FRAAES A FEFF(Surface  hydrology), E&FF
extraction), EXE s 2 E3EZ(Soil thermodynamics and water fluxes), <=2 E 4 (Hydraulic
characteristics), TOPMODEL %7 <=2, Probability Distribution Model (PDM)3+73 <=2} S-o]t}.

il

- A 5= ¥(Surface hydrology)

B C €,C, C
TFfR(l—Cfm)exp(— RMHRFM [3.1]
C<n+1):C(H)+<R* TF)At [32]
Y_{ RC—mexp( 7 ) R(l*c—m)exp(* RAL‘) KAt< C (3.3]
B €, KAt+C,—C) :
Rexp| RA7 ] KAt>C
Wy =Y vi(Tw+5,,—Y;) [3.4]
j

1
5
S
i
o

(Soil moisture extraction)

— 2z, ,/d, —2z,/d,
e f—1 —¢ <r

7/@ = —22/d. [3.5]
1—e ™7
0_ 7By
ekf Ekf'kﬂk [3-6]
1 0, =0
B, = (ekiew)/<6076w> 0, <0, <40, [37]
0 0,<40,
- BEofddd 9 535 E(Soil thermodynamics and water fluxes)
dT.
CaAzk dtkk:Gk—l_Gk_-[/eAzk [38]
T,
G= i, [3.9]
T,
.]: Cwater W/ 9z [310]
do
d—tk: W/k,17 W/kiE/kink [3.11]
W’:Kh(gqr—i—l) [3.12]

- 48] &4 (Hydraulic characteristics)
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6/6, = (w/w,) [3.13]

K, = K, (6/6,)"""° [3.14]
6—0
- L [3.15]
070, 1+ (e )
K, = K, 1-(1—s/")"]’ [3.16]
- AEAJ(Thermal characteristics)
A= <A57Ad7y>6/€s+Adry [317]
/15 = ijl;e?'/izi/ldry//iaf;’ [3 1 8]
A= (As_Adr_z/)Ke—’—Adm/ [319]
K - log(6/6,)+ 1.0 (9/95); 0.1 13.20]
0 otherwise
Aaior At
AS — wate; ice AL: [3 2 1]
Awa;er
A'=1.58+12.4(4,,, — 0.25) [3.22]
- TOPMODEL
R, = T(:w)exp(— Z) [3.23]
fsat :aseXp<cs flic) [324]
Rse:fsatm) [325]
- Probability Distribution Model (PDM)
far=1—[1=0/0,]%"" [3.26]
Table 3.3. Definitions of Symbols.
Symbol Units Definition
b Clapp and Hornberger (1978) soil exponent
C kgm™*? canopy water
C, Jm K1 volumetric heat capacity of the soil
C, kgm ™ * vegetation canopy water holding capacity
Cooater Jkg TK1 specific heat capacity of water
d, m root depth
E’ kgm %51 evapotranspiration
fsar fraction of gridbox with saturated soil
G W™ ? soil heat flux
J W™ ® vertical advective flux for soil moisture
K kgm™%s! surface infiltration rate
K, Kersten number
K, ms ! hydraulic conductivity
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Symbol Units Definition

K ms ! hydraulic conductivity for saturated soil
R kgm %51 Precipitation rate

R, kgm™ st lateral runoff

R, kgm™ ?s 1 saturation excess surface runoff

7 fraction of roots in the k-th soil layer
S, kgm %s? snowmelt

t s time

T m?s ! vertical transmissivity

Ty kgm %s 1 throughfall

7, K soil temperature

T, K temperature of the k-th soil level

W, kgm s 1 infiltration rate into the soil

w’ kgm™ st vertical flux of soil water

Y kgm %s 1 surface runoff

z m soil depth

2 m depth of the k-th soil layer

2 m total depth of soil column

2, m mean water table depth

. m ! van Genuchten (1980) soil parameter

B soil moisture factor

€, fraction of gridcell occupied by convective precipitation
v fraction of vegetation

0 mim” soil moisture concentration

0, mim® residual soil moisture concentration

0, mim® soil moisture concentration at saturation
A Wm ‘K1 thermal conductivity

Ay Wm 'Kt thermal conductivity of air

Adry Wm K1 thermal conductivity of dry soil

A In(m) topographic index

A, In(m) “critical” calue of topographic index
Aive Wm K1 thermal conductivity of ice

A Wm K1 thermal conductivity for saturated soil
Aater Wwm K1 thermal conductivity of water

v; fraction of gridbox covered by surface type j
U m soil water suction

v, m saturated soil water suction

A Aeg =4S 7]HEo. 2 Rose/Cylc 374 JULES AW Ed +=EAHE -&9 &
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< 98l JULES AWEYd ALx3= A4S AASIAT GloSeab @ eH7dol 4 JULESE 5.6H
AE AR 9lew, JULES vnb.69] A~xE FxE Figure 3.29F -t} JULES vn5.6& &
5571 gEEg e 5717 Y2 FAEo] Aok JULES vnb.6ollA A3ty g #A 7V 2
TOPMODEL & #A4< A8 A 5(Z3tA4, GloSeab @HF37), Astrf=3 #dHo] 1
7)1 A -Z(baseflow)-2 Figure 3.29] treet-Foll Al ./science/soil/calc_baseflow_jls_mod.FI0o| A A
gt V1A RE AL 22F == Aol Figure Alel AlASH T &, nameliste] 745
Jcontrol/shared/jules_hydrology_mod.F90el| 4] #&&]3}A =™, ©] HA A2FE=E PAAHIIA
Figure Alel A Al&tSdth.

N
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imogen var

fire

flake
- - spinup

standalone

radiation

river_routing

calc_baseflow_jls_mod.F90.
1

soil_biogeochem ecosse

surface

vegetation

...............

initialisation params

..........................

drivers

file_handling gridded

timeseries

input time_varying interpolation

model_interface

-

Figure 3.2. Structure of JULES source codes.
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Figure 3.3. Concept of TRIP for calculating of river storage from
river sequence and direction.
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Figure 3.4. Schematic diagram of GloSea6 model component.
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Figure 3.5. Distribution of difference in the surface precipitation (left) and 850hPa specific
humidity (right) between the GloSea6 and observation.
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Figure 3.7. Distribution of the surface river storage and outflow from GloSea6.
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7HA Y] A moltt. AEE HFE BEPDS s A4 vl 7R 27 BEAE7} GloSeabd]
dHAE £ ancillary Fej =2 W ojof gt} 7]Z2] netcdf WL GloSea62] output =
w2l ppatdE WEslal, HFZ O E pptoancE o] 83t ancillary HlelEE WA 7+
o] ¥wlo]= header’t E3tEo] dolEe AHRE %3tstA Hot (Fig. 3.10, 3.11). Integer,
Real, Fixed header 59 #dE X9l P25 #A EA4E Fx3ste AAHs FofoF s (Fig.
3.12), &3} fixed real numbery} integer number 52 ¥HF header= GloSea®] namelistel] =7
Hol & ATE Ao RS FIPsAA BHF= Agoe] Hastth EZ, 7 tlolEE on
8l stash number} pp variable number && 217 BHA AAsfoF I} o E S river
storagee] 74-9- stash number= 153¢]™, pp number= 1902¢]t}. river direction®] 74-%- stash
number+ 151¥¢|™ pp number= 1905¢]t}. stash numbere] 74-%- integer headere] 42We &
o|7}H, pp numbere 23¥eol| ZFETH =3 7+ Ao AZRA, i 9 RS Aoz T 4
A FASE ARES XIS

See documentation for namelist details

T |

fvhh=0, fvdd=s{DY}, fvmm=s{MN}, fvyy=${YR}

namelists

or=${FIELDS: -4}*t

Figure 3.10. Header information for GloSea6-TRIP ancillary data setting.
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call err_handler(nfoo_open(§
"/dss2/data/yubnormal/LSM/JULES/KNU/SEQ_DIR/4.bin2nc/output/riv_dir_seq_0.125x0.125.nc", l
nf90_nowrite, ncid), 'nf90_open')

ix = ret_dim(ncid, 'lon')

jx = ret_dim(ncid, ‘lat')

=

allocate (d2(ix,jx), d28(ix,jx))

call err_handler(nf90_ing_varid(ncid, ‘sequence', vid), 'nf90_ing_varid')
call err_handler(nf90_get_var(ncid, vid, d2), '‘nf9o_get var')

open (unit=21, file = ‘'test.pp', form="unformatted", convert="little_endian")
open (unit=21, form="unformatted")

read (11, rec=1) d2

print *, minval (d2), maxval (d2)

d28 = d2

d28(1:1x/2,:) = d2(1x/2+1:,:)

d28(1x/2+1:,:) = d2(1:1x/2,:)

print *, minval (d28), maxval (d28)
1head =0

ihead( 1) = 1970

i1head( 2) =1

i1head( 3) =1

1head(13) = 2

1head(15) = 1x * jx

i1head(16) = 1

1head(18) = jx

1head(19) = 1x

ihead(22) = 3

1head(23) = 1905

1head(26) = 129

1head(29) = 0

ihead(30) = ix * jx

1head(38) = 1111

ihead(39) = 1

i1head(40) = 1

1head(42) = 151

1head(45) = 1

rhead(11) = 90.0

rhead(14) = -90. - 180./jx * 0.5
rhead(15) = 180./jx

rhead(16) = 0. - 0.5 * 360./1x
rhead(17) = 360./1ix

rhead(18) = -1024.%1024.%1024

rhead(19) = 1.00

write (21) 1head, rhead

call conv_int_to_real8(d2,d28,1x,jx)

write (21) d28 (:,:)

call err_handler(nf90_inqg_varid(ncid, ‘'direction', vid), 'nf90_ing_varid')
call err_handler(nf90_get_var(ncid, vid, d2), 'nf9o_get_var')
d2g8 = d2

d28(1x/2+1:,:) = d2(1:1x/2,:)

d28(1:1x/2,:) = d2(ix/2+1:,:)

d28(1x/2+1:,:) = d2(1:1x/2,:)

1head(23) = 1906

ihead(42) = 152

write (21) 1ihead, rhead

call conv_int_to_reals(d2,d28,1440,720)

write (21) d28 (:,:)

close (unit=11)

close (unit=21)

call err_handler(nf90_close(ncid), 'nf90_close’)
deallocate(d2, d28)

Figure 3.11. Header information for GloSea6-TRIP pp data setting.
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1. Data Set Format Version Number.
-32768 Lateral boundary conditions (vn10.1+).
15 Data set format : pre-vn3.1.

