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Executive Summary

Considering the limited human and computing resources in the domestic modeling
community, strengthening our modeling capacity and continuously operating the testbed within
the joint collaboration system (K-R20 process) are imperative to enhance the effectiveness of
the climate prediction system. This report aims to strengthen the Korean Meteorological
Administration (KMA) Global Seasonal Forecast System version 6 (GloSea6) and includes three
tasks: (i) the development of land-surface model improvement technology for KMA GloSea6,
ii) the evaluation of the possibility of applying the developed R&D technology to operations
(testbed), and iii) the framework of verification system that suggests guidance for the
models’ s improvement.

To improve the prediction skill of KMA GloSea6, a groundwater algorithm and river
routing model in land surface processes were investigated and developed. To enhance the
land surface model JULES within GloSea6, the JULES-GrUB system was developed by
integrating the GrUB algorithm. The GrUB algorithm replaces the existing TOPMODEL-based
groundwater runoff scheme, offering improved applicability in ungauged basins. Performance
evaluations were conducted for seven major basins, including the Mississippi, Amazon,
Yangtze, Mekong, Murray-Darling, Gobi, and Tibetan regions. Comparisons with FluxCom and
GLEAM benchmark datasets demonstrated that the GrUB algorithm significantly enhanced
prediction accuracy, particularly in latent heat flux and soil moisture. The study utilized data
from 2008, 2009, and 2010, with initialization on March 1, focusing primarily on spring. While
the results confirmed the effectiveness of the GrUB-based model, further evaluation through
long-term simulations and experiments across various seasons is necessary. This research
highlights the potential of the GloSea6 JULES-GrUB system in improving hydrological and
energy component predictions, contributing to enhanced reliability in climate modeling.

The characteristics of the current river routing model were also investigated, and its
weaknesses were identified. It was found that GloSea6 uses a relatively simple river routing
model, and the simulated river storage is overestimated compared to observations. To simulate
accurate river flow and air-land-sea interactions, it is most desirable to couple a sophisticated
and realistic river routing model. As a simple method, attempts were made to reduce the
amount of freshwater flowing into the ocean by increasing the resolution of the existing river
routing model. The GloSea6-TRIP system, which replaces the existing 1-degree resolution with
0.5-degree and 0.125-degree resolution for TRIP, was newly constructed. As the resolution of
the river routing model changed, the setting coefficients for meandering and river flow
velocity were also optimized. The new system clearly reduces errors in river flow and
discharge compared to the existing operational system. Simulations with the optimized
high-resolution river routing model showed reduced errors in ocean circulation and



temperature, especially in the Pacific and Indian Oceans. These results are valuable for
improving seasonal prediction due to more accurate air-sea interactions and for applied and
policy research on water resources.

To more accurately predict the rapidly changing climate, it is essential to have a climate
prediction model equipped with state-of-the-art technology. Proactive validation of
cutting-edge technologies can help reduce potential risks in the operation of current climate
prediction systems. The APEC Climate Center (APCC) is participating in the joint development
of the KMA’ s GloSea6 as part of the testbed, which serves as a bridge for the rapid
acceleration of  forecast technologies to  forecast operations. In  this  study,
research-to-operation (R20) processes for climate prediction technologies were established,
fulfilling the testbed’s role.

First, a structured joint development system with stages and elements suited to our
country’ s circumstances was proposed. Key improvements in the joint development research
environment were also suggested. On a small scale, these improvements establish a solid
testbed foundation, and on a larger scale, they aim to activate joint development of KMA’ s
climate prediction system. In particular, regarding the testbed, experimental standards
(semi-operational forecast experiments), research processes (application of new technology —
semi-operational experiments — evaluation — suggestions for operational applicability), and
evaluation perspectives (scientific effect and technical efficiency) were established, structuring
a system to fulfill the testbed’ s role. Additionally, a collaborative roadmap for model
development reflecting the long-term demands of R20 was established through discussions
based on the APCC-KMA-NIMS (National Institute of Meteorological Science) framework. The
proposals made in this study were compiled into guidance documents and provided to NIMS,
responsible for the forecast operation of the joint development of the climate prediction
system. This systematic approach is expected to drive the growth of collaboration aimed at
improving long-term forecasting in our country.

Second, by performing the role of a testbed, the feasibility of implementing new
technologies in the operational forecast system was proposed. For developed prediction
technologies from R&D to be applied to the operational forecast system, evaluation in an
environment identical to the actual operational system is required. Therefore, the testbed
evaluations were conducted under conditions identical to those of the operational system,
assessing both scientific effectiveness and technical efficiency to determine operational
stability. Technologies evaluated in this study included parameterization of sea ice, coupled
initialization, and cumulus parameterization. In 2022 and 2023, the effects of parameters in
sea ice were verified, and optimization strategies were proposed. Sensitivity experiments were
conducted on parameters influencing winter temperatures in East Asia to verify their
predictability. The correlation between Arctic sea ice and winter temperatures in East Asia
was also improved. Operational efficiency and stability were confirmed, demonstrating the



technical feasibility of applying these technologies in actual operational forecasts

Additionally, the effects of coupled initialization were demonstrated. It was confirmed that
coupled initialization improves climate factors influencing summer precipitation, and simulation
performance related to winter tropical variability was also enhanced. From a technical
perspective, stable integration was confirmed, and although the runtime may be slightly
longer than that of the operational forecast, it was judged to be generally suitable for actual
operations. In 2024, the effects of a newly developed convection scheme, the Unified
Convection scheme (UNICON), on simulated East Asian summer monsoons, teleconnections,
and extreme precipitation were analyzed. The advantages and disadvantages of UNICON were
examined, and future development directions were proposed. Results from the testbed were
shared with NIMS in the form of five technical reports. Notably, proposed technologies
related to sea ice physics and coupled initialization were applied to the operational KMA
GloSea6 in 2024.

The APCC’ s testbed serves as a bridge between model developers and operational
institutions, accelerating the virtuous cycle of “fundamental technology development —
feasibility evaluation — application to the operational system.” It is becoming a hub for
domestic collaboration that promotes the practical application of research results on climate
models. Through this study, APCC has established an environment capable of
quasi-operational forecast experiments and has built expertise by accumulating years of
research know-how using GloSea6. In other words, the APCC’ s testbed, with its
comprehensive experimental environment and research capabilities, plays an irreplaceable role
in the climate prediction modeling domain—one that no other entity can fulfill.

The verification framework, called CrEMA (Climate foRecast model Evaluation system by
APCC), was developed to provide an objective assessment of the operational climate forecast
system and diagnose structural problems and their causes within the model. CrEMA consists
of two parts: skill assessment of various climate variables and diagnostics for major climate
variability. The core of CrEMA is to construct metrics that effectively capture the
multi-faceted characteristics of the climate system. The skill assessment metrics were
designed to focus on quantitative measures of deterministic and probabilistic forecast skills
through statistical scores. The diagnostic metrics were independently developed for each
climate mode and variability, including the El Nifio-Southern Oscillation (ENSO), Madden-Julian
Oscillation (MJO), Boreal Summer Intraseasonal Oscillation (BSISO), Arctic Oscillation (AO), Sea
Ice Extent (SIC), and East Asian Summer/Winter Monsoon (EASM/EAWM)—key components of
East Asian climate variability. These metrics diagnose the dynamical modes and physical
interactions within the model’s climate system. Through the CrEMA diagnostic metrics, the
performance of Arctic,c, EAWM, and BSISO predictions in the KMA GloSea6 system was
comprehensively diagnosed, and suggestions for model improvement were provided.



According to the CrEMA Arctic diagnosis, the GloSea6 generally captures the vertical
structure of the stratospheric polar vortex weakened by increased Eurasian snow cover with
reasonable accuracy. However, it underestimates the intensity of the stratospheric polar
vortex, particularly the downward wave propagation in the lower mid-latitude troposphere
during winter. This deficiency impacts the performance of Arctic Oscillation (AO) predictions,
which are notably significant only for 1-month lead times, and reduces the skill in simulating
teleconnection related to AO. On the other hand, GloSea6 accurately simulates the interannual
and intraseasonal variability of Barents-Kara sea ice, demonstrating a significant improvement
over GloSea5. However, the model underestimates the surface heat flux due to the reduction
in sea ice and exhibits excessive stability in the lower Arctic troposphere. This stability
hampers the development of Arctic warming associated with the decline of Barents-Kara sea
ice, resulting in a shallow and weak warming structure that prevents upper-level wave
propagation. Consequently, this limits the model’ s ability to simulate Arctic-Eurasian
teleconnections. To improve GloSea6’s Arctic performance, it is crucial to address the
excessive stability in the lower Arctic atmosphere. Further improvements are also needed in
the Arctic ocean-atmosphere and the troposphere-stratosphere interactions.

The East Asian monsoon, which significantly influences seasonal climate variability in East
Asia, was also diagnosed. The diagnostic results of the East Asian winter monsoon show that
the mean bias and the interannual variability of monsoon system components have improved,
especially in the vertical temperature and geopotential height over East Asia. However, issues
such as cold temperature biases and an overestimated East Asian trough still remain. The
variability of the Siberian high, which is crucial for the East Asian winter monsoon, is also
not adequately simulated. In tropical-mid-latitude teleconnections, delayed responses of East
Asia to the Indian Ocean Dipole (IOD) have been reproduced with reduced mean bias in the
tropical Indian Ocean. However, there is no significant change in the response to the ENSO.
In Arctic-mid-latitude teleconnections, the responses of East Asia to the AO and Barents
Oscillation (BO) have been reproduced adequately. The predictability of major modes of
winter temperature variability over East Asia is not valid for more than two months, and the
prediction of blocking patterns and intensity affecting cold surge frequency has slightly
improved. Further improvements are needed in simulating the development and propagation of
the Philippine Sea anticyclone and local atmosphere-sea interactions in the tropical western
Pacific, which are crucial for Pacific-East Asia teleconnections.

GloSea6’ s representation of the BSISO exhibits significant improvements, particularly in
northward propagation over the Indian Ocean region, attributed to reduced biases in
convection and easterly wind shear. The model demonstrates enhanced simulation of key
physical processes, including moisture advection and barotropic vorticity, leading to better
predictions of BSISO northward propagation. Notably, the model better captures East Asian
meteorological patterns associated with BSISO phases, especially in predicting warm events
linked to BSISO1 Phase 7 and BSISOZ2 Phase 1, and wet events connected to BSISO1 Phase 4.
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Nevertheless, limitations persist in the western Pacific region with persistent biases in
outgoing longwave radiation (OLR) and zonal wind, significantly weakened intraseasonal
variability beyond three-week lead times in both 30-60-day and 10-20-day modes, and limited
representation of teleconnection impacts, particularly in simulating the barotropic structure
associated with the Circumglobal Teleconnection (CGT) pattern. These findings suggest that
while GloSea6 shows substantial improvement in BSISO simulation, further development should
focus on convective activities in the western Pacific, maintenance of variability in predictions,
and teleconnection processes.
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and the first EOF PC of boreal winter (DJF) SAT anomalies over NH(>20N). ----127
Regression maps of 2m air temperature(T2M), sea level pressure(SLP), 200hPa
-zonal wind(U200) and 100hPa geopotential height(Z100) anomalies in November
and boreal winter (DJF) during 1993/1994-2015/2016 onto the snow cover index in
November(Nov_SNOWI). The hatched area are the significant values above 95%

CONFIdENCE 1@VE], seeeeecereccrceencccanccancccanccenceanccensccancssrscsascssascsanccsnscances 128
58 Same as Flgure 57’ except for GloSeaG .................................... ..128
59 Same as Flgure 57’ except for GloSeaS ...................................... ..129

5.10. Latitude-Pressure cross section of composite differences in zonally averaged zonal

wind (shaded), Eliassen-Palm (E-P) flux (vectors) and E-P flux divergence (contours)
between high and low Nov_SNOWI in November and the subsequent winter (DJF). --130

5.11. Time-pressure cross section of composite differences in the monthly mean area

-averaged geopotential height anomalies in the region poleward of 65N betweeen
high and low Nov_SNOWI from September to the succeeding April. The hatched
area are the significant values above 95% confidence level. - 131

5.12. Regression maps of seasonal and monthly 2m air temperature anomalies during

boreal winter for 1993/1994-2015/2016 onto the AO index. The dotted areas are
the significant values above 95% confidence level. ssesesseeeeeeeeeee 132

5.13. Hovmoller diagrams of correlation coefficient between the AO index and 2m air

temperature anomahes over 65N to 9ON ........................................ 133

5.14. (Left) Monthly mean and (right) the standard deviation of sea ice concentration

anomalies averaged over Barents-Kara Sea (70-80N, 30-70E, BK-SIC). The black,
blue and red line denote the reference and models from GloSeab and GloSea®,
respectlvely ............................................ 134

5.15. (Right) Normalized time series of the observed and predicted BK-SIC anomalies.

The black, blue and red lines denote ERAD, GloSeab and GloSeaB. -seseeeeeesssssseseecee 134

5.16. The temporal correlation coefficients of BK-SIC and BK-T2M (ART1) index between

two Consecutlve months .................................................................................................... 1 35

5.17. The spatial distributions of the temporal correlation coefficients (TCC) of the

predicted DJF sea ice concentration (SIC) and 2m air temperature (T2M) from
GloSeah and GloSean. seseeeecerscserscecesccenscceensccancserscsesssccescsssscsesssssances 135

5.18. TCC skills of SIC and T2M averaged over Barents-Kara (green area in left

figures) for Glosea6, and their skill differences. sessssessssseessseecenee 136

5.19. Regression coefficients of (left) November sea ice concentration, (middle) DJF

turbulent heat flux (the sum of sensible and latent heat flux) anomalies related to

- XX —



the Nov BK-SIC loss, and (right) DJF 2m air temperature anomalies related to the DJF
ARTI index. Dotted areas are the significant values above 95% confidence level. -137
Figure 5.20. Regression maps of (top) November and (bottom) DJF mean 850hPa air temperature
(T) and geopotential height (Z) anomalies related to the November BK-SIC loss
from (left) ERA5 and (right) GloSea6. (middle) Regression coefficients of 65-90N
averaged T and Z anmomalies related to the November BK-SIC loss. The range

Of BKS regions iS marked by Whlte Hnes. ......................................... 138
Figure 5.21. Regression maps of (left) November and (middle) DJF mean 250hPa geopotential
height anomalies and wave activity, and (right) DJF mean 2m air temperature
anomalies related to the November BK-SIC loss. The shaded areas and vectors in
left and middle firgures and dotted areas in right figure are the significant values

above 95% Confidence 16\/61. ......................................................... 139
Figure 5.22. Regression maps of DJF sea level pressure and 850hPa wind (SLP&850Wind),
500hPa geopotential height (Z500), 200hPa zonal wind (U200), and 2m air
temperature (T2M) anomalies from reference and GloSea6 for 1993/1994-2015/2016
onto the ART1 index. The dotted areas are the significant values above 90%

Conﬁdence level. [ ST PT PSP P PP PPN .140
Figure 5.23. Regression maps of seasonal and monthly 2m air temperature (T2M, shaded),
500hPa geopotential height (contours, Z500), 200hPa zonal wind (U200, hatched)
anomalies during boreal winter for the period of 1993/1994-2015/2016 onto the
ART1 index. The figures are the significant values above 90% confidence level. --141
Figure 5.24. Hovmoller diagrams of correlation coefficient between the ART1 index and 2m
air temperature anomalies over 30N t0 OON. cecescccccccrcctenceenccencceaccernceenccenscenccsssccasccances 141
Figure 5.25. (Top) Arctic Diagnostics scorecard which shows relative skill difference between
GloSea6 and GloSea5 for 1-4 month leads. The green (red) colors indicate better
(worse) model performance (Bottom) GloSea6 Arctic diagnostics table using the
CTEMA Arctic metrics. .......................................................................... 1 43
Figure 5.26. Observed mean atmospheric circulations during summer and winter seasons. ---144

Figure 5.27. ENSO forcing on the East Asian winter monsoon during El Nino-like state. - 145

Figure 5.28. Diagnostic metric for East Asian wWinter mONSOOMN. stssssssssssensesssssnessssssnesnisssnasnesnsaanes 146
Figure 5.29. Components of East Asian winter monsoon SyStem. «ssssssee- 149
Figure 5.30. Climatological winter mean of monsoon-related variables over East Asia. e« 150

Figure 5.31. Climatological winter mean biases of monsoon-related variables over East Asia. -+-150
Figure 5.32. Vertical temperature and geopotential height biases over East Asia during winter. --151

Figure 5.33. Maximum location of the westerly jet stream over East Asia. <151
Figure 5.34. Area-averaged mean biases of monsoon variables from operational climate forecast

model. ..................................................................... 152
Figure 5.35. Difference of absolute mean biases over East Asia between GloSeab and GloSea6

and area-averaged root mean squared error as function of lead time. «essesseeeeeeee 152
Figure 5.36. Difference of global absolute mean biases between GloSea5 and GloSea6. <+ 153
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5.37. Interannual variability of the East Asian winter monsoon system components. -+155
5.38. Temporal correlation coefficients of East Asian winter monsoon indices between

the observed and the individual model SIMulations. ceseesseesseceesecsscsssecsncees 155
5.39. Interannual predictability of the Siberian high and the Aleutian low according to
the forecast lead tlme .................................................................... 156

5.40. Intraseasonal variation in climatology(shading) and biases(contour) of 2m temperature

averaged between 110~1400E ..................................................... 157
5.41. Schematic of teleconnections interacting with East Asian monsoomn. -sessessssesseeseeess 158
5.42. Schematic of atmosphere-ocean circulation over western Pacific during El Nino

MALUTE PRASE. +roersserserserssrssensensenssensensenssnsseusenssnsnsseusensssssssensenssnsseasens 158
5.43. Composite map of sea level pressure(contour) and 2m temperature(shading)

anomalies in December for the positive phase of ENSO. «eeeesereeeesensncccssensacsncnncnnes 159
5.44. Composite anomalies of sea surface temperature in the tropical Indian Ocean

region during positive and negative [OD years. seseeseeeeeesesseceacnees 160
5.45. Composite map of geopotential height at 850 hPa and 2m temperature(shading)

anomalies in January for the positive phase of IOD. «eeeeeeseessesees 160
5.46. Schematic of atmospheric circulation over Northern Hemisphere for positive and

NEZALIVE AD PRASES. srosrsserssrssersenssensenssensenssessenssnssenssnssensenssnssenssnasens 161
5.47. Regressed sea level pressure anomalies onto Arctic Oscillation and Barents

Oscﬂlation indices from ERA5 reanalysis. ...................................................................... ] 62
5.48. Composite map of geopotential height at 500hPa(contour) and 2m temperature

(shading) anomalies in winter season for the negative phase of AQ. seseesesecsssesecees 162
5.49. Correlation coefficients between East Asian winter monsoon and multiple climate

variability modes within climate forecast model. «sessesseseeeencenesessacsncsnccncnnens 163
5.50. Spatial patterns of the first and second EOF modes of the winter mean 2m

temperature in the East Asian winter monsoon domain. s« 164
5.51. Sea surface temperature, sea level pressure, 500hPa geopotential height, and 200hPa

zonal wind anomalies regressed onto northern temperature mode (PC1). «wseseeeeees 165
5.52. Sea surface temperature, sea level pressure, 500hPa geopotential height, and 200hPa

zonal wind anomalies regressed onto southern temperature mode (PC2). «wesseeeeeees 165
5.53. Correlation between 2m temperature over East Asia and geopotential height at

500hpa fOf 1993~2016 (ERAS) ......................................................... 166

5.54. Ural blocking and western Pacific teleconnection patterns as the first leading
EOF obtained from the covariance/correlation matrix of the Z500 anomalies. 167
5.55. Linear correlation coefficients between 2m temperature and principal component
of Ural Blocking (top) and Western Pacific teleconnection (Dottom). «eessesssesseceesecsece 167
5.56. Schematic diagram of the air-sea interaction in the western Pacific. «sssssseeseseees 168
5.57. Longitude-time diagram of the monthly mean sea level pressure(contour) and sea
surface temperature(shading) anomalies averaged for the latitude between 10° and
D0ON. ceveereeceeenccetenncctennnicteenctnannecctecnccctannccssannscctasnssasansccsasssccssanscssannacses 169




Figure 5.58. Seasonal standard deviation of Philippines Sea ANtiCYClone. «sessessesseeneenesncenesessnenees 169
Figure 5.59. Regressed 850hPa geopotential height(contours) and sea surface temperature(shading)
anomalies (top) and precipitation(shading) and 850hPa wind(vectors) anomalies (bottom)

onto Philippines antiCyclone. swsesssssssssssssssssssssussssssusssssssssssssasease 170
Figure 5.60. Scatter plots and regression coefficients between sea surface temperature, 850hPa

geopotential height, and precipitation during winter (DJF) over Philippines Sea. --170
Figure 5.61. Synthesis results from climate forecast model diagnostic metrics evaluating

improvement in prediction skill of East Asian WINter mMONSQOMN. «ssessssessssesnsnsncnancess 172
Figure 5.62. Annual cycle of mean bias of 2m temperature averaged over East Asia (20~50°N). 172
Figure 5.63. Climatological winter (DJF) mean bias of sea surface temperature over tropical

Indian Ocean and maritime CONLINENt, sescersececccersccesccercccenccencccancnes 173
Figure 5.64. Regressed 500hPa geopotential height anomalies onto Eurasia snow cover extent. --173
Figure 5.65. BSISO diagnostics of CrEMA consisting of three categories and their components. -176
Figure 5.66. Climatological mean OLR in (top) observations and models during May to October
(MJJASO). Climatological mean biases in models and differences between GloSea6
and GloSea5 for (middle) W1 and (bottom) W3. seeeeecscecscscscsesunes 178
Figure 5.67. Climatological mean zonal wind shear (U200-U850) in (top) observation and models

during May to October (MJJASO). Climatological mean biases in models and differences
between GloSea6 and GloSea5 for (middle) W1 and (bottom) W3. weeeeeeeensecsesnencenee 178
Figure 5.68. Boreal summer (MJJASO) 30-60-day filtered OLR standard deviation in (top)
observation and the differences between models and observation and between
GloSea6 and GloSea5 for (middle) W1 and (bottom) W3. sees- 180
Figure 5.69. Boreal summer (MJJASO) 10-20-day filtered OLR standard deviation in (top)
observation and the differences between models and observation and between
GloSea6 and GloSeab for (middle) W1 and (bottom) W3. seeeees 180
Figure 5.70. Zonal wavenumber-frequency power spectra of the boreal summer (May-October)

OLR over the tropics in the observation and models for W1-4. Dashed line
indicates the frequencies corresponding to 30 and 60 days. eessessssseseesessesescsnenenes 182
Figure 5.71. The BSISO eastward period in the observation and models for W1-4 calculated
by wavenumbers 1-3 and frequencies corresponding to 30-60 days. sesssssessseenseeens 183
Figure 5.72. The ratio of OLR eastward-propagating waves to westward-propagating waves
(E/W) in the observation and models for W1-4. seeeeeeeessceessicensecense 183
Figure 5.73. (a) Eastward propagation of BSISO in observation and models for 3-week lead (W3)

as shown by the lead-lag regression of 30-60-day bandpass-filtered OLR anomalies
averaged over Indian Ocean (IO), Maritime Continent (MC), and western Pacific
(WP) during boreal summer (May-October) 1993-2016. (b) BSISO eastward propagation
skills for W1-4 of OLR over 10, MC, and WNP. seeeeeeeeeessesesnenen 184
Figure 5.74. Meridional wavenumber-frequency power spectra of the boreal summer (May-October)
OLR over the Indian Ocean in the observation and models for W1-4. Dashed line

indicates the frequencies corresponding to 30 and 60 days. eessessesseseesessesescenecnenes 186
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5.75. The BSISO northward period over the Indian Ocean in the observation and models for

W1-4 calculated by wavenumbers 1-2 and frequencies corresponding to 30-60 days. --186

5.76. The ratio of OLR northward-propagating waves to southward-propagating waves

(N/S) over the Indian Ocean in the observation and models for W1-4. sceescesseeeces 187

5.77. (@) Northward propagation of BSISO in observation and models for 3-week lead (W3)

as shown by the lead-lag regression of 30-60-day bandpass-filtered OLR anomalies
averaged over Indian Ocean (I0) and Western North Pacific (WNP) during boreal
summer (May-October) 1993-2016. (b) BSISO northward propagation skills for W1-4
of OLR over IO and WNP. -seessssssssssssssssnsansssssassanssassassassanssnssnsnces 187

5.78. Northward propagation mechanisms of the BSISO and their quantifying methods. --190
5.79. Meridional cross section of 30-60-day filtered OLR and northward propagation

mechanism regression coefficients over (a) 10 and (b) WNP in observation for lag
-5, 0 and 5 days. Gray background shading highlights the region north of OLR
anomalies where northward propagation mechanisms may influence future convective
ACLIVILY. seesersersersersesensensensenstsisistst sttt sttt sttt nssnsnee 190

5.80. Regression map of V'Qbar (shading) onto 30-60-day filtered OLR anomalies over

(@ 10 and (b) WNP for observation and models at lag -5 days. Negative OLR
regression coefficients are shown with black contours (contour interval is 0.1
Standardlzed unlts) ...................................... ..191

5.81. Regression map of barotropic vorticity (shading) onto 30-60-day filtered OLR

anomalies over (a) 10 and (b) WNP for observation and models at lag 0 days.
Negative OLR regression coefficients are shown with black contours (contour
jnterval js O]_ Standardized units). ................................................. ..191

5.82. Variance of MJJASO barotropic vorticity generation by (a) zonal shear (Ugen) and

(b) meridional shear (Vgen) in the observation. sesssssssssesessees 192

5.83. Regression map of barotropic vorticity by zonal wind shear (shading) onto

30-60-day filtered OLR anomalies over (a) IO and (b) WNP for observation and
models at lag 0 days. Negative OLR regression coefficients are shown with black

contours (contour interval is 0.1 standardized units). sesesssesseees 192

5.84. 0-20-day lagged composite of East Asian T2M and PREC for each phase of (a)

BSISO1 and (D) BSISO2. «wsesssssssssssseseresesssssssssssssasssssesssesssssssssssasessns 193

5.85. (a) Composite map of OLR (shading) and wind at 850hPa (vector) for phase 7 of

BSISO1. (b) Occurrence frequency of phase 7 of BSISO1 during May to October. (c)
0-20-day lagged composite of East Asian T2M for phase 7 of BSISO1 in observation
and models‘ .................................................. 195

5.86. 0-4-day mean composite map of (a) T2M and (b) 500hPa geopotential height

(shading) and 200hPa geopotential height (contour) for phase 7 of BSISO1 in
Observatlon and models for W3 ......................................................... ..196

5.87. (a) Composite map of OLR (shading) and wind at 850hPa (vector) for phase 1 of

BSISO2. (b) Occurrence frequency of phase 1 of BSISO2 during May to October. (c)
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0-20-day lagged composite of East Asian T2M for phase 1 of BSISOZ2 in observation
and models. ........................................... 196
5.88. 0-4-day mean composite map of 200hPa geopotential height for phase 1 of
BSIS()2. ceeeecercccrncccensccencceasscsencsencsarscsensssesssssascssssssssssssessssssssssssssansses 197
5.89. 0-4-day mean composite map of (a) T2M and (b) vertical geopotential height for
phase 1 Of BSISOZ il’l observation and models for W3 ............................................. ] 97
5.90. (a) Composite map of OLR (shading) and wind at 850hPa (vector) for phase 4 of
BSISO1. (b) Occurrence frequency of phase 4 of BSISO1 during May to October.
() 0-20-day lagged composite of East Asian PREC for phase 4 of BSISO1 in
Observation and models. ....................................... 198
5.91. 0-4-day mean composite map of (a) T2M, (b) 500hPa geopotential height (shading)
and 200hPa geopotential height (contour), and (c) moisture flux convergence
(shading) and moisture flux (vector) for phase 4 of BSISO1 in observation and
models for W3 cececessssenssstenssssenssstenssssenssstensssensssenssseesssseessssessssensses 199
5.92. BSISO scorecard that represents relative skill difference between GloSea6 and GloSeab
for W1-4 consisting of 4 metrics corresponding to background, prediction skill,

teleconnection, and processes. Green (red) colors indicate improved (worse) model
SleS ................................................................. 201
Cl. Composite of regressed 200-hPa geopotential height onto CGTI for (left) the four
highest-skill members and (right) the four lowest-skill member in June. (Bottom)
Bar chart of spatial correlation coefficients for composite of high-skill and low-skill.

Yellow circle detnotes the correlation coefficients using average of total ensemble

ITICIIIDETS, eeeseeeessssersescssrarcscssersssscssassssssassssssssassssssasssssassassssssasssssssansssssse 244
C2. Same as in Figure C2 except fOr July. sesssssssssscesmscssuscsssscsesuscass 245
C3. Same as in Figure C1 eXcept fOr AUGUSE. sesssssssescsscsesenseasussnsnacnss 246

C4. The highest (green) and lowest (yellow) member out of 12 members based on
regressed 200-hPa geopotential height (Z) and precipitation (P) against CGTI. 247
C5. Composite of regressed precipitation onto CGTI for (left) the four highest-skill

members and (right) the four lowest-skill member in June, «eesseesseessensenensacsnsanananss 248
Co. Same as in Fjgure C5 except for July ......................................... 249
C7 Same as ln Flgure C5 except for August‘ ........................................ 250

C8. Regressed monthly mean sea surface temperature against the CGTI. Stipping indicates
statistical significance exceeding the 95% confidence level based on the Student’s t
TOSE, eeeeevecrenccennceennceenceancaenceanceanccennccanncnancaancaanctsncseancsanscsanccsansasnsanens 251

C9. Regressed monthly mean 200-hPa geopotential height against the NINO 3.4 index.
Stipping indicates statistical significance exceeding the 95% confidence level based
on the Student’s T LOSL, ceeecereccernccenccannceannceancenncenccennncennccaneccannccanncanee 252

C10. Regressed monthly mean precipitation against the NINO 3.4 index. Stipping indicates
statistical significance exceeding the 95% confidence level based on the Student’s t
LOSL,  eeeereececenncceteancctnannictenniettannittennittaenniittaenttttanicttannttttanntcsssanscssanacsanns 253
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C11. Regressed monthly mean 200-hPa geopotential height against the Indian summer
monsoon index. Stipping indicates statistical significance exceeding the 95% confidence
1evel based on the Student’s T LESE, ceeererccserccenncceencceencnannccencccanacnes 254

Cl12. Regressed monthly mean meridional wind against the East Asian summer monsoon

index. East Asian summer monsoon index is calculated by the average of precipitation
anomalies over 30°N-40°N, 125°E-145°E. Stipping indicates statistical significance

exceeding the 95% confidence level based on the Student’s t test. «esecesseseccscsnennsd 254
C13. Same as in Figure C12 except for 200-hPa geopotetial height. «eeseessesseeeeneeneeneness 255
D1. Topographic elevation (m) for model simulation. sesssssessssesecesenee 256
D2. Climatological mean of 500-hPa geopotential height (gpm). == R e 451}

D3. The zero-contour of eddy geopotential height (solid lines; gpm), defined as the
deviation of geopotential height from the regional average over 0—40'N, 180°'W-180'E
(He et al., 2018). The dashed lines represent 5,860 and 5,870 gpm in ERAS, respectively.