¢ Since vn3.1, the use of Word 1 in the fixed header has been discontinued and is set to -32768
(IMDI). Any format change is now connected with a new version of the UM.

20 Data set format for MASS storage purposes : vn5.2 onwards.

e The use of Word 1 has been re-instated. It will cater for dataset changes required for MASS
storage purposes. When used, the initial value will be 20 which will be incremented by one for
each dataset change. Any dataset changes connected with new UM releases should continue to
be done through the use of Word 12 of the fixed header.

2. Indicator for Sub-Model :

1 Atmosphere

2 Ocean Removed at vn7.0

4 Wave vnd.1 onwards / Removed at vn7.0
3. Indicator for vertical coordinate type :

1 hybrid

2 sigma

3 pressure

4 depth

5 Charney-Phillips on radius levels needed for dynamics grid, used by variational assimilation tangent
linear dumps. vn3.4 onwards

4. Indicator for horizontal grid type :
0 Global
1 Northern Hemisphere
2 Southern Hemisphere
3 LAM(No Wrap)
4 LAM(Wrap)
o For rotated grids : Add 100 to grid type.

(A3=)
131 length of this array
135 start of TEMP HISTORYFILE
136 length of this array
140 start of COMPRESSED_FIELDINDEX1
141 length of this array
142 start of COMPRESSED.FIELDINDEX2
143 length of this array
144 start of COMPRESSEDFIELDJNDEX3
145 length of this array
150 start of LOOKUP table

Figure 3.12. Example of Integer header information for GloSea6 in UM documentation
(From UMDP_F03: Input and Output file formats).

GloSea62] 1M %= 3HFF YHAF F direction} sequence HlolE& &34 S 53
DEM7I®te &2 7ol Hof glo] 2wl wgto] =2 o]FojHth. oyl /M BA A=A &
022 FoH ™ missing de]E+= GloSea6oll ItH= A-82 A g AA AGdA 0gte] =
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gtElo] oy & AAFstZ] wioll GloSeaboll A A& = missing data® A A2 = ATt storage
o} number®] 74-¢ =] Am7E A Q7] wiwol e EAEtE 1= =Y @
interpolationdte] A FA F=3dAU T} storage:= 1 ol HE Hof 3dlr] wjEo| conserve
interpolation 71 & Ab&3te] € 713 S A4kslY L, river numbere] 3% s Aot F
detA FAEF st7] W&ol 7Y Ae #4e IHE ARESt AANE FUkste WA o =R
TAE AT river numbere] ¢ skt 91x] B AA] S AEE uHste] FF A44E
o Foltt. T3 GloSeabWollA] Bx=ASE ¢+ namelistol A integer header®| lengthE 15
= real header®] lengthg 6°= AAst 7] wjiEo] ExA59 headertiol = lengths &
detA skl gt

SN S

45N L
I5N - .

35N

D T e — 25N f
110E 120E 130E 140E 110E 120E 130E 140E

Sequence 0.5deg
55N — -

45N

SN -

35N
I5N -

OPER| =

110E 120E 130E 140E

130E 140E

Figure 3.13. River direction and sequence data from various resolution for ancillary in
GloSea6.

o3 WA E FHH BHEAEE T ok wa o LA st 55&
el Aok (Fig. 3.13, 3.14). std el W& £2S Yehf& direction ¥ sequences Ay
A e 5850 2309 Audl A AL AT 4 o, 012559 A§ gutze] e 7
o 3E/MAIE RSt v AS & F Aok =3, fFoE ALEEHE Y BEE YEHY
+ River number®] Z$-ole 71&9 AR FHdA & HEE AS AT + ATk delA
At =0l river numbere] A% sk FH B s 4 FEE 1Hd AY AR &
vEste §49] sk 5] kA AAE F ARE NAHE dAHo|th
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River Number Half Clim_Storage (Monthly) Half
80N — = 1500 80N I s A 7'."“-’".'.42‘ - P ‘ 8
<l ‘("ff‘. = S " i s T S e s
60N ' A 000 ooy Brmsiavi, ol e e B RN 7
= E'; 1100 EYER AR Dol = I -1-:; [V =16
@ 900 P G gl g E
40N 700 4ON L iipt=e; 7 Dot I 4
% 500 b T, e 3
20N =i agoo 20N 7 |\ N, =2
L ! i \ | | | "
= 100 ",-*f’ A V- /\% — |
EQ — EQ = T T 1.‘-¢ o T T )

40E 60E BOE 100E 120E 140E 160E 180 40E 60E B80E 100E 120E 140E 160E 180

Figure 3.14. River direction and sequence data from half resolution for ancillary in GloSea6.

JULES/RIVER_CONTROL

. Control routine for River routing for Global Model
- : To perform the routing of surface and sub-surface runoff
PRE_AREAVER : Calculate weights for area-averaging data on the source grid to the target grid
DO_AREAVER | : adjust the values on the source grid to have the area-averages supplied on the target grid
ROUTDBL | : To route runoff
initial0 - Initial Condition
setnext : set down stream
setlen : set the distance between grids [m]
setarea : set area size
setrval : set uniform value of rdat into rdim{i,j)
: caleulate coefficient 'c’ in the routing model, basically by ¢ = u/d,
setcoef but actual d is assumed to d*ratmed considering the meandering of the river.
Mmd2kgs | o ] = 1073 Syt > kgl / (360024 > kgl
outflow1 : Calculate the storage in the next time step based on the storage
wrtBlog : write water balance monitoring
cp2 : copy file
PRE_AREAVER : Calculate weights for area-averaging data on the source grid to the target grid
DO_MAP_MAX | : Uses the count and weights obtained by PRE_AREAVER

Figure 3.15. Code tree for TRIP modules in GloSeab.
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==

< wgt SR BolAl Hia, o] PFe YR HEFHo dES WA "o o|yg
Fo] WsteE tir]-ag s Zgo o tha ) 9
HAa=3 A9 #4 S ‘ROUTDBL’ oA AAtE ™, of 7]
o]
A

0
ol
-

& AY, FWE, §EF9 o)F T3 & #HAo] E3HTh. I ‘PRE_AREAVER’ & %
3f 7| wda s Rzt Ax We gl W3 JhFX Fol AxtEn

2 3 AAel #HAHE mEolY tr)/E Y
2d3 Fals B A 5o H 2s % 7EARE ofg
et At sk A 4
(Fig. 3.16). &A 9= HRE
3 W4 ‘joffset” & =3}

‘180" o) ANERE Y% Fus ALsn ok wetA, a3

r

A4S namelist2HE 7EA 944 ‘getlatd)’ 2 ‘getlon0’ B HEgs] & Favt Yk oS
s =dY namelist RS 7IA 2 Y& EE  ‘riv_rout-riverla-mod’ oA HE caldHE =
= 2559 /0 3 =57 FAHHAG.

ROUTEDBL
initialO | TRIPOIM StHZAXL lat/lon S8 A M 2 &
setlen
] 1, Jmax
! DEPENDS ON: getlate
ry = getlato(j+]_offset, 120)
1= 1, nx

! DEPENDS ON: getlon®
rx = getlon@(i+i_offset, 360)

((1gren(z,j) 1) .AND. (1gren(i,j) <= 8)) THE
! DEPENDS ON: getlon®
rx2 = getlond{inextx(1,])+1_offset, 260)

2 getlat, getlon SOflA BHHTL o, globalAA SEHE HEE + AA|
BE +3 &8

Figure 3.16. The code changes for latitude and longitude calculation in GloSea6-TRIP.

Ao T a4
olE < YolA ArEstE ol wEel =T Wetd AR ¢ gl "k
T Al 2 /B x ARE A = 2E 3
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GloSea6-TRIP area calculating code NEW code
setarea.F90 arealat2.F90
set area [m*2] of each grid box e s
INTEGER, INTENT(IN) :: nx, ny, jmax, offset_ny
REAL, INTENT(OUT) :: area(nx, ny) integer :: 1,]
REAL atmp integer,parameter:: 102 =360, ]02_=18¢
INTEGER j_offset . ! integer,parameter:: 102_=1440, jo2_=720

REAL arealatl
INTEGER

: pi_, rerth_
: dlon, dlat, alat(jo2_),area(jo2_)

: atmp(jo2_) Printed output

P1_ 3.1481592 236
o s 12363.18
_ 12357.47
e 12347.95
dlon = 1./rea (}oi ) 12334.63
dlat 1./real(jo2_) 12317.50
12296.59

INTEGER 1, ]
INTEGER(KIND=jpim), PARAMETER :: zhook_in

INTEGER(KIND=jpim), PARAMETER :: zhook_out
REAL (KIND=jprb) :: zhook_handle arealat1.F90

data
SETAREA

CHARACTER(LEN=*), PARAMETER :: RoutineName=

j_offset = offset_ny

IF (lhook) CALL dr_hook (ModuleName B RoutineName,zhoc
o ——— e 30600 ke 33726 1 o e o e
] 1, jmax 1
IF ((j+j_offset) == 90) THED 1
! DEPENDS ON: arealatl 1
atmp = arealatl(INT(ABS(91.0-(j+j_offset))))~1.0E06 :
1
]
]

] L, jo2_ . . 12271.89
alat(j) = (e.5-{real(j)-0.5)/real(jo2_-1))*pi_ 12243.40
————————————————————————————————— 12211.15
- 1 12175.13
! 3 =1,j02_ 1 12135.36
d arealj) 2.*rerth_*rerth_*pi_*pi_+dlon*dlat*cos(alat(j)) | 12091.86
: 1 12044.63

! DEPENDé ON: arealatl
__________________________________ ] 11993.69

atmp = arealatl(INT(ABS((j+]_offset)-90.0)))~1.0E06
St ] = 1,302 11939.06
atmp(j) = area(j)/1.0E06 11880.75
11818.78