..................................................................... 257

D4. Climatological mean of 200-hPa zonal wind (m/s; shaded). The black and blue lines

denote the westerly jet axis, defined as the latitude where the 200-hPa wind is
strongest at each longitude (Lin and Lu, 2008), in ERA5 and model simulations,

TESPECLIVELY. seerssrsssrsssrsssusssssensssusssussrssensseusstssssssessssussssssssssusssussssssssssssesass 258
D5. Time series of normalized monsoon indices for ERA5 (gray bar) and each simulation
(color lines). Abbreviations are GUOI, Guo Index (Guo, 1983); EAMI, East Asian
Monsoon Index (Wang et al., 2001); WYI, Webster and Yang Index (Webster and
Yang, 1992); SAHI, South Asian High Index (Wei et al., 2015). «seseeresesrusncsnsucnsusaneass 259
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(Climate foRecast model Evaluation & Management system by APCC; CrEMA)S T+=3}% 2.1,
GloSea6®] #FdES ARACE AASt RAo F24 A A s Faf = /4d
WS Atz skt 20229 NEE AeH7F HE= @AB/SE R dRkd HUiAE
5 ol&% WEYHOoRE FAH glow, by FEHIMgE HAWI HHES F &5t
71Zd SR x4 o W o FFE VA HABRE AFHOE AFIHES AT F8 7
T HEAo AuyrtE Ay A-&AEY 71E ¥WEA (El Nino-Southern Oscillation (ENSO),
Madden-Julian Oscillation (MJO), Boreal Summer Intraseasonal Oscillation (BSISO)) #4t o}uz}
B= 71%& HEA (Arctic Oscillation (AO), Sea Ice Extent (SIC)9] 2 AxES A A3Y, Fo}
Ao} 713 AEAAE xS SolAloF JE5&AE #<= (East Asian Summer Monsoon (EASM),
East Asian Winter Monsoon (EAWM))e] et Ax} =g 2343ttt 38 7]F WsAdd dg o
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Ztd J7HARE AFer] fs e A4 A2 AW EZS 7t
SATE ol fd CMIPH 22 7|&ndE H7Vshe= ZSAA (CLIVAR ENSO
metrics (Planton et al., 2021), CLIVAR MJOWG diagnostics (Waliser et al., 2009)2 113} 0,
715 dSAE AFg HrE AAEE AFASIAT IS WE-S FxE= A ATE L
Performance : 7] %129 v 7]|$-9F A4 7|6k S5 2 78 SA4 dd 29 A5,

2. Process : 7131zt A 2 Rstel AHHP UF ZZ A2, 3. Teleconnection : 7] &A=}k
o] HEd mME AT 2o HFo=Z AHES St FAASIATH Ao A= CrEMA H7}
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2.1 AHEd 7N 7l A

A%z mae oyl A, A, e 48 mdo] Agstel TN, o|F kel 4

32485 Tl 71FdSS ok 53 AW AH, AF S0 EGTES AW ti7] Afo]dA]
=3 oA weke] wiZfA JdS st Aol SRAGS s F8T VsS T
o2t =dlF Faz&S Ad W AL FRAAM Fa3 A4S &, AHEdL o5 AY
stAl Adste] dF9 AFHS =ole H 7A3n. EGTES Ad W ALY FRAA M
F93 o= A F stz LA AT Merryfield et al, 2020). T AFo|NE A2 S35
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WEge] $34 W ZEE F7sel 4 of Hgstgon, 1 A% Fdst 4D o
Z4ol 27 FEAUL. 0B B B3} oAuA FA Adol 1F AZelA Akt FaF o
T2 oA FAT £ AU ©f ATE AWRY AHdol quX HEWW ohiet £E HE
AolE 8% T M £ AeE AAB oW ATeINE ) Augel ARe T
FgHoz BAT A, dUA YRRTDE FE YR dSyo] FUHoR Wt AU
BT 53 A= AGelAs FE RS540l BAF Bn, 29y JNE e Agnr
AU W, G AGAE oAuA AE AZ4o] o e FFE Tk oY
Bee A ‘
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+ A TOPMODEL 7|®te] 7]A

JULESS] ) As4 REE @ 7 GAE 4w nh AM, AN 2o Bl
WEo mAZ (Aol Hge7] ot EA, o] RES EFEAIN Ho| o] B WAL
Hgetel AREQEE, ol vmE B FuEYdE Bretn 12740 EkEAou

o]
A RSe] AR ol EehAl WETH oe @ AL WAES B glo] A48T A d
ol 4zshll Wold S1gHe EDTh whebA JULES ARmZ e Qe A8 Aze 3
o] W s

o] AFQAE olgldt EAE | Z2st7] 93] GrUB ¢ 18lZ (Tashie et al, 2022)& =¢



& A& ARFgHFigure 2.1). GrUB= w7l B Aol BF a8ty wAS AHoAE HA
g ¢ Jdon, A5 A5V e, ZESE & o] oA Aok &R, A4 Bl §o] Yo}
= 7% 298 QAR E&¥o2 &8 ot oldd 542 71EY JULES A
st EES AE FHSIA, dF Aeses A FAE Ve AEs AT AEFSE,
JULES AR Aot BES GrUBE /Adste AL @wd] 7AF= ALt ASEE =
ol Hl IAA &1, EF oUA FA 2 FAHE AusHA Adske ©H 71oE Aot o]
v HNEE RS F8 FYdA 7T dF9 AP S Fole vl 8% 4TS T He=E
ZIEth A7 o2 GrUBE 83k AWRy sfio] tofst 3730 A 84S
giste= d 719 F AE Aotk
- T
g i _’@ Qs+ 0
qv:su/tdli T =T,exp(—=D/m) QO X eXp(— _)
! Q A X exp()L)
b Q — total discharge, Qg - surface flow,
] 0, - base flow, A- Topographic Index,
ln((anﬁ) increments L e m — Exponential scaling parameter

Root Zone Z Root Zone 7
Sz 9 Sz g

2 3

g g

qv = uz/tdlﬁa qv = uz/tdlﬁ&

Qb 6rus

Qp

Figure 2.1. Proposed groundwater module.



AZA =" F&T5 L &9 B FALS AE3t DUz A EE AdY 9 AAE 4
=, 71%F d3S xske 2FZQA AEASZA 2"l Global Seasonal Forecasting System
(MacLachlan et al. 2015) & =43l 3, A GloSeabES dY A-d =0 &8 Folt}, I
7143 71% =<l HadGEM3 (Hadley Centre Global Environment Model version 3) o 7]%3&}
o =¥ GloSeab= Met Officee] Unified Model (UM) th”] =9 (Global Atmosphere model;
Walters et al., 2019) 3 Nucleus for European Modeling of the Ocean (NEMO) (Madec, 2008)
k=g, Los Alamos sea ice model (CICE) (Hunke and Lipscomb, 2010) 3i® =4, Joint UK
Land Environment Simulator (JULES) (Walters et al.,, 2019) AW ®dg FA W, 2H-t)7]-
djof ZH~ w3he &l OASIS AZH =2 ZA3Ho] I} (Kim et al., 2018). GloSeabe] tjr|=
4 FRAA AdEE N21622 9= 0.56° ¢ HX 0.83° ol (¢F ~60km), A& o2 8570 <]

¢ 7 Ak sgrdel 3 % £7 dEE 247 025° X 0.25° 9 7550, jr)-
oF ZH2E A tF 02 w3 "o (Figure 2.2).
NEMO-CICE
(Atmosphere) (Ocean & Sea Ice)
Atmosphere Ocean & Sea Ice

Model UM NEMO-CICE

Horizontal resolution N216 (0.83° x 0.56°) ORCA tri-polar grid at 0.25°

Vertical resolution 85 levels (~85km) 75 levels

Figure 2.2. Model configuration of KMA GloSea6.
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ATMOSPHERE (UM) 0.83° 0.56°

LAND (JULES) [ Anciliary data_|
083°% 055° Seguence Data
N Runoff Direction Data
A ICE (CICE) | lT Water Storage
River flow j "
OCEAN (NEMO) €| River Routing
=0.23%In-EQ { Ancillary data | (TRIP) 1°x 1°

River number

Figure 2.3. Schematic diagram of GloSea6 model component.

GloSeab W st frE2ag2 AdAAGAA ALdEe AR AAFEFS dHHETE A8
s Ad ARE ancillaryz AlE ol s EES Adbete WA oE FAH AT
(Figure 2.3). ti7] g AW 2o sHsid s o 085 WY shdfFErd e 152 744
of ot ER s WEHS A= AFRDY A= o 0255 A=t Ao
T8 st HHE AW BFeHA AN AGHom AR s 35S BT
Tl AV AT 53] FUEAT 22 AGolM = o] EER RoH= 24
Hes s 2o 8l Ald - A 2o A7l Aoz F8H7|Ae o7 S0l A
uebA oy Z|deM s AMELY s stdrERde] AFeR v AHFE] T
BRE st F&eta ok sHARE olHd A9A AR AFolelolx sHFEL MY
2zl YA JFor | tr]-d g FEAtdE & FFS MIAE A2 YA

=

TSt A s 2018 ATHAE
AP vk dok (F2H F, 2018). ol &
direction ¥ river sequence FXEE F=3}Th River direction®] 7
FrEdFs 12T st9 AAY BeFs B3llae FEoE T AAE
o] thek AR E 71X Atk River sequence FRE= EH AR =gste=
2 MEE oy, s gel 9 AAERT IA YElvs AAVF AZd9 et 4
vttt TRIP 28 Hx Aksta st 574 oistw e IS (Institution of Industrial Sciences)
oA 1%} 0.5%0 W3t river directiona} sequencedl &|Est= HAEE AFsta ot FF
tistuo e 01255 AHRE A=3}r] 8t NTSG(Numerical Terradynamic Simulation
Group)oll Al Al &F3st= 1%, 055, 0.125% 2] FHa|4 =0l 3]d3t= river sequence AEE ALk
3t} GloSea6d] 1= 3tH /= YHA == river direction, sequence, number, storage<]
Y 7FA o] A golth. AEE sHHFE B Al A vl A 27 BEAE 7} GloSeab
o] J¥As QI ancillary FE = AZE ook g} 7]E9] netedf S GloSea62] output
ZoiQl ppHY & W1, HF2Z 0 F pptoancE o] &3] ancillary ol 2 ¥ 339t
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Figure 2.4. River direction and sequence data from various resolution for ancillary in
GloSea6.
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Figure 2.5. River number data of ocean model resolution (0.25deg), OPER resolution
(2.5deg), and Half resolution (0.5deg) for ancillary in GloSea6.



Figure 259 M&A 3% river numbere] EX=E YeERJAT. river number H] o]
st R 2 RE A4tE st lEFo] sfSRIE ADHE Xél‘ié QA3 sk A ‘ﬂd
et metA s Rl s ofrdol] 2474 A8k stHIAFHIETE SEEooF - U
ol AUz sFor Add 4 Urt. 71& OPER 4 125 river numbers ;}7‘&
57} 255EE Hoo] Y AAE Edete FHAT A G EEHo A= g A
= 7Y A7 sfijke] ofd © W AFo g ALEHAG. AMEA 759 Halfol A9 river
numbers i EHolA Uetus ARG O dA St A HolA HRIE HEE + UA
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JULES/RIVER_CONTROL

RIV_INTCTL : 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

initialo s Initial Condition
sethext : set down stream
setlen : set the distance between grids [m]
setarea : set area size
setrval : set uniform value of rdat into rdim{j}
t f : calculate coefficient ¢ in the routing model, basically by ¢ = u/d,
setcoe but actual d is assumed to d*ratmed considering the meandering of the river.
: convert rin [mm/day] fo din [kg] using area Im2]
deZkgs H [mm/dayl x [m~2] = [104(-3) m~3/day] ===> [kg/day] / (3600*24) --> [kg/s]
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 2.6. Code tree for TRIP modules in GloSea6.
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3, 1= 7+Zole} local wdy AA 9)/H =9}
1% s =el7] Wil sh&edor -91S &+
<= ARgska Ak =3 o]l L3EHE AAE UEHE W fyut” A

#oz FdsA AbEska Stk wEbA 3H*JEEH HES 28T F IEF ¢

Hel
‘yut’ & wige] k& EElsta, A AdE Ag AAdoE WA AFA ALLEHA A
sttt =3, AdEe AxE & 94 nameliste] ge PHLe Y RESEHE dEol
AT = A TSRS ol E 98l namelistE: EFE= 49 REEZRREH A4z ZE7
A dEE FEol FAHAH. olE FI o o A

o}
HEE (A7 Y8 ASEE A4 AR REA

GloSea6e] HZE =¢ T 1% =9
Azl 21 180, 3609 #e 1A Ho=E A4St e AAo] EAZH. olF W= HEE
2337l 98 nameliste] HRE EejEole WAOR RES FASALH, ol 3l AR
At BE 2 49 BEEY d=9 F& 9A FAHFHUAT.  “control/grids/nlsizes_namellist’ =
BE nameliste] 3H A AR ‘river_rows’ , ‘river_row_length’ &  ‘stwork’
‘multi_spatial” , ‘stash_comp_grid’ & AZ25A T4 %At

=3 A% FHASE witingshe BN A Aae] Yurt mPoR Agsel k.

1% Al A Axe] YuEB Hgmel ute WP 5 YA £42 Bask Ak @A of 3
e 8 daEeel Agso] gt HAL FHE A4 7] WEel, 5 FHo m
g AT 5 A FF £4 Aol WA AFAA AFH BED FAE o] o= 4A) 5
of gt AFE 1A @ R WFES BT Adwel JEsE oz wAsgon, oF 93
A3 5QS WA mEe branch® sl 4 B8 Qe HYY

VA= A FE B Ade 53] 79 = 7E TAHLE B2 e HAHE
Ao AT Figure 2.7). E£3F FAH FEF ML Yoyt A3 qFrolA FAdd
gk &8 5 AR dFol=E F&eHA AHSEE g e Aot gl Y AolHE FA3
o] A= sk e R A FoolMe] BEFol HEsAl €0 s 2de 1
M= o T2 AHE JHA L] fsiAe 8 HAASIE HaddS & 4 Ao TRIP &4
frE 2l A9 AZ 08 fdd 5d3 ZFE AUstA =Y ol 3 747 f49 &
e gy I 540 At B FETF wobfel we 7]Edl sty Az 2 H
9 o AAE A je) AF AR 2IHA ZHEEHY o= 8| o= Ao Aolr}
AoAAA A} o] 5 A Fel dolrf md felA EAHA Eshrol s FAY A
B2 A SobAA Q‘ﬂ olFF EAoE 23y Zo BFc] @ F 3tk e 2d
ANA 742 0.4m/s, A& 147F 7|2 o2 AAEHT, o] gho] A7 Bl FdsA A=
ok = A f& R A gl 2AE et Ut ol B 1IAE I FE BE
o ddt= =5 U dFAHo=E JidE AA7F vk HstdelA 2018 =0 AFHAY AT
AN 4 2L ALF & 2H-& T3l JULES-TRIPY s 380 AAES &l & o]
Atk WA 2 ATA s L= 0}%%%‘3@«] HAA3E T ez AEHE BT
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2.2. HHZ2EWE 3= 2 &9

221 HlZEHE JMAA &

A AAHSE o] F7EE g AAAE - Ade] &) FEIF ARl wet A o]&
A5 F Ae 71FdSF A5 A U FodAL Jdo. gHEeE 71$E 2ok A g3
Al dEst7] fsiAde ol WY F A= HA Jlso]l A8H VFASEDY] BFUE A5
Aolgl & 4 vk Iy, Fu REE 1zt BFH02 Ao A JdE TEo] el A
H AE&H7dE oEgol AT ol v}t ArdE AdES 3] APl &FFY 71F
GloSea6= 3hd, & Fs/Md Fs FYstel /i - AMHT Aok 1 F A F stz A
TN dY A R20)E #1% H2EHE d&o] tFH3 APCCE dF 7€ 2143

-y
A NHEEE T AATE 48 HAENEY A FEAgel Helsta vk

of AFdME FAAl= HZEMES 7ut AA F5& s O dobktde 71443 7]
dSA=H TENE FAHRE A vt AR se @A 242 FEAE A
TE23T AS ALk, FENT AT FAAA ] Fa A BdE ALsA (Figure 2.8).

AR, F22 FHANA 4G4, 384 AAL FENLS ALSAT 4dA= TN <3
A BEe st ddE 718, d7NE, F]iE HENE, dH3 dde oulsta IF
M st 83 3842E AWML EAT, dHsH 7L NEZ2ESS vt 7}
SAE 9T oot A dinl A, .42 VeE A AANSAH. =4, $42 SHA
57HA 8 /A S =&AL Aol e A ke Acksdn. AN E oA e &4
d AEE AAsta Augozn A7/ Al 7lese 43 sfoF o AN A
4 Mde s 7183 wHAAFEC i HA24e AMds e dds AFde aHd Al
s AP oket AFUE 2 Jjide] dasit Bl R Tl Aol o F4F
Ay 3 e rtdS ol ddAola ARkgE ATt o] FojHold . I V| FEREHE o
F AsE fdl #d Aviyg, AR 1SS AFEstal Ady Fa4 g s w6 715 2d pE
a4 v dge FAsloF I d¥ ARUE % &2Fe AdsiEd dJESTE A
A A E Tt E=RE AIH Q] Aol LRI E NHE T AT A 7 7
3 & SUAIFACKSH ol& Fof Adzd 71ER VFASEE TsE dY EEel e &
HE o]0 & & St} o] ATl At WE&E2 7hold 2z AFE 74H 7Fd=
Az FENES *Ee B e IR AETHAT (Figure 2.9). ¥SHo=
o] A= TEML AANAY Fo MAHES =St A HdES AdFe=A 71
A 71FASA=E FENEL Tlse B F43, AAS, EA%d 7ikE Agsiad. °lE
o 713 T1FdSA 2" TE gl AAHeRE I BAE3E Y -y AV]d R
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Figure 2.8. Suggestion to revitalize the joint development project in terms of the structure

and research environment.
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Figure 2.12. Schematic diagram exploring the structure and function of CrEMA.
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2.3.2. CrEMA dsX3& mE" 7d
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Deterministic Skill Scoretable (GL)

Do =D -

GS6
A

PREC | T2M | Z500 |uv850

Z500 |uv850|uv200| % PREC | T2M

w3 0.006 |-0.011|0.024 | 0.043 0.995 | 1.022 | 0.983 | 1.077 0.996

w4 0.007 | -0.01 | 0.016 ﬂ;__= L 0.989 | 1.016 | 0.984 | 1.073 0.996

Mo 0.005 [-0.014 0.02 0.995 | 1.01 |0.982 [ 1061 0.997
M1 0.01 |-0.009|0.009 |0.044 0.984 | 0.997 | 0.979 | 1.056 0.996
ME/VME: ’ T 7 T T
™ better  -0.3 0.2 012 006 0.04 0.02 002 0.04 0.06 0.12 0.2 0.3 worse
CRMSD/CRMSVD:  petter 0.02 0.05 0.1 0.15 0.2 0.3 0.4 0.5 0.6 worse
SD/cRMSL: _ ! " T i y _

better 0.7 0.75 0.8 0.85 0.9 0.95 0.98 102 105 11 1.15 12 1.25 1.3 worse

CORR/cVSC/cMISS:

worse 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 0.99 better

Figure 2.13. Metrics table of GloSea6 in simulating climatological mean (1996-2015)
precipiation (PREC), 2m air temperature (T2M), 500hPa geopotential height (Z500), 850hPa
winds (UV850), and 200hPa winds (UV200) in the northern hemisphere in summer (JJA). ME
(VME) is the error of the mean scalar or vector (multivariable) fields. cRMSD (cRMSVD) is
the overall difference in scalar or vector (multivariable) anomaly fields between model and
observation. CORR (cVSC) and SD (cRMSL) are the pattern similarity and amplitude of the
anomaly fields for the individual variable (multivariable field). cMiss is the multivaiable
integrated skill score of the anomaly fields, which is calculated with SD (rms) values and
cVSC.

Deterministic Skill Scorecard : Anomaly (EA)

GS6
-GS5

DjF CRMSD/cRMSVD:

better-12.0 8.0 4.0 20 -1.0 05 00 05 L0 20 40 80 12.0 worse

"A CORR/cVSCicMISS:
worse -3.0 -2.0 -10 05 02 00 02 0.5 10 20 3.0 better

Figure 2.14. Metrics scorecard for the anomaly fields
over East Asia (EA) during 1997-2016. The green (red)
colors indicate bettern (worse) model performance.
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Figure 2.15. CrEMA ENSO diagnostic scorecard which shows relative skill difference between
GloSea6 and GloSea5 for 1-4 month leads. The green (red) colors indicate bettern (worse)
model performance.
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Table 2.1. GloSea6 ENSO evaluation results using the CrEMA ENSO metics.
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MJO Diagnostic Scorecard

Prediction skill Basic characteristics Teleconnection Processes
CEo oprs o T Baroclinic PNA
st. cur. Int. a. .
_GS5 Prop. Pattern Freq. Cang Subtropical jet EPT APE
PD |Coh. LLMC uLD RMSE EW.Pos.

P2-3|P6-7 |P2-3 P6-7 P2-3 |P6-7 MC | WP MC | WP RMSEAmp,| ZE | MS |P2-3|P6-7 |P2-3 |P6-7

|

better -30 -25 -20 -15 -10 -5 1] 5 10 15 20 25 30 worse

Figure 2.16. MJO scorecard which represents relative skill difference between GloSea6 and
GloSeab 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.
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Table 2.2. Summary and suggestions using the MJO diagnostics metrics of CrEMA.
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EASM Diagnostic Scorecard

Background e Basic Characteristics Teleconnections Processes
_gs;; ENSO-WNP
EASM | SEAS (WPSH | WPSH | EAW] | EAW) VRT 10- WNP SST CNV DIV ws
T2M | PREC | MSL | V850 | Z500 | U200 | "oy~ | cycLE| EXT | INT | MIG | STR | EPT WNP | -EA | NV | DIV | ws | ssT
EN LN

M1

better -90 -75 -60 -45 -30 -15 (1] 15 30 45 60 75 920 worse

Figure 2.17. Synthesis results from climate forecast model diagnostic metrics evaluating
improvement in prediction skill of East Asian summer monsoon. The green (red) colors
indicate better (worse) model performance.

Table 2.3. GloSea6 diagnostic results using the CrEMA EASM metrics.
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3.12. 474

3121 7] 2= /e H 7 HF

GrUB Ast RE2 HAS FYoA= A& 7Isd FaAS 2 Adts 5 ZdE,
2ol R doj= AR o] wdel Fa se Asse sEL MARY Paes
wolale], Bxrl% &87] B AsE o] BHL W Aot Fa v hNsEE
Ky (AZ7] S0k H& %3} s8] ARG Ko (G827 0] F& %3} S A=)}
ovl, oleid WAHFE Aas o5 Sro BEe AWAE F2F axoln

GrUB E&olA A" 54 [31] & At &S EYstes ol 2ot uefst mizis
ol FAE HEtdH, o5& AFH, 71FF SAS BT dE S0, St S A4
Az W 487 5% HE ALFL YU, ok Asie Adel 84 AR Fa
3 vl Mol o

S S + ——sin:
Q, =0 )(WB—2)<%+ Hy, o+ Sj:y d)L [3.1]
?COSZ

A7IM, Ko m, Say. B 1, «1 YA #&FH dol vel HHEFH —irxéil(universal
estimates)7} 9low, W R (o] Ao+ JULES AHRE)ZHE A= 7T 5 Ao}k EI
S} Hy--r= GrUBW &) HEEH o) -4 3] é T ok mEbA, tiREEY s W a9
< 94T AAY Pl e wrERye o8 & & JerEE, GrUB Ak EdE HA
ol A-&o] golsttt. 9 E% Mol Fo= tha Table 3.10] QoFsto] A AsHATH
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Table 3.1. List of Parameters and Variables Used in GrUB.

Parameter | Description Derivation

Ny Depth of recharge at the current time step

Effective  saturated hydraulic  conductivity .
Kary, Ker during historically dry and wet periods Tashie et al. (2021)

Effective saturated hydraulic conductivity at a
K, Ky particular value of storage (S), with Ko being K | Tashie et al. (2021)
at S =0

m Recession constant (slope) relating S to logio(Ks) | Tashie et al. (2021)

Effective drainable storage during historically .
Sdryy Swet dry and wet periods Tashie et al. (2021)

S Storage per unit area in the hillslope aquifer

f Drainable porosity [-] Set to 0.1
Slope of the impermeable layer underlying a

/ hillslope aquifer (approximated as topographic | USGS[2004]
slope)

L Length of the stream network USGS[2004]

Breadth of hillslope aquifer; note this term is
B often identified by the letter “L” (or “length”) | USGS[2004]
in hillslope hydraulics equations

Jar Saturated aquifer thickness at the
0 stream-hillslope interface

Ratio for approximating the minimum Hg in the
d absence of recharge Set to 0.001

Parameter for approximating the effects of
antecedent recharge on Hy Set to 0.951

3.1.2.2 GrUB R Z =9 Fortran 3 % AZ

RZ /M¥E GrUB EEE GloSea6 JULES 2do] E31sl7] 93l Fortrane = H3Es T
Fortran #3+4 Al4tel] HAsld Adoj=Z, til#= X A4ty Qb8 A4bel] f-2]3stth. Fortran
W3 AL Lo dA(D R ZE B4, @ Fortran T &= F+3)Z o] Fo]H T}

A, 71 R RS9l S5 A ESE BAS BASYG 74 AESsE 2a el
ol AL x| mlelslal, Fortrano. 2o W3 Al S2lo] A'3] THAEHE=E Fol51Y
. dlE S0l Kuyot Kee®) W87} Hy (Z8E X315 Zo| Fahol mAE Qe S0
2 7T, olF WME A4e o) WA /& R L= BASE &S Figure 310
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for {gg in | :lengt 'dl‘;_'Ep;.':EC'h?il {

accum_rech = piji(accum _rech * param v + max(deep_rechlggl / (£}, 3,
depth} i ! i

3 k_arb = as.numeric(k_fof D

L conmed yint = conmod yint,
conmed slp = conmod slp,
] D_thickness = depth)
I )
gw _out_iter = _Jfﬂ 4
! k_arb F?i} {53
H ({gin_glp*B_half + depth/zin slpl / (B_halfrcos_slp) ) *
| imin_depth + accum rech) =
strm_crs sxn

if (gw_out iter > deep_storel[ggl) {gw_out_iter = deep storelggl}
new_deep store =

deep storelggl +

deep rechlgg]l -

gw_out_iter
deep store = C(deep_store, new deep store)

depth = new deep store [ £

gw_ocukt = olgw ouk, gw ocut_iter)

Figure 3.1. Analyzing GrUB source codes.

E4, R ZEoA FdH 2E w/lH-S Fortran Z =2 A%sle] HH S FA ==
39 t). Figure 3.2 M= Fortrane 2 #H3e F=9 R Z= 749 vluE A4z oz Yehfx
Atk 27| HZE 23, F 129 EYo] dATFS I en, ol Hee A4S BA

s,
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topigg im 1 deep_rechi )
acoum_ rech = (accum_rech * param ¥ (deep rechiggl / (£), o),
depth)
k arb = ap.numericik_fof DI

commod wint = conmed yist,
cormad_slp = cormod slp.
O thickoess = dspch)

gw_out_iter = r'j.l-}_l,w[

k_arh ®

| [imnin_slp*E_half « depthimin elp) / (B halfvcom mip) 1 »®
imin_depth + accum rech) =
BETE STE SN0 B

flgw oce_iter » desp atorelggl) {gwv_our_iter = deep_scorva(gq] )

neW _deep Btore -
deop _ptoreiogl «
deep rechigg]
qw out_iter
dasf BLoFs «  (deep atore, new desp otors)

depth = new deep dtore J f

aw_out = o(ge_out, gw out _ioer)

@ b=y, RLe e _pesh|
P ]

- ColnE_pel, pares v, desp_rerkji). B ot
8, ssTEm gech; pATES T, Seep pwchill, f. depch

azcom_fwck s min| stz sech & parem v s sewideey_cecSii) 4 F. L0}, Segzhi
EELEE "o L. DO FEER

call k #22 0 (daptk, —o=acd yaat, e ply, F_asEj

PCAAL =, K &I

AL . WD 0P |penmesl_yiRT-# ComBGE_NE ¢ Bepsl

WML = G 0 D(ELA_S1p ¢ B Sall = depun ¢ ms_slpl /O malftwts Sl b0 GELS_deprR = SO0SA_PYEN] * WLER_CEE_ R

Bonaly, WomadS oo aip, §lAls alp v B Salr e prnod mia_abpy f OB BALE + sew algi)
o AELE_pip B _Saif = Swpmh ) wis_slp)
g, * [ogary. peres d; Sy
BEAAE *, min Sk, sttom Tech; helm dwpth s atoum rechb. SLEE_ST_am

AT e el GTed B Sbel #1Sf8{11) ek

Po_NT_LLEE & BEER_BTIEE L)
e LT

sew_doep_rioty = deep diote () = deep_teiBill - v s lier
dabp_gTane (15l = GEw_dEdp_SEiTe

dagzh = tew_cesg wiorw f £

go s L) = @v_owl_idas
andl da

PTANE *, P _out
T pELRE =, SeEp_FTdiw

Figure 3.2. A part of GrUB R source code (Top) and its Fortran
converted code (Bottom).

3.1.2.3 GloSea6 JULES-GrUB &% =49 F=

Hndol £7 A8 &Y B4 #3317 Hsl, JULES A
TolA 8% JULES AHzde
2 3%to}. JULES vnb.68] A7 =
O Eg e}t 571709 Iz 74

Rose/Cylc -7 o4 JULES A
Ardol AxFco Thdk AAE 2 ]
GloSeab &% 7oA A8 S Bz <l 5.6(vnd.6)S 7]4t
TZ&+& Figure 3.3o AAHo] 9lom, o] mde F 557
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il



Hoj Aot ol TE= U AH Zed HolH AHZE x2dstH, 2 WM ¢
AEe dEY A< oldste vl a7 AEE A

JULES vnb.60lA4 & A& & Asts =E3d 93siAl ¥d9 TOPMODEL & +42

A8t 55 9 7|A frZ(baseflow) Al4bE THETH o] FA4L GloSeab ¢ 7oA &332
AL, 7IAFE AL 223 T2 treeol A [science/soil/calc_baseflow_jls_mod.F90 3}
WollA Aedtt o] BELS Aty £5F WFst A 5 2 T <8 FAHA g
Boh AW mdy S 71584 3oh AxaFmeo B8 B JULES vnb.6S FESHE 2 o
UA A& #HE g A RES 23t 5ol Rl tt. TOPMODEL #& &4
< 53 A9A AF aHRe} Ay AF E At s5F ZE =93 AAH S BYgste, =
do] 7|AFZS AU AMNE 7 JAEF AAES Aot 7|AfFE(baseflow) A FEF 2

.Iscience/soil/calc_baseflow_jls_mod.F90 =}

o
1 glom, of SEE Z&sk FW, AstE £F 19 BAE £47

£4€ 27 G olHE B
= Fa, 59 48 F wgsts o
2 AFdt 0B B3 2l AgAE T
2 % gl Aoz,
5 mEo| ofgA T
jo

Ne mde g4

O o
rlo

A

0 ml
o

td

)
>,

i
&
o
Ros

o

—_>‘4-“4

2
o

o

u
et
i)

48 P e Bole R R
4y 24 AQeE JNe slds AT Figire 335 old@ 724 AR Age Wots A
Zafstel, AFAL mAO A5 YL A oY F =T Feh

AT EQFE 0B DI10| g calc baseflow jules mod.F30 T
v AE 2HY D09 g Jules hyd mod.F30

Figure 3.3. Structure of the JULES source code.
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Figure 3.4.9] 7] JULES A|WHERANA AL&35tE 7] A fF=(baseflow) FAH SagEFS
GrUB(Qy_crp= A= A4S EAstst A A8tk JULES REoA F/=EHQ)
QI 7IAFEQE Fo 2 AMEY, 7AFES AxT E At 9 43
ddst= b $83 840tk 71E9 JULES &aglEe o7 4 oA de AHgH
, 54 A9 ZIAFE FAHS NS feE GrUB g &S =93ttt GrUB
E2 BAUEE AFstH, s 715 2 AF 2dolA HE&EAAES FHAIZIZ] A8 A
ok GrUB €1 gl&S %?ﬁi GloSea6 JULES =4 A2 HAS F |
gl A2" YolA ¥Exe] Bl X (branch)e! vnll.5_jules_grub_v1<S AA3F T o #%
71& JULES mde] Fx& 7] Fo 2 3y, GrUB d1g&S a3xoz #&3tr] 93
Atgro]l ®mrgEo] At} olE I AMEE VIARE FH WS FHS GloSeab

& AAJT 223 E Yo 7IAFE A GrUB &are] &l

o

}EE

4y 24 [0 M orr o
o rr ”

fo o (o

2
z
S

=

A5 WA % fcm make BHAE AHESHY Y RES AFJLsA. o] #A
Al JULES-GrUB 2492 F 717 F8 A3 #dS AAsAT stve 2d Fid AMEEH =
um-atmos.exe %} T ?3‘}14% z7] ZH "HelHE AFA8ske ©l AMHE-E+E um-recon.exeo|th.
o] F A3 wde md M3 P 27| ;A 74 94F, GrUB d1gEFe T MEE
gl AMHe AHAs: H AFe IEFFHonh And AA=L AAHE HAA, F
cylc-run/{suite-name}/share/fcm_make_um/build-atmos/bini/um-atmos.exe®] A=At =2
A3 odS ARE37] #I3l, Rose/Cylc 7oA AA U FA3oF . FAHO =,
roses/{suite-name}/app/install_cold/opt/rose-app-link_existing_build.conf Idojx A &Y HIE=
AAste], vy Aodd um-atmos.exe FUS 2l HE g AHoAM AL EE AR
Atk o] TAl= Edo] GrUB €1gEs &3 438 FdS SntEA dAsta 4
& & JE= BAF o]F 3 GloSeab 7oA JULES-GrUB mdlo] qhgz o
T Ae 7INEE vEEA

GrUB ¢ u8j5< 3% JULES =il A& 32 GloSeab A% Welx mallo] thek
g &4 =l Aesta, o A™I VARE AN AAE AT 5 AES AAHNG. A
2 daeF FH8L 7]E JULES BdoA FAR AAsd FE& Basiv, 53] 714 F
Z 749 A4S wol= vl 79Tt o= V& A B aEey B4edA o5 s
T = HOlEHE Algshs dl $HE & Aot AEH R, £ AgoA s GrUB &
1EF TF2 71E JULES Bde] s IA F3A7= 223 SN A= B
B4, Aud, A28 93 44, 2E 4% 3 59 HAH <= T3 GloSeab JULES-GrUB &%
Eds AeHos <

—§-1_

g e 2§ Jbs4e sy, 35 o
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d7ol X mdo Mg sbsAe Woksty, ANH Aolg neF AL FYste © A F
2% 9 B} o2 B9 B mue) nuAy NS Aoy, DA FEIH
oz A& kel 7149 = A
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Figure 3.5. Selected major basins.
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g Hog AFHoZ olFste v =S Fuh o] HolHE Wl AXE 2HE HuiskeE d
OXA ggar, A AFA 24 WEE RYE S vl FESHE AU s A Sskes H T
83 A2 719 4 Yut g o], GLEAM A8= 7|Z9 tE #A= 59} Agsie] HA
g s 52 84S HAoh ERA-58} ESA-CCIY #H e T3 FEH= AFH7] wEol,
N dlolEl ZHe] AT Blu AA A BAE F e EFAES £l HlolH Aol HAs)
£ 7Fs3tAl gttt ole AFATE B HEE F IES =95, FE AR HUte A
4e Zolt d 7|9d@th olx¥ GLEAM AR: wed F% Adie MEAL EAs: 4
JXA a1, B HAFH vy AlEdeoldY 2A AEE 8T F v thE4 dHelHo|th
2 AFdAE olF A5 83t FE AR T, A dss EAstder, AT 2
o] AFPAHS Eolx o & IS 39Ut GLEAM A=) thdk AA3 J-&-& Martens et
al. (2017)< Farstd Hoh

Table 3.2. GLEAM (Global Land Evaporation Amsterdam Model) data (www.gleam.eu).