11753.17

i=1, nx
areali,j) = atmp

Figure 3.17. The code changes for area calculation in GloSea6-TRIP.

st 2y AA s AAE ALt 9 AAA #A o] EA s (Fig. 3.18). ¥ E I
Aol ZFHFoIJom =rt 59 0=oA P9 0= &=A=Z ALbET Local sjdo] -
90:90, 0:360°]31, 1= kA o]} local Wi Al SI/AES FLsAl AHEE = At 7]E9
3l mdo] 1% dfA=olr] wjEo] A&z oz -91& s|Fo] 1WA Hde Y= 9o =
g o] 23E= AAE e W Cyutt HA] H)

° AtA Argsta Stk weba AR HAS A8 F UEE 9
AHEQ ‘yut® o wide] F}HS st AFA AL
HA TSRS = & 9A namelist®] @& 7HHLE A9 REEEHH
9

b

Aol ALES 4= Al FASATE ol 98 namelistE Z3ete A9 REEEFEH A4
2 BEZMA 4EY Fio] FAFHAG olF B o] fF, FUEHe AAH 2 kgls &
HellA kgim2/se] @ = WHEE ] AT Y FEFE dH AA4d ArRe A% 4H

FoE HEgH= AAEL s+ BE H river

o E3) sgor HE AL ok oluj
number RFZA5 9] & ol &
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-90 < g_river_rows*0.5
(g_river_rows: riv_intctl 2S£ & FEh

Lat/lon EE

yut(j) 2 yut()) * ST HE
(1 =AX M lont0] 1-2602] integerC| 2= BEEZ} 2
0] 3¢ > LM = realdt

2 B B E Hy 22l

[e)

2
=
4

.

o2}

Figure 3.18. The code changes for regrid processes between river and model grids in

GloSeab-TRIP.

GloSea62] #HF =9HW
o

S5 AR s ASHE A4 AR BEIAR 15 PRI
2 =91 180, 360°] = Ao

Sl Tgol AT (Fig. 3.19). olF 4
o JuE BHSol PHOoE BEL FATUCH, oF
A

 AAAL BRE O OZ2 A9 EEES 48 2 94 FAFHAS
n

amellist” ZH¥ namelistfe] 3k A= AR ‘river_rows’ ,

control/grids/nlsizes
‘stash_comp_grid’ & HAE2HA T4

river_row_length’ & ‘stwork’ , ‘multi_spatial’ ,

AT
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~ UM/STASH . - Control routine for diagnostic procassing step-by-step
- STWORK s Processes all the STASHEst entsfes for ¢ particular Rem and section numbey after 2 Hmestep

— : Controt voutine for spatial processing when extracting a timeseries within STASH
STASH COMP_GRID : Corrpute grid descriptors (rid type, headers, number of ool and row)

AL HE 3 oAt ZSAFIE Ao2 B
(namelist & 7t 2 5 83 +7h

Figure 3.19. The code changes for grid processes for final output in GloSea6-TRIP.

# River routing grid
umf.fixed length_header.horiz_grid type !'= 0:
["Field is river routing diag, which is invalid
“for non-Global domains"]

# Note the river routing diagnostics are restriced to a very
- =t -Spocd ficfixed —-gi=dy—-gny deviation from this is incorrect
lon _start exp = 0.5
lat_start_exp = -89.5
n_row exp = 180
n_col exp = 360
lon_spacing_exp
lat_spacing_exp =

|
=t
D D

Figure 3.20. The code changes for post processes for final output in GloSea6-TRIP.
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Figure 3.24. Region-averaged discharge over Han River in Korean peninsula
from each experiments and observation.
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Figure 4.2& 20223 o1& SElvet A= did 35 o5& JepAT) Figure 4.1¢] &
ANE oA g2 G dig Ay FdE A Wit 20229 A5F Vet 4
Fol 5L 6¢Y 3t 89 Zeole AAAAMY dFozw FRALS FAow @ HJL
W, 79 Feoe Aryl &3 EE Bolw Zaedko] AU webA o FFH HuHERE of
Yzt Aok &7 Z1ZHRZD, B7E k9 Z1HSD, F
A 2 fﬂ?j AEE #AZd HE) thad B FTFHFS
718} = A5H Hnke] 47 Bl
ol A] 2] 7('}‘T‘o AR dAH o= o3}



APz718} 5 20229 IBA U FF 3F S LAFF AFZ o3 /PE @
Qv 1829 AT - AA. IF B5 Al BBl AAAE 1L4%e] A0 A
U AA WY gels 3 R AR 9ol A3 @AE EARG ok #BInT BAZo
g WHEE GloSeabe] 574 wlEolgt Bolx FF 1 offo] i BAo| o] Foxd S h

o,

_ 18 - . RMSE 18.2% 74
N 15-: = COR
= ]
3 12 -
(o) - \
= 9—: =~ e
T i
£ 67
© )
C 3 -
0 -

JJA Wet Dry HeavyR

Figure 4.2. Observed (gray bar) and predicted (operational forecast
with blue bar and coupled data assimilation applied forecast with red
bar) rainfall amount in South Korea for summer 2022.

=

(717343, 2022). 71 & ZolAo} A=
g FeAen dd tiF ¢ A
5 O 22 9 st Ogouu
el ARk ST

_43_



soN 1 I L 1 I L 1 I 1
(o T D
T _‘_,. —>» —p Upper-level Jet "_?6&\’ —_— = [
“on Plateau T
7 Forcin . i
g Q/ e
’ 3)
! r—sea &) [
| ids -
\L'Q‘;b Q\\
L) I ] Ll I T L) I ?\ L)

60E 90E 120E 150E 180

Figure 4.3. Climate systems interacting with East Asia Summer Monsoon at
subseasonal time scale.

4.1.1.2. tf7]-s & 3&3&

20223 @A Av) A 3F o= 2AE Figure 44014 AHuk VYA woH 3
150 A=Y FIEI $3718 W2 FFFOE
N AR HeoR oy WY clmelAe n
BEAGES ANAZ F Atk Ar) A A el 7))
oot g Eagol tF A AR wpolojzt felutet AR APAME FASA LebRTHY
LLLINA AAG AREARE A% 45 BUSE 7)Y FEEE A 9

;

U850 OPR-OBS 3W PRCP OPR-OBS

-

- X DA-OB w: ‘PRCP DA-OBS_
U850 g -OBS 3 _QA gﬂos

Py B U
= Bmf)\\ R i =N, N
U850 CDA-OPR PRCP CDA-OPR

Figure 4.4. Forecast bias of for 2m temperature, zonal wind at 850hPa, precipitation and
latent heat flux at 3 week lead time for summer 2022.

_44_



4113 4 W7 2 AZW IAF

Figure 4.5+ 20229 oAEZH ¢ oA5F2H A-W Z&BSISO, Boreal Summer
Intraseasonal Oscillation)¢] YA< veldl 2otk BSISO1 27} Z43d Al7]l= 94H1,2,39)
A Fets koA thFrt AElFdr A3 BSISO2 BE= A 104 87+A thekglch

Figure 4.6°14 < @53 A58 BSISO A5 FEFoEAE F9A12 BSISO 434
of-e] 3F S-S HoFnh BSISO 4FF ofx
obizee} ol e = Utk #FHoll AoJA = BSISO 4=

=l o) Y
M= 20223 g B4 F sl ARF-AF Il FE Qo)
Lk =l %

=‘lm

2
n
[
o
=
e

Elubar o] A oA A7 tiF &F2 BSISO1¢] 7197F =2
gk dY 3F AEe BFoNA UBtus dEF-AMEF Gl A3 dFE o ofsiA =
ost YA A x7|st #4& Fa) BSISO #d dof dF A=E /MAE 5 AdTh

BSISO Monitoring for 20-June-2022 to 29-July-2022
BSISO 1 BSISO 2

Bay of Bengal & South China Sea N. East Asia  S. East Asia
| ] 1 1 1 |

-3 | -3 |
1 Phase 7 Phase 6 : \ Phase 7 Phase 6 '
g 27 — o -2 L
5 L=
& - &
4 [} nel 2 © o
o 513 s £§13 B3I
z « 3 9 9 2 g 3
a ¢ £ & 110\l o o - ®
E . =z c o 3 &
T 9 » O > <
N =9 v =3
5 £ o] | -38 o o
© 150u15 Jul ‘(") © o
g 3 P > g E - 2 &
Zz Q 148 ® -20Jun 3_32§1_ 30~J0a & |-
8 o 25 Jun . 2 &
S &
[ o
LTE , 25 Jul 20 Jul 2
24 — 2 =
Phase 2 Phase 3 Phase 2 Phase 3
3 T T T T T T 3 T T T T T T
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Indian Ocean & East Asia Philippine Sea India & S.China Sea
Normalized PC2 Normalized PC4

Figure 4.5. Phase diagram of Boreal Summer Intraseasonal Oscillation(BSISO) during summer
2022.
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Figure 4.6. BSISO impact anomalies of outgoing longwave radiation for observation, operational
forecast and CDA-applied forecast at 3 week lead time.
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Figure 4.7. East Asia-Pacific (EAP) teleconnection pattern for observation, operational forecast
and CDA-applied forecast at 3 week lead time in summer 2022.
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Week 3 forecast of BSISO impact anomaly issued on 20220606
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Figure 4.10. Observed and predicted BSISO impact anomalies for OLR, low-level wind, 5820
and 5880 gpm geopotential height (red contour) and precipitation at 3 week lead time during
Chang-ma onset period.
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Figure 4.11. Observed and predicted atmospheric river at 13~15 and
20~21 day lead time for heavy rainfall event (8~11 Aug, 2022).
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Figure 4.12. Mean state of observed and predicted precipitation (shaded) and zonal
wind at 850 hPa (contour) for winter 2022/23 (NDJFM).
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Figure 4.13. Ratio of the bandpass filtered variance with 30-60 day and unfiltered
variance for zonal wind at 850 hPa.
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Figure 4.14. Eastward propagation of 30-60 day filtered zonal wind anomalies at 850 hPa
during winter 2022/23.
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Figure 4.22. Trend and timeseries of observed surface air
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Figure 4.23. Trend and timeseries of surface air
temperature for OPER over Barents-Kara Sea and Eurasia.
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Figure 4.24. Trend and timeseries of surface air temperature for OPER and experiments over
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Figure 4.25. Surface air temperature regressed on the ART index for
observation and OPER regarding to period. Statistically significant
values at 90% confidence level is shaded by slash.
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Figure 4.26. Surface air temperature regressed on the ART index for SNOW_plOd,
ICE_pl0d, and ICE_plOu regarding to period. Statistically significant values at 90%
confidence level is shaded by slash.
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ice (b, d. White rectangles represent sea ice, with the dotted outline indicating
the anomalous high or low ice cover. Curved arrows represent the surface THF
anomaly, and horizontal arrows represent warm (red) and cold (blue) air
advection. (source: Blackport at etl. 2019)
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Figure 4.28. Winter sea level pressure and surface air
temperature regressed on the ARTI for February.
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Figure 4.29. Winter sea level pressure and surface air
temperature regressed on the ARTI for February. OBS uses
two sets of observation of ERA5 and NCEP2. Results from
GloSea6 use 96 ensemble members. Color shading is shown
only where the surface air temperature regression is
statistically significant at 90% confidence level.
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Figure 4.32. Monthly root mean square difference (RMSD) between each experiment
and OPER.
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Figure 4.33. Skill scatter of predictability. X axis indicates anomaly correlation coefficient. Y
axis indicates temporal correlation coefficient. Sizes of figures vary according to the relative
magnitude of the root mean square error.
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Figure 4.38. Monthly correlation between ARTI and surface air temperature. Statistically
significant values at 95% confidence level is shaded by dots.
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5.1. ENSO XI&AA]

5.1.1. ENSO & HEY 28
5111 71¥d=xg

CrEMA ENSO & wE"HS FAs7] fal =y718dsdaAs A4 GloSeadbet
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7F AH&E AT (Table 5.D.

Table 5.1. Ocean variable name in GloSea6 suite.

variable name variable name in GloSea6 suite
Sea Surface temperature (SST) sstemper
Ocean U-wind stress (Taux) somewind
Sea Surface Height (SSH) sossheig
Total Heat Flux (THF) so_tflx

5112. #SAE

2 AFNAE 2y d3AHe AS5S fldl reference A5=E ECMWFS &4 A&<Q
ERA52} Global Precipitation Climatology Project(GPCP) v1.3(Huffman et al. 200D)& A}-&3l%
ot} 1 9 4 £ X(SST)= Optimum Interpolation Sea Surface Temperature(OISST; Reynolds
et al. 200NE AH&3tR AL, slH 1=t F EE8 2= NCEP Global Ocean Data Assimilation
System (GODAS)E AH83sle] HAF3st9th ERALS Fsd =+ 0.25° x0.25° 2 F9%E 7|+
°fF 30km Az} A& 7HAA 3 & ARE A AAAY dHdEE 7HAL oy, 2
o] HwE st mdy FAI Al 1.5° x1.5° 2 WAE & Al Lo did 7Y g
T A5 F e AMESAH
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Figure 5.1. CrEMA ENSO diagnostics metrics including 5 categories and their
components.
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5.1.3. ENSO W& %& 23}
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Figure 5.2. Climatological mean pattern and bias of sea surface temperature (SST)
in the equatorial Pacific, showing mainly the cold tongue bias. The upper left
map shows the spatial mean pattern of reference. And the right maps show the
model bias from GloSeab and GloSea6, and the lower left map shows the
difference between GloSea5 and GloSea6.
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Figure 5.3. Spatial pattern of the amplitude of the mean seasonal cycle of sea
surface temperature (SST) in the equatorial Pacific. The upper left map shows the
spatial mean pattern of reference. And the right maps show the model bias from
GloSeab and GloSea6, and the lower left map shows the difference between GloSea5
and GloSea6.
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Figure 5.4. Zonal structure of SST bias in the
equatorial Pacific (5S-5N averaged). The upper
and lower maps show respectively the GloSea5
and GloSea6.
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Figure 5.5. Climatological mean pattern and bias of U-wind stress (Taux) in the
equatorial Pacific, showing mainly the strong trade wind bias. The upper left map
shows the spatial mean pattern of reference. And the right maps show the model
bias from GloSeab and GloSea6, and the lower left map shows the difference
between GloSea5 and GloSea®.
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Figure 5.7. Temporal anomaly correlation coefficient (TCC) and normalized
root mean square error (RMSE) of Nino3.4 index during 1997-2016 with
respect to lead time after removing the mean bias. The mean skill for 12
months is shown.
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Figure 5.8. Normalized root mean square error (RMSE) of Nino3.4 index by
GloSea5 as a function of target month and lead time up to 7 month.
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Figure 5.9. Temporal anomaly correlation coefficient (TCC) and normalized
root mean square error (RMSE) of Nino3.4 index with respect to SST
intensity. Three cases are classified following to intensity of the SST
anomalies of target month. ENSO intensity is categorized by strong, weak and
normal cases.
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Figure 5.10. Temporal anomaly correlation coefficient (TCC) and normalized
root mean square error (RMSE) of Nino3.4 index with respect to ENSO type,
El Nino (warm) and La Nina (cold) cases. El Nino (La Nina) denotes the case
having observed SST anomalies with more than half standard deviation of
warm (cold) SST anomalies.
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Figure 5.11. Temporal anomaly correlation coefficient (TCC) and normalized
root mean square error (RMSE) of Nino3.4 index distinguished by ENSO phase
of target month. ENSO phase is categorized by growth and decay for EI Nino
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Figure 5.12. Sea surface temperature anomalies associated with ENSO in the
equatorial Pacific at 3 month lead. The upper left and right maps show the
spatial mean pattern of reference, GloSeab and GloSea6. And the lower left
map shows the difference between GloSea5 and GloSea6.
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Figure 5.13. Composite maps of sea surface temperature anomalies during La
Nina and El Nina in the equatorial Pacific at 3 month lead.

ENSO pattern M3 ENSO’s SSTA pattern M3

/%‘ , | EiNino o~

—_
n
w

o
©

\ S5 RMSE =0.275
® GS§ RMSE=00.133

® GS5  RMSE-0546
£ GSS RMSE 0125 =

0 GS6 RMSE 0092

ENSO SSTA (°C)
\ o

Reg(ENSO SSTA, SSTA)
o
(o2}
!

o
w
w n

La Nina

0 ‘ . :
150°E 180° 150°W 120°W 90°W 150°E 180° 150°W 120°W 90°W
Longitude Longitude
Figure 5.14. Zonal structure of sea surface temperature anomalies in the
equatorial Pacific(55-5N) at 3 month lead, showing the zonal location of SSTA
associated with ENSO. The black, blue and red line denote the reference and

model from GloSeab and GloSea6, respectively.

ENSO 718 &4 F F WA Jg 249 ENSO amplitude:s 2% 9
g ) SSTA AWEel I71E AHoJdtt}. Figure 5.158 A x ©H ok SSTAS] #FHAAS
W Ao = ENSO amplitudee] &3t BXE A3t GloSeab+= ENSO amplitudee] 33t 3
Z mojstn, Ax T HF FolA w9 AsA EEHJYE maximum HEES HE

_89_

.,d
)
o2
—
Z
=3

o

w
S



X

H

_—

7= Az nelth ozg ENSO amplitude A ZAd= A= gk SSTA AMEAo =
TxoME HEs g = e (Figure 5.16), #=2] ENSO amplitude”} 0.96¢1 A
3l GloSea5¢} GloSea6+= 1(3) month leado| Al Z+zF 1.171(1.240)7} 1.051(1.066)= 3tA =9
t}. GloSea6 ©ll 4 ENSO amplitude 7} 433 &3=H, gl=r} S71g] wet A ee =
= AL #&AA¥ 4 Ut} Figure 516 $= 13- ENSO amplitude?] #= din] 23} H]
Ueld Ao =Z, GloSeab5= ENSO amplitude® #= tiu] ¢F 15% 7Z3hAl == wHA,
GloSeab= 7.4% 7¥stAl Rolste 2x A% ejF oA F=3stA 2ol3d e ENSO amplitude=S
s} AlA BAZI FASHA BOdHE s AT

o N
o S rot

SSTA standard deviation
. OBS STD. SST GS6 M3(Corr. GS5=0.93 GS6 =0.95)
q 1 L % -
0 -z vty = vt - ey - - .
208 8 T ! = -
120E 150E 180 150W  120W 90w 120E 1508 180 150W  120W s0w
om0 080 1.50 210 030 0.90 1.50 2.10
SSTA std(°C) SSTA std(°C)

GS6-GS5

120E 150E 180 150w 120W 90w 120E 150E 180 150W 120W sow

| [
-0.30 -0.20 -0.10 0.00 0.10 020 0.30 -0.18 -0.12 -0.06 0.00 0.06 0.12 0.18
weak °C strong better worse