Forcing variable GLEAM v3.2a

Radiation EARS

Air Temperature ERAS

Precipitation MSWEP v2.2

Snow Water Equivalent LOBSNOW L3AvZ & NSIDC v01
Vegetation Optical Depth LPRM

Surface Soil Moisture ESA-CCIv4.5

Vegetation fractions MEaSUREs VCFSKYRO001

oz AE HrE s & AFolA = FluxCom #=E(ung et al, 20192 &3t
(Qh) 2 F<EQle) 5 <A ] BAo) BQa3d 71F A8 E+E Max Planck Instituteo] A
o FluxCom Hlo)lE|E AF&3l9th FluxCom AE+E Fluxnetol Al +HA #= Holg =
o= YA #AF A8 E V¥ AR F Ot A5E AFstA #HAlHY 7IHE S Al
J42HE dlolgAlolt) o] AR+ 7[EY A HlolHZE M= XA, A AE Hs
o, 229 oyx 92 FAH F83 ARE HriEY B AT AHEEH A<LQhH F
d(Qle)e] dlo]lE+= Fluxnet &= A5 E 7|E O =2 3o 7|5 HHe} Al HolgHE xEZ33 ¢
A A8E Agsta, o]= Random Forest (RF), Artificial Neural Network (ANN), 18]
Multivariate Adaptive Regression Splines (MARS)Z}= Al 714 HAlg Y daglE&S 83519
AakgE AdEolth o3 #AF L WAl 7IHe A4S wkgste oekd 874 ¥ 1Y
HIAE #AE a3 02 Rystd ¢ JAES 2AHJY. Bug FAH 22, FluxCom A&+

N2 e

S~
> L oof R

-

p s =
B2y B dolHE A THoR A ¥ rH BTR, B3] T8 AR} A
1A A EE Asetes W F8F 9% AT Flumet #3590 AR7 FAH 549w
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e, FluxCom HlolE: o8 /1Mo 7% 2 $7 WEHS ZPste] nrh nuy

4 4 4 g4 As7} Fa@

ARE HEHYOM, ol @Y B volE AGH FAS Bt A ATH S
I~

FluxCom #=¢] A4 3 &3 #dd AR W& & HiAe| Table 3.3°] 2 °FH o
Ko, dolg Az 9 7ol tig o @& A Jung et al. (201990 FAIS] ZleH A
o g £l FluxCome] 74 dziek deoly A 34, 28 24 milzd 719
Ao i) AFHeE thF Aot WEhA FluxCom AE & olyA] AR 4 € 2dy
ToA AT = = Holy &2 &8d 4 Jow, B AFdA 1 #F&

o}

Table 3.3. Specifications of the FluxCom datasets.

Specifications FluxCom
Spatial resolution 0.5°
Temporal resolution daily
Time period 2001-2013
Machine learning method 3: RF, ANN, MARS
Climate input CRUNCEPvS, WFDEI, GWSP3, CERES-GPCP

Number of flux observations

. ~200,000
for training

PFT, Max of MSC(WAIy), Mean of MSC(BAND 6), Max of

Spatial feat
Patal TEatires MSC(FAPAR*Rg)

Spatial, seasonal features Rpot, MSCINDWI), MSC(LSTxign), MSC(EVI*Rg)

Spatial, seasonal, interannual ,
Rg, Rain, Rh, Rg*IWA*MSC(INDVI)
features

Enhanced Vegetation Index (EVI), fraction of Absorbed Photosynthetically Active Radiation
(fAPAR), night time Land Surface Temperature (LSTyign), Normalized Difference Vegetation
Index (NDVI), Normalized Difference Water Index (NDWI), Plant Functional Type (PFT),
incoming global Radiation (Rg), top of atmosphere otential Radiation (Rpot), Index of Water
Availability (IWA), Relative humidity (Rh), upper Water Availability Index WAI (WAIy), Mean
Seasonal Cycle (MSC). Random forest (RF), Artificial Neural Network (ANN), Multivariate
Adaptive Regression Splines (MARS)
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3.1.2.5. GloSea6 JULES-GrUB T&=d 7}

H Ao A= Table 3.19] AAE 2 wj/lHFE AAZHCZE FE53F T o] wi/lHSF+=

mdoX ZARFE 2 FE AR B HAFAHL Eo|r] d& ZAHALH, v= Ao o

3w e FAFoR FEIY B85 53], Figure 340 E vl Aol tis]

8 AHST T K Kell 3308 BEXE A4stste] AASATE ol & F3l sid wd

2EZo] YA EXRL uldsti 9o ol Atk H= AL AL FHo] SaH

AR, dX9 kgt 7159 AE 20S sty gEPoz AAHIAY ol mdo] 3
[e]

KX
g Aol HE AU ARE Aed F

=% Futh Ko K A719 471 240
N 7tzke] 4EEA wee YEhlE Fa s, Qs 240 w fuden T&y
ATk ol @ wAESE FEHH 9 JAHE mdge) YHNL Bolt © F23 AVL

ae}.

W, 05 9)e] Aol ok wAWME FEHol ol FoAX % A9t wel, /1%

o Agsqrt J1E @S IuEd Y B /F 24 BISER AAHe], A SHL
wea wEd wpEsel ns) Ao R westy Yz TAUD o WS ok A
@ A7t G AL Rde B8 5 JES HAGAT, $F AE HolHE B8
@ wEs HHsL Basith ww Ade) aasel A B e Agsis Ae 7he] 2ol
= ory Ag4 9 Ade] Ao GBS vA F Atk B3, 0F AL Ko K wol
Ax 24L& WIS 9lol, =Y Aol aj4s Hgo] ol o Be HREES YT & 9
9. ol B Ate wuy ATl Aoy E4S wd 2EY sl Fe4e dxe
o Ao @th B3 AFNAE v o) Aol tElAE AMT wAMSE TEeE 2
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Figure 3.6. Examples of parameter development. Ky, (Left) and K. (Right).
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Figure 3.7. Comparison of soil moisture.
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Figure 3.10. River storage (logl0 kg/s) with various resolution for river routing model in
GloSea6.
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and OPER experiments.
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Figure 3.13. Surface height(shading) and stress(vector) distribution from
reanalysis (ORAS5, OBS) and OPER experiment, its biases for OPER, and its
difference between the Half and OPER experiments.
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+  Mixed layer depth & Current
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Figure 3.15. Surface mixed layer depth(shading) and
ocean current(vector)  distribution from reanalysis
(ORAS5, OBS), its biases for OPER, and its difference
between the Half and OPER experiments.
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»  Surface Height & Stress

OBS 1 SSHTau
o =,
20N
EQ
205

90E  120E  150E 180 150w 120w gOwW

OPER - OBS SSH,Tau

R P | - |

20N

EQ

208 T T T
90E  120E  150E 180 150w 120W  90W

= _B==
-0.08 -0.04 0.02 0.06 0.1

Half - OPER | . SSH Tau
e p ;4?.\:\. AT by i
40N 1 (A ey N Rmmmeﬂm

JI
\ e S o
20N _,.4.,,-:..--...fa.,......'.fk-
P el bl ~ 8 B>
[l W e L g
W Eaoaw e .
EQ BT AT boa sk
N TR TR
R e
- Fhe s s et a e
205 v | f?n-ro-H‘\\\n
T T

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

[ T ——
0.04  -0.02 0.01 0.03 0.05

Figure 3.16. Surface height(shading) and ocean surface
stress(vector) distribution from reanalysis (ORAS5, OBS),
its biases for OPER, and its difference between the
Half and OPER experiments.
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Figure 3.17. Vertical temperature distribution from
reanalysis (ORAS5, OBS), its biases for OPER, and its
difference between the Half and OPER experiments.
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OPER experiments.
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model.
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Figure 3.20. Region-averaged discharge over Han River in Korean peninsula from each
experiments and observation(GRDC).
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Figure 3.21. Surface height(shading) and stress(vector) biases distribution for
OPER, and its difference between the OPER and Half experiments with
various coefficients.
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Figure 3.22. Surface height(shading) and stress(vector) distribution for OBS,
OPER, Half, and Half05_v experiments.
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Figure 3.23. Sea surface temperature biases distribution for OPER, Half, and Half05_v

experiments.
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Figure 3.24. Vertical temperature biases distribution from OPER, and its difference
between the OPER and Half experiments with various coefficients.
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Figure 3.25. Averaged vertical temperature distribution over
the eastern and western Pacific from OPER, Half, Half05,
Half v, and Half05_v experiments.
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Figure 3.27. Biases distribution of surface mixed layer
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and its difference between the Half, Half05_v and OPER
experiments.
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Figure 3.28. Biases distribution of surface salinity (psu)
from OPER, and its difference between the Half,
Half05_v and OPER experiments.
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Figure 3.30. Biases distribution of 2m surface temperature
(K) from OPER, and its difference between the Half,
Half05_v and OPER experiments.
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Figure 3.31. Various region averaged Anomaly Correlation Coefficients (ACC) for surface
temperature, 500hPa geopotential height, total precipitation, and mean sea level pressure
from OPER, Half, and Half05_v experiments.
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Figure 4.1. (Top) Trend of 200-hPa geopotential height and 2-m temperature for boreal
summer (June-July-August). Solid boxes indicate five regions where geopotential height has
been significantly increased for the hindcast period from 1993 to 2016. (Bottom) Time series
of the normalized JJA Z200 (solid line) and T2M (bar) anomaly averaged over five Kkey
regions. Correlation coefficient (r) between the Z200 and T2M anomaly over each region is
shown at the upper-left corner of each panel. Green dashed horizontal line indicated the
level of 0.5 standard deviation.
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Figure 4.2. Same as in Figure 4.1. except for OPER.
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Figure 4.3. Same as in Figure 4.1. except for CONV.

_67_



7200 trend (CONV_SNOW) JJA (1 993-201 6) T2M trend (CONV_SNOW) JJA (1993-2016)
S L L el 1 1 1 1 1 1 1 1 1)

o GII)E 60E 90E 120 150E 180 150W 120W 0W BOW JDIW 0 o 30E 60E 90E 120E 150E 180 150W 120w 90W 80W 30w o
5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 354 455 -0.15 -0.12 -0.09 -0.06 -0.03 0 0.03 006 009 0.12 0.15
30 R1 (15E-55E, 40N-65N) JJ 30 R2 (85E-110E, 30N-50N) JJ
3 r=089 5 _E r=0.94
1.0 3
0.0 5
1.0 5
Corr w/ OBS E Corr w/ OBS
2200: 0.71 2.0 2200: 0.56
T2M: 0.59 3.0 3 T2M: 0.51
I Iﬁli’ = | I,\I‘bl I gl oo
«99 ‘9&«9" ‘fjo\‘p ‘5@9*@“'»@@““@@@ B@w m““fzi’“m““q ﬂ?\rﬂ “Nfz,“"m“\m““ \‘9 ‘*'P' \“5’ *eg*@mw@m““w““m““ ““ﬁ@b@“m‘*’f& ri° s “\ &S
Year Year
30 R3 (140E-190E, 45N-65N) JJ 30 R4 (230E-250E, 35N-55N) JJA
4 r=0.38 20 _i
10 5
0.0 3
1.0 3
Corr w/ OBS E Corr w/ OBS
-2.0 E 7200: 0.69 -2.0 - Z200: 0.55
a0 3 T2M: 0.55 30 4 T2M: 0.63
. I$I I‘J 4 T T I,\I IQI q,ﬂ;' |(= £ I Ic,' I,\ T T T T ,Lﬁl
FSLESBPEP PP S EF S FE SRS FIEFES PP PSS FF S FE S SRS
Year Year
30 R5 (280E-330E, 60N-80N) JJ
4 r=070
Corr w/ OBS
2200: 0.69
T2M: 0.79
I'al Ibl I,‘I T TT ln'\'ml 'hlele
PEED PP F P E S P
Year

Figure 4.4. Same as in Figure 4.1. except for CONV_SNOW.
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Figure 4.5. Temporal correlation of 200-hPa geopotential height for June, July, and August.
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centres of action of the CGT, calculated using 12 ensemble members.

significance levels (+0.404) are indicated by the orange dashed line.
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Figure 4.10. Regressed monthly mean 200-hPa geopotentlal height against the (top) CGTI and
(bottom) SAHI. Stipping indicates statistical significance exceeding the 95% confidence level
based on the Student’ s ¢ test.
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Figure 4.11. Regressed monthly mean 200-hPa meridional wind against the (top) CGTI and
(bottom) SAHI in observation. Stipping indicates statistical significance exceeding the 95%
confidence level based on the Student’ s ¢ test.
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Figure 4.13. Same as in Figure 4.11 except for CONV using average of 12 ensemble
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Figure 4.14. Same as in Figure 4.11 except for CONV_SNOW using average of 12 ensemble
members.

dolAlo 7]kl AAF dASHY M F= TS ARV Y5 FE G B4
(partial correlation) WY& AF&3IATE dobrlol a7|gte] AAF dAGH mA= AFF
BEFs AANES o AATF 74T 3l 3)AE 200-hPa F&EF2 AWrA o g2 ofaf =] A7t
frEfalob ol Hla] FopAlotoll Al Fojmg|7tol Ao eIt Ao s AA YEues As
& & UtHFigure 4.15). 574 0=RTE FZFAA 9 vhFo] IA °fstEF oW, dFF FoA Q]
FTALE A UEtA] &tk APolA T JA| FotAor e Ay FaFe AASE A
T AT S G5F FAF] AWH o R o= ASE YeEth 184, 5%
o] Aurl Faldo =z ¢ osRl= EAL Holx &kt CONVLE CONV_SNOWolA = 3

oA YEs AAUET 0e e Bgel e, 2Es okl AR ¢a esle 4
Pido] Zatl Uehte FuE Bt ok FRAS AeRFHE JEFoEH BEAA

©



r3l= =3l = = = Sk == o] BAES X3l E
st MiAUSEHdE O MrAUSEe] Ests Aoz F5EH. | E4es T =
Ao w"ui=3lo o) N ) By i =0 = L Itgls
TTEAS Zdte] Hgor AT AR dEd dE 2o dedAe FIHE AAA
o o =
= X= T H)\S?}]\E]'
Partial Coer, CGT1 V200, No SAHI (ERAS) Jut ! Partial Carr. ccmrem No SAHI (ERAS) JuL Partial Carr. CGTI V200, No SAHI (ERAS)
5 : ol r-‘.. —'3‘41
< mﬁ%
N . ‘V\&i
Partial Gorr. CGTI V200, No SAHI (DPER) U Partial Gorr, CGTI V200, No SAHI (OPER) JuL Partial Caer. GGTI V200, No SAHI (OPER)
7.
= (R T
oo \ﬂ}w gt &
5 a1 =]
O [ (a5
S O7 DB #0403 0F T U AT 0F 03 04 88 0f DT TS0 TS TR O CE 05 04 T DZ AT UTRT T U5 oA 08 OF I BAC
Partial Corr. CGTI V200, No SAHI (CONVY) JuN Partial Comr. CGTI V200, NDSAHHCONVJ JuL
> 3]
=
O
v
L —— T 0 7 08 0F 04 03 BF AT U UT 04 03 84 0% Of BT O CF O CF O 0f G0 03 F AT ¢ GTGF i NA G DR LT ORI CY
g Pantial Con. CGTI V200, No SAHI (CONV_SNCW) Partial Carr. CGTI V200, No SAHI (CONV_SNOW) Partial Cesr, CGTI V200, No SAHI (CONV_SNOW) AUG
[®) P . o=
=
7
>
=
o ‘
o a8 o e =

Figure 4.15. Regressed monthly 200-hPa meridional winds onto the CGTI after removing the
influence of the South Asian High. Stipping indicates statistical significance exceeding the 95%

confidence levels based on the Student’ s ¢ test.
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Figure 4.16. Rossby wave source (shaded) and climatological 200 hPa zonal wind (black
contour) for August. Black box indicates the lodation where CGT index is calculated.
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Figure 4.18. Climatological precipitation (mm/day) for August.
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Figure 4.19. (Left) Distribution of the correlation coefficients between the CGT index and
Indian summer monsoon index. The navy dots are observed correlation. The orange dashed
line represents the 5% significance level. (Right) Scatter plot of the pattern correlation
coefficients of the CGT pattern vs. temporal correlation coefficients of the CGTI and ISMI for
August. Markers are ensemble members. The skyblue dashed line is observed temporal
correlation between CGTI and ISML

4.2.1.3.2. ‘dopAlo} a7|qtate] A

i )

5
A

e on

& Aol Zled kel Zol doprop ke AAT dA4 Jrl«l A, 53
°E oo Ao dFe Fvhal A Utk HobAlol | AA T dAGEe
do] & AdH AsA AHER7] 9 Fobrlof ar]]t A= (South Asian High index; SAHI)
£ 20° N-27.5° N, 86° E-115° E A 43 27.5° N-35° N, 50° E-80° E #/4¢] 200hPa A% iL
T Axz Aofste] Ay 74 Adse] 1270 3E WnelAe dades Ay EUT (Figure
4.20). #ZA A= Lol FAGlel CGTIZE SAHIZE -0.8 ©]/e] &2 59 dddS Holw,
OPER:= CONV, CONV_SNOWol Hls 5o dade & 2ofste Ae &  Uth

(de]
()

v

l

dopalol 7|t Hel FAAPE & Bt Wt 574 90E o3 &% HaE F Ro
SR AR 8 ddY Y/ RrIe 8 A9 W Eo] vEhE CGTI-SAHI -
AYEF)H HAAF 47443 dge It AR X9 FAE AFHEUT o] BAqME
90° E Bt} FZFNAY Hud FHE £ A3 AHEI] 93 H;L AA7} okt

= A
90E-330E, 20N-60N = fof X o] Z3F e S T Boteh GloSeabrt HAukd oz A= U4
goe] % ABE F BOSA o AFH ot Yok AT AANT A%sh b
AL W7} 5 A5E UHoR ¥ melse 3

I
o
i)
rlr
g d

_80_



OPER CONV CONV_SNOW AUG

0.00 02 -
0.1 —
-0.20 F [ B = B 0.1 E
'~ I j § 027
E} 040 F- - < [ - - 1 - "'—l"‘] ? R
© | =t F 047
@ “'J“_" ‘—J ‘ g-o.s - ® X . b
o | | | 8 o5 ]
8 -0.60 | ] . O 08 5 g ;F
‘T 1 97
:_?_. _:_ " 08
-0.80 | o |} e o | . ]
ERAS | | - o 1 1=-0.22
. ® [ ] S A AR AASS ARH LAA) ASH RARI RARD AASH ARA) RAAS LAMS BAM
4 04 03 0.2 0.1 00 01 02 03 04 05 06 07 08
-1.00 l l l l l l l l l PGC of CGT pattern (20N-70N, S0E-330E)
JUN JUL AUG JUN JUL AUG JUN JUL AUG R—— - ———

Figure 4.20. Same as in Figure 4.19. except for CGT index and South Asian High index.
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Figure 4.21. (Top) EOF1 pattern of the monthly mean 850-hPa relative vorticity over the
western North Pacific (WNP). (Bottom) The corresponding normalized PC1 time series.
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Figure 4.22. Monthly mean OLR anomalies regressed onth the normalized PJ index. Dots
indicate the 95% confidence level of shading based on a two-sided Student’ s ¢ test.
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Figure 4.23. Same as in
anomalies.
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Figure 4.24. Same as in Figure 4.22, but SST (shaded) and 850-hPa
wind (arrow) anomalies.
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Figure 4.25. Same as in Figure 4.22, but OLR anomalies.
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A= olo gk Aoyt HuwskA AHFHJT (Ramage, 1971; Wang and LinHo, 2002; Wang
and Ding, 2008). ofAjo} &= A 2=EI] 3 74 4=, Ao mgt FA A 9L Aol
R BHARE, Y UHE Egete] nvbg B A 59 AE A WSyl & FobAoh EdF F8
£ 9922 AAZY (Figure 4.26).

Division of Asia-Pacific Monsoon
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Figure 4.26. The Asian-Pacific monsoon domain defined by Wang and LinHo (2002).
Based on Wang and LinHo (2002), the Asian-Pacific monsoon is subdivided into three
components: the Indian summer monsoon (ISM), the East Asian summer monsoon (EASM),
and the wetstern North Pacific summer monsoon (WNPSM).
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Hg 7T EEde] A5 o|AFE TYst dHAA HIMF o] R ghed, HES3)
71 mE FF EAE old Pt A i 4, T8 57 A7 F5E 53 o
7] =% dFES T3, t7] &3 oA AR A&t AL dF AARES -,
FA 2d YoM E g 71F F4F (d, MJO, ENSO)& =ojste d $23 240]7] &

o]

o]
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CONV_SNOW)o| A o] sHAzpgel tigt 18 o|th. OPERANA = FotAlol B ZFUE F4o=2
Az Ax7E ey i E wegt S5 dAxr (450 st vebdt (Figure 4.27
b). ol= OPER7} HejB ¥ 17|t 7Hdatelol Aol 7I9Ad =4S oFsiAl 2oldhE or|ste
H, FEE 999 Aare AoetA 2yt o Afixe Aee T
£ FAHOE v HFALRYVF YE thE 30NE 7]
EH«] HAxE Beltdw & & o} (Figure 4.279). AEZF= vt 43S o
A 2o om A A=A FHY AfLE HAE FIMAE AES 3E #
ATHFigure 4.27). SNOWoll A= OPER®| Hla| HeAsfo A A% AX7F ofF =
A AQstas T Aol HolA =t (Figure 4.27h). CONVE £ ZFdE 4
A Sl= OPERS] HAP7F Aoz o FlA= S-S B (Figure 4.27d). & A
A2l gL A A5 s, ol& 4ketel ojd Ay Az FAHEY (Figure D). wf
FTo e AYQeE Sorte g HAUE SojEHA iAol Jou FajdAE
o] A AR S SANA Y] AfiEE 45 MAEE e 19 E MRk
11 =7 A S7heka glow, X 9axe] HAxFet tao] BAL AR FokAof A ET]
7} BoldEtt (Figure 4.27,, n; Figure D2-D4). 53] gyt FZolA= ¢ 10 m/s o)<
?ﬂ 2171 e T OPER<F SNOWe] Hlwol A 138 Zx 7, CONVLF CONV_SNOW | 3+
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Figure 4.27. Climatological mean (upper row) for precipitation and 850-hPa zonal wind (a;
mm/day and m/s; respectively), 500-hPa geopotential height (f; gpm), and 200-hPa zonal wind
(k; m/s). The other rows show model bias for OPER, SNOW, CONV, and CONV_SNOW;
respectively.
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SE 110-140°Eo] thsl] H3k A7-9 = dHE=E,
59 T+ dETaidlE AFLE AA EXste B¢ 7"“511«1 E4 (Wang and LinHo,
2002; Ding and Chan, 2005< & 4 & adolth Iu=2 AF AN =d 2A5E= 59 25
URE ALgo] 7hEdtrle dHzo] Fwo] EAgtt. F7kE OPERe} SNOW7|E], CONVe}
CONV_SNOW7|&] A37} fAksked OPERS} CONVeEl 18 whe yelWith OPERE 7F-the] o]
T A7) 2 B2 EAS mosrE AW FEE 3k Ao] EAolt} (Figure 4.28b, d). A

Figure 4.282 5 ©|% ¥
<=3

ofr

oL

T FYoME 69 FERE X&EHoz A4rt Huhstd, o]2 E3) Figure 4.27bollA] Am R
s oelel Ejds g HAaks Al Akl 24 yeius AdS 4T 5 Y 8d e
EAEE S 99 Astas FAEAAY HATE A FEHAAE g=o. CONVIA =

e Adx fJxrt s EA8s Aol ¥l OPERE Y t] 33 X & F ot} (Figure 4.28
C, e). =3 B} HEQ] dt=E Edste AE=dodAE AHA] 58 HAE 64 yEhd
o ddtHg oz, CONVOlA = OPER thHl Z<rthE 2dsts 95 ol delAe a7t AA=
BEES Holu EAHHGANA Y A= 7S VIHOE YAR S3He EE5S ¥ &
T ST

(a) GPCP [110"140°E] (b) OPER
50N 50N

40N 40N -

30N —

T
MAY JUN JuL

MAY JUN JuL AUG SEP

(d) OPER-GPCP

50N

40N~ 40N —

30N 30N o

PR ¢ AP & I L R

Figure 4.28. Time-latitude cross section of precipitation (mm/day) along 110°-140°E and the
bias in each simulation. The thick vertical dashed lines represent May 25th.

oyt A¥= 10d @9 E 1
4.29). 10¥ ©¢ 7 27 BXoA Azt &2l
S 7t AlgEe] Aol wet A3 HR@thE A BFe] Fg 27t A|E)
do] Az a7t Y3 o]AS OPERETH CONVolA T2 Alsthe Aoty #Zoxe A
A ozt I HEFoA CONVY 58 #art F3s A Yeivs

_90_



AAE Seen Qe 6US FR-BT-LR DA, Bt BVEE DL T wE R
DolA g8 BAF EA SEF FAT 5 vk BR] Fugh Aol Holw (Figure 4.4
o QBE WY, (P9 e BT ANCIHE RO B) FF =B M Fske] CONV

SOt oL Z¢ e B 4o JhAle]l FREHA| 2 AR AAAH, 8HAME olH T &F
N i
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Figure 4.29. Climatological 10-day-averaged precipitation (mm/day) for the period from June 1
-5 to July 21-31 (a-f), and precipitation bias in each simulation (g-1 for OPER; m-r for
CONV), and difference of absolute bias between CONV and OPER (s—x).



Figure 4.30= &3 1000-100 hPa (1000, 925, 850, 700, 600, 500, 400, 300, 200, 100
hPa; 10709] 2)el TIg 73 B4 wh@e Fobrel Fee] A (100-150E)) tha) B s
JE-1E GUEZ, OPERS CONVE] HARYe etk OPERE Fobrlol delolA u
Aoz o WAE Holw FA=CNA FA e o5l mofsha gtk CONVIAE o
WAL AHHA e AoT Mo, TYEAe] & WRHE 100 hPas |98
AZolA B% AT 2ol weh g8 gee] L5 AxE =3 Zof 200-hPa el oks)
(Figure 4.27n3t AAB)St F7 FA whge] g9 Bxr} FobAor 99 AZol A tehtn
9le.

(a) OPER [100°150°E]

Figure 4.30. Time-latitude cross section of temperature (shaded; K) and zonal wind
(contour; m/s) bias along 100-150°E.

FEE H2 CONVIAA Y 3 T8a dFo= Fx3 ¢ AAIE vld fepA ol Rt
=3HE Zlo] ofle}t Hu] dE/HAE &FEo] yetdt= Heolth (Figure 4.3D. oE £91,
OPER®] 7 -¢-ol%= 850-hPacllAe] 73t A7t F+ ti&x9 Aol #X3t71= kA%, CONVe
Ae slld HAZE O Asidd gEe] Eubt ddd 23 #HArh Aujdelth. 500-hPazt
200-hPaol A= 850-hPag] 98 29 HA7F EHl7 Yo BxsA= Ehoy, FEAl
of &%} & dFoAes THAEE TAE A8 A3 #HArE vehvtal ok (Figure 4.
31b, d). O]Ei S HdFo] teiA A= FARGS (ERA] &5). T3 712 2 ukEd
2o Aed AFET olUg ALH dFdAE FaF wrolr] v (hun and Lee,
2004; T1an and Fan, 2020; Yang et al., 2002), &otAlo} AFS HIES 4 99 2 AA
Ao g% 5 7€ tHAd Hrp 28F AoE AAZ
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Figure 4.31. Climatological bias of simulated temperature from OPER (left panel)
and CONV (right panel).

Figure 4.32%= <9] Figure 4.279) 4 AHRIUE F9 WHF(F)4, 850-hPa vlg, 500-hPa A
1%, 200-hPa &4 Hlgh)el st Taylor diagram3} Taylor skill scores YeRHTH (Taylor,
2001). Taylor diagram< 7|+ A& (ZZ)¢} =9 FF 7o 8 A43AFR) 2 BFHA2
()5 AHEYEY HxEH 9o Yebd A=, F Fo] 1o 7hesE—=, Hx8™ A9
Ho] REFel 7t7to] A&+ #S53 2d Fodo] Attt & 4 Atk Taylor skill
score (9v A% o5 T3l F B FAES AFHoE AT A0 E Eq. [4.2]3 2o

—)_2, R, =1 [4.2]
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St 55 AR Y fAEe Aada & F 9lon, RY o7 BF 19D Aol S F
A# 1S 7tk deEE 2 AdoAe] R o, S& Table 4.20] 74 YehHS

A Zel7bx EAISH. OPERSE SNOW 7+ CONVS} CONV_SNOW ZHell= R, o, S7F Aol 2
|, ol A HAe HatolA AmE ZXHFigure 4.27) & W= A= UNICONS]
18 R} BAGe] Folrol dEHY HEH R HAede & IFE FA IAUde A
ojulgltt}, S 7]ES 2= OPER (SNOW) thH] CONV (CONV_SNOW)ol A 7<=, 500-hPa =] £
, 200-hPa &4 wighel dis 2o A% A3trF UERal 850-hPa vl tisiixe 2o
s MAel AT &, WEEE Yehdes A9E Axr g27] wiZel By 99 ot
Taylor diagram %! Taylor skill scoreo] 71%t3t Ax}t @ e debd = AL Fosfiof 3
o (AAF 5, 202D.

@
o %P

r

ox Rl o X

(a) Taylor Diagram (b) Taylor Skill Score
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Figure 4.32. Taylor diagram and Taylor skill score evaluating climatology of OPER (blue),
SNOW (orange), CONV (red), CONV_SNOW (darkgreen) in East Asia (20-50°N, 100°-150°E).
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Table 4.2. Pattern correlation (X)) and standardized deviation ratio () between observation
and each simulation, and Taylor skill score (S calculated by the two values.

Variable Simulation R Vi S

OPER 0.7 1.5 0.83

SNOW 0.74 1.92 0.84

PRCP CONV 0.60 1.22 0.77

CONV_SNOW 0.60 1.23 0.76

OPER 0.54 0.85 0.75

L850 SNOW 0.56 0.85 0.76

CONV 0.68 113 0.83

CONV_SNOW 0.68 113 0.83

OPER 0.80 0.79 0.85

850 SNOW 0.81 0.78 0.85

CONV 0.81 1.07 0.90

CONV_SNOW 0.80 1.07 0.90

OPER 0.99 0.79 0.94

SNOW 0.99 0.79 0.94

2300 CONV 0.98 0.71 0.8

CONV_SNOW 0.08 0.70 0.87

OPER 0.97 0.03 0.98

1200 SNOW 0.97 0.94 0.98

CONV 0.88 0.88 0.93

CONV_SNOW 0.88 0.86 0.92

4.3.2. FolAo} & AAWHFA

FOolAlol AF ELEe HUuWHEFAHol & Alx"Ho=Z mjs] I gl Ekd 4 th
Figure 4338 SolAloh ol B@ 4ol T2UAE ekl 2590 B A9 (Figure
42N EFEHAF 3 =0 oA HAAFHOE Pt B AYo| g HEAHAE A

= ojmjo]t),

50N

40N —

30N

20N
100E

110E 130E 150E

4.33. Standard
climatological precipitation (mm/day).

120E

140E

Figure deviation
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o] dFdAE o AdeAd Y Hes E4357] 98l Wang and Fan (1999)9 A
AAE B4 24—WNPMI (Western North Pacific Monsoon Index)& &3t WNPMI=
Figure 4.34a°] ¥ @4 [5-15°N, 90-130°E; 22.532.5'N, 110-140°E]o A 850-hPa 54 wlgte]
2Hu~u = Aol w FAs/dEasfolAe dFds 2 <o HeAds It e
Bl A FETS ool £ 5o FHABAE 7HH w2k WNPMIE sobAloF &
& AFEE 8o "IiKwon et al, 2005 Ha et al., 2018). o] A|4== Wang et al. (2008)¢ll
A B{7ERE 2571 A ¢ T M e S Ao, 73R ZIFAS R A FolAlof
A 2 8 WMEASs el 783 ATER ASHJKI A T, 2020). A+ &
of kA 7zt Aol A4t WNPMI= ERASAONA 3+ A=} 2+zF 0.87, 0.91, 0.72, 0.829] =2
AABA p0.0DE 7HES F2A3dtt (Figure 4.31b). ol oA 5 (20200914 AZ3 U
1 vl 7R = Agel tigk dSAH vlustd = FASEAY £& FFolt (Figure DS).

N

50N - q |

40N —

R i o
oon N < W WMV %

Ui

10N —OPEFi (0.87**
2 \ SNOW (0.91**
] —CONV (0.82" )
o WNPMI & ] ——CONV_SNOW (0.72**)
T I T T T I I ! [ T A [ J ! [ ! J | ! Y |
90E 100E 110E 120E 130E 140E 150E 2000 2004 2008 2012 2016

Figure 4.34. (a) Defining variable and regions for WNPMI. (b) Time series of normalized
WNPMI for ERA5 (gray bar) and each simulation (color lines).

< WNPMIo| disl] 3|AEAS Fadlor (Figure 4.35), oﬁ
3 7 mdo A A4k WNPMI Aol -1& F3le] 3=
Ao a7|ekd ego] A I JHRAEYE W =3
£ 4 Ao} (Figure 4.35a). T3 1 FA49 ool &
= BotAol A F B ddE Fas H
HEO 2 (Lee et al, 2005), AHoAME HAAS woF= Aoz ®HRIt} (Figure 4.35b-e). &
I Ao HEg 74}01‘: A, FAHE AN 1A 8 BEH dES F
02 3= A7IUA £F—HHF-dE ¥ (Pacific-Japan (PJ) pattern; Nitta, 1987)3} -f-A}gH
Fe e &3ko] #ZFoME FESHA vEldsd vl AdelA= (A9) YelA Zeth o]
= Botr oY AA dF des AstA7I= 820 2 F Atk ST A7IgAE 8ol %—E%]
AAEA] B AL 7144 7T SEHAARE oiYgt & RASdAE dAZE 123
o= Hlo (Kosaka et al., 2012; Yu et al., 2023). =3+ AFAA=

& el A BEo vls e dgo] WA et Aok olH 3 53 AP Y Aol oA
o] AFNAE YeRd Aot (o] &5, 2020, 2AY &, 2021). CONV (CONV_SNOW)E

>,\1
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™, T A HFORE Fojrle @Eel HUHoRE ofsiA mejdHueE
Aol Az Aol YR =& BglgoF Yoo &8 A/l F4aro
% Aok Fa2 #B=3 OPER, SNOW, CONV, CONV_SNOW 2t 7<= 39
, 100-145°Ele] siel AaAA = Z+2F 043, 0.26, 0.32, 0.182 OPEROIA 713+
3 %‘9‘;% 2 Ao e dads B4 fE Aotk deoez He A
7

E Fad Zolt (Yun et al. 2014).

= oy
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50N

30N i
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-2.1 -15 -0.9 -0.3 0 0.1 0.3 0.5 0.7

Figure 4.35. Regressed precipitation (mm/day) and 850-hPa wind (m/s) on WNPMI.

Figure 4.36-& WNPMIol| thall 500-hPa A9 1 =%-& 3] 7E48 Aot ERASIA YERG
EAEES Ao A3 A9us HEL 2 A5r A o w7t #ArE ARE vt
o, &4 717 gEAN AR AFeA Bl ARt s AT (¢, Kwon et al,
2005). AFANAE 7]t AR Wo] RolE Hu AU FUFHoE FHoE XA A
A=, ol kAl 850-hPa nEgHe] 3|AEA AANAE 58 F v Fiolth. F7HH 2
Z CONV (CONV_SNOW)oll = OPER (SNOW)ETH 17]¢ WHEA el I718 dujgoez s
A ®molsta k. o]# 3 ARz} CONV (CONV_SNOW)S] B e ek Ay 7
oFsHAl ®mOstE HldE T 7)osta Qe Ao ®elth (Figure 4.35d-e).
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(a) ERA5 (c) SNOW
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Figure 4.36. The same as Figure 4.35, but for 500-hPa geopotential height (gpm).

505 WNPMlo| theh simdr|ste] 3ARAA-s Figure 4.37¢] WEFATE 500-hPa =]
1% HAENG Figure 4360004 A uhsl o], AWM HAE B33} Y wFo|A
2 Aol A ol gow Yehtba JAT APelAL #Ae] Falo] FEow WY
5o Qo Figure 4.37a-de] &t 42k 99 [10-30°N, 120°-160°E]ell thall WNPMIe| w& 3iH
71be] HAE HAsle] vlwg 23} (Figure 4.37e), ERASXE.th OPER (SNOW)&= =31 CONV
(CONV_SNOW)= wisteh. olzle BAmgaeldel 1719k WS BFHoz BHF 2ol
g @ 4 v iz o] ojFolx 9 (10-30N, 120-160ED-E BAeig Tl 319
SF WAkl A7k Uit A3e 2t geoltt (Pack et al, 2015). e ol e @ gt
WMo A ] Folsh, GA EF AAY BS3 AP el A5 ARATT AGEE Aol7
Wole s, Be A5l di@ FolAol Be Ao WE A8 Aue 2A wppslncs
Ha FAHoE 9B T Ao AL
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Figure 4.37. Regressed sea level pressure (contour for ERA5 and shading for model
simulations; Pa) on WNPMI (a-d) and the regressed values averaged over the blue box (10°-30
‘N, 120°-160°E) (e).

O E B8t EAHE S 179 HEsAd 2 ¥HE dUds Xt AL B dF
Aol Qo] A3 F=2slth (Kim and Lim, 2023; Yu et al.,, 2023). EAeiE & 179t HEAH S
do ZAH o) UEhE F Je5e HMEOE dFH 25 (B 3W 25), 200-hPa T4t
A &5 ZEld, A4S WNPMIY o3 37 84S sttt (Figure 4.38; 23S OPERS}
CONVYEe uehd). A FHH S AHn AP SFdes ox3 sigr7t dede
LaNina-like state7} #ZolA Hol=dl, o83 FeHl= |F-t7] 4z T3 IA &%

7 g HFAAY HNFE AeA =Y (Figure 4.389 92 mjd). 99 2o g#H9 3

AL A MEY wFHOE o]ojH FAE|HFA e 17Igte] HEAde FFES XY (Sul
et al, 2007, Park et al, 2010). @75401]%14_ ey Add sik-tr] A" 2 Az Eg
(LaNina-like state, 9#A <3 =L Mejg g 7445 =71 5)E oJb- AT mosus gor) 34
Al Ax T JdoAAE Aolrt Aok dE E°], OPERAA = Gl4H 259 W 25F
ARA R Hudg F= ATH #ZF tiv] sFodAe Wso] t i tir|et Ay HeE
A3 Aoz melth whd CONVE #=3 OPEREU A% FejH wg] Wzte] =A%)
o % 2 —Fﬁ}S’Jr tl&o] &

N gl
7] 2 A wkS =3 Yo g ofsit) ol A SE
a7]%ko] CONVolA Aijdo=z AdA=EE of7t 2 &
=
[¢)

SAqoE ARG AUe A1E FA AAGEY DA% WEA FFE F 4 AL
A J=d (Xie et al, 2009), o] FHNHE 3|3 H--<o] CONVolA BT} oFslA

F3t BAHEe] B A4 NS HRee 22T 5 AT o|H B ML
SNOWSF CONV_SNOW ol 3] A= ulab7bAch (GERRA 2.
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Figure 4.38. The same as Figure 4.35, but for sea surface temperature (or surface
temperature for model simulation; upper panel; K), 200-hPa divergent wind and velocity
potential (middle panel; m/s and 10° m?s, respectively), and precipitation (lower panel;
mm/day). For sea surface temperature, Optimum Interpolation Sea Surface Temperature
(OISST) was used (Reynolds et al. 2007).

SOl oL AF B AdWEA 2 a9k AdE AAYe] ¢S £ A - FHE A
By &4 73t whebA %’fﬂ’é T Ao, 4 g A FHAEY FFE 7] "ol
(Hong and Lu, 2016; Kim et al., 2022; Lee et al.,, 2005) Rt} thekgl ZHox ndo] A %50
Hrre "avt Ao o E E9] Son and Seo (2022)= ElWl 1Y FAZo|A ] AEIF &9
of el FotAlol A Mol FAH] XU @etd F oS BT AEVFRVF HY 1

H]

Qe AYRA 27 7150 4FHW £850l% nE WA I} AFo] B w% 22
Sk

B7b fEE 2ausi B 199 FRE (F, SobAor G T b e A9
L= WA GES fES] B e WA 5 duE, F4So M) AR 4D
S5 SHE Wol AT F-A WF /Y% ATk FHOE o Fie] B B5e] W X
=3 G FAATGE Zolth olUT AE/FI B Ao FEAGS APY-AY/AID
4 A FRAA FolAol B¢ Frd 93¢ F= FAS 4% oA A & ok

433 AT @ ZolAo} A4 ol EA

FolAlol o & Bol me] Aol olof, CONVE AT B FolAole 74 =
Hr1H o2 ARttt Figure 4.39= GPCP b4} 7 A3 of A GPCPQ}«] A=), 18
o) AP AolE Yehiw, Wabel AU Aol (Figure 4.39d)°] A5 &P e HA7}
A (DA ASE BT), OPERAAE S5 oboh-dBe AelA el B3k A b
Bttt (Figure 4.39b). CONVOlA % mH/bA = ofAol-elB e Aol 2% HA7t e
Aejo] wls) EegHl (Figure 4390, ol @ ABE—271%, A% A2 9@ 713 59| Aol
5 BTt (2023004 Bl A FAs] fAksitr (A (2023)8] I 12 FE).
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CONVE OPER¢} Hlwste] Aurw Qe G, WEd, A=A ubits, SA=Y oA H
27 AR, BAEE S GHEEFAY SdAE Hxrt 2ot (Figure 4.39d). 2+ 1
g EE 99 w2 AT A5 HAAo g @, RMSE, PCCelty. OPER&= CONVRET A
Tl el A (2.71, 254)F © ®ol Esr|= skAYF RMSE (1.62, 1.87)¢}F PCC (0.85, 0.78)
SHoAE H 52 AeS EATh ofNo-HB Y B ¥9E TSt Moo tEaiAE o
23 x}o] (mean: 5.99 vs. 5.69; RMSE: 3.97 vs. 4.47; PCC: 0.72 vs. 0.6D)2] A&e HFAFHT
(Figure 4.40a-c). OPER thHH] CONVol A 2] ofAlol-efH ok A Ho] Z= Hae= BAHHY A
S AQstae Az 8 ga B 4 dEd Figure 4.15d), dlE &S FolAjop B w2
o Asg AvEozx Adr 313l ul Ut} (Figure 4.27). TolAo} o]E E<o] & hE o}
Alob E=9] 3t9 Al=EIRl EAEE YT JIE 2o s AHFoRE wete oA
(Ha et al., 2018; Kwon et al., 2005; Wang and LinHo 2002), o]l gt 7|41 =3k Qs Ao
2 Blth

(a) GPCP
on

0 30 B0E S0E 120E 150E 180 150W 120W 9W 6OW 30W 0

on (b) OPER-GPCP mean: 2.71 RMSE:1.62 PCC:0.85

90N

(c) CONV-GPGP mean: 254 RMSE: 1.87 PCC:0.78 (d) abs(CONV_bias)-abs(OPER_bias)
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Figure 4.39. Climatological precipitation (mm/day) (a), precipitation bias in each simulation (b-
©), and difference of absolute bias between CONV and OPER.
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) i
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Figure 4.40. The same as Figure 4.39, but for the region between 0-180° and 0™-50°N.
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Figure 4.41& 7}E& X35l 9 7] Wol] tig OPER2F CONVel Taylor diagram}
Taylor skill scoreE EFATE Taylor diagram3} Taylor skill scoreol] th3F Am-e A 7]&3}
A7l A=FelRa, ATEE OPERSF CONVellAM el R, o, S&= Table 4.39 &4 Yetli ot
(&aFd =24 A7HA ZAE). T AR 3 ARATY 23 e HFEE gEAYL

CONVoll A el ZH=F vl= OPERY} ZAY OPERRET 33 5 1 olAolgls EAo] )

ol R CONVS| AT BFgolA AAE e W7k OPERMETE &4 ghon] #ZRTH: 2
Au FAths el SB FoEE ANt WY B ke S @no, AT 3

& WTF Aol Fobrok W@AD vhAsLAZ OPER7E CONVE] 2910 Atk 349}
200-hPa &% whre AT Urix WESe) thslAE BF 001 AR 2AT Zelzt
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(a) Taylor Diagram (b) Taylor Skill Score
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Figure 4.41. The same as Figure 4.32, but for global climatology.

Table 4.3. The same as Table 4.2, but for global climatology.

R o S
OPER CONV OPER CONV OPER CONV

PRCP 0.85 0.78 1.32 1.35 0.86 0.82
u850 0.97 0.97 0.99 1.05 0.99 0.98
v850 0.95 0.94 1.02 1.02 0.97 0.97
T850 1.00 1.00 0.98 1.00 1.00 1.00
7500 1.00 1.00 0.98 1.03 1.00 1.00
u200 0.97 0.98 0.99 1.04 0.98 0.99
v200 0.89 0.88 1.16 1.26 0.93 0.89
T200 0.99 0.99 1.01 1.06 0.99 0.99

SLP 0.93 0.93 0.97 1.08 0.96 0.96
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o592 % OPER®} CONVE A4 o= AHe5S A A#AS (Temporal correlation
coefficient, TCOE 3 A REJt} (Figure 4.42; 60°S-60°'NTF FA]). OPERFE AHRH, o
42 AT dASFHE I BB oA 0.5 o]e TCCE Holm #A, oo #¢ WET}
AAElE T~ E T& XT3 TR AGdAE dAE @A dEut 199
TCC el Axe= 7134 ]?Oﬂz‘jﬁ‘«l HA 8 g3 74 A= gEAY dLav F

N

(2018)N Al Bl A o8] FAlOH, & BEHAANE tAE T3t vd 7]4H 7%
dzrndoMrl YeElYE EAL ofd Aoz Hth (Kim and Lim, 2023; Krishna et al.,
2018). o]&gk 342 CONVolAM = mlzkzEx]olu, 0.8 o]/de] TCC o] OPEROIAM+= FE|H U
A GARAAN Y7lA] o]ojx= WHH CONVIAM = FEIH S 3 == 5 CONVeE €
oA AMsol tha FaFT

0.2 0.4 0.6 0.8

Figure 4.42. Temporal correlation coefficient of precipitation in OPER (a) and CONV (b).

ARt 7Y A& BE Eg Ao ¥3lE dFA-tdRE drd 22 A 73
< UtHTost et al. 2006). Figure 4.43-2 FolAlo} Fo] tha] OPERS} CONVel
B A HaRds yehith "ol A yebd bkel o], OPER= i
74 A2 FAHY dom AYERE Z5E I vgo] gAR Eopxith. CONVeE
e 7 S48k (068 vs. 2.12), Sal-5 =8 FHolAe HA A
(74 At da= 2 Dol s = e vl&o] 0% o= Ao A
AoEe 12 Boks u dRAdY t= 52 ¥ES OPERE 0.88:0.12909 wsll, CONVE
0.60:0.400.2 1 FA =Fo]7} Atk CONVOlA L] 2 4 S7F= oFsk A9 dg =g <l
3 7] B8 o] &3] fAaHA XH] W2 AAXTEII S 2023).
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Figure 4.43. Convective and large-scale precipitation (CP and LSP,
respectively; mm/day) from OPER (a, b) and CONV (c, d).
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Figure 4.44. Frequency of daily precipitation over East
Asia for observation and model simulations.
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Figure 4.45. Spatial distribution of precipitation frequency with precipitation amount larger
than 18 mm/day.
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Figure 4.47. Spatial characteristics of rainfall amount in
the climatology(the upper panel) and extreme rainfall
events(the middle panel), and the composite anomaly of
extreme rainfall events(the lower panel) during June and
July from 1997 to 2016. The gray box denotes the
target area of East Asia(31° ~38° N, 120° ~140° E).
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Figure 4.48. Composite anomalies of extreme rainfall related atmospheric environment such as
geopotential height, mean sea level pressure, equivalent potential temperature at 850 hPa,
divergence at 200 hPa, low level wind, integrated water vapor transport, and zonally
averaged vertical structure(specific humidity, temperature, zonal wind and velocity).
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Figure 4.49. Time lagged composite evolution of anomalous mean sea level pressure,
equivalent potential temperature, integrated water vapor transport and low level, geopotential
height, and wave activity flux at 500hPa spanning 3 or 15 days before the extreme rainfall
events.
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Figure 4.50. Same as in Figure 4.48, but for June in GloSea6b operational forecast.
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Figure 4.51. Same as in Figure 4.49, but for June in GloSea6b operational forecast.
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Figure 4.53. Same as in Figure 4.51, but for July.
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Figure 4.56. Time evolution of wave activity flux anomalies for extreme rainfall event in
CONV experiment.
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Figure 5.2. Normalized time series of AO index
from ERA5(black line), GloSea5(blue line) and
GloSeab6 (red line).
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Figure 5.3. TCC skill of AO index for Glosead and GloSea6, and
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Figure 5.4. AO pattern of observation and GloSea6 for 1-moth
lead over the domain poleward of 20N during the period DIJF
1993/1994-2015/2016. The hatched line indicates the statistical
significance at the 95% confidence level using a 2-tailed
Students’ s test.
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indicates the statistical significance at the 95% confidence level using
a 2-tailed Students’ s test.
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Figure 5.6. (Left) Regression map between AO index and snow cover anomalies in November
during the period DJF 1993/1994-2015/2016. (Right) Normalized time series of the observed
AO index (red line), November Eurasian snow cover index (green line) and the first EOF PC
of boreal winter (DJF) SAT anomalies over NH(>20N).

Table 5.1. Strong/weak snow years based on Nov SNOW index
for 1993-2015.
Type Selected years
Nov_SNOWI >0.75¢c 1997,1998,2001,2004,2010 (#5)
Nov_SNOW!I <-0.75c 1996, 2000,2002,2007,2008,2012,2015 (#7)
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Figure 5.7. Regression maps of 2m air temperature(T2M), sea level pressure(SLP),
200hPa-zonal wind(U200) and 100hPa geopotential height(Z100) anomalies in November and
boreal winter (DJF) during 1993/1994-2015/2016 onto the snow cover index in
November(Nov_SNOWI. The hatched area are the significant values above 95% confidence
level.
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Figure 5.8. Same as Figure 5.7, except for GloSea6.
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Figure 5.10. Latitude-Pressure cross section of composite
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Eliassen-Palm (E-P) flux (vectors) and E-P flux divergence
(contours) between high and low Nov_SNOWI in November
and the subsequent winter (DJF).

- 130 -



GloSeab= fretArlol w€ Y At A" FE-A2 35 d9e] Hol& tAFew 2
RelFA, FUE tFRANAe] E-P st wage] FEE kb meldhn o2 <l
Mg e wmR obepl mol@th 119 R shFol vis) 4FA dSolA] 4 E-P
2Y2g JUHOR ks Reldhe v, ALFolE WRY FoF Y E-P FYxo} B
W} E-P 82 WA FEE vl ofspl mejdnh ol hed £RY 27H2 1 ofsw
qEH F2EE0 ZE B ol 4%H Aade] YRACE APHE IF = A
B2olsl= AAE 1A 2t} GloSeabet Hlw A GloSeab= 11€¥ UlFA 5% 4% E-P 82
ZE7F AAEM ol= oA 114 ti7] &8 A Asste Aol

Polar Cap Height(PCH) Anomaly
ERAS SY-WY M3
= L 2
o E =
£ wg =
N E 2
j §~ T 2
&8 =
SEP QCT NOV DEC JAN FEB MAR
G5B : SY-WY M1
E = A o o i =
= a0 — i
= - b -%]
é g “$
o = 7
- T T T T T T
SEP oCT ROV DEC JAN FE& MAR
GS6 SY-WY M3
s ' _
= 1w 5
m —
2 #3 S
% g
o =
1 1 T T T T
sep oct HOV DEC JAN FEB MAR
B I [
360 180 60 ..'!‘:D 1] EII} B0 80 180 360

Figure 5.11. Time-pressure cross section of composite
differences in the monthly mean area-averaged geopotential
height anomalies in the region poleward of 65N betweeen
high and low Nov_SNOWI from September to the succeeding
April. The hatched area are the significant values above 95%
confidence level.
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Figure 5.12. Regression maps of seasonal and monthly 2m air temperature anomalies
during boreal winter for 1993/1994-2015/2016 onto the AO index. The dotted areas are the
significant values above 95% confidence level.
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Figure 5.13. Hovmoller diagrams of correlation

coefficient between the AO index and 2m air

temperature anomalies over 65N to 90N.
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Figure 5.14. (Left) Monthly mean and (right) the standard deviation of sea
ice concentration anomalies averaged over Barents-Kara Sea (70-80N,
30-70E, BK-SIC). The black, blue and red line denote the reference and
models from GloSeab and GloSea6, respectively.
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Figure 5.15. (Right) Normalized time
series of the observed and predicted
BK-SIC anomalies. The black, blue and
red lines denote ERA5, GloSea5 and
GloSea®.
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Figure 5.16. The temporal correlation coefficients of BK-SIC and BK-T2M
(ARTY) index between two consecutive months.
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Figure 5.17. The spatial distributions of the temporal correlation coefficients
(TCC) of the predicted DJF sea ice concentration (SIC) and 2m air
temperature (T2M) from GloSea5 and GloSea6.
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Figure 5.18. TCC skills of SIC and T2M averaged over Barents-Kara
(green area in left figures) for Glosea6, and their skill differences.
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Figure 5.19. Regression coefficients of (left) November sea ice
concentration, (middle) DJF turbulent heat flux (the sum of sensible and
latent heat flux) anomalies related to the Nov BK-SIC loss, and (right) DJF
2m air temperature anomalies related to the DJF ART1 index. Dotted areas
are the significant values above 95% confidence level.
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Figure 5.20. Regression maps of (top) November and (bottom) DJF mean 850hPa air
temperature (T) and geopotential height (Z) anomalies related to the November BK-SIC loss
from (left) ERA5 and (right) GloSea6. (middle) Regression coefficients of 65-90N averaged T
and Z anmomalies related to the November BK-SIC loss. The range of BKS regions is marked
by white lines.
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Figure 5.21. Regression maps of (left) November and (middle) DJF mean 250hPa
geopotential height anomalies and wave activity, and (right) DJF mean 2m air
temperature anomalies related to the November BK-SIC loss. The shaded areas
and vectors in left and middle firgures and dotted areas in right figure are the
significant values above 95% confidence level.
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Figure 5.22. Regression maps of DJF sea level pressure and 850hPa wind (SLP&850Wind),
500hPa geopotential height (Z500), 200hPa zonal wind (U200), and 2m air temperature (T2M)
anomalies from reference and GloSea6 for 1993/1994-2015/2016 onto the ARTI1 index. The
dotted areas are the significant values above 90% confidence level.
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Figure 5.23. Regression maps of seasonal and monthly 2m air temperature
(T2M, shaded), 500hPa geopotential height (contours, Z500), 200hPa zonal
wind (U200, hatched) anomalies during boreal winter for the period of
1993/1994-2015/2016 onto the ART1 index. The figures are the significant
values above 90% confidence level.
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Figure 5.24. Hovmoller diagrams of correlation
coefficient between the ART1 index and 2m air
temperature anomalies over 30N to 60N.
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Figure 5.25. (Top) Arctic Diagnostics scorecard which shows relative skill difference
between GloSea6 and GloSeab for 1-4 month leads. The green (red) colors indicate
better (worse) model performance (Bottom) GloSea6 Arctic diagnostics table using the
CrEMA Arctic metrics.
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5.2. FolAlo} AL EL(EAWM) I GA A

obrol & AW F Fobdlol Be AN 43 W thE(HetAoD sHHEB P BA
A, Ao) A% DAST A9 AAYH JFL BT W BHF Aotk o5
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Figure 5.26. Observed mean atmospheric circulations during
summer and winter seasons.
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oot AER T4
Soprlo AL B9 7&5_

s FEH= A% HAF 4oz g3k Aulgol az|qte]l Al Hiel FAdEn (Jeong et al.,
201D Aol ar7|gte] F&S weh 43 BTl Fotste] 48 EE FooA EAEEE
oty s} FofAlol T FLOE VpFoRitk d AxF BAFS

FAE bt AdlEel ar)qke] IE g A Foprol Al EE ZstEH, AE Ad XS
&2 BEI 3o FA U viEe ofstdnh o]2 Ad) Folkrlol Ao AR o=
AA7F A8HE AL, FopAlof Zizo] WEE A ?Mrﬂ T4 gket. (Jhun and Lee, 2004) o] &g
WA O R FoAo} Al EE ofAol A g AR Aed V)5l At dFe vA
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Figure 5.27. ENSO forcing on the East Asian winter monsoon during El
Nino-like state (Zhao et al., 2019).

= dgolth Ay AFld nud JFERDe FolAol Ag B o=
BAMORE ALY F5 Hinel, |4E B, AW} A% UF Fol Urk(Li et al, 2020).
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5.2.1. EAWM & WEY 74

o FE DR B A5 d3ge] 2¥E
B33 glon, YFAFH A SolAol AL Be el mE Fo Wi 24 T
NFAZEAe BohAol AL e FHL Austug stk o AFNHE Fobror AL
oo A3 A8 AdFE HRCE Hi AdEjet HEAAEN ofugt AT, ZEA A 29
Aes TEHOE st WEHS 7)dstd ot (Figure 5.28).
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UL /Y EE 2 HEd BE
-&O0FAOF 2 (eezc)
=Y HITE x| 27|e
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7NREA FENAME Folrol A B A2H QA4 AR 7L, 3 7Y, 55 7Y,
4% AES JAH FRE olslsti, 2 24T YESE WS A5E B3l HEAYY Fd
WE Z4S ABAT DAFB FENAE Fobol AW J1FI du-FAE, FI=-
55 4483 9Fs we Ae 1yste A3 AFE vEeE dy 7|3 Hed Ex(dUx
[ E, A=Y A5 F 71F Hed Zo(EFXE, vEl= 15)9 428438 A
AHeF )t Z2M| 2 FEANHE Folrol ALd 7|2 WA TS vA = 72 gEEEe)
E27 AR E G I du-FHE 7T A4 dFS VA= AEE Y s GollA 9
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HEZFH GloSeab/6 #A A d(hindcast) AR E vIE O Z FolA|ol AL E4 49
= =1

e Austan. Alng U 38 Y A9 8459 A9 A A AFdEnd
Ao hatel BgE BAROE HEHM, Bro JFAERD WA ALHE BAG 3
£ AFHsel 34 WaE EASAT A A axel dskd Faysd WEY 52 7
o2 PEEld ~F:jAEY EREE B4 A 24 AR on, A4E A 24 2
she BAG FYEE ALkt 2iolts Yz wESAT

Table 5.2. Description of Global Seasonal forecast system
(GloSea) operated by Korea Meteorological Administration.

GloSea5-GC2 GloSea6-G(3.2

Atmosphere GA6.0 UMB8.6 GA7.2 UM11.5
Model Land GL6.0 JULES4.7 G06.0 JULESS.6
Config Sea-ice GSI6.0 NEMO3.4 GSI8.1 NEMO3.6
Ocean GO5.0 CICE4.1 GL7.0 CICE5.1.2
Atmosphere N216(60km) L85
Resolution
Ocean ORCA025(0.25) L75 eORCA025(0.25) L75
Period 2018/6~2022/1 2021/11~
Atmosphere KMA NWP analysis
FCST Land JRAS5-JULES ERAS-JULES
O/ UKMO NEMOVAR KMA NEMOVAR
Sea-ice
Initials
Period 1991-2016 1993-~2016
Atmosphere ERA-interim reanalysis ERAS reanalysis
HCST Land JRAS5-JULES ERAS-JULES
Ggeanf UKMO NEMOVAR
Sea-ice
Initialization Every day
60-days
FCST Riin 7-days lagged (4 SKEB2) 7-days lagged (8 SKEB2)
6-months
i 21-days lagged (2 SKEB2) | 21-days lagged (4 SKEB2)
Ensembles
Initialization Every month (1,9,17,25th)
60-days
HeST i Closest 2 date (3 SKEB2) Closest 2 date (7 SKEB2)
6-months
R Closest 4 date (3 SKEB2) Closest 4 date (7 SKEB2)

71FdZ2rd Adds AEA A737F AFEEHAT tl7] W= ERASECMWE Reanalysis v5)
LG+ A87F AHgEA e, g M= OISST(Optimum Interpolation SST v2.1) €8 A&7}
AREE T A 73S 713 7S RE Y AANE A57F 7HE]F 1993~20161F 0 = A}
Asblls 2 A5 24d HAgS AEsgen, BE Au5e A AAAZ AAAEA .
2 dAFolAe dY &9 T GloSeabs] 54 ek AAE o] Wl GloSeabe| 2o}
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Zolaol AL Eg A WEY A AAHA FrrHo 2 FHF7]d BAE(European
Center for Medium-Range Weather Forecasts; ECMWF) 7] 3} H] 2 (Copernicus Climate
Change Service; C3S)olA AlFsle R 7IFdFEA FAAAN993~2016d) ARE TH
st AT o] AL VF SR FF5H EAS wotsta, A AT FL3HA
ol kgl V| FErde] Aet ax2A HABA s A Fed

Table 5.3. Description of the C3S seasonal multi-system (adopted from ECMWF Confluence Wiki).