Figure 5.15. Spatial pattern of the standard deviation of sea surface
temperature anomalies in the equatorial Pacific, showing a too strong
maximum variability in the central equatorial Pacific.
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Figure 5.16. (Left) Zonal structure of the standard deviation of the sea
surface temperature anomalies in the equatorial Pacific (55-5N averaged),
showing too strong maximum variability in the central equatorial Pacific.
The black, blue and red lines denote the reference and models from
GloSeab and GloSea6. (Right) The metric value of ENSO amplitude. The
gray, blue and red bars denote the reference and the models from
GloSea5 and GloSeas.
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Figure 5.17. Spatial structure of the standard deviation of sea surface
temperature anomalies in the equatorial Pacific, showing usually a too
strong(weak) variability in the central equatorial Pacific during winter(spring).
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Figure 5.18. (Left) Zonal structure of the standard deviation of the sea
surface temperature anomalies in the equatorial Pacific(55-5N) during
winter and spring. (Right) Ratio of winter over spring” s standard deviation
of sea surface temperature anomalies in the central equatorial Pacific
(Nino3.4 averaged), showing the seasonal timing of SSTA. The gray, blue
and red bars denote the reference and the models from GloSea5 and
GloSea6.
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Figure 5.19. Zonal mean annual structure of the standard deviation of the sea
surface temperature anomalies in the central equatorial Pacific (Nino3.4
averaged). The black, blue and red line denote the reference and model from
GloSea5 and GloSea6, respectively.
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Figure 5.20. Evolution of the 3-month running averaged Nino3.4 index
(colored thin lines) and their composites (black thick line) for historical El
Nino (left panels) and La Nina (right panels) events. Evolution stars from
April of the event-developing year to April of next year (marked with +).
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Figure 5.21. Histogram of ENSO peaking month of the Nino3.4 index
evolution for historical ENSO events, based on data from January 1996 to
December 2016. The phase-locking sharpness is defined as a distance
variance, i.e., mean square of the relative distance between each ENSO
event’ s peak time to the histogram locking month. The smaller the
distance variance, the stronger the phase-locking behavior.
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Figure 5.22. Distribution of zonal location of the
maximum (minimum) SSTA during El Nino (La Nina).
The black boxes show respectively the reference and
the model.
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Figure 5.23. Spatial pattern and maximum zonal location of sea surface temperature
anomalies for El Nino events.
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Figure 5.24. Spatial pattern and minimum zonal location of sea surface temperature
anomalies for La Nina events.
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Figure 5.25. Distribution of 1-yr and 2-yr El Nino
and La Nina duration. The black boxes show
respectively the reference and the model.
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Figure 5.26. The metric value
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reference and the models from
GloSeab and GloSea6.
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Figure 5.27. Schematic diagram exploring the key ENSO
feedbacks; SST-Taux feedback, Taux-SSH feedback,
SSH-SST feedback, and SST-NHF feedback (Planton et
al., 202D).
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Figure 5.28. Scatterplot of (left) SSTA in the eastern equatorial Pacific(Nino3 averaged) and
zonal wind stress anomalies (TauxA) in the western equatorial Pacific (Nino4 averaged),
(middle) zonal wind stress (TauxA) in the western equatorial Pacific (Nino4 averaged) and
sea surface height anomalies (SSHA) in the eastern equatorial Pacific (Nino3 averaged), and
(left) sea surface height anomalies (SSHA) and sea surface temperature anomalies (SSTA) in
the eastern equatorial Pacific (Nino3 averaged). The black and blue (red) makers show

respectively the reference and the model.
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Figure 5.29. The metric values showing the strength of (left) the SST-Taux coupling,
(middle) the Taux-SSH coupling, and (right) the SSH-SST coupling. The gray, blue and
red bars denote the reference and the models from GloSea5 and GloSea®6.
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Figure 5.30. Hovmoller diagrams of zonal wind stress anomalies (TauxA) in the equatorial
Pacific regressed onto sea surface temperature anomalies (SSTA) in the eastern equatorial
Pacific (Nino3 averaged), showing the strength of the SST-to-Taux coupling. The coupling
shows too weak, particularly during boreal autumn and winter and a stops in boreal
spring.
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Figure 5.31. Scatterplot of zonal wind stress anomalies (TauxA) in the western equatorial
Pacific (Nino4 averaged) and sea surface height anomalies (SSHA) in the eastern equatorial

Pacific (Nino3 averaged),

showing the possible nonlinearity

in the strength of the

Taux-to-SSH coupling. The balck, red and blue lines and numbers show respectively linear
regression computed for all TauxA, TauxA>0, and TauxA<0, the left and right scatterplots
show respectively the reference and the model.
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Figure 5.32. Hovmoller diagrams of sea surface
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Figure 5.33. Hovmoller diagrams of sea surface temperature anomalies (SSTA) regressed
onto sea surface height anomalies (SSHA) both in the equatorial Pacific, showing the
seasonality of the SSH-SST coupling strength.
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Figure 5.34. (left) Scatterplot of sea surface temperature
anomalies (SSTA) and net surface heat flux anomalies
(NHFA) in the eastern equatorial Pacific (Nino3 averaged)
and (right) the metric value of the strength SST-THF
coupling.
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Figure 5.35. Scatterplot of sea surface temperature anomalies (SSTA) and net surface heat
flux anomalies (NHFA) in the eastern equatorial Pacific (Nino3 averaged), showing the
possible nonlinearity in the strength of the SST-to-THF coupling.
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Figure 5.36. Hovmoller diagrams of total surface
heat flux anomalies (THFA) regressed onto sea
surface height anomalies (SSHA) both in the
equatorial Pacific, showing the possible nonlinearity
in the strength of the SST-to-THF coupling.
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5.1.7. ENSO 92743

ENSO ®Ed & d44%# 2o 45 Hristy] s 57 9@ Fotalol 7|/
3 A4 QA SS AASA T Figure 5.373 Figure 5.38-2 ENSO ¥Hs3 Adg Euk
T A<d OJF) 71 2 24 #xte] 33k dyS vehd Aotk FolAloto A= ENSO ¥-F
of me} ALHd = g Aol oM AFHE AR A2 EHES B
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Figure 5.37. Spatial pattern of surface temperature anomalies associated
with  ENSO over northern Hemisphere during boreal winter (DJF). The
main metric derived is the spatial RMSE between the model and the
observation maps.
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Figure 5.38. Same as Figure 5.37, except for precipitation.
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Figure 5.39. Hovmoller diagrams of simultaneous correlation between the Nino3.4 index
and 2m temperature anomalies over East Asia of 20N to 50N.
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Figure 5.40. Hovmoller diagrams of simultaneous correlation between the Nino3.4 index
and precipiation anomalies over East Asia of 20N to 50N.
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5.1.8. ENSO d&s3x ¢

Figure 5.41¢} Table 5.2= CrEMA ENSO & AAE A &3 =7} 7|F =22 (GloSeab)
o] ENSO A% A#E el Zolth A AAF ENSO w7l #2E5 % We a4s
AR A/ AR Y MEY FOoT Hosa o]F s;ojstel oz TAIAL.
FoFlEE 71229 (GloSead) ™l A% B ARE AASH, MG AL 4
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Figure 5.41. ENSO Metrics scorecard which shows relative skill difference between GloSea6
and GloSea5 for 1-6 month leads. The green (red) colors indicate better (worse) model
performance.
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Table 5.2. GloSea6 ENSO evaluation results using the CrEMA ENSO metrics.
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5.2. MJO

5.2.1. MIO & WEYX: A=
5211 71%d=xg

MJO (Madden-Julian Oscillation) X&-& 913l AH8E 7S FAEE FH71F4LAA
Ay 4F3l GloSeab (GS5)¢} GloSea6 (GS6)Z, S2S prediction project database (Vitart et al., 2017)
of AlF3str] ¢Jsl E=3F" hindcast AF=o|t}h. GS52} GS62] hindcast A& & 3F ol 48] 1
AE Ex (1Y, 99, 174, 25690 479 8 9 E o] &3t 6043t A|FH ATk &
ATAAE 2d A8 £ HAEE 1.5° x15° 2 WASIFZ HAYATE 15F5E 4571A
= dFAs5E AMgstd  MIOE st dA wEke=Es T
(200/300/500/700/850/925/1000hPa)7} AH&-=Sitt. MIO2] Ad 7 o&x
Fx27b 74 SEE 1997-20169 AL (119-49, NDIJEMA) 7)7bol
®24 o= 20-709 bandpass filterg 283 o= whe]7} AHE-E Qich

o
= r
)
r
o
hat
o

5212. #5A =

o] AFolA EHE AgFAHS Wrlslr] A vl e Z ECMWEA Algdte= A4
=<1 ¢¥ Fifth generation of ECMWEF atmospheric reanalysis (ERA5; Hersbach et al. 2020)
E AF&3A T AFEE 4= 500hPa A9l a1%= (Z500), 200hPa wlg (U200, V200), 850hPa w}
# (U850, V850), 850hPa ®li< (q850)3% A& wAutsr (U), E&utd (V), |&utd (W), &%
(T), vlsF (@olth =3 duix|de tiF &5 E4& 93] NOAA interpolated 733 &y} H A}
(outgoing longwave radiation, OLR)®] ¥ B+ A 5E AFEst ot (Liebmann and Smith, 1996).
RE #ZA5E 2dy A AR 1.5° x1.5° 2 yiAs & FE PG5t AFESIATH
A=x7e FLYsA 20-70¢ bandpass filterE 283+ ol =g S AFE3lo] B243}9Th

N
o

522. MIO &t WEY X 74

MIOE= EuiAg oA ti#E dHFTE 37 #d diriedo] AEFANAFE T4 =H3E
A7tA FRsE AAoltt (Madden and Julian, 1971, 1972). MJO+= ¢F 30-70¥ F7|= U3}
2 7143 713 Atole o & AdFo] W2 A-EuU-AA (Subseasonal-to-seasonal, S2S) Akt
ZoA 7 Fag dESAAE LA ok (Waliser et al., 2003).

MJOeo] =9 A& A#AAHoZT ZAoslr] ¢ US-CLIVAR (Climate and Ocean:
Variability, Predictability, and Change) MJO Working Group®l| 4= MJO simulation diagnostics
(Waliser et al., 20095 7R3t Th o] 3o MJOSt #H"E Z2Alx F42 Rdyo] Jfets )
t} (Jiang et al, 2015; Ahn et al., 2017, Wang et al., 2018 5). 18y 7|FE2o|A =23
MJO®] ™3k A& F=2 Coupled Model Intercomparison Project (CMIP) 59| A7 HEAH S
AHESER 7] wlEel A 7S dSEd g MJO e WEYH 27} st
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ENSO9] 74-¢, #+ CLIVAR ENSO Metrics Package (Planton et al, 202DE %3
Performance-Teleconnections-Processes= T4 % T AAE A4stAL 2 HEH2E A&
3, £F3skste] o 29 RS GdE £ JEF AT B dATolA= ENSO
Metrics PackageE #WlX|vt= st Y 7|Fd SR HAE&ES F JEE F4E AFH5-7]
BEA-UASB-Z2 A 2] MJO AeH 7t MEY2E Astdrh (Figure 5.42.).
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Figure 5.42. MJO diagnostics metrics of CrEMA consisting of four categories and their
components.