Status Time range Hindcast Hindcasts Hindcast period Hindcast Resolution of Resolution of
(forecasts and initial conditions ensemble size production atmospheric model ocean model
hindcasts) schedule

ECMWF 215 days ist of month 25 1981-2016 fixed Teo319/191 0.25% ORCA grid
(ecmf)
DynamicsiTo319 cubic 75 levels in vertical

actahedral grid

Physics: 0320 Gaussian grid (36
km)

91 levels in vertical, to 0.01hPa

(80km)
ukmo 215 days Tst, 9th, 17¢h, 25th 7 members/start 1993-2016 on-the-yl N216/185 0.25% ORCA grid
fege) of month time 0,83° x 0.56° (~ 60km in mid- 75 levels in vertical
latitudes)
85 levels in vertical, to 85km

Météo-France® 7calendarmonths | last and penultimate Thursday of previous month | 12 members each 1993-2018 fixed TL359/L137 (0.5 0.25* ORCA grid
(tpw) 1st of month 1 member 137 levels in vertical, to 0.01hPa | 75 levels in vertical
WD 6calendsrmonths | Tst of month 30 members 1993-2019 fixed T127 (~100 krn) 0.4° TPO4 grid
(== 95 levels in vertical, to 0.01hPa | 40 levels in vertical
emcc Geslendsr months | st of month 40 members 1993-2016 fixed approx 05° lat-ong 0.25¢ ORCA grid
(eanem) 45 levels in vertical, to 0.2hPa 50 levels in vertical
NCEP 215 days P | 4 members/start date 1993-2016 fixed T128/L64 (~ 19 0.25° (equator} to
fsrte) members initialised every 6 hours (at h, 6h, 12h 84 levels n vertical, to 0.02hPa | O

and 18h UTO) 40 levels in vertical
ma 215 days 2 start dates lagged by 15 days @ 5 members/start date 19932015 fixed TL319 (approx. 55km) 0.25° tripoar grid
okl 100 levels in vertical, to 0.01hPa | 0 levels in vertical
ECCE (cwao) DO® 214 days last day of previeus month and 10 members each 1980-2023 fixed T63 (~28° lat-long) 1° ORCA grid
CanESm5-Iplhe TR EF Rt preVRs et 49 levels in vertical, to ThPa 45 levels in vertical
ECEC (cwao) DD 214 days Jast day of previeus month and 10 members sach 1960-2023 fixed ~1.1° lat-long (~110 km} 1% ORCA grid
GEMS2-NEMO Sthto last day of previous month 85 levels in vertical, to 0.1hPa 50 levels in vertical

C3S9 ARE A|Fst e 71HL FHZ7]|AEZAEHECMWE), 9= 7|33 Met Office),
sz 714 (Meteo France), 59 7]4-(Deutscher Wetterdienst; DWD), o]g&g]o} £H-x] =3}
713 ¥ 314 Bl (Euro-Mediterranean Center on Climate Change; CMCC), w|=+ 37 o =4l E}(National
Centers for Environmental Prediction; NCEP), Y& ~]’*(Japan Meteorological Agency; JMA),
Fhvtct 7143 (Environment and Climate Change Canada; ECCC) 5 870 7] @o]t}h. C3So|A+=
AAAA A5E A-9% 1° 1149 3 N =E £F3 st AlFsta At
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Figure 5.29. Components of East Asian winter monsoon system.

o] X%t} (Figure 5.30).
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Figure 5.30. Climatological winter mean of monsoon-related variables over East Asia.
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Figure 5.31. Climatological winter mean biases of monsoon-related variables over East
Asia.
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AN ARE 7|02 73S YHHEkS AYEdH, BT 7|29 3 HIFS
3 9BV S FUOE Ui Padgorh s &9 BFS HYAL Fkel met
Z7bstn BANBY NG B HhRE ANEA Btk GE FRoE 4P P
st AE A= HFL /MASA &ttt (Figure 5.31). dlFH AF59] 7|2 AGFH 74
% A1xE HIF /o] FE8zt (Figure 5.32).
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Figure 5.32. Vertical temperature and geopotential
height biases over East Asia during winter.

FolH oz N4H NFdZEReA dehbs Fobilol AEZe] 9XE AW, GSHo
AEZ] A7} AEA ol Hls] HZo 2 HFEH JAAA AF d8 ALHole F&EoE HIYF
o] lom, GloSea6oll Al HEH FotAof AES x| HFL2 EE FE He oA GloSeabel

Hlal a3 Ao EAHY (Figure 5.33).
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Figure 5.33. Maximum location of the westerly jet stream over East Asia.
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SAZUTE 71505 AUACH) AR S Folsts Fa BY /TSR 853
@ A TSR] FolAo} AL B wWie] WRHFS wlasl o (Figure 5.34).
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Figure 5.34. Area-averaged mean biases of monsoon variables from operational climate
forecast model.
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Figure 5.35. Difference of absolute mean biases over East Asia between GloSea5 and
GloSea6 and area-averaged root mean squared error as function of lead time.
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GloSeab/6°ll A Wt Hh et A& %311 A&d AAT H
A=Y, d FEBY, G T3 2 APt Aasislon, ik 7122 45°N o) & 49
LA7F SUFE AT S Ige HEHE AR LAt st on, % AfiEEs N
THAE A Al Age FAHOR A7t A ALt Faes B el J5Hs
A <= d(Intertropical Convergence Zone, ITCZ), e} 4= t(South Pacific Convergence
Zone, SPCZ), “s'dobA oHMaritime Continens $4 22 237t F718tth (Figure 5.36).
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Figure 5.36. Difference of global absolute mean biases between GloSeab and GloSea6.
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5.2.3. EAWM ¥ &4

Wang and Chen (2010), Cheung and Zhou (2016), Shin and Moon (2018) - A3 <d-ol| A
AFE FotAol Aw & AFE 7IYAE, ALZ, Y=, AE T V1Y FHEIEE &5
st o (Table 5.4), 2t 7 |1l Solrof Ae & A2® 845 i3t AvE2 +3E
EA mzt FHHom gFstA FEIH.

Table 5.4. Classified East Asian winter monsoon indices from previous
studies (Cheung and Zhou, 2016).

Tvpe Index Definition Publication

EAWMII XJ65 MSLP over (30°-40°N, 100°-120°E) minus MSLP over (30°-40°N, 130°-140°E) Xu and Ji (1965)

EAWMII G9%4 Sum of MSLP over 10°~60°N at 110°E minus sum of MSLP over 10°~60°N at 160°E  Guo (1994)

EAWMI1 S96 Sum of MSLP anomaly over 20°—30°N at 110°E minus sum of MSLP anomaly over  Shi (1996)
20°-50°N at 160°E

EAWMII GOl MSLP over 40°-60°N and 70°-120°E Gong et al, [2001]

EAWMII  WWO02  Sum of MSLP anomaly over 20°=70°N at 110°E minus sum of MSLP anemaly over  Wu and Wang (2002)
20°-70°N at 160°E

EAWMII CL0O4  MSLP over (30°-55°N, 100°-120°E) minus MSLP over (30°-55°N, 150°-170°E) Chan and Li (2004)

EAWMII w09 Sum of MSLP anomaly over 40°-70°N at 110°E minus sum of MSLP anomaly over ~Wang et al. (2009b)
40°-70°N at 160°E

EAWMI2Z 197 Fiooo over (10°-30°N, 115°-130°E) Jietal. (1997)
EAWMI2Z  LC99  Figno over (7.57-20°N, 107.5°~120°E) Lu and Chan (1999)
EAWMI2 CS99a  Figgp over (15°-30°N, 115°-130°E) Chen and Sun (1999)
EAWMI2 €00 I at 10 mover (10°-25°N. 110°~130°E) and (25°—40°N, 120°~140°E) Chen et al. (2000)
EAWMI2 HOO —J” at 10 m over (15°—40°N, 115°-130°E) Hu et al. (2000)
EAWMI2 Y02 Ugsg over (15°-30°N, 115°~130°E) Yang et al. (2002)
EAWMI3  SL97  Zsq over (35°-40°N, 110°-130°E) Sun and Li (1997)
EAWMI3  CS99b  Zsyy anomaly over (30°—45°N, 125°~145"E) Cui and Sun (1999)
EAWMI4  JL04  Usgg over (27.5°—37.5°N, 110°~170°E) minus Usgy over (50°—60°N, 80°—140°E) Jhun and Lee (2004)
EAWMI4  LYI0  (2xU1—[U2+U3])/2, where: Liand Yang (2010)

U1 = Uspg over (30°-35°N, 90°-160°E);
U2 = Uy over (50°-60°N, 70°-140°E);
U3 = Usyg over (30°-35°N, 90°~160E).
EAWMI*  WCIl4 (2 x MSLP — [MSLP2 + MSLP3])/2, where: Wang and Chen (2014a)
MSLPI = MSLP anomaly over (40°-60°N, 70°-120°E);
MSLP2 = MSLP anomaly over (30°-50°N, 140°E~170°W);
MSLP3 = MSLP anomaly over (20°S—10°N, 110°-160°E).
EAWMI* HI5 (4.9659 x MSLPyys +5.0341 x Zyy15) /10, where: Hu et al. (2015)
MSLPg 5 = 0.5 x (MSLP1 + MSLP2) and Zy 5 = 0.5 x (Z1 — Z2), in which:
MSLP1 = MSLP anomaly over (45°-65°N, 70°~130°E);
MSLP2 = 0.5x MSLP anomaly over (25°-45°N, 110°-120°E);
Zy = Zsgp anomaly over (60°-72.5°N, 70°-1 10°E);
Zy = Zsg) anomaly over (30°-42.5°N, 80°—120°E).
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Figure 5.37. Interannual variability of the East Asian
winter monsoon System components.
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Figure 5.38. Temporal correlation coefficients of East Asian winter monsoon
indices between the observed and the individual model simulations.
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FolAol Ae Baol b F% 54 Adelor mAGe ATFANA A7l 74
wom, 7hedel wg Wk FW AF7)E JHAh Aol 171¢ke] FEE
SotAol A% Be FEE BESE AFE AFHDL glom, Adelol 1/1¢e oprol By
Ad(uelel, B2, % B, 9B, 7 5o duew oy Aol Ao ssiE UA
37 BARG. Auel T/ M BE IE AolA FopAol AL Eeol A
A5S 9l3) FRAM, o) JFAZRDANA QB 2 =G BEHo

AFAZRDl Y 1% Azl A5E AAS RfsheA Aus] s Aol
2 3 F4 99 BEE A5

AT BR, A4Y A FSEAY FRE AVY FE S WS ¥
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A|RE Aldl g ol 117 ]

A d=Ae dAA Fe Aoz yelhdt (Figure 5.39). €74k A7) A= &AL A8
AZE STt wel AR HoA A3 ®EE Hole A 2, AWl g A=
A S HPAztel| wet 2 Z9] &4 A3tE BHRth

AY=EULh A Al ERAF A7) &3o] FsHeFshE = AR g low, gRAF
A714e] =2 A = dYUe/EWHNE =5 EU-FHIE dF4FNA T|dst=E A=
AZYETE S FAF A7k 2] Aldlgol 79k AU/l Fojvd #EAdo] glom,
Aol a17]]F MEAd A gREEY A8 ATFELS FUASANTET3574e] A HF
st Qth 7| SRd e E5-FHE 444 AdAG M-S F3l Aol 1rek 34
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Figure 5.39. Interannual predictability of the Siberian high and the
Aleutian low according to the forecast lead time.
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B4 AL 7S Rd 34 Hrbd 8% AFE AFeT sotAof AL Eao A
g, TEE 9F B "RV E F83% SHolH, Folrlol A H(110~140°E) A= HdE
Ag71&e] HEE e F Uth Foprlol AT AFT)= Fokrlor Ag Eo AR
Z8E Adst= giadecs uEdt (L et al, 2020). BFZoA FolAo} AL ELo 7] 2o
stshe 2ALZ AAEI 7)20] HA o2& FHb AFHMY, 7|2o] Aedte AL
s

AR H 7T SEAAA FotAol AY AR HAd 7|29 A& Tl ASH 729
AdY HEe AHEA, =AL dFstes 2€9S THOZ A7 = HFo] Z3HA
Uebdh (Figure 5.40). 717474 7192292 FolAol AL E9o T8 AVIE HA3] 19
sk Xkl flew, GloSeaboll X =A~Z 7ol Uehde &= HEFe @o] /A=A oY o3
FotA o} AE B T8 AVIE AFEHY UEya Uth

establish TR dure ratraak

16NOV 1DEC 160EC AN 16JAN 1FEB 16FEB 2WAR

Figure 5.40. Intraseasonal variation in climatology (shading)
and biases (contour) of 2m temperature averaged between
110~140° E.
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5.24. EAWM 973743

FolAol A% Bee Iu-FAE 4FBN BI-FUE APV JFS BT Wi
B AGolth, MY AFEL HPOT FolAol Ag Béol FFS vNE UA YRS Iy
WM Qs AU/ PEAE, A5 HIAEH DAS/ET HFIA Adste BT
A%, vz AF 5 A FYsak of APl MY ARG A thte] e
FolAlol Ao Byl e ARYL Austdnt

Stronger Tibetan
(Saharan outflow) ngh Outflow

Weaker WNPSM
= =) — <

* Weaker North- 5 g
Pacific Outflow

Figure 5.41. Schematic of teleconnections interacting with
East Asian monsoon. Reprinted from Beck et al. (2018).

5241 Ad-THA= 47 H

= WAE vigow Atdn.
1, Nino3.4 A4 ONI(Ocean

Nino index)sh 371 Auxesl ehlibe Aolshe 714 Al 252 AgHTh Ninodd A5

B} 38 H(170°W~120°W, 5°5~5°N) 8 351

&% WAl ABAT o ATNNE AU12-2W BTE Ninod4 AW ex WA

£05CE 234 W Aumsh ez Aolsigor

AL BAUFFFoIoL U] W mol e Agshgnh

Figure 5.42. Schematic of atmosphere-ocean circulation over western Pacific
during El Nino mature phase (El Nino White Paper, 2016).
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Figure 5.43. Composite map of sea level pressure (contour) and 2m temperature (shading)
anomalies in December for the positive phase of ENSO.
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Figure 5.44. Composite anomalies of sea surface temperature in the
tropical Indian Ocean region during positive and negative IOD years
(adopted from Kim et al., 2021).

GloSea6 o4 Uetd= 7Hed Fof 94 A= A50s i ALed sobrore A
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< AA™s] moJskA] Xakal 3t GloSeabol A= Aed o A=Y w22 BTHF Ml
A FeTl~sET e A wek 248 AFAGol dF M H A (Figure 5.45)
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Figure 5.45. Composite map of geopotential height at 850 hPa and 2m temperature
(shading) anomalies in January for the positive phase of IOD.
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Table 5.5. Historical Indian Ocean Dipole and El
Nino/Southern  Oscillation — events  highlighting  in-phase
concurrence year.

TN

1994, 1997, 2006, 2012, 2015 1996, 1998, 2001, 2005, 2010
1994, 1997, 2002, 2004, 1995, 1998, 1999, 2000, 2005,
2006, 2009, 2014, 2015 2007, 2008, 201C, 201

5.242. HE5-T = 9448

Tompson and Wallace (1998)& Eub- s 7|t Halo] A A 2 wgrS 2 831e], B2}
FTH= ®Y 7k AAE TR ESXEe Foplt B3 SUiA S EH w2
SHA FARSAIT, SANEGoR B thF 2 725 VAW FEE Y F4Ae 7Hvs
HolA FEEY ALEH 55352 Aol 17k, AE, B2 dANE, 22¥|3 &5
SOl S Tl Fokror AL B, 7, 3, A TY FotAol AH TFof FAH
o2 #dHY (Figure 5.46).
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Figure 5.46. Schematic of atmospheric circulation over Northern
Hemisphere for positive and negative AO phases (NOAA).

a8y = 715 AdH dEe B3 3 #As AUIFeR daskA gow, uiEl=3E
olgt= E HE V¥ WEA REAE FAM S TR vl zsie S 71§ AlZ=HECA T3
Aqez FEH gon, HAYH H= T GRELEF € 182 = 715 A dHEAHAA
T8 g s Aol wEl=Fo] Az Aok (Chen et al, 2013). H515S A=H
EHETH(20°N~) 1000hPa A 9lar=e] A WA Fd2 Huds Zez HojH, nhll=dse
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EUA G 2 55 AE0°W~90°E, 30°N~) sl 7|te] = HA A2 Augs Rz dojdn
(Figure 5.47).
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Figure 5.47. Regressed sea level pressure anomalies onto Arctic Oscillation
and Barents Oscillation indices from ERAS reanalysis.
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Figure 5.48. Composite map of geopotential height at 500hPa (contour) and 2m temperature
(shading) anomalies in winter season for the negative phase of AO.
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Figure 5.49. Correlation coefficients between East Asian winter monsoon
and multiple climate variability modes within climate forecast model.
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5.2.5. EAWM Z=2AM 2

A471 WMEARL FotAol AL B¢ HEAHY T8 Axolt)h. Folrlof A7)
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o AAE dEAEES AYEU, ERET ] A#A S(temporal correlation coefficient, TCC)=
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Figure 5.50. Spatial patterns of the first and second EOF modes of the
winter mean 2m temperature in the East Asian winter monsoon domain.
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Figure 5.51. Sea surface temperature, sea level pressure, 500hPa geopotential height,
and 200hPa zonal wind anomalies regressed onto northern temperature mode (PCD).
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Figure 5.52. Sea surface temperature, sea level pressure, 500hPa geopotential height,
and 200hPa zonal wind anomalies regressed onto southern temperature mode (PC2).
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Figure 5.53. Correlation between 2m temperature over East Asia and
geopotential height at 500hPa for 1993~2016 (ERA5).
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Figure 5.54. Ural blocking and western Pacific teleconnection patterns
as the first leading EOF obtained from the covariance/correlation
matrix of the Z500 anomalies.
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40°N Olv A4 9] 1”71%5{ MEE g AF= 40°N o Xl%gl X]’%ﬂ%ﬂr ‘?J_Xd%}ﬂl #+
o] 2t} (Figure 5.55).

Figure 5.55. Linear correlation coefficients between 2m temperature and

principal component of Ural Blocking (top) and Western Pacific teleconnection
(bottom).
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Figure 5.57. Longitude-time diagram of the monthly mean sea
level pressure (contour) and sea surface temperature (shading)
anomalies averaged for the latitude between 10° and 20° N.
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Figure 5.58. Seasonal standard deviation of Philippines Sea Anticyclone.
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Figure 5.59. Regressed 850hPa geopotential height (contours) and sea surface temperature
(shading) anomalies (top) and precipitation (shading) and 850hPa wind (vectors) anomalies
(bottom) onto Philippines anticyclone.
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Figure 5.60. Scatter plots and regression coefficients between sea surface temperature,
850hPa geopotential height, and precipitation during winter (DJF) over Philippines Sea.
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5.2.6. EAWM ¢ A=}

FolAol Ag Ba AG AREE AEE Y axzcevE 1349 Aa Azl tskel
W 23k Al aE o] wlelURl(CSY) WAle] SR ARE, 4ER FAGE wEoR o)
e A4S 9% MEY G AN MEY g e go| K fPoR TRY
& glek

Metric value (Type A1): (GS6-GS5)/GS5X100
> RMSE, Negative value (less error) means better skill

Metric value (Type A2): (GS6-GS5)/GS5X100
> COR(TCC/PCCQ), Positive value (higher correlation) means better skill

Metric value (Type B): | (GS6-OBS)/OBSX100]|-]|(GS5-OBS)/OBSX100 |
~> REG, Negative value (less error rate) means better skill
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5.2.7. 8¢9 9 E9]
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o
AMRE 19¢ FAOE §9 HFol AMHACL ALH B BN Q3 B9 A
o] Gotglth (Figure 5.62. FolAloh A% 45 BAWF nige] YRFAFL AAHA ghort,

GloSeaboll Al A EA o) Hla] P& YXst= FA R HEFo] GloSeabol Al ThAa 74 = H A
A WHE o SAd 7ok Aoz Ay4HEY.

EAWM Diagnostic Scorecard

Performance Teleconnection Process
G56-GS5 Mean Bias Interannual Variability Tropics Mid Arctic PC BLK Air-Sea
CNV- | DIV-
T2M | MSL | V850 | 2500 | U200 | VAT PG MW | EAT EAJ DIV SST
M
M2
M3
[ I
better 90 .75 60 45 30 15 0 15 30 45 60 75 90 worse
[Abbreviations]
T2M: 2m temperature SST: Sea surface temperature  ENSO: El Nino/Southern Oscillation NTM: Northern temperature mode
MSL: Mean sea level pressure SAT: Surface air temperature EN: El Nino / LA: La Nina STM: Southern temperature mode
V850: Meridional wind at 850hPa PG: Pressure gradient 10D: Indian Ocean Dipole UB: Ural blocking
Z500: Geopotential height at 500hPa MW: Monsoon wind ESCE: Eurasia snow cover extent WP: Western Pacific
U200: Zonal wind at 200hPa EAT: East Asian trough AO: Arctic Oscillation CNV: Convection
VAT: Vertical averaged temperature EAJ: East Asian jet BO: Barents Oscillation DIV: Divergence

Figure 5.61. Synthesis results from climate forecast model diagnostic metrics evaluating
improvement in prediction skill of East Asian winter monsoon.
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Figure 5.62. Annual cycle of mean bias of 2m temperature averaged
over East Asia (20~50° N).
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5.3. BSISO ZI&A| A

o) AFAR] FaFol ofslE I sl ko] FaFol ks WA
th(Vitart et al., 2017). 12} o] 713te] o &A% FAe =3
ALB|AA A2 Fad §§& okl AFAY] FEFE vV WE 1 %0“01 o FzbEa

Atk &4 AdY B(Boreal Summer Intraseasonal Oscillation, BSISO)= S2S Al Z+7F 9
F8 WEA T shdelth. 53] BSISOE A2d MIOt 2 3 53 EA4S Holn(Lee
et al, 2013), o]|2 <I3] oo} & A2HE B EStS ool AHe £H, JFIEF F
=371 A DH3 A-@o] Ak Moon et al, 2013). BSISO2] HX & FEstE WAYSS
oA 75 T3l FEEH] skow, tr]-siYF 45 2E(Fu et al, 2003), A2 vbg Alojof o
gk o} 2A(Jiang et al, 2004), &9 Y& <%MHsu and Weng, 2001) s°] 8 WAYUS
o2 AANHAG. HZE oldd MAUFTEY did T84S BFHLE FrlsiHe A=
7} o] FoiA 2 tkDeMott et al., 2013). & AFIA = GloSead tiH] GloSea6e] BSISO =&
Aes AAFHCZ vln Hrstaa oy FAFH o2 BSISO 52 fAYEZY A S B4
stal, BSISO7F FolAlotell wx|&= FFe dF e H7bstH, ol& &3l GloSea6e] 7143
iﬂr SAF S getstaal gt ol#dt TR AT FF I TAFA A F NS §
2% 72457 4 Aoz Jgdnh

o3
=
H /\}OH Q3% dAd18E A F3o) 1 171}%13{— 2Z A 2408 A2, U] 27=A
o]%—
i

g

53.1. BSISO & WEY A5

BSISO (Boreal Summer Intraseasonal Oscillation) e+ 9Js =g 71438t o] GloSeas
(GS5)¢} GloSea6 (GS6)9] hindcast AF55 S2S prediction project database (Vitart et al., 2017)&
B3l ATt 2d A5E wE 4311, 99, 17¢, 25¢) 47 S3E HUHE 0¥t AF
Hot. R EE 1.5° X1.5° 2 WAt A, APAXE 155HE 457149 ASAEE &
slo] BSISOE R @sldth A& o =2+= 770 12%(200, 300, 500, 700, 850, 925, 1000hPa)7} A}-&
HRon, E47)3k2 1993-20161@ o &H(5-10€, MIJASO)e] .

2yl =4 Hrslr] sl ECMWFS] 9 Fifth generation of ECMWF atmospheric
reanalysis (ERA5; Hersbach et al. 2020) A|EAAEE vlu AEZ AFESIHTH E240] AFEH
M= 500hPa A9 a2 %=(Z500), 200hPa wF£HU200, V200), 850hPa w}#H(U850, V850), 850hPa H]
F(q850)% A& FAutEU), FEuEEHV), AAugHW), =D, ¥IFQ), A1E=@Delt. o
F &5 B4 98] NOAA interpolated 43 &3} EAHOutgoing Longwave Radiation, OLR)<]
d HF ARE A AH&3FtHLiebmann and Smith, 1996). =& #ZAgE 2d3 FUI
1.5° x1.5° AAZ Wyitst & FE Fdits =5ty £4 8t
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5.3.2. BSISO & WEH

Al W -A A (Subseasonal-to-Seasonal, S2S) d|&& 2F-271€ AIZMFRE 7AW, ti7] %=
7] | Drldde A Y T Lrlds ol HA dFo] oy It ey
S25 A ZbqtEAA WA StE 7] Aol AS - AR R Fa% 9FS HX7] i, HS
10d7F o] & olsfsta dF AHAIEE FHATIIZ] AT dAFEol HPHo| ki S2S
project, SubC project &). o] AZbFEAA AE AHY ZF(ntraseasonal Oscillation, 1SO)-2
A4 FHES T3l oMol E& AGERE ofygt AR T IS WA= FL AYAARE &
HA Qo] olol tg olsj7}t 53] FastiMoon et al., 2013).

SO A wet A2 g& A3 E4LS Bt ALFH S0+ we-Ed9¢
(Madden-Julian Oscillation, MJO)2.2 tEHH F=2 HAEE g} FEOo 7 o|F3Es v
24 SO+ o& AW R %[Boreal Summer Intraseasonal Oscillation, BSISO)2. 2 4
Ax 2 AFolAes BEX/HEEX, BEAEE F-FotAoF A= BB

ol

g nAth old 54O As) BSSOE MIORTE opAo} B Add o HH

4 % ek

B

Ofr

ol

&

o ox |0 & off

oo ?,9, :

%2l 4
R &h+=
#el o

=)

olAlo} - Bl H FHAFHA 7] FAE](APEC Climate Center, APCO& 2022 F-E 7] $d =
2d Fg3H7F A 2#l(Climate foRecast model Evaluation & Management system by APCC;
CrEMA)S F=38tal vk CrEMAE 2P 9 7|8 AHes dofstes AeHr7iet =412 74k
TR VIFRES AFAHS Hriete IGHIE FEET. 714A 71FAS 2 525 ARt
2 Ao d3to =z, 2023@d= ALE MIO JEHILE, 2024d0= olE& FAste] BSISO
o] P rtE FPsA T BSISO dH 7 WEH S Al 742 7tEH g E 748 o 1D BSISO
g5 AdolAe 7|3 A-Y HEdS vt WA 2 $N/EX d5485S BUtst

+ Performance 7}Eﬂ 2], 2) TolA o} 7] &/7ZFarol VA= F&FS 1etst= Teleconnection 7F
g1z, 3) BSISOo] EX 3 ##w Process 71 aLg]o]thFigure 5.65). ¥ AFoAE o] WE
Y& GloSea6%} GloSeaboll A-83ste] & AHERD HFHe A5t M BEFE AASL
2} gt

CrEMA BSISO TTHHI HEE]

. ‘

. :
- ™ - ™\ ) N
Background Prediction Skill Teleconnection

BL moisture adv.
Mean bias Eastward propagation EA temperature (V'Qbar)
Barotropic vort.
(VOR+)
Intraseasonal variability Northward propagation EA precipitation Ugen Barotropic vort.
(Ugen VOR+)
. v . S . oy

Figure 5.65. BSISO diagnostics of CrEMA consisting of three categories and their components.
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5.3.3. BSISO w73 %
5331 952 71¥% 2 BT HF

BSISO &% 949(10° S-40° N, 40° -160° E)ollA] 7| ZEdo] A4F5H tifF s ¢
2 molst=A vketstr] fs OLR 7] %gte) Ad 452 H7hskdthFigure 5.66). #5At
SodAE AEHE ofxo} &&= A Y7tA BSISO &53 #dd &4 dF 5o Yehdrh
de Az i/ &5 A9S & 22381 M‘Ob‘r, 1 =AM #EI 2ol E Holw o]

@ Aol HaA Tl AolAR FhE AE S4E Wodud, GloSeass = 4
AAYAAL DFE A Zoln FAAAE Bs 2 S A nelo Coseapel 4

=] dF Atk 2oe /AU Y, SA A9 i/
ATk 53] HEl 1Y FHAA tiR{ R AdFo] Faston, s
213 & FH(120° -140° B)AE o o EA9 xto]rt el
S =YY U7 Ao BoE ERHOE TAAH O,
3] AslEo] o] thgk F71 /Aol Hasitt

o7t & AlstEE 7ol
dAd tE(100° -120° E)34
18t} GloSea5°l 4] GloSea6
A A FHAh B 2

BSISO¢] F&a EAQI diFfe 5 d4a #Hste], 53 Aloj(easterly wind shear)e] 7]
7k mdo] AN SS HrEstHFigure 5.67). ERAS #ZA g oA s Qlx=okolA A e H
& %_‘Pr”}xl Ev“‘%%f& TF Aloi7t YErdh olgdt 53 Aol i BFoA A dEE

HEF S S7IAHCEA 7o HE3S fFEste 583 985 tiliang et
al., 2004). _‘?_%1«] FF Aol o A A¥WHEM, GloSeabs A=Y Ao
Aol H3K(westerly shear bias)e HQIth o]# gt HFL APAgte] F71EF
o], W3ellA+= Wikt o Z3k A3 Aol ko] yepdth GloSeabol A= <l
o] Wgko] GloSeabell Hlal FA3] 7HAstgom, olfg /HAHS W3dANE FAEHY. 113
%*ée dH R, 2o HFL Aol 7HE FEEAA Ut AEE Yo =
Aar raste AFS B/t 53 JAESF AYddA Yehues AF Al HIFY Tae
GloSea6°1W BSISO &%l 29 Aol MAHUES 7Hed S AAETE oS Azt wE ¥
sl HH, WldA W3o 2 A5 AF Alo] Hako] ity o=z Fslxs 5A& Bl o]

AE
A
7}

Prl JHUEL

v BEdo]l §F AolE AgsHA FASE o oEgol UdsS HERATH ILE%/} GloSea
GloSea5el wlal #HaF F7H7F UiF oz Hof, o= AHF o2 YA

4 dth o83 A7} GloSeaboll A BSISO] £2 WAUZH #Hd Q3 7 H“ 01 °1—Er°1
= AT ey o dE] EAlsteE AF AlY AR AYA mE HEF FUe F
o] dQst RESZ ATHT
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Mean Bias: OLR
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Figure 5.66. Climatological mean OLR in (top) observations and models
during May to October (MJJASO). Climatological mean biases in models
and differences between GloSea6 and GloSea5 for (middle) W1 and
(bottom) W3.
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Figure 5.67. Climatological mean zonal wind shear (U200-U850) in (top)
observation and models during May to October (MJJASO). Climatological
mean biases in models and differences between GloSea6 and GloSeab for
(middle) W1 and (bottom) W3.
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5332, 4532 AAW HEA

BSISO+= 30-60¥Y F7|= ERA/EZZs= BSISO1 =9 10-20¥ Fr7|=2 BERA[EA RS
BSISO2 ==z FEZAtHLee et al, 2013). o]d wg} OLRS] A&E AXY HEAHES + F7
Z Yygo B3t

rr

—_

HA oJ5- 30-609 F719] OLR ¥&AS Ay R cHFigure 5.68). NOAA #HZAF0
t AToMRE 20° N7FA 2] FYolx & HEA o] YeElUH, 53] A=y Hﬂw
A 743 MEAol BEHrh ol BSISO1 RE9 F8 &% 993 Yxdrh
Rl EAFS AWRW, WA GloSea5¢} GloSeab =F #ZHtTh 73 W
GloSea6+= GloSea5ell Hl3] o]#g o] ®WEgdo] tha $sl=E o, o3 &
B3tk A o2E JAESH MElH G Aol olyst EAo] F=eAA yepdoh W
2 APAgte] Frtetd, 7 B BT WsAol AWy oR ofsEHE 5EAS .
GloSeaboll A& o213 AEA F3br} BS Fishn, tiEe] JHolr BZRT A3
HEA S YeERdATH

2
]-u: 0%
e ol.nﬁ
fo o [o o & ox 12 >

fr
o oo f
rlu
)

w

WE |

BSISO2 ==} #H"E o &2 10-20¢ F7] OLR HEA Y 2o EAS H7}s4 thFigure

5.69). NOAA #ZAZ A= 30-609 F719F vlmste] ®lsde F4o] o HZFo %’4?15‘}“4
E3] 20° N PrL |4 At Wsdol vebdth WleA GloSeabw #=¥ Hlwste] ojF
JAo A T HEAS Helth GloSeab® FAFEH o o] AH3FS HolL} IOSea59Jr«l 2t
olF HH AWrH o= WEAol Tad As AT & A 1—573] A 5 AEEF A
Ao A o]Hs EAo] FEHIITH WA= F 2l 25T wWeAo] dA3] sty es 5AS
Bt} GloSeabe] 7 WEALl <57t F3lshH, GloSeaGOH/HL olg1gt o] B & 73}
o] thFiEol FHA HAZHT vlg oF3k HEAHS UEhdATh o= o] M3 ATt A BSISO2
BT o] FE3] BojHA XS Uttt FHORE JAEY, S tE, MBS
< X33tE BSISO YA wsde %37t ey, 53] 59 205 F2dA o8& &
Aol FEHXITH

FHR, T F7] BFIA AR FAMl wAHL Wl cZe st wEAol
GloSea6 ol 4 & l"i— MAER oY AHs] #=RY sl S2S o= =8 A4 APA|zE] 3
F dlZold WEAHel AUAA oksuE ol# @ BAIHe] GloSeabol A ©% 415h# Ak
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Figure 5.68. Boreal summer (MJJASO) 30-60-day filtered OLR standard
deviation in (top) observation and the differences between models and
observation and between GloSea6 and GloSeab for (middle) W1 and
(bottom) W3.