5.23. MIO 4& A%

5.2.3.1. Phase & 3 A%

MIOS] diF EEEF Ul & OLRS JIEFAAFE Ae|Hd7tA X&) Figure 5.43
o= Q=% (Indian Ocean, 10), s|¥4 tiH (Maritime continent, MC) A ElE g (Western
Pacific, WP)oll Al OLR¢] X3t EFa AI-AA 3AASTE &3 UEtAT #SoA BH
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® +% (S5t OLR (2= B dehiich, OLRel F2517] 58 A% LA A 33 +
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GS59} GS67F = ojst= OLRT &= 48 42 =z wee A%S Agzx oz Buhsls)
fs MJIO 77 F2 Yehve S A9 RIEY /H (West of Indian Ocean, W.I0), ¢1=<k
(10), Al ¥d tEF MO, AefBEF (WP), A& 55 (East of Western Pacific, E.-WP))ol| 4] 2]
A=A A B AA T dg g FAATE Tt A 35 i dAE Figure 54591 W
EFHITE OLRY o & Ae2 57 AHolA AR AdEAL, 53 MJO o F APz 4y
s tisoA 7 & A Aol ol FoRHT ole YA tFoA stF T Tl
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Figure 5.43. Eastward propagation of MJO in observation and
Models (GloSea5 and GloSea6) for 3-week lead (W3) as shown
by the lead-lag regression of 20-70-day bandpass-filtered OLR
anomalies averaged over Indian Ocean (IO), Maritime continent
(MC), and Western Pacific (WP) during boreal winter
(November-April) 1997-2016.
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Figure 5.44. Same as Figure 5.43 but for low-level moisture
convergence (LLMC, shading) and OLR (contour) anomalies.
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Figure 5.45. MJO propagation skill for W3 by (a) OLR and (b) LLMC over
west of Indian Ocean (W.I0), 10, MC, WP, east of Western Pacific (E.WP).

5.2.3.2. Phase ¥ ¥ A%

MIO9] WlF 9xE Hletstr] 98l Wheeler and Hendon (2004)0] #|o+glk A Aj7d thH
MJO (real-time multivariate MJO, RMM) A& AFg3l3dth. Zdo] RMM A& 3817 3
#= OLR¥} 200hPa 4] v, 850hPa &A1 vlES AX (15° S-15° N) @Heof tisl B3t
b 2k (multivariate) EOF #42 %3] Al4t® EOF13 EOF2 sj€l2 mdo] 93 & RMMI
I RMM2 A& 4HE3te MIO & $1X19 AEE 393t

Figure 546+ #53 229 A3 15704 Yehv+= MIO 974 2-33 6-7<] tisf MJO7}
NS wol th¥ OLR 850hPa wheHel FA4Aolth o714 MIO: RMMe| 1xth & o
T AN BAHT, T 29 28 FEAN HRAT AR A% Y AWE ¢ @
oshih, 11 z71e] glof W) W) tha oksbAl melst: Eo) gtk mdlol 2 MIO oWl
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Figure 5.46. Composite map of OLR and 850hPa wind to MJO phase 2-3 and 6-7 in
the observation and models for W1.

(a) PCC {b} RMSE
w3 W1 w3

0.9 4

%% 7

0.0 A

03 1 mmass 1 1 mess
= GS6 = G5
: - . - 0 ; . ‘ -
P23 P67 P23 P&7 P23 Pe7 P23 P67

Figure 5.47. Box plot of (a) PCC and (b) RMSE between
observation and models for W3 for OLR over tropics to
MJO phase 2-3 and 6-7.

5.2.3.3. Phase ¥ TV = A%

Phase W WANIE A% BZolA MIO7L BAEUE o RdAE MIO7H TAEE
Ag HIshs 222A BSoA WA MIO = o] 2o A B MIO o] HEE A
ostgith. wof WANE Aol 100%eH #ZHe] BE MIOE o] ®ojd oz A%
4 9lth. Figure 54801 9% 33} 79 o} #=3} = M 1, 3564 vehbs MO B4 &
o} MANIEE GEhRTh BEolA MIO B4 S Ad MEAS Holw RAAR 94
B o Adwsel vehdth A 15 dSolA A 3L w 70% o]l MJO EANE
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Figure 5.48. Time series of the number of MJO occurrence (line) and occurrence frequency
(bar) to MJO phase 3 and 7 in the observation and models for W1 and W3.
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Figure 5.49. Occurrence frequency for each MJO case in
GS5 and GS6 for W2 and W3.

5.2.4. MJO 7|E&EA
5.2.4.1. MIO F7]
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Figure 5.50. Wavenumber-frequency power spectra of OLR over tropics

in the observation and models for W1-4. Dashed line indicates the
frequencies corresponding to 30 and 80 days.
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Figure 5.51. The MJO period in the observation and
models for W1-4 calculated from MJO band which is
wavenumbers 1-3 and frequencies corresponding to
30-80 days.

5.2.4.2. Coherency
Figure 552> RMM13 RMM2 A9 AlZF-A A FaATE, MJOY] Fxlo] drph d3#3
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Figure 5.52. The lead-lag correlation between RMM1 and RMM2 in the
observation and models for W1-4.

Correlation

<

- 116 -



MJO coherency

1.0
mm GS5
== GS6
0.8 | —

06

0.4

0.2

0.0 T
0oBS Wi w2 W3 W4

Figure 5.53. The MIJO coherency in
the observation and models for W1-4.
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MJO composite for OBS: OLR, UV850
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Figure 5.54. Composite map of OLR for the MJO phase 8-1,
2-3, 4-5, and 6-7 in the observation. The red box indicates the
active MJO region.
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Figure 5.55. The intraphase pattern consistency of OLR
for the MJO phase 8-1, 2-3, 4-5, and 6-7 in the
observation and models for W1-4.
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Figure 5.56. The regressed 20-70 day filtered low-level
(850hPa) moisture convergence (LLMC) onto the 20-70 day
filtered OLR at the IO and MC in the observation and
models for W3.
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Figure 5.57. (a) PCC and (b) RMSE between observation and models for W1-4
for LLMC at the 10, MC, and WP.
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Figure 5.58. Same as Figure 5.56, but for upper-level
(200hPa) divergence (shading) and wind (vector).
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Figure 5.59. Same as Figure 5.57, but for upper-level divergence.
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Figure 5.60. (a) Synthetic composited variable after many stripe
occurrences of an active periodic weather event. (b) The resultant
vector for the synthetic data, with the average stripe amplitude

(v/2*variance ) shown in the top right (Jenney et al., 2019).
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Figure 5.61. STRIPES index at each point has been multiplied by
its local standard deviation for 500 hPa geopotential height after
winter (NDJFMA) MJO events for the years 1997-2016.
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Figure 5.62. The fraction of modeled to the observed
STRIPES index for 500hPa geopotential height over North
Pacific (NP), North Atlantic (NA), Europe (EU) and East
Asia (EA) for winter.
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Figure 5.63. (Left) STRIPES index at each point has been multiplied
by its local standard deviation for 2m temperature over East Asia
after winter (NDJFMA) MJO events for the years 1997-2016. (Right)
The fraction of modeled to the observed STRIPES index for 2m
temperature over East Asia (EA) for winter.
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Figure 5.64. Same as Figure 5.63, but for precipitation.
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Climatology: U200, NDJFMA
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Figure 5.65. Climatology (contour) of U200 in the observation
and models for W1-4. Shading denotes the model biases,
defined as the difference between the modeled and observed
U200.
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Figure 5.66. RMSE between
observation and models for W1-4.
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Figure 5.67. Jet amplitude in the observation and
models for W1-4.
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Figure 5.68. Same as Fig 5.67, but for zonal extension of
the jet.
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Figure 5.69. Same as Fig 5.67, but for meridional shift
of the jet.
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Composite for Z500(Lag 5-9day): Phase2-3
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Figure 5.70. 5-9-day averaged lagged response of 500hPa geopotential height to MJO phase
2-3 represents in the observation and models. The hatched areas represent significant
500hPa geopotential height exceeding the 95% confidence level. The values in the top-right
corner represent metrics PCC (left value) and relative amplitude (right value) for each
model. Black box denotes the PNA region.

PNA region: Phase2-3

1.50

1.25

1.00

0.75

Relative amplitude (T2)

0.50

0.25 -

0.25 0.50 0.75 REF 1.25 1.50

Figure 5.71. Taylor diagram of 500hPa geopotential
height over the PNA region for MJO phase 2-3.
PCC (T and relative amplitude (T2) for each
model are shown at the curve axis and at the x
and y axes, respectively. The distance between each
model and the reference point “REF” indicates
the root-mean-square error (RMSE).
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Figure 5.72. RMSE between
observation and models of 500hPa
geopotential height over the PNA
region for MJO phase 2-3 for W1-4.
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Figure 5.73. East-west position of 500hPa geopotential
height over PNA region in observation and models for
W1-4.
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Equivalent Potential Temperature: MC, NDJFMA
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Figure 5.74. The observed and modeled vertical structures of
equivalent potential temperature (EPT, shading) and specific
humidity (contour) averaged over tropics, which are the
regressed 20-70-day filtered fields on the 20-70-day filtered
OLR in the MC. The black line indicates the tilted axis of the
maximum equivalent potential temperature for each level. The
PCC between observation and models for the purple box in the
observation.
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Figure 5.75. (a) PCC and (b) RMSE between observation and models for W1-4
for equivalent potential temperature at the 10, MC, and WP.
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Diabatic Heating: MC, NDJFMA
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Figure 5.76. Same as Figure 5.74, but for diabatic heating
(shading) and walker cell (vector).
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Figure 5.77. Same as Figure 5.75, but for diabatic heating.

5.2.6.3. 7H& A <IyA
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Available Potential Energy: MC, NDJFMA
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Figure 5.78. Same as Figure 5.74, but for eddy available
potential energy (shading) and temperature (contour).
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Figure 5.79. Same as Figure 5.75, but for eddy available potential energy.
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Figure 5.80. MJO scorecard which represents relative skill difference between GS6 and GS5
for WI1-4 consisted of 4 metrics corresponding prediction skill, basic characteristics,
teleconnection, and processes. The green (red) colors show the improved (worse) model skill.

Table 5.3. Summary and suggestions using the MJO diagnostics metrics of CrEMA.
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Figure 5.81. Asian summer monsoon sub-regions and
countries with the highest populations.

opAlol & AY T FoRAoL 2 A9 M W2
Al #1AstH, dd A9 1 =5 A Q] 47348 9 -
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Figure 5.82. Seasonal wind direction of Korean peninsula for
summer and winter season (Baek et al., 2015).
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Figure 5.83. Anomaly correlation coefficients between seasonal
(JJA) mean precipitation from GloSea5/6 and GPCP.
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5.3.1. EASM & W EH
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Figure 5.84. Summary of available hindcasts data from ECMWEF Copernicus Climate
Change Service (C3S).
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Figure 5.85. Diagnostic metric for evaluating climate forecast
model performance of East Asian summer monsoon.
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5.3.2. EASM WA 7%
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Figure 5.86. Three-dimensional schematic of East Asian summer
monsoon and surrounding climate factors (Wu and Chou, 2013).
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Figure 5.87. Climatological summer (JJA) mean of monsoon-related variables.
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Figure 5.88. Climatological summer (JJA) mean biases of monsoon-related variables.
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Figure 5.89. Climatological summer (JJA) mean bias of vertical
equivalent potential temperature (EPT) over East Asia.
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Figure 5.90. Normalized summer (JJA) mean biases of monsoon-
related biases averaged over East Asia.
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5.3.3. EASM dZA/[71 & EX

Wang et al. (2008) M3 AFA] AgkA 25719 E& 3 42 579 7lHug= B&F
3l o™ (Table 5.4), AFELS & 1A 3} (Figure 5.91).

Guo (1983)° SLP gradient Bpast a'kﬁfnoeltlli}é?;ﬁ' (2820
Shi and Zhu (1996) 2 SLP gradient East-westthermal tortrast
- land{EAY-wreanlWNP) thernei contrast
Peng et al. (2000) ® potential height gradient, 500hPa
Zhao and Zhou (2005) * SLP gradient
Webster and Yang (1992) ® u, 200hPa-850hPa Lee et al, (2020)
Wanget al. (1998) ¢ u, 850hPa-200hPa Northesoithithierinal Contrast
Zhu et al. (2000)7 u, 850hPa-200hPa, SLP - land(EA)-ocean(SCS) thermal contrast
He et al. (2001)7 u, 850hPa-200hPa
Wang and Fan (1999) ® vorticity, 850hPa Lee et al. (2020), Kimet al. (2021)
Zhang et al. (2003)° vorticity, 850hPa Shear vorticity
Lau and Yang (2000) © vorticity, 200hPa - north-south gradient of zonal winds
Huang and Yan (1999)" vorticity, 500hPa
Liand Zeng (2002) ** u, v, 850hPa
Wang (2002) 12 u, v, 850hPa
Qiao et al. (2002) ** u, v, 850hPa Southwestmanhadon
Ju et al. (2005) u, v, 850hPa, OLR - strength of low-level EA monsoon winds
Wu and Ni (1997) 15 v, 850hPa
Y.F.Wangetal. (2001) *¢ v, 850hPa Boo et al. (2011)
Li and Zhang (1999) *7 divergence, 200hPa-850hPa
Liang et al. (1999) *8 u, v, 850hPa, OLR
Wu and Liang (2001) 18 u, v, 850hPa, OLR
Zhang et al. (2002) 23 u, v, 850hPa, OLR ) Crif?;ig;:;if;jg;gzgsM
Dai et al. (2000) 8 u, v, 850hPa
Lu and Chan (1999) *¢ v, 1000hPa
Yao and Qian (2001) 2° potential vorticity, 850hPa

Table 5.4. Description of the East Asian summer monsoon circulation indices.
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Figure 5.91. Spatial distribution of East
Asian summer monsoon circulation indices.
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Figure 5.92. Diagram of major components
of East Asian summer monsoon system.
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Figure 5.93. Seasonal variation in climatology (shading) and biases (contour) of precipitation
averaged between 110~140°E from (a) observation, (c) GloSea5, and (d) GloSea6. (b) Difference
of absolute biases of GloSea5 and GloSeab.
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Figure 5.94. Interannual variability of the East Asian summer monsoon rainfall anomalies
and intensity from GloSea5 (blue), GloSea6 (pink), and observation (black).
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Figure 5.95. Climatological summer (JJA) mean westernmost boundaries
of western North Pacific subtropical high from GloSea5/6 and reanalysis.
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Figure 5.96. Interannual variability of the western North Pacific subtropical high strength
and westernmost location from GloSeab (blue), GloSeab6 (pink), and observation (black).
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Figure 5.97. Seasonal variation in climatology (shading) of 200hPa zonal wind
(averaged between 120~150°E) and jet axis (line) from GloSea5/6 and reanalysis.
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Figure 5.98. Interannual variability of the East Asian westerly jet strength and meridional
position from GloSeab (blue), GloSea6 (pink), and observation (black).
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Figure 5.99. Schematic of lagged and simultaneous teleconnections interacting with East Asian
summer monsoon. Reprinted from Beck et al. (2018).
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/La Nina vyears based on Nino3.4 index for 1996~2016.
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Figure 5.100. Composite map of 850hPa geopotential height
and precipitation anomalies during summer (JJA) following El
Nino.
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Figure 5.101. Composite map of 850hPa geopotential height
and precipitation anomalies during summer (JJA) following La
Nina.
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Figure 5.102. Regressed sea surface temperature and 850hPa
geopotential height anomalies in July onto the Indian Ocean
(45~100°E, 0°~25°N) warming in June.
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Figure 5.103. Regressed 850hPa zonal wind and precipitation
anomalies onto western North Pacific monsoon.
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Figure 5.105. Regressed 850hPa geopotential height (contours) and sea surface
temperature (shading) anomalies (top) and precipitation (shading) and 850hPa wind
(vectors) anomalies (bottom) onto western North Pacific subtropical high.
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Figure 5.106. Scatter plots and regression coefficients between sea
surface temperature, precipitation, 850hPa geopotential height, and
850hPa zonal wind during summer (JJA) over western North Pacific
subtropical region.
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T2M: 2m temperature 557T: Sea surface temperature  EASM: East Asian Summer Monsoon  1Q: Indian Ocean

PR: Precipitation EPT: Equivalest potential ENSO: Bl Nino/Southern Oscillation WNP: Wastern North Pacific
MSL: Mean sea level pressure temperature WNPSH: Western North Pacific EA: East Asia

V850 Meridional wind at 850hPa WS Wind speed Subytropical High

2500: Geopotential height at 500hPa  CNV: Convection EAWI: East Asian Westerly Jet

U200: Zonal wind at 200hPa DiV: Bivergence

Figure 5.107. Synthesis results from climate forecast model diagnostic metrics evaluating
improvement in prediction skill of East Asian summer monsoon.
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Figure 5.108. Annual cycle of mean bias of 200hPa temperature
averaged between 20~50°N.
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55 A. JULES

Calculate base flow between maximum allowed water table depth and
"infinity":

gbase_min(i) = ksfz(i,nshyd+l) * EXP(-fexp(i) * (zw_max - zdepth(nshyd)))

! Calculate maximum possible and actual base flow for each layer:
'

DO n = 1,nshyd
::base_max_l(i,n) = ksfz(i,n) * (zdepth(n) - zdepth(n-1))

IF (zw(i) <= zdepth(n-1)) THEN

{ abase_l(i,n) = gbase_max_l(i,n)

END IF

IF (zw(i) < =zdepth(n) .AND. zw(i) > zdepth(n-1)) THEN
gbase_l(i,n) = ksfz(i,n) * (zdepth(n) - zw(i))

END IF

IF (n == 1 .AND. zw(i) < zdepth(n)) THEN
gbase_l(i,n) = ksfz(i,n) * (zdepth(n) - zw(i))
END IF

END DO

gbase_max_1(i,nshyd+l) = ksfz(i,nshyd+l) - gbase_min(i)

IF (zw(i) <= zdepth(nshyd)) THEN
gbase_l(i,nshyd+l) = gbase_max_l(i,nshyd+l)
ELSE
gbase_l(i,nshyd+l) = ksfz(i,nshyd+l)
i i * EXP(-fexp(i) * (zw(i) - zdepth(nshyd)))
- gbase_min(i)

END TF

! Calculate total possible and actual base flow:
'

DO n = 1,nshyd+l
gbase_l(i,n) = MAX(0.0,gbase_l1(i,n))

gbase (1) = gbase (i) + gbase_l(i,n)
gbase_max(i) = gbase_max(i) + gbase_max_l(i,n)
END DO

! Calculate critical topographic index.
'

IF (gbase(i) > gbase_max(i)) THEN
gbase (i) = gbase_max(i)
END IF

!Check that QBASE_MAX(I)/QBASE(I) will not underflow.

IF (gbase_max(i) > EPSILON(gbase_max(i)) .AND.
gbase (i) > gbase_max(i) * (EPSILON(gbase(i)))) THEN
top_crit(i) = LOG(gbase_max(i) / gbase(i))

END IF

IMPLICIT NONE

! Switches

'
LOGICAL ::
1_hydrology = .TRUE.,
! Turns off hydrology code for UM_JULES
1_top = .FALSE.,
{ ! Switch for TOPMODEL-based hydrology

1_pdm = .FALSE.,
{ ! Switch for PDM hydrology
1_spdmvar = .FALSE.,

! Switch for slope dependent s_pdm in PDM hydrology
aseflow_corr = .TRUE.,

! Switch for using a correction to the calculation of baseflow

! Only used if 1 top = T
1_var_rainfrac = .FALSE.,
! Switch for using convective and large scale rain fractions
! as calculated in the UM atmosphere
! Has no effect in standalone JULES
1_wetland unfrozen = .FALSE.
! Switch for TOPMODEL-based hydrology with unfrozen wetland inundation
! Only used if 1_top=.T.