3 -2 -1 0 1 2 54321012345
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Figure 5.69. Boreal summer (MJJASO) 10-20-day filtered OLR standard
deviation in (top) observation and the differences between models and
observation and between GloSea6 and GloSeab for (middle) W1 and
(bottom) W3.
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Figure 5.70. Zonal wavenumber-frequency power spectra of the boreal summer
(May-October) OLR over the tropics in the observation and models for W1-4.
Dashed line indicates the frequencies corresponding to 30 and 60 days.
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Figure 5.71. The BSISO eastward period in the observation and
models for WI1-4 calculated by wavenumbers 1-3 and
frequencies corresponding to 30-60 days.
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Figure 5.72. The ratio of OLR eastward-propagating waves to
westward-propagating waves (E/W) in the observation and
models for W1-4.
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Figure 5.73. (a) Eastward propagation of BSISO in observation and models for 3-week lead
(W3) as shown by the lead-lag regression of 30-60-day bandpass-filtered OLR anomalies
averaged over Indian Ocean (IO), Maritime Continent (MC), and western Pacific (WP) during
boreal summer (May-October) 1993-2016. (b) BSISO eastward propagation skills for W1-4 of
OLR over IO, MC, and WNP.
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Figure 5.74. Meridional wavenumber-frequency power spectra of the boreal
summer (May-October) OLR over the Indian Ocean in the observation and models
for W1-4. Dashed line indicates the frequencies corresponding to 30 and 60 days.
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Figure 5.75. The BSISO northward period over the Indian
Ocean in the observation and models for W1-4 calculated by
wavenumbers 1-2 and frequencies corresponding to 30-60
days.
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Figure 5.76. The ratio of OLR northward-propagating waves
to southward-propagating waves (N/S) over the Indian Ocean
in the observation and models for W1-4.
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Figure 5.77. (a) Northward propagation of BSISO in
observation and models for 3-week lead (W3) as shown by
the lead-lag regression of 30-60-day bandpass-filtered OLR
anomalies averaged over Indian Ocean (IO) and Western
North Pacific (WNP) during boreal summer (May-October)
1993-2016. (b) BSISO northward propagation skills for W1-4
of OLR over 10 and WNP.

- 187 -



5.3.5. BSISO ZE2A| 2

BSISO¢l EX& f=dte WAUES FE t7|-sYF F45zE, A3 utgr Aoj(vertical
wind shean)ol] ©]3F ¢}=(vorticity) A, FEo] F& £4 So7 d#x ¢rkHsu and Weng,
2001; Kemball-Cook and Weare, 2001; Fu et al., 2003; Fu and Wang, 2004; Zheng et al., 2004;
Katsumata et al, 2011). ¥ AAFox= DeMott et al(2013)o] A¢He HPHS F8] Thokdh
BSISO 53l WAUES Add FoEE A4uRy ol mAYF] 7|Fd SR Ad
H&=A B@ristazr ek BSISO £x19 F4 “1]71145—‘"* SST ool o3t 35 E<QHA,

st5 i ol §, SST 7 =(gradient)oll oJ3t &t5 3, <44 e =(barotropic vorticity)ol] ¢} 3t
stE Ho] AA = JAKFigure 5.78). ol WAUSTY A3 FLAS Hristr] HeiAes #
SaH 2d 3 A A7) Zol, wAUSE =] @ @9 Zo], dF wWAYFNA S A
239 F& nEdof gtk o3 FAE A A EE WAUES £330, AEGH
AR ol el FF3tE OLRO 314 #4415 33 on, B& AFE 5°] OLR &4

A2 2AYE Atk AHH {22 Oort and Yienger(1996)e] Wel wel 3# A4 0.1
o]’4-& two-tailed 95% 21E|FZFlA Foldt Ao T

K 4 BSISO 217 #Hy FQ8 wWAUSES AZ0d EAFS
B7rsl7] Yl AR A I B4 s thFigure 5.79). olE F3 ZF wiAYZY Al
2 Frlstat. B4 Adx, df 259 2" dAd wg A2 g u

= Ao g vyt difF 34 59 A(ag -Hole FE ofa
o3 HHF FB o) F(V’ Qbar) 7} FEHQA QS 3y, o] OLR &9 ol BZA E
3] =EElA %ggu} g5 A A Hlag 0dAE €t F=S} F7 o)/ 3o AHiF
ojt}. R A 59 F(lag Hole f?w 9‘@9} T o/ Yol A AR S|

2k oFslE = A

2 A3+= BSISO 8
TE olFe =948 A=t AAHA 4 T EO%:E}. ] A= DeMott et al.(2013)9)
AT Aol o T FHE YEHE ol F& WAYUZTY HEd mo
7t BAdE AL

BSISO %19 8 vWAUFE 5 st ti/ FA 5Y Hddag 59 E& dde] o 3

S8 o] F(VQbano] Wi EAS EA e thFigure 5.80). #EZAE A= A=A 90° E

I EAEE el 120° -150° EAlA g & ol /b vEhd T 53] WZAwnty FEA 3

] T2 & ol FEHM, OLR 59 ofg XA olfg 5Ho] F=#zl

Cole dRF 859 H5IE fEe Az @40 daEng. mde SR olF no B4
= Foll A =L ABAPCC0.77)S Holuk B e)H o4

& A5(PCC=0.66)2 EFATE WA GloSeab= <= Foll A= GloSeabR Tt tha e 4
(PCC=0.74)& Ro|A|T, BEAgF o= MAE 2o A5(PCC=0.70)e XAt} o]

7
= 7 Edo] BSISO 5313 Add & olF WrAYUEe Aoz & 2osial lee

(o

n[N

BSISO £x19 = b8 F2 WAUEA t7F T4 Adlag 0A e =34 o= SA=

- 188 -



2Aal A thFigure 581, BEARAE Awde] 90° E 223 BAd@ee] 120° -150° E
Apolol A ERE &ty oh% 41570 etk OLR &9 ofwzalel gty oo F3HA
Bxrl 2 e, S8 Waws 2w & FadA 28 4B4e un. wue] &

T 2o EAE AHEY, GloSeabt UEFAAA =2 FBAHPCC=0.80)S Holil EAHH

Folds AuHen © we AWPCC090e e, GloSeaG% £ A mEAA
GloSeabEth 7" 2o Hes Holw, 53] AEdoA 092, EAEfgFolA 0939 5
B A4BAS YT olE BSISO B3 WAUE F % ug S 52 el o)o13
& AT

BSISO %413 #ed® oty ow A4 #HAe

(Ugen)& & Alof(Vg
o3 9% AL A=A FA

A3t7] Y3, BE=AEANA FA] Ao

B 7} ohFigure 5.82). FA4 Alojo

9% A A60° -120° B)olA 73 BE

z] ey, olgd s 59 2027t

SA =T wE, GB Aol 93 oE WAL Ex Alojo] H|E] AR o
q

(@)
2
=2
Lo
e
£ L
g b
o
o
o
53
oft
o,
rE o AT

= O MFHE B MESS T2 9 105 olsisf AT FoA ABHOR oy
O U FHER UGS FAN GASE SYE RGP A3 BSSO Al
A =98 9= Aol ol BA Aol dE Aojnt o AMAd 4L FS P

Figure 5.832 BSISO &X13} ##d® FA] AJojol 2]3t
o7 2 AlFdlag 0o =g FAEEF Sl o
W OLR =9 ofxe] FHoE FHI %H Ao

90° oA, BEAHE SN =

}. —ﬁ*Ol Wagkat A e FHolA ol sjdo] FEH it

4 Bol EAE Ay HW, GloSeabw AEFolA Hid ez Fe FH#HAFPCC=0.53)< Holt
EAgH SN = o =2 A5PCC=0.67)S YeRdT ¥ GloSeab= U YN Al GloSeabkH
FaE 2o Ae(PCC=0.60)0= Holu, FAEH Sl = thd 2F& A5(PCC=0.57S H<l
o 54 Aold o3 S= A HAHL FA Aole FEF(uy) LDHEA BEE ] Yo
S EA oA GloSeabe] &A1 Aol Aol fdo] 53] QoA o] RS RISt
meba] GloSea6oll A IS &4 Alo] FA e mel 54 Aojo 9% o= AAY HA
o] /A= ¢ G= B Aol FFEI, BSISO 53X Aol FFHAES & + Aok

o

- 189 -



Mechanism 1 (SST-destb)

Negative-only LTS (8, 700 — e 1000)

Destabilization of lower troposphere by SST anomalies + positive-only SST

Mechanism 2 (V'Qbar, VbarQ', V'Q’)
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Negative-only SST Laplacian (V - VSST = V2SST)

Boundary layer convergence associated with SST gradient + egative-only 1000-hPa diverzencs

Each advective term
Boundary layer moisture advection _dqr 19q /99!

Mechanism 4 ()
Boundary layer convergence associated with barotropic Positive-only {,
vorticity anomalies + negative-only 1000-hPa divergence

Figure 5.78. Northward propagation mechanisms of the BSISO and their quantifying methods.
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Figure 5.79. Meridional cross section of 30-60-day filtered OLR
and northward propagation mechanism regression coefficients
over (@ 10 and (b) WNP in observation for lag -5, 0 and 5
days. Gray background shading highlights the region north of
OLR anomalies where northward propagation mechanisms may
influence future convective activity.
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Figure 5.80. Regression map of V'Qbar (shading) onto 30-60-day filtered OLR
anomalies over (a) IO and (b) WNP for observation and models at lag -5 days.
Negative OLR regression coefficients are shown with black contours (contour
interval is 0.1 standardized units).
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Figure 5.81. Regression map of barotropic vorticity (shading) onto 30-60-day
filtered OLR anomalies over (a) IO and (b) WNP for observation and models at
lag 0 days. Negative OLR regression coefficients are shown with black contours
(contour interval is 0.1 standardized units).
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Figure 5.82. Variance of MIJJASO
barotropic vorticity generation by
(a) zonal shear (Ugen) and (b)
meridional shear (Vgen) in the

observation.
(a)
OBS _(Lag = Qday) C+‘ ) 10 GS5 ) ‘W3 (Pcp=o.53) GS6 ) _W3 (PC‘C=0.60)
‘ - G = -
20N L 20N { T L 20N
p A2
0 1 0 - 0 -
) ] 4
208 {// - . - S 1208 {0/ - - . \ T 208 {/ : - \
60E  90E 120E 150E 180 60E  90E 120E 150E 180 60E  90E 120E 150E 180
[ | D .
-0.3-0.25-0.2-0.15 -0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
(b)
OBS (Lag = 0day) L+ ~ WNP GS5
20N a’ o ben g T 20N
NG T . S 3
0 44 0 / > 0 1
208 {1/ - = vt 208 fTFEST : NN
60E  90E 120E 150E 180 60E  90E 120E 150E 180

-0.3-0.25-0.2-0.15 -0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
Figure 5.83. Regression map of barotropic vorticity by zonal wind shear (shading)
onto 30-60-day filtered OLR anomalies over (a) IO and (b) WNP for observation

and models at lag 0 days. Negative OLR regression coefficients are shown with
black contours (contour interval is 0.1 standardized units).
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Figure 5.84. 0-20-day lagged composite of East Asian T2M and
PREC for each phase of (a) BSISO1 and (b) BSISO2.
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Figure 5.85. (a) Composite map of OLR (shading) and wind at 850hPa
(vector) for phase 7 of BSISOl. (b) Occurrence frequency of phase 7

of BSISO1 during May to October. (c) 0-20-day lagged composite of
East Asian T2M for phase 7 of BSISO1 in observation and models.
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Figure 5.86. 0-4-day mean composite map of (a) T2M and
(b) 500hPa geopotential height (shading) and 200hPa
geopotential height (contour) for phase 7 of BSISO1 in
observation and models for W3.
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Figure 5.87. (a) Composite map of OLR (shading) and wind at 850hPa
(vector) for phase 1 of BSISOZ2. (b) Occurrence frequency of phase 1
of BSISO2 during May to October. (c) 0-20-day lagged composite of

East

Asian T2M for phase 1 of BSISOZ in observation and models.
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phase 1 of BSISOZ in observation and models
for W3.

5.3.6.3. FolAlo} 59 ™ BSISO ¥4

ZolAlole] E9E fUEtE Ao E BSISO1 P4E M A3ty thFigure 5.90). BSISO1 P4+
A=} dfFd tE AGodA A dFdsel A8k, ool Y= tjF &5o] YE
wr}. 850hPa vEE- Aol A= FolAol NPo g Fad vigo] FYss Ae AT & Ut
BSISO1 P4+ 69l oF 20%2 718 =& @A W=E Yehdy, 593 8-10€o= Audo=z
w$e RIEE Yepdth o]& BSISOL PA7F 2 2954 HFHe 5L /IS 9|t &
Zoll A& 0-5¢e FElg & A5 ohx=ZErt YERH, 53] B 25 5Y Ft M A4S

o

- 197 -



T AlErr #EEY. 299 A%, GloSea5¢) GloSeab E

4 oS, HAATIO] FABFE A2 Aol B AGHE SEe WAL, TY Glosead
7} GloSeasell 3] AMHOR o e F5F % 4% Hole o] Sl

BSISO PAY w] FolAol Ao tl7] &atsh S8 4o wAE 92 Brle)
#=3 wdo| 33 o =S EAsAhFigure 5.91). 4
FREEY 049 FF FHFol ASHAL. BZATA

2
r
ol
4
N,
s
kI
b
ol
4>
Al
I
P

74 F30G00hPa) 43
=]

r o

(200hPa)oll A= Eotrlo} ol 7P wFo] LDy, ol EHBEY 17|ty &4
#AHE ] Q. t7] €8 SR 5 EAS AYERA, RHEY 17| g wet A
g FAFIE FAEA, ol F8l FotAor AHoE W FEo FUEH 2o dF dF
H7t A3, GloSeab+ th7] 8% & % HHSs Ay oz & 2 ostm(PCC=0.74), 457}
A FolAjol HE A F o =3t). GloSeab= GloSeabRth A4E A 5(PCC=0.80)2 =

olw, 53 B Ay EHBEY 17 S mE T Fds o BFsA 2o gl wet

SolAlo} 44 a2 Aol $4E Aoz Buwn

P4 India & MC

OBS
W1 GS5

- GS6
60E  90E  120E  150E W2 GS5

0.6
0.5
0.4
0.3

= 0.2
0.1
— -0.1
-0.2
—i-03

-0.4
-0.5
-0.6

gtg) Frequency  BSISO1 P4 (279) GS6 -

W3 GS5 -
25 1 GS6
20 -

_ W4 GS5 A

£15 -

N |
10 - GS6 VA? _7%

M;ay Jl'm JLI| A:Jg S:ep dct
Figure 5.90. (a) Composite map of OLR (shading) and wind at
850hPa (vector) for phase 4 of BSISO1. (b) Occurrence frequency of
phase 4 of BSISO1 during May to October. (c) 0-20-day lagged

composite of East Asian PREC for phase 4 of BSISO1 in observation
and models.

- 198 -



b RS g L _LoEE e 4
GS5 (PCC=0.74) A5107 432412347101 2018 000 0 0009 0018
4 GS5W3 (PCC=057) GS5W3 (PCC=068)

I0E 120E 150E 180

T T T > @I
5107 4321123471015 0018 0003 0 0009 0018

p SEEEEEEE g
-1.5 -05 -0.1 03 1
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Figure 5.92. BSISO scorecard that represents relative skill difference between GloSea6 and
GloSea5 for W1-4 consisting of 4 metrics corresponding to background, prediction skill,
teleconnection, and processes. Green (red) colors indicate improved (worse) model skills.

Table 5.6. Diagnostic results of the GloSea6’s BSISO through the application of the CrEMA
BSISO diagnostic system.

CrEMA BSISO ZIeHA|Alo] w2 GloSea6 BSISO #gh 23}
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< BSISO &X1 A5 7del @& Fotrlor 712 B Zra & dF 74
BSISO remote impactel] o3t 712 YF 2o A
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A vorticity %5 M4 — 53 A5 &
(WNP) barotropic vorticity 45 /N4 — &3 d%5 &4
B = BSISO 319 A dFS = BolAo} 7|45 dE5Ads MA
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1 fwwe:

CMLL calc_bassflow_julss{
acil_prw, moil J.nd-x, J.Irn‘__p—

call random ousbec {srand]
mrama = mrand * 10000000

fwritw{filmnaze, '[I10)') ink[scescd} L.

qmnhuuz-ezz
21 Lpws r im0, e wpon achun oyl corend abd 07 - sam e grub, Legd ™ fadf ust 1 (£
="}

B I R

el
gbmas_unfr_woilb{:,=),
m, i1, Ghass_max_unfr_moilt [0}

fwrits {222, *] "oeoilt, ss lewsls, soil pts, scil_index, &©_j_langth, E_i_lesgis,
Zat 9§, lon_i, lat_of land ptw, loo of land pta”

2 = aoil_indmz{y)
(253 -nu— u m,n] = mstcon_scilt{i,=.n]

CALL calc_indsx(ids, lat_j, Zam_if
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1 Bote for moll tiling- thim is only =sed by the riv_ineccl ls, which is
Els with nemilt >

orpa:
Aolltfl,1] = damc_d= moilt{i,1] + iolsndoot_sim ga(i)

Opcdata tha lays: moil moisturs comtssts asd calcul
! gravitaticoal drainege.

IF (moil_pea f= 0] THEN

IF {I_trrig_ded) THEW

12 1_lrrig_ded = TRUE, call zail hyd sspaca
=co-Irrigated fraction

aftmrwarta, call moil_hyd OHLT to spdats wazsr tablafdrainsges with
7 gridbca total woflux moile, amcl_masit

Ly for irzigaced and

inte irzigecsd § non-irrigatsd fracticn.
I.am_lawala

00 = = 1, nacilz
1= 1,acil
= acil_infex{i]

mmclmaz_Soil%{i,m.n] = cho_water * dzmoilln) * mmveeE_soilt (4,

- irr_moileql,s) < 1.0 ] THEN
#zhu_niT_soilz(i,m,n] = (exhe_soilti,=z,n) = fcec_icc_wailt(i,m)
% athi icc moilbgl,m,n})
J 1.0 = frac_icc modlbQd,ay)
,m) = #eac_icc_masit(i,m)
aile (d,mn))
# 1.0 = Frmc_icc madleQi,mpy

sat_nir_soilefl,m.n] =

mse
athu _pir sciltfi,s,n] = sthe moilt{i,m,n)
wat_nir acllsii,m,n] = exc_saile{i,=,n)
mo IF

el irr_aoiltii,m,n] = a=cl soiltimo)
# gathu_irc_soile(i,m.m)
= athu_woilt{i,=,n))
8 amclast_moilk{i,=,n)
mmct_ple_wolitil,mn] = secl.weilf (im0
+ gathu_nir_msoilt (1,300
= mEhu_mailtfi.m,m)
# amcl 1t§d,=n)

=0 Do
=D Do
mE o

3. nmsilz
Firat cail mmil _hyd fac nan-irrigaced Fractica.
CALL amil_bys §

R L.

wxt nlr wedlifc,m,

B u-nnp. amvcat_moile(:
_mailt
1 maile{:,=,:3, 1 Eap,
=], sEclmstzu_soilf(i,=),

apil_indmx, baxp_saile(:,m,:), dzmail,
_moile{:,m], ksz_soilb(:,m,:),
il

3. W_Slux_nic_meilt(

Ef: dmpth, gha
*_dowm, secizu_acileq
acil 11

1 qEmme_max_moilt{z}, w_fl=c niz
' qhmme_soilt(:,m}; ghase I scilt

1 Bmxt call acil hyd for ircigated Fractiosm.

smycar_modlt{:, o, ], sub_surf coff_msoilt
2_gt,

1 fer a mingle wadil r.J.].I, -u‘np opy acroas =oothe cuspue varishle
wek_musf_roff gt mailtg:,m)
ELsE

CMLL acil_hyd_wz {

nd_pta, an_levels, acil_ptm, ail_indss
By, som, ], demc_dt woilt{:,m), ssthh_soilt(:=,:
AT _ =, :], wuE_suzf_coff woilt[:,m). macl_moilk(:
aurf_roff scilzf: =],

w_flux wollt
athzw_acils{
arain_acilz(
amclamz_acil

wub_wur?_coff, Tw_soilb(:,=m),
], grass_1_soilt(:,=,:0,

amclzy_woilt (i @), ESCIESEIM_BALIt(

For sultipis soil tilss, wdd op tie comtribuzicna, allowing far
. aurf_roff gh{:] = aub aurf caff E]
& § Tile_frmc{:,m] * Wub_wus®_cofs sailt

emy)
=D oo

I IF ! pacilr = 1

i [WoT, 1_izzig_smd

D0 @ = I, nacilt

avmla, acil_pra, scil_indes, bexp_sailt
. dumc_dr mailt{:,m], kaz_moilt(:,m,:),
. Gimmatep, smocat_soilb(:,m,:h,
hu_acdlefi,m,i], W_flux_moile(
+ ghaam_1_mailtq:
=y

amclaat_acilcd 1
wrize{223,*) "LOG: call calc grob mtars; nacdle™; =

cam, sal)]
1222,*) "LOG

call calc grob med”

wrize{223, *] "LOG: do, mndo, mEoki

IF fmacilt == 1] THEE
‘o maintain bit-cospacshility, we seed to call with the _gh vecsion of
IrmoeE.

"LOG: To simtai: hit-cooparabdlizy”

CALL anil_hyd ww {
! = J.leJ.l. moil_pra, moil_indmx,
], demc_dT woilt: ,q], mathh woile(:
uk_aurs_c

Eimentep,

223, +) "LOG: =J-u i ware_roff gkt
1 Fer a single soil tilw, misply sogry acroas
wch_muct_roff_gbi:] = mucbh_aucf cof? mailtq
) "LOS: called x=h s=rf_roff gb’

o the cutput variskls.

writw{3T2,

), tizamtes,
LR

&
dzmzil, &
&
&
m-:- xnll(i.,n], xu.p—n, GEane_1 s Lt &
£ -nu _aak_down, amclzw acdlty:,m], anclmacrw soiltf:,=), &
amclaat_a 11
Scall calc _grubdnmoilt, land pts, sail pts, se lswels, saoil_index,
. -
max_wodltlzh, w_  nir_sodleds, =, C
] _mailef:.mp, ooams I_ssilziim i)
D Do
! Fm-calculate zotal grid box mail moistore.
1 Badrd - pmrhapa this could be Sooa more I!ll.:l.l!!]., With WHERE
Mo - nacilt
OO n o=, an leunls
EQ 9 = 1,acil_pra
& = apil_indsxdi)
7 Enauze ssnaibls valuss 3if srrigatiom fracticon la vesy small:
IF § fxmc_izr_acdlcdi,m] = ERSILON{L.O0 ¥
r_wodle fi,m,n] = 0.0
K 3 i.m,n01 = w_flux_niz_sadlcii,=,n)
IF¥ {no>»=1 THEN
hu_irs_scdlbdi,m,n] = sthu aic_wodlt(i,=,n)
=i = amcl_niz_maile(i,
= athu_n modilefd,
w_flux_scilzii,m,n] = frac_izz_madlofi,=) -
ux_irz_woilkfi,=,n) &

4§ 1.0 = frac_irr_modlt(i,m) § &
* w_flux_nic_soilefd,m.nm)

I {n¥=1) THEN

wmcl_sodlzii,m,

= frac_icc moilt{i,m) * mecl_dicc moilt(im,n) &
+ § 1.0 = frac_irc_sodlefim 3 B

®* amcl_aic_wodlt(iim,n)
athu_wodledi,m,n] = frac_icc_wolltdl,=) * sthu icc_wollt(la,nd &
+ § 1.0 = frac_irc_moile(im 3 B

. _niz_mailt{im,n}
D IF
D IF
ESD EC ! acil points
ESDEC | laymra

iJang: For conalstancy. ®.g. land pta, am_lsmels mzc

call cale_grubinmsilt, lasd gta, saii_pta, sm_lavels, @ail_index,
&

call cale_geub(neailt, lasd mea, mail pea, @
ghams_max_sailt|:), tep_cri

:_Llmwela, moil_indes,

oiltl:,m), goasm L acilz

. wm _tavels, aoil ptm, soil_index, dzsoil, &
mcdle:,m,:], zdmpth, maclru_soilef:,=3, 3

miltq:,ml, amcl 3
w_waileq:z, =l
mo o
IF fmmcdils == 1] TOEK
! To maintain bit-compacability, we sesd to call with the _gh version of
1 runos
=1
CAIL soil hyd wr § &
Lang laveia, acdl apdl_indax, &

_pe
damc_df_soilt

=), aachh_soilef:

). timmstep, &

&

u:-u wodl_pew, apdl_indsx, &

danc_d=_woiltq{:,m], sathh_soile(:,=,:), tisestes,d
sub_surf coff woilcf:,=), mscl_modlt(:

"att_mub_susf_sofz, B

cd 1§z m], &

I_tep, amcizw_sailey w6

! For multiple soil til add op the contributicos, ellowing for frec
wak_murf_rocff_ghi:] = aub_aurf_coff_ghi:) B

4  tile_fracd:,m] * sub_socs coff_soilt(:,a))
0 0o
END IF Inagilz == 1
writm {222, *] "LOG: mnd Lf 11 frrig dedT
D IF 11_izvig_ded
BuTface matucation and wetland fracticna:
IF [i_top) THEN
napile
I Tarc acil pm-uy auaz land
IF famca 1"-1-1 - 0] THMEW
wrize {222, "LOG: 1_cop, e=d o =T, B
Ea § = iasll
4= amil_indaxiq)
Gamm_zw_aciltil,m] = ghass_L_modlt{i,m, == 1
INow uas £it for Tast_modlt amd Ewet:s
and_unfrozen]
e B S W AL oy T e &
* ENFYec_fmab_moiledl,=) ¥ top_coit_ moile(i,=h)
fumtl_acileqi,m) = wucor_acdltdi,m] * a_fumc_mailb(i, &

* EXP{=c_fumc_mailb{i,=) * top_codib_maile (=)

faaz_acilzii,m] = a_faaz_soilcdi,m) &
EXF{=c_fmac_moiledi,m) ¢ top_coic_mailt(d,mn)
fumtl_mcilzdi,ml = a_fws:_s5ilt{l,=] &

EXFi=c_fust_moiltfi,m) * bop_coib_wailt(d.m))
D Ir

I¥ itop_criz s

eaa
Ml-nll(‘ln] = 0.0
o Ir
wrize{222, *) "LOG: fat_mai S d
D DO
00
1 i_top
{222, *] "LOG: END IF I I_top”

ELSE 1 apil pra

£ rmquized by STASH fls3 and thars are = aoil poin
1 sat mub-aurface runoff to




waty_surf_roff_gb{i] = 0.0
e oo
o IT
D IF 1 acil_pra

Twritaf22d, ] "L0G: UPDATE THE SOIL TEMPESATUBES AND THE FRONEEN MOISTURE™

and tha froen mod

Tpdata the acil tespecstu

! *EOTICE REGARCING SOIL TILING®®
'

IThe following asction facilittes the zae of scil tiling. As implesented,
thars ars two scil tiling optione:

mmoils me 1
Opsrats aa with a mingle moil
1 wnd.7 ¢0ct IO18)

Fancticcally idantical to JULES upts

shis baing parmmd 'UR' to tha sucfsce im
! broadcast o the surft wacishle |with weighting by frac Lf cequoed)
1
maaslt » I

IOpsrate with nacilt = neorfe, with s direct mepping betuean thes
| Thia mmana thaz & soilt varishis beizg passsd ‘up’ o the ®

! copdad into tha musfe varisbie

cs im mimply

Thia will nssd zo be cefsccarsd for other tiling approachss. This noca

ba raplicased slmswhecrs in the code as reguized

iTmeas cormanza spply until *+END HOTICE REGABDING SDIL TILING®

IF {msii_pta f= 0] THEN
? Mran uaing scil £iling, we can cas the wacface tilad version of
1 warf_ht_flux_Id, wnow_moil hif. Toa _Id wezwico iz m gridbox sasn
R anow mnd P
- 1] THEK

Ll
am_levmls, naurfc, apil_pes, sodl_index,
warft_pza, aurfc_indes, nancw_susTe,

T, dzacil, tile_frac, hoap_soilt
1

wurf_ht fluk 1d, &lse

wthis_iTT_mailt

sfr, mchu_moilecd:,m,:,
1

tap, s=voat_moilt(
. m3cl_moilE(:.m,

7 Surfacw and acil tilsm map dirsctly on to mach othar.
OO m = I, nacils
n=m
CALL acil [
+ am_lwvela, naurfx, acil_pes, woil_index,
aurfs_index, nance_aurft,
drmpil, tile_frac, howp_soilt(:,m,

w_Plux_achlsd:,m. i), achu_izs_wadled:,m,:)
amowdepth_surfz, sthu scilb{:,m, ],
=il

fwritw {222, *] TEND MOTICE RESARDING S0IL TILTHG™

! “END NDTICE REGARDING SOIL TILING- -

IF {moil_bge_modsl == aoil_rodel_sorhe JAND. 1 _lsyscedc) THEH

faccumala

acil tespacature for layeced moil cacbon and nitcogen

B o= i, mmcile
IF {aszepa_since
1

_eTiffid me 1] THEM
ceg:,m, 0] = 0.0

odl_pea
£ m acil indmx{y]
_agilz_accii,m,:] = t_seil _soilt_sccfim,:) 4 b

0il_mpilt (4,3

*1 "L0G: sccusulsts sail tssparaturs for laymred 8oil carban asd sitroges”

Calzulazs Wizrcgen Lasching

IF {xoil_bgc_scdel == mcil mcdel cobhc .AKD. 1 _nitcogen) THEN
I (masiiz * 11
=rroea a = 101

CALL srapor:i{®chack hydrol 4la®, @rIcratatus
"nacilt>l mnd 1_nit = =_leach mot tly coded®)

o I
CALL =_lmachjland pra, tizsatap, amcl 3
aub_3urf_roff gh, ghem

oilt, w_flux_moilt, B
»oilt, mmteps_since_bciffid)

Twrita4222, *] "L0G: CALCULATE MITROGEN LEACING

IF {imock] CALL dr_hock (ModulaMasa//':'/fRcusinsdess,zhock_suot, Thook_handis)
fwrits{222, *] "END SUBROUTINE hpdrol®

T
D SUBBOUTINE hydrol

! For JUIES-GIlS
abroutina calc_tag_linaiz, y, &, B
implicit zooe

Azmteger, parsmatar :i 57 = kind{l.d]
Anteger [57), paTamatar :: OF = sslsctsd cesl_kind(i * precimion(l.0_SF))

Teal {OF), intsatiin]
TEAL{IF}, intsatiout]

v ¥l

Tl [IF} mum_x, mum Yy, mum x, mum oy

= mizag)

azze_y = miasiyl

AF [Fizm_x == O .or. aize_y == 0] thao
wtop

and L€

AF [mizm_x f= miza_y] than

wam_p = mmix]
azm_y = mumf

wm_px = mumix b x]

wm_xy = mumix * oyl

s = |wmm_xx * mum_y = mumoEy

CKLL ice_hzc {land _pta, sm lewsls, Lice pts, lice_indsx, drmoil,
aurf_he flux_1d,

CALL wlmw_hec {land_pta, lice pta, lice index, nsusfc,
dzacll_slaw, ancw_scil,
mv_muree]

fwrits 232, *] “END UPDATE THE SOR-STURFACE TEMPERATUBES FDA LAND ICE™

hs availsbls soil moistzrs i3 &

yar aT tha aurfsce.

mmcdlt

mE o

fwritm {233, *) TEND DIMGHOSE THE AWAILANLE SDIL MOISTURE IH A LAYER AT THE SURFACE™

! Calculate mean »0il tespacatoos and scaled CHA flu

JAKD. @gil _pra f= 0 ] THEN
SEIECT CASE { acil _Pgc_mcdml ]
CASE | acil_modal lpool, sclil_model rothe ]
IF [ I_chi_tlayared | THEN
This variable is not ossd with
taodl o medlsii,m] = 0.0
Trse
CMLL scilrqland_pta, sm_levels, acll _pes, ®oil_indssx,
dzacil, ©_msil_asilti:.m.:), tEsil_d_maiic(

yared CHA calc,

D 17
CALL chA_wetl{land_pea, apil_pta, dim_cal, soil_index, == lsvals,
tacdl o mcdleq:.=),

S e Aih.
vieil, RPRERAll:,=), festl modle(:,=),
fchd_watl _soilt{: =], fché_wetl ca_sodlt{:,s=),
_watl_mpp mailed: =], fchi_weel cespe_ssilt(:.m),
£, L_chd_tleymced]

_scc_mailt in kgfel asd foid_wetl_acilt in 10sBkgfalie
Cc_mailb{i, =) = fchd wetl scc_sodlt{i,=)
_acileqi, =] * =5_kg convaceion ¢ cisastep les)

Boopo ¢ zilss

Twrita {322, *] "LOG: Calculsts mesn soil tarcecsatuce and scelsd CHE £lux”

webiroutiom k_fof O {0_thicknmeas, coomod yint, coosod slp, k_fo
resl, istantiin) C_thickomam, conmSd_yint, conscd_mlp
Teal, iztsctiout] fof

E_fof = 10 ¢ jcoamed_yint 4 conmcd_mlp * O_thicknass)
‘webwoutine k_fof D

1Jang: rwplace lnad_pea By npntm
acbroutine calc_grubinacilt, npata, acil_pes, nahyd
max, top_cTit, w_flux, ghass, ghba
=g, ww, &d, @v, cka, cEa, © =1}

moil_index,
1,

OSE wn_latlco_mod, ONLY: latitude_of_lsnd_pts =» laticods,
lcogitude of land_pts =s longitods

1 Turkar of acdl poinca.
samyd,

! Busbar of acil moistuse
mmaile,
i_indax (npnzal
! Array of scil poines.

REAL. IMTENT |INCUT)
w_fluxfmgnes, Oinahyd),
Fluzsa of wazar becwssn lsysrs |(eimidal.
goamm_l{zpnta, nanydel], i
! Bams flow from mach lewsl Clgdmdds) .-
Soams [zgnzal,
] B flow {kgizaia).
I

Goaam_max [zpoza)

FEAL, THTENT [TH] &
a2[324, 432], awqlZd
Sna 34, 4321, cEafia

432], RA{IZ4, 437, Ew{iTE, 433
432), caa{3s, 4321, cal(d3€, &3

By By 3

5% = kind{l.d]
CF = malsctad real_kind{z * poscision(l.0_SP))

LDEAZET . PATEEATET
tmtagar (5P}, pATEEStsr

Teal (DR} :: =421, y431, &, B

Bl
L_acalar = 1.3

Tmal
Tmal

Teal

i alp, sin_alp, coa_alp
K dry, K_wet
Buc_caz_basin_sces

k_azb
min_depzh

zear_dmep_atoem
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! goazm_ ! mcilt{land pce.necilt,sm lewel:
1 Gass flow from sach level (kgfmifx}.
lcalc grub{land pe, =z levels, ghams

param_v = 084
param d = 0001

L !J.nx moils{land pem, neoilt, S:am leve! [ min_depih = param d # O doy
1 Fliw = batwesn laparx [bgiml,
1 g:u- A_mpileiland_pes, neoilt, am_ Twrized®,*] “l0G{cslc_grub): 17
L] [ flow from ssch level [bgfmifaf.

x = {f O dry, O_wme ,J:|

¥ = 1f 1aglom_dr
fopem {unit=201, File='/h3fhosefapcef jackanftep acil _dats.txt', ECEEuEeToIdT, oall calc_reg_lina gz, 'f- a, k]
$ L) comeod_yin: = a

fopes unit=20l, file='tmp sl _data.txt, stazua=Told”, action="uzicat) commod_alp = b

Idesp_rwach = {} 10, n 0.0 3
1ma f = 1, il _pta Sswp_atorm = O_dry *
T &= acil_indexii)

@ =1, alze{dmp_sech)

g ouz = 0.0

=] ] =i, soil_pea
&= moil_indexi{i]

accom_rach = min{accun_rech # param_w & max{desp_cech § £, 0.0), depth)

fwrizaq*,*| "lDG{cmlc_grub): call k_fof_O'

st § =@ call k fof O {depth, coomcd yint, coomod -1p, k_mch)
fon Lim @
sdx w2 _out_itmr = E_azk * {{ain_slp * n n.u: + dapch §omin_mip) f (0_halftcos_mipy) ¢
CII.I. calc indmx{ide, Lmz_j, lon i) ImIn dmpth & mccum rmch] # mex
lat = latltuds of land pesflea i, lac_3)

lon = longizuda_of_land_pesdlon_i, laz_3l 4F |gw_cut_itar » desp_stora) than

Gu_put_itar = dssp_atora
ir

! compute ude index from latitode for Glocass=-Jules aystes
v emliappen i e T T B
mewver_clm

crwe desp_stcrs & desp_rech = gw oot itas
athTm iil] = nEw :np mrars

flom = 124 Tdeep
Septh = cew_dmeap_store f F

3
2i = imt[{ico / 0.8333333333333] & 0.00001] + I

£ o= 32,34

gw_sut = gu_pus_izaz
imt faba{lat=8%.7222233372727] /0.3999555558] 4 1

11

=0 = gams_Lii, nahy@el)

tmo_chass_l = ghasm

- mahydsl]

Turitm{®, *] "1OG{calc_grub): moil_pts, scil_index, ghaas_Li{i, nshydé1)”, 4, &, =0

: updsta”

= gu_out

Seep_rech = w_Flucfi, nahyd]

tom ghass = grase{i]

= top _ghass = {tep_ghass_1 = gu_gat]

i *1 ~I0G{calc_grubi: tpdate ghameli), top_ghass_l, gu_out, ghass_maxlil®,
qu.—ul. =ep_gtass_l. gu_oob, ghass_maxif

iStorags_Cory Storags_Wet Kmst_Ory East_Wst CAT_BASIN_AREA CAT_DASIN_SLOFE 5
CRT_STRERM_3100E CRT_STRERM_LENGTE

dry = adij, i]
Cwmr = awiy, i1
Erac_want_gey = kil 11

B kant_wez = keil,

_a =-u_unq=n = cali3, i1

IF (goaasfi] > ghaas_maxii]] gea

Crack that QEASE_MAX (1) /JUASE|I} will sat undesflow.
IF | goams_maxii] > EFSILON{ghaas_wax{i]] .AND, &
1] > ghase max{i] * (EFSTLON (gtase{i))) § THEN

4] = grams_maz(i)

Ttop_erit(i] = 10G (ghams_max(i) / goassls) |

tmp top_erit = LOG {gbass_sax(i] / graseqi] )
tom eriz (i) = =mp_top_eviz
w
Twrizaq®, *] “1OG{Eale_grub): mmd tem srieT
= DO

* 1000000.0 ** 2, LODODDO.O ** 2)

Twrited®,*] “l0Gicslc_grub): mnd schrowrine”

§ wpelaze ghams_max, Lop_crit
100 i=1, apil

! Ew oacdl_index{)

! Do o=, nahydsl

ft igkams_Lil, ny = ghass_1fi, =)
f ghaze (L] = ghamsii} + Jhame_I

: 2 I go not update ghase_max

! IEND OO n

' top_crit{i] = 106 igb
TEND 0O

_maxiz) f ghameii} |

IS SOEROUTTRE calc_grub
. SUBFONTINE salc_indmsiidx, 3, 41
PErTa t_i_length i colusn langth
® t_i_lmngzh im Tow langth
OSE theta field sizes, OWL¥: t_i_langth, t_j_length

ISTLGER, INTENT{IN]
INTRGER, INTENT {OUT]

iz dd=
$ 3.4

Tiam = {3 = 1] * =_i_length + 4
4 = mod|ick, T i langzh]
4= fiax = o} 7 T_i_langzn s 1

MED MODULE Bydrol_sod
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2024.02.06.

Ql. X4 A" 37], & 3 28A2?

[ HCST-UNICON240206 ]

General Suite
Suite First cycle date 19940501T00
Final cycle date 19940504T00
Keep the input data false
Suite type oper \ para \ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0
Computational .
Seasonal Hindcasts
Resources
Seasonal Run hindcast true
Hindcasts Num hcst members 3
Num hcst steps 4
Hcst section run length 36
Hcst re-initialisation period 18
Hcst number of failed member reruns 1
Hindeast Control File r&*f’d{ROSE_DATA}/hcst_com
Perturb initial conditions true
GSHC NetCDF queue steps (1, 2, 3,4,5,6,7)

glosea_init_cntl_file || Environment variable configuration

env DEBUG --debug
GS_HCST_START_DATE 19940501
GS_YEAR_LIST 1994
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 19940525
MAX_DAYS -r7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET —-—-year—offset 2021

> 3§ 25 oF 1043 30 &8 (05:21~16:07)
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[ HCST-UNICON240206-ncdf ]

¥ MERGE_DIR A5 o2 AA
@ suite.rcl4] MERGE_DIR $t=* X2 [[ PROCESS |] ¥oz &7

@ rose-suite.conf

TIME_FILTER_NCDF_PRE_REBUILD = false & A

@ existing_ocean_prebuild = F =24 A

@ rose editE AFE3lA AHES I A

4 07

[e]

General Suite
Suite First cycle date 19930501T00
Final cycle date 19930512T00
Keep the input data false
Suite type oper ‘ para ‘ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0
Computational )
Seasonal Hindcasts
Resources
Seasonal Run hindcast true
Hindcasts Num hcst members 3
Num hcst steps 4
Hcst section run length 36
Hcst re-initialisation period 18
Hcst number of failed member reruns 1
Hindeast Control File rW${ROSb_DAIA}/hcst_cont
Perturb initial conditions true
GSHC NetCDF queue steps (1, 2, 3, 4, 5,6, 7)

glosea_init_cntl_file

Environment variable configuration

env DEBUG -—-debug
GS_HCST_START_DATE 19930501
GS_YEAR_LIST 1993
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 19930525
MAX_DAYS -r 7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET -—-year-offset 2021

> & 25 10A1%F 30 48 (09:43~20:32)

> @ existing_ocean_prebuild = ¥ &o] e
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Q1. 1d 4714

2024.02.07.

=S =97] A AY 3], S8R

[ HCST-UNICON240207-3cycle 1]

General Suite
Suite First cycle date 19940501T00
Final cycle date 19940504 T00
Keep the input data false
Suite type oper \ para \ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0
Computational .
Seasonal Hindcasts
Resources
Seasonal Run hindcast true
Hindcasts Num hcst members 3
Num hcst steps 4
Hcst section run length 36
Hcst re-initialisation period 18
Hcst number of failed member reruns 1

Hindcast Control File

‘WH{ROSE_DATA}/hcst_cont
r

Perturb initial conditions

true

GSHC NetCDF queue steps

(1, 2, 3,4, 5,6, 7)

glosea_init_cntl_file

Environment variable configuration

env DEBUG --debug
GS_HCST_START_DATE 19940501
GS_YEAR_LIST 1994
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 19940525
MAX_DAYS -r7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET —-—-year—offset 2021

> 2/7 06:04~ : coupled A&, s01~s04 Z+ZF 10417 508 A8

= gshc_model_m1_s01~s04, m2_s01~s04, m3_s01~s04 A& =
m< UNE, s FZEY 2E

> 5/1 Aol &Rt Hsta F5
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[ HCST-UNICON240207-timemv ]

¥ time mvE time cp® v}, MERGE_DIR®] A&7} #o]x] &7 wjio] A4 WA
@ [[ POST_MODEL 1]]
time cp —vf ${pp_file_list} ${MODEL_OUTPUT_DIR} = W7

General Suite
Suite First cycle date 20000501T00
Final cycle date 20000504T00
Keep the input data false
Suite type oper ‘ para ‘ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0

Computational

Seasonal Hindcasts

Resources

Seasonal Run hindcast true

Hindcasts Num hcst members 3
Num hcst steps 2
Hcst section run length 2
Hecst re-initialisation period 1
Hcst number of failed member reruns 1

Hindcast Control File

‘W${ROSE_DATA}/hest_cont

r

Perturb initial conditions

true

GSHC NetCDF queue steps

(1, 2, 3,4,5 6,7

glosea_init_cntl_file

Environment variable configuration

env DEBUG -—-debug
GS_HCST_START_DATE 20000501
GS_YEAR_LIST 2000
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 20000525
MAX_DAYS -r 7
MEMBERS -m 1
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET —-—-year—-offset 2021

= gshc_model_ml_s01~s02 A¥ #H

me AE, s

>

gty 29
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2024.02.08.
Q1l. openMP AAd}X] &< HAE, 28A17F ©gE717

[ HCST-UNICON240208-noMP ]

=]

fLE

¥ openMP 3

@D suite.rc 4

‘:
ARR o

block *|2]

@ rose-suite.conf 4

@ app/coupled/file/add_resolutin~.py 2}

General Suite
Suite First cycle date 19970501T00
Final cycle date 19970504T00
Keep the input data false
Suite type oper ‘ para ‘ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0
Computational )
Seasonal Hindcasts
Resources
Seasonal Run hindcast true
Hindcasts Num hcst members 3
Num hcst steps 4
Hcst section run length 36
Hcst re-initialisation period 18
Hcst number of failed member reruns 1
Hindeast Control File ;W${ROSE_DAIA}/hcst_cont
Perturb initial conditions true
GSHC NetCDF queue steps (1, 2, 3,4,5,6,7)

glosea_init_cntl_file

Environment variable configuration

env DEBUG -—-debug
GS_HCST_START_DATE 19970501
GS_YEAR_LIST 1997
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 19970525
MAX_DAYS -r 7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET —-—year—-offset 2021

= 2/8 08:58~ : coupled A&}, s01~s04 Z} ZF 10A17F 508 &8

= gshc_model_ml_s01, gshc_model_m3_s01 :
= gshc_model_m2_sO01%+F A3

> 5/1 Apo] vt Ha}

il F8

H <

STOP!!  coupled A2t 4% &
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2024.02.13.-14.

Ql. & & set ¥H3A S# B A}
Q2. 1, 9, 17, 252 AAA2HA doj7t= cycle AA

[ HCST-UNICON240213-2001 ]

General Suite
Suite First cycle date 20010501T00
Final cycle date 20010512700
Keep the input data false
Suite type oper ‘ para ‘ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0
Computational .
Seasonal Hindcasts
Resources
Seasonal Run hindcast true
Hindcasts Num hcst members 3
Num hcst steps 4
Hcst section run length 36
Hcst re-initialisation period 18
Hcst number of failed member reruns 1
Hindeast Control File r\r’vf’o{ROSE_DATA}/hcst_com
Perturb initial conditions true
GSHC NetCDF queue steps (1, 2, 3, 4, 5,6, 7)

glosea_init_cntl_file

Environment variable configuration

env DEBUG --debug
GS_HCST_START_DATE 20010501
GS_YEAR_LIST 2001
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 20010525
MAX_DAYS -r 7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET —-—-year—offset 2021

= 2/13 01:06~ : coupled A]Z}
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[ HCST-UNICON240213-simple2002 ]

General Suite
Suite First cycle date 20020501T00
Final cycle date 20020512700
Keep the input data false
Suite type oper \ para \ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0
Computational )
Seasonal Hindcasts
Resources
Seasonal Run hindcast true
Hindcasts Num hcst members 3
Num hcst steps 1
Hcst section run length 36
Hcst re-initialisation period 18
Hcst number of failed member reruns 1
Hindeast Control File rW${ROSh_DAIA)/hcst_cont
Perturb initial conditions true
GSHC NetCDF queue steps (1, 2, 3, 4, 5,6, 7)

glosea_init_cntl_file

Environment variable configuration

env DEBUG -—-debug
GS_HCST_START_DATE 20020501
GS_YEAR_LIST 2002
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 20020525
MAX_DAYS -r 7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET --year-offset 2021

= 2/13 01:46~ : coupled A%}

[[PROCESS]]19 4] error, prodh_rs_sfc_apm~ Y glo]A.

20020501 apm A4, 20020509 += apm 84 <tH.

apmYt=s ZE

[[ncdf]] Rebuilding NEMO output

=

src/control/top_level/ppctl_init_climate_mean.F90

. share/fcm_make_glosea/build/bin/glosea/processing/netcdf.py
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[ HCST-UNICON240213-mini2003 ]

General Suite
Suite First cycle date 20030501T00
Final cycle date 20030504T00
Keep the input data false
Suite type oper \ para \ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0

Computational

Seasonal Hindcasts

Resources

Seasonal Run hindcast true

Hindcasts Num hcst members 3
Num hcst steps 1
Hcst section run length 2
Hcst re-initialisation period 1
Hcst number of failed member reruns 1

Hindcast Control File

‘W${ROSE_DATA}/
hc

Perturb initial conditions

true

GSHC NetCDF queue steps

(1, 2, 3,4,5 6,7

glosea_init_cntl_file

Environment variable configuration

env DEBUG --debug
GS_HCST_START_DATE 20030501
GS_YEAR_LIST 2003
HCST_CNTL_FILE ${ROSE_DATA}/hest_control_file.txt
HCST_END -e 20030525
MAX_DAYS -r 7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET —-—-year—-offset 2021

> 5/10 4 Alo]EFo] doj7bx] &3 £8 (gshc_model_m3_s01)

=>» gshc_model_ml_s01, gshc_model_m2_s01 : STOP

(job.err) mpiexe detected that one or more processes exited with non-zero

status, thus causing the job to be terminated.
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[ HCST-UNICON240213-mini2004 ]

General Suite
Suite First cycle date 20040501T00
Final cycle date 200405127100
Keep the input data false
Suite type oper \ para \ research

um_tools module to load

mule/vnll.5/intel/py36

Scitools package

scitools/prod-os1-3

Make Builds false
Extract Host ‘$ROSE_ORIG_HOST’
Num model retries 0

Computational

Seasonal Hindcasts

Resources

Seasonal Run hindcast true

Hindcasts Num hcst members 3
Num hcst steps 1
Hcst section run length 2
Hcst re-initialisation period 1
Hcst number of failed member reruns 1

Hindcast Control File

‘W${ROSE_DATA}/hcst_cont
r

Perturb initial conditions

true

GSHC NetCDF queue steps

(1, 2, 3,4, 5,6, 7)

glosea_init_cntl_file

Environment variable configuration

env DEBUG -—-debug
GS_HCST_START_DATE 20040501
GS_YEAR_LIST 2004
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 20040525
MAX_DAYS -r 7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}
'YEAR_OFFSET --year-offset 2021

S 5/104 5/2& Alo]Fo] dojzt.
471 (1, 9, 17, 25) x 370 W (Num hcst members) = 12 2 A A &l oFd}}?

Aol 2 ol %

e 2%

QOutput 4=

@ 20040501T0000Z 20040501 /dss/~/2024/HCST/20040501
@ 20040502T0000Z 20040509 /dss/~/2024/HCST/20040509
@ 20040503T0000Z 20040517 /dss/~/2024/HCST/20040517
@ 20040504T0000Z 20040525 /dss/~/2024/HCST/20040525

® 20040505T0000Z

[gshc_init_control_file]ol 5] STOP!

The control file has no further members to process

[make_hcst_merge_dir] o|AE= Alo]F o|Ed|& Zr A
[[PROCESS]] PROD_DATE A A output A= =1t 200405097} =14,
suite-runtime-gshc.rcell A1 PROD_DATE % Zu] A AA=,
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2024.02.15.
Q1. NEMO output XA 3} rebuild IA 37

[[ coupled 1] cplhco_*.nc =EHZ XA
[[ ncdf ]] rebuilt ¥ cplhco_*.nc A4
“rebuild_nemo_files-INFO-List of files to be rebuilt”
/h3/home/~/work/~/gshc_model_m1_s01/cplhco.ld.~*.nc K&
[[ process ]] prodh_rs_sfc_old_*.nc 2 W3E (prep_nc_data®l*)

[ iodef-HCST-UNICON240214 ]

V suite.rcoll A iodef-foam.xml E&8 & ¥&8 +4
@ unicon®l A &7 2+ iodef-foam.xml ol t}7}F
39 iodef-foam.xml ¢ NEMO output file def F7} (F7)18E AFgoz 2k 3
=)
- A9 hest oA+ gs_etc 71E xml A
. file definition T )&
- uniconol A= A7 /nimr/hwangso/~/gs_etc/iodef-foam.xml AF-&
. file definition §1al unicon ¥4 definition ©] AL
@ ~/vnll.5_apcc_orgadv_seg/gs_etc/iodef-foam.xml & A 3=
@ suite.rcol Al iodef-foam.xml 42 474

@ o)== [[ install_cold 1] oA Rdo] #Ho] ¥ FLog WALy

General Suite

Suite First cycle date 20050501T00
Final cycle date 20050512T00

Computational )
Seasonal Hindcasts

Resources

Seasonal Run hindcast true

Hindcasts Num hcst members 3
Num hcst steps 1
Hcst section run length 2
Hcst re-initialisation period 1
Hcst number of failed member reruns 1

glosea_init_cntl_file || Environment variable configuration

env DEBUG --debug
GS_HCST_START_DATE 20050501
GS_YEAR_LIST 2005
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 20050525
MAX_DAYS -r7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}

= 2/15 [[ coupled ]] 05:34~06:13, 40% A8 (HA 208 £ 82)
[[ ncdf ]] 06:14~06:34, 20 A28 (HA ¢F 5&
/share/fcm_make_glosea/~/GsScr_ProcessNemoData.pyol A timeout=120
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2024.02.15.-16.
Ql. 2¥Yd sjg AEAE Y A F 284 4

[ wOCN-HCST-UNICON240215 ]

v 369 128vl & B}

General Suite
Suite First cycle date 20060501T00
Final cycle date 20060512T00

Computational )
Seasonal Hindcasts

Resources

Seasonal Run hindcast true

Hindcasts Num hcst members 3
Num hcst steps 1
Hcst section run length 36
Hcst re-initialisation period 18
Hcst number of failed member reruns 1

glosea_init_cntl_file || Environment variable configuration

env DEBUG --debug
GS_HCST_START_DATE 20060501
GS_YEAR_LIST 2006
HCST_CNTL_FILE ${ROSE_DATA}/hcst_control_file.txt
HCST_END -e 20060525
MAX_DAYS -r 7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}

= 2/15 [[ coupled 1] 07:04~17:45, 10A17F 40% 28
[[ post ]] 17:45~17:46, &M
[[ ncdf ]] 2/16 00:30~03:41, 3A1%F 11& £28

Z 14AZE &8, 428 A 56 AlF &8 o
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2024.02.19.
Ql. 238 d g ASAR B A F 28 AT

A

g

[ time-HCST-UNICON240219 ]

D timeout=1202. 2 44 % GsScr_ProcessNemoData.py&
~/vnll.5_apcc_orgadv_seg/gs_etc/GsScr_ProcessNemoData.py & A% =S
@ suite.rcoll A [linstall cold]]olA] ot BEE copy sHAl 3

/share/fcm_make_glosea/~/GsScr_ProcessNemoData.py

General Suite

Suite First cycle date 20070501T00
Final cycle date 20070504T00

Computational )
Seasonal Hindcasts

Resources

Seasonal Run hindcast true

Hindcasts Num hcst members 3
Num hcst steps 1
Hcst section run length 2
Hcst re-initialisation period 1
Hcst number of failed member reruns 1

glosea_init_cntl_file | Environment variable configuration

env DEBUG --debug
GS_HCST_START_DATE 20070501
GS_YEAR_LIST 2007
HCST_CNTL_FILE ${ROSE_DATA}/hest_control_file.txt
HCST_END -e 20070525
MAX_DAYS -r7
MEMBERS -m 3
MEMBERS_PER_CYCLE ${N_MEMS_PER_CYCLE}

2 /share/fcm_make_glosea/~/GsScr_ProcessNemoData.pyoll A timeout 2+ ¥+ =

- 243 -




I
J
O
=
H

Il

o
12
Ho
H
>
fob
ro
N
0z
)=l

Composite correlation of CGTI pattern (JUN)
Corr CGTI 2200 (ERAS5) IN
i OB

08 07 05 04 03 02 01 0F 02 03 04 05 07 09

High-skill (4 members w/ highest PCC) Low-skill (4 members w/ lowest PCC)
Corr CGTI 2200 (OPER, High-skill) JUN Corr CGTI 2200 (OPER, Low-gkill) Jul
OPER
08 07 05 44 03 92 H1 01 02 03I 04 05 07 08
CONV
— T —
48 07 25 04 03 02 H1 0 62 DI 04 05 07 09 08 07 05 04 03 02 01 01 02 03 04 05 07 08
Carr GGTI Z200 {GD]\JV_SNGW‘ W?h—sﬁ"}l Garr C?Tl 2200 {GDNV_SN?“’. Lﬁll\'-ﬁkm] Jul
- = -
CONV_SNOW

1
08 o7 05 04 03 42 o1 01 02 03 04 05 07 09

09 47 05 44 03 0F 01 03 02 03 04 05 07 08

OPER COMNV CONV_SNOW

mHigh =mLow & Total

Figure C1. Composite of regressed 200-hPa geopotential height onto CGTI for (left) the four
highest-skill members and (right) the four lowest-skill member in June. (Bottom) Bar chart
of spatial correlation coefficients for composite of high-skill and low-skill. Yellow circle
detnotes the correlation coefficients using average of total ensemble members.
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Composite correlation of CGTI pattern (JUL)

Cor GGTI 2200 (ERAS)

08 07 05 -04 03 02 01 Of 02 03 04 05 07 09

High-skill (4 members w/ highest PCC) Low-skill (4 members w/ lowest PCC)

Corr GGTI 200 (OPER, Hignskill JUL Gorr GGTI 2200 (OPER, Low-skil]

49 07 05 04 43 0F 01 61 02 03 04 05 o7 08
Com CGTI 2200 (CONV, High-skifl) | . . \ s L

CONV
08 07 05 04 03 0F &1 &1 02 03 04 05 07 08
FQ!I‘ G?Tlm{GONV_BN?W‘ |.l>\‘kf-'sklll}J
e e o S B — — ]
949 07 05 04 03 0F 01 61 02 03 04 05 07 08 09 07 05 04 03 03 AT 01 062 04 04 05 07 08

OPER COMNY CONY_SNOW

mHigh mlLow @ Total

Figure C2. Same as in Figure C2 except for July.
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Composite correlation of CGTI pattern (AUG)

Corr CGTI 2200 (ERAS)

£9 07 05 -0¢& 03 02 01 01 02 03 04 05 07 09

High-skill (4 members w/ highest PCC) Low-skill (4 members w/ lowest PCC)
Corr CGTI 2200 (QOPER, High-skill) Carr GGTI 2200 (OPER, Low-skill) AUG

OPER
-
wu . - e o e w w w e em
08 47 05 04 03 92 01 01 02 063 44 05 07 08 08 47 05 04 03 02 41 01 02 63 04 05 OF 08
n.Cel‘rGEL%TI ZzoAu(OONv. High-skill) EOONTI ZZW{ODNV -slnu L
CONV
-
08 07 05 04 -03 02 41 01 02 03 04 05 07 08
B Carr CGTI 2200 {ODI‘SV_SN'C.ML Lmlv-akll\J‘
CONV_SNOW

e g S s S U S — — —
04 07 05 04 03 02 01 ©1 062 04 04 05 07 08 08 47 45 04 -03 02 43 01 02 03 04 05 07 08

OPER CONY CONV_SNOW

mHigh = Llow - Total

Figure C3. Same as in Figure C1 except for August.
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r
-
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.