! PDM parameters
'

REAL ::
dz_pdm = 1.0,
! Soil layer thickness for PDM (m)
b_pdm = 1.0,
{ ! Shape factor for PDM
s_pdm = 0.0,
So/Smax factor for PDM
slope_pdm max = €.0
Maximum topographic slope (deg) in the slope dependent s_pdm
linear function

TOPMODEL parameters

INTEGER ::
nfita = 20
{ ! Number of loops for fitting.

REAL ::
ti_max = 10.0,

{1 Maximum topographic index considered

ti_wetl = 1.5,

! Parameter to remove very high water tables from the calculated

! wetland fraction

zZw_max = 6.0
{ 1 Maximum allowed water table depth (m)

! Single namelist definition for UM and standalone
'

NAMELIST / jules_hydrology/
1_hydrology, 1_top, l_pdm, 1_spdmvar, 1 _baseflow_corr, l1_var_rainfrac,
1_wetland_unfrozen,
dz_pdm, b_pdm, s_pdm, slope_pdm max, ti_max, ti_wetl, zw_max, nfita

Figure Al. Snapshot of baseflow calculation codes

and namelist in JULES 5.6.
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over 25° -35° N (below left) and meridional-averaged precipitation over 30° -40° N
(below right) for GC3.2 and the observation.
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Figure B5. Same as Figure B4, but for the operational forecast and the forecast with coupled
initialization in GloSea6.
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3. Trouble shooting

g e
[FCST: COUPLED |

Case 1 Pattern =~ CHECKPOINT_DUMP_IMfs*=¥ts*'WS*da(#d{8}) not found in file  /h3/home/apcc/shout/cylc-run/
EXP2022060102_7IAU_replay/work/20220601T0000Z/gsfc_model_m1_s01/history_archive/temp_hist.0001
[CDA: COUPLED ]

forrtl: error (78): process killed (SIGTERM)

mpiexec has exited due to process rank 748 with PID 54689 on
node maru1774 exiting improperly. There are three reasons this could occur:

1. this process did not call "init" before exiting, but others in

the job did. This can cause a job to hang indefinitely while it waits
for all processes to call “init". By rule, if one process calls "init",
then ALL processes must call "init" prior to termination.

Case 2 2. this process called "init", but exited without calling "finalize".
By rule, all processes that call "init" MUST call "finalize" prior to
exiting or it will be considered an "abnormal termination”

3. this process called "MPI_Abort" or "orte_abort" and the mca parameter
orte_create_session_dirs is set to false. In this case, the run-time cannot
detect that the abort call was an abnormal termination. Hence, the only
error message you will receive is this one.

This may have caused other processes in the application to be
terminated by signals sent by mpiexec (as reported here).

You can avoid this message by specifying -quiet on the mpiexec command line.

LH&

-4
Hr

[CDA: COUPLED]

*** An error occurred in MPI_Init
*** on a NULL communicator
*** MPI_ERRORS_ARE_FATAL (processes in this communicator will now abort,
*** and potentially your MPI job)
Case 3 [maru0851.maru:3966928] Local abort before MPI_INIT completed completed successfully, but am not able to aggregate error
messages, and not able to guarantee that all other processes were killed!

Primary job terminated normally, but 1 process returned
a non-zero exit code. Per user-direction, the job has been aborted.

forrtl: error (78): process killed (SIGTERM)
[ FCST: COUPLED ]

Case 4 Primary job terminated normally, but 1 process returned
a non-zero exit code. Per user-direction, the job has been aborted.

mpiexec noticed that process rank 278 with PID 1396230 on node maru3676 exited on signal 11 (Segmentation fault).
[ FCST : NCDF_PROC ]
C 5 2023-03-0208:21:35 | proc_nemo_cice_output - ERROR - NEMO/CICE processing exceeded timeout of 60
ase 2023-03-02 08:21:45 | proc_nemo_cice_output - ERROR - Error processing file /h3/home/apcc/shout/cylc-

run/EXP20220530_6IAU_replay/work/20220530T0000Z/gsmn_model_m4_s01/cplmno.1d.mersea.grid_T.nc
Unable to process NEMO/CICE output.
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Case 10

Case 11

Case 12

Figure B6. Trouble shooting 1: Example of experimental error for the forecast with

initialization.

Lhe
[ CDA : COUPLED submit-failed]
/h3/home/apcc/shout/.Isbatch/h2comp/1678453364.751718: line 8: /h3/home/apcc/shout/cylc-run/ EXP20220626_71AU_
cda/log/job/20220627T0000Z/gsfc_model_m1_s0019/01/job: cannot execute binary file: Exec format error
[ CDA: COUPLED ]
/h3/home/apcc/shout/.Isbatch/h1comp/1678681131.75175: line 8: /h3/home/apcc/shout/cylc-run/EXP20220701_7IAU_
cda/log/job/20220701T0000Z/gsfc_model_m1_s0003/01/job: Permission denied
[FCST:POST]
TIMER-- Moving latest restart files to archive directory

mv: missing destination file operand after '/h3/home/apcc/shout/cylc-run/EXP20220630_7IAU_replay/
share/cycle/20220630T0000Z/gsmn_model_m2_restart/backup.20220910/"

[FCST : NCDF_PROC ]

ERROR! : number of files to rebuild in file does not agree with namelist

Attribute DOMAIN_number_total is : 540

Number of files specified in namelist is: 538

2023-03-2702:18:27 | {module) - ERROR - Unable to rebuild Ocean/Ice output.
[FAIL] (scitool-run GsScr_ProcessNetCDFWrapper.sh) ({'_STDIN__'

[FCST:POST]
Keyboardinterrupt
except (EOFError, IOError):

Keyboardinterrupt
File "/usr/lib64/python2.7 /multiprocessing/queues.py", line 374, in get

LH&

[CDA: COUPLED ]

forrtl: error (78): process killed (SIGTERM)
mpiexec detected that one or more processes exited with non-zero status, thus causing
the job to be terminated. The first process to do so was:

Process name: [[7043,1],0]

Exit code: 38

[ FCST : NCDF_PROC ]

During handling of the above exception, another exception occurred:

Traceback (most recent call last):

File "/h3/home/nimr/Irfmdl/Tl/common/anaconda3/2021.05/envs/prod-os1-3/lib/python3.6/multiprocessing/process.py",
line 258, in _bootstrap self.run()

File "/h3/home/apcc/shout/cylc-run/EXP20220703_7IAU_replay/share/fcm_make_glosea/build/bin/glosea/processing/
netcdf.py”, line 285, in run self.timefilter ()

File "/h3/home/apcc/shout/cylc-run/EXP20220703_71AU_replay/share/fcm_make_glosea/build/bin/glosea/processing/
netcdf.py”, line 334, in timefilter start=1, end=num_extract_fields)

File "/h3/home/apcc/shout/cylc-run/EXP20220703_7IAU_replay/share/fcm_make_glosea/build/bin/glosea/processing/
netcdf.py”, line 540, in ncks_extract_data "Unable to extract NetCDF data.")
glosea.exception.ProcessingError: Unable to extract NetCDF data.
2023-03-17 02:51:36 | proc_nemo_cice_output - ERROR - Error processing file /h3/home/apcc/shout/cylc-
run/EXP20220703_71AU_replay/work/20220703T0000Z/gsfc_model_m1_s02/cplfco.1d.mersea.grid_V.nc
2023-03-17 02:51:36 | proc_nemo_cice_output - ERROR - Error processing file /h3/home/apcc/shout/cylc-
run/EXP20220703_7IAU_replay/work/20220703T0000Z/gsfc_model_m1_s02/cplfci.1d.20220808_20220912.nc
Unable to process NEMO/CICE output.

[FAIL] (scitool-run GsScr_ProcessNetCDFWrapper.sh) ({'_STDIN__'
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Figure B7. Trouble shooting 2: Example of coupled data assimilation process for 1 step.

RESTART_ROOT = ${ROSE_DATAC}/gsfc_model_m{{ MEMBER }}_restart

CYLC_TASK_WORK_DIR= ~/cylc-run/work/gsfc_model_m{{ MEMBER }}_s02 }}

CYLC_TASK_WORK_DIR |
[]

MODEL_OUTPUT_DIR
RESTART_ROOT/model_output/01

t-e cplfca.p*

RESTART_NEXT_DIR
RESTART_ROOT/backup.S02

*
RESTART NExT pIR |- *cplfca.da

RESTART_ROOT/backup.502

@

e-ocplfco*restart®

cplfco*restart* o

D>

cplfca.da* e----

-~

----# RESTART_DIR

—---+ CICE_RESTART_DIR ‘

RESTART_DIR

| CICE_RESTART_DIR |

...... [ T—
RESTART PRV pIR | “cPlfcada’e
RESTART_ROOT/backup.501 b-oCplfco*restart™.......N

" RESTART_DIR

RESTART_PREV_DIR #--+cplfc.stash

RESTART_ROOT/backup.501 cplfc.xhist
cplfca_sla ice.restart_file
cplfca_slb  namelist_cfc

| CYLC_TASK_WORK_DIR |

pe_output A 2| LI X]|

>

pe_output.old~ UCHH SH7H|

| CYLC_TASK_WORK_DIR |  pe_output » pe_output.old™
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Figure B8. Trouble shooting 3: Example of restart dump process for ensemble forecast.
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Figure C1. Difference of ice extent between OPER and observation, and each experiment and
OPER over Antarctic for DJF and JJA.
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Figure C2. Difference of surface air temperature between OPER and observation, and each
experiment and OPER over Antarctic for DJF and JJA.
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Figure C3. Monthly anomaly correlation coefficient (ACC) of 2m temperature over globe for
winter season. Black dot indicates mean of ACC during 24 years. Horizontal line in each bar
indicates median of ACC during 24 years.
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Figure C5. Monthly root mean square difference (RMSD) between each experiment and OPER.
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Figure C6. Monthly ice extent over Arctic (top) and Barents-Kara Sea (bottom).
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Figure C7. Monthly surface air temperature over Arctic (top) and Barents-Kara Sea (bottom).
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Figure C8. Correlation between surface air temperature over Chukchi-Bering Sea (55-70° N,
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level is shaded by dots.
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ESSM Diagnostic Score
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