Figure C4. The highest (green) and lowest (yellow) member out of 12 members based on
regressed 200-hPa geopotential height (Z) and precipitation (P) against CGTL
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Figure C5. Composite of regressed precipitation onto CGTI for (left) the four highest-skill
members and (right) the four lowest-skill member in June.
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Figure C6. Same as in Figure C5 except for July.
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Figure C7. Same as in Figure C5 except for August.
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Figure C8. Regressed monthly mean sea surface temperature against the CGTL
indicates statistical significance exceeding the 95% confidence level based on the Student’ s ¢

test.
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Figure C9. Regressed monthly mean 200-hPa geopotential height against the NINO 3.4 index.
Stipping indicates statistical significance exceeding the 95% confidence level based on the

Student’ s ¢ test.
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Figure C10. Regressed monthly mean precipitation against the NINO 3.4 index. Stipping
indicates statistical significance exceeding the 95% confidence level based on the Student’ s ¢

test.
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monsoon index. Stipping indicates statistical significance exceeding the 95% confidence level
based on the Student’ s ¢ test.
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Figure C12. Regressed monthly mean meridional wind against the East Asian summer monsoon
index. East Asian summer monsoon index is calculated by the average of precipitation
anomalies over 30° N-40° N, 125° E-145° E. Stipping indicates statistical significance
exceeding the 95% confidence level based on the Student’ s ¢ test.
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Figure C13. Same as in Figure C12 except for 200-hPa geopotetial height.
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- ${year}:
1993/94~2015/16

- ${month}:
JAN,FEB,MAR,AP
R,MAY,JUN,JUL,A
UG,SEP,OCT,NOV,
DEC

- ${type}: total,
ano

- ${OVar}:
ERA5,HadISST_SI
C,NCEI_SCE

/home/ssh222/ARCTIC/00.mkdata/OBS_lev

/Ifs_c/CrEMA/data/Mon/PRE/OBS/ERA5/

00.ERA5_regrid_monthly.ncl IN | /Ifs/apccdb/Observation/Reanalysis/ECMWF/Monthly/pressure/${Var} ${year}.nc
- SiVark Z U, V, T OUT | /${Var}/${Var}_${month}_ano_h1993t02015.nc
01.ERA5_regrid_season.ncl IN J${Vart/${Var}_${month}_${type} h1993t02015.nc

- Sark 2 UV T OUT | /${Varl/${Var}_DJF_${type}_h1993t02015.nc

/home/ssh222/ARCTIC/00.mkdata/OBS_sfc/monthly

/Ifs_c/CrEMA/data/

01-1.0bs_erab_monthly.ncl IN /OBS/ERA5/era5_%${Var}_monthly_19932021.nc
- ${Vark OUT | ./MON/PRE/OBS/ERA5/${Var}/${Var}_${month}_ano_h1993t0o2015.nc
T2M,2500,21000,5LP,U850,v850,U200,V200,LHF, SHF /MON/PRE/OBS/ERA5/${Var}/${Var}_${month}_clim_h1993t02015.nc
/MON/PRE/OBS/ERA5/${Var}/${Var}_${month}_total_h1993t02015.nc
01-2.0bs_gpcp_oisst_monthly.ncl IN | ./OBS/${0Var}/Daily_NolLeap/${Var}/${Var}_${year}.nc
i ${V3r}: PREC, 55T OUT | ./MON/PRE/OBS/${0Var}/${Var}/${Var}_${month}_ano_h1993t02015.nc
${0var}: GPCP, OISST /MON/PRE/OBS/${0Var}/${Var}/${Var}_${month}_clim_h1993t02015.nc
01-3.0bs_HadISST_SIC_monthly.ncl IN ./OBS/HadISST_SIC/HadISST _ice.nc
- $tvar}: SIC OUT | ./MON/PRE/OBS/HadISST_SIC/${Var}_${month}_ano_h1993t02015.nc
/MON/PRE/OBS/HadISST_SIC/${Var}_${month}_clim_h1993t02015.nc
01-4.0bs_snowcover_NCEI_monthly.ncl IN /OBS/NCEI_SCE/nhsce_v01r01_196610_202403.nc
- ${Vark: SCE OUT | ./MON/PRE/OBS/NCEI_SCE/${Var}_${month}_ano_h1993t02015.nc

/MON/PRE/OBS/NCEI_SCE/${Var}_${month}_clim_h1993t02015.nc
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01-5.0bs_erab_thf_monthly.ncl IN /OBS/ERA5/era5_%${Var}_monthly_19932021.nc
- ${Var}: LHF, SHF OUT | /MON/PRE/OBS/ERA5/THF/THF_${month}_ano_h1993t02015.nc
/MON/PRE/OBS/ERA5/THF/THF_${month}_clim_h1993t02015.nc
02.mk_obs_season.ncl IN | ./MON/PRE/OBS/${0Var}/${Var}_${month}_${type} h1993t02015.nc
- ${Var}:T2M,Z500,Z1000,SLP,U850,v850,U200,v200,L
OUT | ./Mon/PRE/OBS/ERA5/${0Var}/${Var}_DJF_%${type} h1993t02015.nc

HF,SHF, THF,SIC,SC

Ol& A= g
${mod}: GS5,GS6
- ${omod}: gsb,gsb
- ${yeark:
1993/94~2015/16
${IniDate}
=${Mon}${Day}
${Mon}: 01~12
${Day}:
01,09,17,25
- ${Ens}:

if GS5)
001,021,041

if GS6) 001~007
- ${lead}: m1, m2,

m3, m4, mb,

mé, m7

- ${month}:
JAN,FEB,MAR AP
R,MAY,JUN,JUL,A
UG,SEP,OCT,NQV,
DEC

- ${Var}: T2M,

/home/ssh222/ARCTIC/00.mkdata/GS_lev

/Ifs_c/CrEMA/data/MON/PRE/KJLEE/

01.mkdata_regrid_eachlead.ncl IN | /Ifs_c/kjlee/nimr/${omod}/let/${lead}/prodh_op_afc_apm_1993_2016.nc

" $tVark T, Z, UV OUT | /${mod}/${lead}/${Var}_regrid_total_h1993to2015.nc

02.mkdata_eachmonth.ncl IN J${mod}/${lead}/${Var}_regrid_total_h1993t02015.nc

- StVark T, 2, U, V OUT | /${mod}/${lead}/${Var}_regrid_${month}_total_h1993t02015.nc
J${mod}/${lead}/${Var}_regrid_${month}_ano_h1993t02015.nc

03.mkdata.season.ncl IN J${mod}/${lead}/${Var}_regrid_${month}_${type} h1993t02015.nc

T SVark T, Z, U,V - Sitypel: total, ano OUT | /${mod}/${lead}/${Var}_regrid_DJF_S${type}_h1993t02015.nc

/home/ssh222/ARCTIC/00.mkdata/GS_sfc

/Ifs_c/CrEMA/data/MON/

01-1.atm_total_kma.ncl IN JRAW_2NC/${mod}/${year}${IniDate}/${mod}_apm_${year}${IniDate} ${Ens}.nc
OUT | ./PRE/${mod}/TOTAL/${Var}/${Var}_total_1993-2016_%${IniDate}.nc
01-2.onm_total_kma.ncl IN /RAW/KMA/${mod}/onm/${year}${IniDate}/prodh_op_sfc_onm_19_${ye
- ${Var}: sst,tothf ar}${IniDate}_${Ens}.${Var}_pack.nc (if GS5)
JRAW/KMA/${mod}/onm/${year}${IniDate}/prodh_op_sfc_onm_21_${ye
ar}${IniDate}_${Ens}.${Var}.nc (if GSé)
OUT | ./PRE/${mod}/TOTAL/${Var}/${Var}_total_1993-2016_%${IniDate}.nc
01-3.ice_total_kma.ncl IN JRAW/KMA/${mod}/icm/${year}${IniDate}/prodh_op_sfc_icm_19_${year

- ${Var}: aice

1${IniDate}_${Ens}.${Var} _pack.nc (if GS5)
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JRAW/KMA/${mod}/icm/${yeart${IniDate}/prodh_op_sfc_icm_21(22)_%${
year}${IniDate}_${Ens}.${Var}.nc (if GS6)

OUT | ./PRE/${mod}/TOTAL/${Var}/${Var}_total_1993-2016_%${IniDate}.nc

02-1.mkdata_init9315_to_émonlead.ncl
- ${month}: SEP,0CT,NOV,DEC,JAN,FEB,MAR

IN J/PRE/${mod}/TOTAL/${Var}/${Var}_total_1993-2016_%${IniDate}.nc

OUT | /PRE/${mod}/6month/${Var}/${mod}_${Var}_${month}_ano_h1993t02015.nc

J/PRE/${mod}/émonth/${Var}/${mod}_${Var}_${month}_clim_h1993t02015.nc

02-2.mkdata_init9315_to_DJF_4monlead.ncl

- ${var}:

2M,7500,21000,SLP,U850,v850,U200,v200,LHF,SHF,

THF,SIC,SCE

IN | /PRE/${mod}/TOTAL/${Var}/${Var}_total_1993-2016_%${IniDate}.nc

OUT | ./PRE/${mod}/émonth/${Var}/${mod}_${Var}_DJF_ano_h1993t02015.nc

/PRE/${mod}/émonth/${Var}/${mod}_${Var}_DJF_clim_h1993t02015.nc
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01.background

${Var}:
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SIC

${lead}: M1,...M4
${region}:
BKS,CBS
${domain}:
NH,EuR,NAm
${month}:
DJF,DEC,JAN,FEB
${mod}GS5,
GS6,G56-GS5

/home/ssh222/ARCTIC/01.background

/Ifs_c/CrEMA/ARCTIC_FIG/performance/

01.Spatial/ 01.Spatial_ANN_GL+DF_M1vsM3.ncl /Spatial/RMSE/${Var}/M1vsM3/Spatial_RMSE_${month}_${Var}_M1vsM3.png
02.Polar_ANN_GL+DF_M1vsM3_SIC.ncl | ./Spatial/RMSE/${Var}/M1vsM3/Spatial RMSE_${month}_SIC_M1vsM3_polar.png
03.Spatial_TCC_GL+DF_M1vsM3.ncl /Spatial/TCC/${Var}/M1vsM3/Spatial_TCC_${month}_${Var}_M1vsM3.png
04.Polar_TCC_GL+DF_M1vsM3_SIC.ncl /Spatial/TCC/${Var}/M1vsM3/Spatial_TCC_${month}_SIC_M1vsM3_polar.png
05.Spatial_Polar_TCC_Vars_month.ncl /Spatial/TCC/${Var}/Spatial_TCC_%${Var}_${lead}.png

02.XYplot/ 01.Bias_lat_time_lead.ncl /Bias_Lat_time/${Var}_Bias_lat_season_M1vsM3.png
02.SIC_Seasonalcycle_mean.ncl JAnnual_cycle/${region}_ANN_%${Var}_GS5vsGS6_M1vsM3.png
03.SIC_Seasonalcycle_std.ncl JAnnual_cycle/${region}_STD_${Var}_GS5vsGS6_M1vsM3.png

03.Table/ 01.Table_TCC_avgVars_month_lead.ncl | ./Table_Skill/${Var}/${Var}_Table_avg${Var}_TCCskill_${region}.png

J/Table_Skill/${Var}/${Var}_Table_avg${Var}_TCCskill_${domain}.png

02.Table_avgTCC_Vars_month_lead.ncl

JTable_Skill/${Var}/${Var}_Table_avg${Var}_${domain}.png

/add_table_months.ncl
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s ds
02.prediction_skill
- ${lead}: M1,...M4
- ${mod}: GS5,GS6
- ${month}:
DJF,DEC,JAN,FEB

/home/ssh222/ARCTIC/02.prediction_skill

/Ifs_c/CrEMA/ARCTIC_FIG/prediction_skill/

01.mk_inde | 01.AO_index.ncl /Ifs_C/CrEMA/ARTIC_FIG/outdata/index/AO/AO_index_${mod}_${month}_%${lead
x/ } h1993t02015.nc
02.mk_index.ncl /Ifs_C/CrEMA/ARTIC_FIG/outdata/index/${index}/${index}_index_${mod}_${mo
- ${index}:ART1,ART2,BKS,CBS,SCE nth}_${lead}_h1993t02015.nc
02.index_IA | 01.index_timeseries_IAV.ncl JTime_series/${Var}/${Var}_timeseries_${lead}.png
v 02.index_corr_print.ncl J/Time_series/${Var}/${Var}_Table_corr.png
03.Table/ 01.Table_TCC_index_month_lead.ncl J/Table_Skill/index/${Var}/Table_TCC_%${Var}_index_NtoDJF.png

02.Table_RMSE_index_month_lead.ncl

J/Table_Skill/index/${Var}/Table_RMSE_%{Var}_index_NtoDJF.png

712 &84

03.basic

- ${lead}:M1,...M4

- ${domain}:
AO,ART1,ART2

- ${Var}:
T2M,Z500,SLP,U2
00,2100

/home/ssh222/ARCTIC/03.basic

/Ifs_c/CrEMA/ARCTIC_FIG/basic/

01.Spatial_ | 01.Spatial_regression_Vars_L.ncl J/Spatial_Reg/${domain}/${Var}/${domain}_Spatial_Reg_${Var}_${lead}_L.png

Reg/ 02.Spatial_regression_Vars_P.ncl J/Spatial_Reg/${domain}/${Var}/${domain}_Spatial_Reg_${Var}_${lead}_P.png
03.Spatial_regression_SLPwind.ncl /Spatial_Reg/${domain}/SLPwind850/${domain}_Spatial_Reg_SLPwind850_%${lead}.png
04.SIC_Spatial_local_T2MandZ1000_mo | ./Spatial_Reg/${domain}/TandZ/${domain}_Spatial_Reg_local_T2MandZ1000_%{lead}_L.
nth.ncl png

02.Vertial_s | 01.AO_Vertical_regression.ncl /AOQ_Vertical/${Var}_AO_vertical_regression_${lead}.png

tructure/ | g5 ART_Vertical_regression.ncl JART1_Vertical/TandZ_ART1_vertical_regression_${month}_S${lead}.png
03.ART_Spatial_local_TandZ_month.ncl | ./Spatial_Reg/${domain}/TandZ/${domain}_Spatial_Reg_local_TandZ_${levelth

Pa_%{lead}_L.png
03.Table_P | 01.Table_ACC_Reg_month_lead.ncl JTable_Skill_PCC/${domain}/Table_PCC_%${domain}_${Var}.png
CC_Vars/

02.Table_RMSE_Reg_month_lead.ncl

J/Table_Skill_PCC/${domain}/Table_RMSE_${domain}_%${Var}.png

03.Table_ACC_Vertical_month_lead.ncl

JTable_Skill_PCC/${domain}_Vertical/Table_PCC_${domain}_Vertical_${Var}.png

04.Table_RMSE_Vertical_month_lead.ncl

JTable_Skill_PCC/${domain}_Vertical/Table_RMSE_%${domain}_Vertical_${Var}.png
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AT}

-
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04 .teleconnection

/home/ssh22

2/ARCTIC/04.teleconnection

/Ifs_c/CrEMA/ARCTIC_FIG/teleconnection/

$(var] 01.Composit | 01.AO_Spatial_Vars_compostie.ncl /Composite/AO/${Var}/AO_Compostie_${Var}_${lead}.png
- art:
SST T2M,PREC e/ 02.HOV_AQ_simultaneous_lon_month_ncl | ./HOV/AO/HOV_T2M_Sim_AQO_%${lead}.png
- ${mod}:GS5,GS6 | 02 WACE/ | 01.ART1_Spatial_Vars_compostie.ncl | /WACE/${Var}/ART1_WACE_${Var}_${lead}.png
- ${lead}:M1,... M4
02.WACE_regression_sattelite_month.ncl | ./Spatial_Reg/ART1/T2MandZ500/T2MandZ500_WACE_satellite_${lead}.png
03.HOV_WACE_lon_month_ncl JHOV/ART1/HOV_WACE_%{lead}.png
04.Table_ACC_Vars_month_lead.ncl J/Table_Skill_PCC/ART1/Table_PCC_${domain}_${Var}.png
e by /home/ssh222/ARCTIC/05.process /Ifs_c/CrEMA/ARCTIC_FIG/process/
05;:“2?5/ 01.A0 | 41 Composi | 01.NorSCE_Composite_Vars_NOV_DJF.ncl | /AO/Snow_cover/Composite_${Var}_SCE_NOV_DJF_${lead}.png
- mod}:
ERA5.GS5,GS6 te_SCE/ 02.NorSCE_Composite_SLPwind_NQOV_D /AO0/Snow_cover/Composite_SLPwind850_SCE_NOV_DJF_${lead}.png
- ${lead}:M1,... M4 JF.ncl
- ${month}: 02.EPFlux/ | 01.epflux_clim_mon.ncl /AO/EPFlux/Clim/EPFlux_clim_${mod}_${month}_${lead}.png
NOV,DJF
- ${VarkT2M.Z500. 02.epflux_composite_mon.ncl /AO/EPFlux/Composite/EPFlux_composite_${mod}_${month}_${lead}.png
u200,2100 03.PCH/ 01.PCH_SCE_composite.ncl JAO/PCH_SCE/Composite/PCH_SCE_composite_${lead}.png
05.process/02.SIC 04.SIC_loca | 01.Sim_BKSIC_local_response_polar.n | ./SIC/Local_response/${Var}/${Var}_Spatial_response_to_Sim_${domain}_polar
- ${lead}:M1,...M4 I_response/ | cl _%${lead}.png
- ${vark 02.NOV_BKSIC_local_response_polar.n | ./SIC/Local_response/${Var}/${Var}_Spatial_response_to_NOV_${domain}_pola
SIC,THF,T2M,SST
cl r_%${lead}.png
- ${domain}:
ART1,BK_SIC 05.WAF/ 01.mk.WaveActivity.Flux.mon.ncl /Ifs_c/CrEMA/data/MON/PRE/${mod}/6month/WAF/${lead}/TN2001-WAF.nc
) i{;/zri/: 02.Sim_BKSIC_regression_WAF_hor_p | ./SIC/WAF/Sim_${domain}_Spatial_Reg_WAF250_%{lead}.png

olar.ncl

03.Nov_BKSIC_regression_WAF_hor_p

olar.ncl

J/SIC/WAF/NOV_${domain}_Spatial_Reg WAF250_${lead}.png
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B2 F CrEMA EAWM Z e A

GS5(@A|) prodh_op_sfc_apm_19_19910101_001.pp
~prodh_op_sfc_apm_19_20161225_041.pp
prodh_op_sfc_onm_19_19910101_001.sst_pack.nc
~prodh_op_sfc_onm_19_20161225_041.sst_pack.nc
glosead_conv2nc.csh 26yrx12moxddy(R7|Z 71)x3mem=3,744 (1.5TB)
gloseaé_conv2nc.csh | Gsg(A|) prodh_op_sfc_apm_22_19930101_001.pp
] 23zt conv2nc.tcl ~prodh_op_sfc_apm_21_20161225_007.pp
AR | g2, | SNoMeanos prodh_op_sfc_onm_22_19930101_001.sst.nc
[131 EPe let.gs ~ prodh_op_sfc_onm_21_20161225_007.sst.nc
8] seltimestep.gs 24yrx12moxddy( 7| ZZ1)x7mem=6,064 (4.5T5)
mee s HE(EE) > YYBEF > AAYYE > HYATMI-T 33) B
sys2loc.gs
GS5(zx2]) M1~7/prodh_op_sfc_apm_1993_2016.nc
M1~7/prodh_op_sfc_onm_1993_2016_sst.nc
GS6(%2]) M1~7/prodh_op_sfc_apm_1993_2016.nc
M1~7/prodh_op_sfc_onm_1993_2016_sst.nc
mmm.prodh_op_sfc_apm_1993_2016_240x121.nc
D8 /2 A regrid.gs mmm.prodh_op_sfc_onm_1993_2016_sst_240x121.nc
2tz selmon.gs mmm.reanalysis-erab-single-levels-monthly-means.240x121.nc
- = 121 seasmean.gs mmm.reanalysis-erab-pressure-levels-monthly-means.240x121.nc
2/ settaxis.gs mmm.pr.mon.mean.240x121.nc
5l settaxis2.gs mmm.sst.mnmean.240x121.nc
% mmm : son, djf, dec, jan. feb
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(BHHE barplot.py

(png) fig_clim_var_djf
clim.gs (png) fig_clim_var_djf r
clim. Is.gs (png) fig_abias_t2m_djf_m#*_rmse (csv) abias.t2Zm.mon.mean.m*
abia;_gs (png) fig_abias_t200_djf_m#*_rmse (csv) abias.t200.mon.mean.m#*
bias.gs (png) fig_bias_var_djf_rmse_m* (csv) bias.var.mon.mean.m*
o 24 bias_glb.gs (png) f!g_blas_glb_ _djf_rmse_m=
(png) fig_barplot_var_rmse
(

png) fig_dbias_var_djf_rmse_m=

[11] dbias.gs
] % var: sst, t2m, pr, v850, z500, u300, u200
vbias.gs . . ) .
i (png) fig_vbias_temp_djf_m#*_rmse (csv) vbias.temp.mon.mean.m*
crs_clim.gs
- g (png) fig_vbias_z_djf_m*_rmse (csv) vbias.z.mon.mean.mx
crs_bias.gs . )
(png) fig_crs_clim_t2m_GS*/ERA5_rmse*
maxlat.gs . .
ol 244 (png) fig_crs_bias_t2m_GS* _rmse_m* (csv) crs.t2Zm.mon.mean.m*
[22] (png) fig_maxloc_u200_djf _m=*

idx_chen2000.gs fig_idx_msl_djf_C00_m=* (csv) idx.msl.C00.mon.mean.m#*

idx_gong2001.gs fig_idx_msl_djf_GO1_m* (csv) idx.msl.GOT.mon.mean.m*
fig_idx_msl_djf_ G94_m=* (csv) idx.msl.G94.mon.mean.m*

fig_idx_u300_djf_J04_m=* (csv) idx.u300.J04.mon.mean.m*

idx_guo1994.gs
idx_jhun2004.gs

o= idx_lee2013.gs png) fig_idx_t2m_djf_L13_mx* (csv) idx.t2m.L13.mon.mean.mx
(H-37d)
[11] idx_shi1996.gs png) fig_idx_msl_djf S96_m=* (csv) idx.msl.S96.mon.mean.mx

idx_sun1997.gs
idx_wang2012.gs

fig_idx_z500_djf_S97_m* (csv) idx.z500.597.mon.mean.m*
fig_idx_msl_djf_W12_m=* (csv) idx.msl.W12.mon.mean.mx*
fig_idx_msl_djf_ W14_m=* (csv) idx.msl.W14.mon.mean.mx*
fig_idx_v850_djf_YO02_m=* (csv) idx.v850.Y02.mon.mean.m*

(png)

(png)

(png)

(png)

(png)
idx_1i2010.gs (png) fig_idx_u200_djf_L10_m=* (csv) idx.u200.L10.mon.mean.mx*

(png)

(png)

(png)

idx_wang2014.gs (png)

(png)

idx_yang2002.gs
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pcor_t2m.gs
pcor_z500.gs

csv) cor.wp.z500.mon.mean.m*
png) fig_reg_eofpc_t2m_var_pc*_m#* % var: t2m, msl, z500

(png) fig_comp_enso+/-_var_djf_m=* (csv) comp.enso+/-.var.mon.mean.mx
1N =o comp_enso.gs . i ) )
A-=2 = ) (png) fig_comp_iod+/-_var_djf_m#* (csv) comp.iod+/-.var.mon.mean.mx
comp_iod.gs ) ,
HAAH (png) fig_reg_enso_var_djf_m= (csv) reg.enso.var.mon.mean.m#*
reg_enso.gs ) . . .
[4] ] (png) fig_reg_iod_var_djf_m=* (csv) reg.iod.var.mon.mean.mx
reg_iod.gs
% var: t2m, msl, z850, z500, u200
S OfA|Of (png) fig_comp_eawm+/-_var_djf_m#* (csv) comp.eawm+/-.var.mon.mean.mx
comp_eawm.gs i .
2a-=29 e (png) fig_reg_eawm_var_djf_m* (csv) reg.eawm.var.mon.mean.m#*
Y reg_eawm.gs
(2] [2] % var: t2m, msl, z850, z500, u200
(png) fig_comp_ao+/-_var_djf_m* (csv) comp.a+/-.var.mon.mean.mx
comp_ao.gs ) .
b (png) fig_comp_bo+/-_var_djf_m#* (csv) comp.bo+/-.var.mon.mean.m*
comp_bo.gs
2e-23 P-b0.9 (png) fig_comp_esce+/-_var_djf_m=* (csv) comp.esce+/-.var.mon.mean.mx
o comp_esce.gs i )
ALt (png) fig_reg_ao_var_djf_m=* (csv) reg.ao.var.mon.mean.mx
reg_ao.gs
[6] g_b g (png) fig_reg_bo_var_djf_m=* (csv) reg.bo.var.mon.mean.mx
reg_bo.gs
g9-bo.g (png) fig_reg_esce_var_djf_m= (csv) reg.esce.var.mon.mean.m#*
reg_esce.gs
% var: t2m, msl, z850, z500, u200
(png) fig_eofpc_t2m_djf_1993-2016_pcc_tcc.png
eof t2m.f (png) fig_eofpc_z500_djf 1993-2016_pcc_tcc.png
eof _z500_ub.f (png) fig_eofpc_ts_djf_ub_z500_m=*
eof_z500_wp.f (png) fig_eofpc_ts_djf_wp_z500_m=*
TEMNA| FHEE 24 | pca_t2m.gs (csv) cor.ntm.t2m.mon.mean.m*
[18] [8] pca_z500.gs (csv) cor.stm.t2m.mon.mean.m#*
ts_z500.gs (csv) cor.ub.z500.mon.mean.m*
(csv)
(
(

png) fig_cor_eofpc_z500_t2m_ub_m*
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0)-_1'_||:

o
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reg_wnpsh.gs
reg_wnpsh2.gs
scat_wp_sst_pr.gs
scat_wp_pr_z850.gs
scat_wp_z850_ws.gs
scat_wp_ws_sst.gs
scat_wp_z850_sst.gs
scat_wp_ws_pr.gs
anc_enso+/-.gs
hovdiag.gs

(png) fig_cor_eofpc_z500_t2m_wp_m=*

fig_reg_wnpsh_sst_z850_djf_m=
fig_reg_wnpsh_precip_uv850_djf_m=
fig_scat_wp_pr_z850_reg_m=* (csv) scat.wp.pr.z850.mon.mean.mx
fig_scat_wp_sst_pr_reg_m#* (csv) scat.wp.sst.pr.mon.mean.mx

(png)

(png)

(png)

(png)

(png) fig_scat_wp_ws_pr_reg_m=* (csv) scat.wp.ws.pr.mon.mean.msx
(png) fig_scat_wp_ws_sst_reg_m#* (csv) scat.wp.ws.sst.mon.mean.m*
(png) fig_scat_wp_z850_sst_reg_m=* (csv) scat.wp.z850.sst.mon.mean.mx*
(png) fig_scat_wp_z850_ws_reg_m=* (csv) scat.wp.z850.ws.mon.mean.m#*
(png)

fig_hov_sst_msl|_enso+_m=x
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£ 52 G. CrEMA BSISO & hA| A

BSISO

00.Preprocess

OBS

01—1.ERAb_regrid_daily.ncl
01—2.NOAA_OLR_regrid_daily.ncl
01—3.0ISST_regrid_daily.ncl
01—4.GPCP_regrid_daily.ncl
02—1.0BS_daily_no_leapyear.ncl
02—2.0BS_daily_total_inidate.ncl
03—1.0BS_daily_continueous_TOTAL.ncl
04.0BS_clim_NDJFMA.ncl

OBS_lev

01—1.ERAb_regrid_daily.ncl
02—1.0BS_daily_no_leapyear.ncl
02—2.0BS_daily_clim_total_inidate.ncl
03—1.0BS_daily_continueous_TOTAL.ncl

GS

01—1.daily_total_clim_ano_inidate.ncl
01—2.daily_total_acummulated_clim_ano_inidate.ncl
02—1.GS_daily_continueous_TOTAL.ncl
03.GS_clim_NDJFMA .ncl

GS_lev

01—1.daily_total_clim_ano_inidate.ncl
02—1.GS_daily_continueous_TOTAL.ncl

01.Background

01.Mean_bias

01—1.cal_Climatology.ncl
01—2.cal_Climatology_Ushear.ncl
02—1.plot_Climatology.ncl
02—2.Clim_PCC_RMSE_diff.ncl
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02.ISV

01—1.cal_ISV.ncl
02—1.plot_ISV.ncl

02.Prediction_skill

01.Eastward_propagation

01—1.cal_OLR_Eastward_propagation.ncl
01—2.plot_OLR_Eastward_propagation.ncl
02—1.plot_Eastward_propagation_RMSE_diff.ncl
02—2.plot_Eastward_propagation_PCC_diff.ncl

02.Northward_propagation

01—1.cal_OLR_Northward_propagation.ncl
01—2.plot_OLR_Northward_propagation.ncl
02—1.plot_Northward_propagation_RMSE_diff.ncl
02—2.plot_Northward_propagation_PCC_diff.ncl

03.Teleconnection

00—1.Life_cycle

01—1.Life_cycle_BSISO1_OLR_UV850.ncl
02—1.Life_cycle_BSISO2_OLR_UV850.ncl
11—1.teleconnection_BSISO1_each_event.ncl
11—2.teleconnection_vertical_BSISO1_each_event.ncl
12—1.teleconnection_BSISO2_each_event.ncl
12—2.teleconnection_vertical_BSISO2_each_event.ncl

00—2.EA_impact

01—1.Lagged_Tele_BSISO1_Table_T2M_PREC_hatched_EA.ncl
01—2.Lagged_Tele_BSISO1_Table_T2M_PREC_hatched_EA_OBS.ncl
02—2.plot_Tele_BSISO1_T2M_PREC_Lag0—4day.ncl
11—1.Lagged_Tele_BSISO2_Table_T2M_PREC_hatched_EA.ncl
11—2.Lagged_Tele_BSISO2_Table_T2M_PREC_hatched_EA_OBS.ncl
12—2.plot_Tele_BSISO2_T2M_PREC_LagO—4day.ncl

- 270 -




00—3.MFC

01.MFC_MFIx.ncl

01—1.plot_Tele_BSISO2_P1_7200_7500_Lag0—4day.ncl

VLo BILEY 01—2.plot_Tele_BSISO2_P1_7Z_VOR_Lag0—4day.ncl
01—1.plot_Tele_BSISO2_P1_7200_7500_Lag0—4day.ncl

02.Hot_B2P 01—2.plot_Tele_BSISO2_P1_7_VOR_Lag0—4day.ncl
01—1.plot_Tele_BSISO1_P4_7200_7500_Lag0—4day.ncl

03.Wet_B1P4 POt e e - B-asT- Ao LagT T Adayac

01—2.plot_Tele_BSISO1_P4_MFC_MFIlx_Lag0—4day.ncl

04.process

00—1.Normalize

01—1.cal_OLR_normalized.ncl
01—2.cal_barotropic_vorticity_normalized.ncl
01—3.cal_div1000_normalized.ncl
01—4—1.cal_Qadv_normalized.ncl
01—4-2.cal_VpQbar_normalized.ncl
01—4—3.cal_VbarQp_normalized.ncl
01—4—4.cal_VpQp_normalized.ncl
01—5.cal_SST_normalized.ncl
01—"7.cal_laplacian_SST_normalized.ncl
01—8.cal_LTS_ThetaE_normalized.ncl

00—2.Index

02—1.cal_index_barotropic_vorticity.ncl
02—2—1.cal_index_Qadv.ncl
02—2—2.cal_index_VpQbar.ncl
02—2—3.cal_index_VbarQp.ncl
02—2—4.cal_index_VpQp.ncl
02—3.cal_index_SST_destabilization_ThetaE.ncl
02—4.cal_index_SSTgrad.ncl
02—5.cal_index_DIV1000.ncl
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00—3.NP_mechanism

01—1.plot_OLR_NPmechanisms_ThetaE.ncl
02—1.plot_leading_NP_mechanisms_Lag—5—Lagb5_ThetaE.ncl

01.VpQbar_—5day

01—1.plot_VpQbar.ncl

02.Vor+_0Oday

01—1.plot_barotropic_vorticity.ncl

03.UgenVor+_0Oday

01—1.cal_UgenVOR.ncl
01—2.cal_VgenVOR.ncl
02—1.cal_VOR+_variance.ncl
03—1.plot_barotropic_vorticity_Ugen.ncl

05.Scorecard

01—1.Perform_Clim.ncl
01—-2—1.Perform_ISV_30—60day.ncl
01—2—-2.Perform_ISV_10—20day.ncl
01—3—1.Perform_Eastward_propagation.ncl
01—-3—2.Perform_Northward_propagation.ncl
02—1—1.Tele_BSISO1_P7_PREC_Lag0—4day.ncl
02—1-1.Tele_BSISO1_P7_T2M_Lag0—4day.ncl
02—1-2.Tele_BSISO1_P7_7500_Lag0—4day.ncl
02—1—3.Tele_BSISO1_P7_MFC_Lag0—4day.ncl

02—2-1.Tele_BSISO2_P1_T2M_Lag0—4day.ncl
02—2—-2.Tele_BSISO2_P1_7500_Lag0—4day.ncl
02—3—1.Tele_BSISO1_P4_PREC_Lag0O—4day.ncl
02—3—2.Tele_BSISO1_P4_7500_MFC_Lag0—4day.ncl
03—1.Process_VpQbar_—5day.ncl
03—2.Process_VpQbar_0day.ncl
03—3.Process_Vor+_0day.ncl
03—4.Process_UgenVor+_0day.ncl

06.Scoretable

01—1.Perform_Clim.ncl
01—2—1.Perform_ISV_30—60day.ncl
01—-2—-2.Perform_ISV_10—20day.ncl
01—3—1.Perform_Eastward_propagation.ncl
01—3—2.Perform_Northward_propagation.ncl
02—1-1.Tele_BSISO1_P7_T2M_Lag0—4day.ncl
02—1—-2.Tele_BSISO1_P7_7500_Lag0—4day.ncl

02—2-1.Tele_BSISO2_P1_T2M_Lag0—4day.ncl
02—2—-2.Tele_BSISO2_P1_7500_Lag0—4day.ncl
02—3—1.Tele_BSISO1_P4_PREC_Lag0O—4day.ncl
02—3—2.Tele_BSISO1_P4_7500_MFC_Lag0—4day.ncl
03—1.Process_VpQbar_—5day.ncl
03—2.Process_VpQbar_0day.ncl
03—3.Process_Vor+_0day.ncl
03—4.Process_UgenVor+_0day.ncl

- 272 -




	예측기술과_기상청 기후예측모델 개선을 위한 테스트베드 구축 및 활용 기술 개발
	책갈피
	_Hlk182320893
	_Hlk182320949



