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Executive Summary

This report aims to evaluate the performance of KMA’ s operational subseasonal forecast
as well as to diagnose model’ s characteristics and sensitivity of applying the modified
cloud/precipitation parameterizations and the coupled initialization technique, thereby to give
feasible guidelines for the enhancement of KMA’ s subseasonal prediction system tailored to
the East Asia/Korea regional climate.

Firstly, the weekly mean dynamical forecast’ s evaluation frame, named CREDYT
(Comprehensive and Relative Evaluating weekly mean DYnamical forecasT), developed in 2020
for coherent and systematic tracking of KMA’ s subseasonal forecast performance, is highly
advanced by a) increasing number of models participating in the inter-model comparison for
the relative performance evaluation, b) expanding its evaluation contents such as those
associated with Cryosphere, and c¢) establishing a web page for the online sharing of the
CREDYT contents. When applying the advanced CREDYT to the 2020 KMA-GloSeab
forecasts/reforecasts, major discrepancies in individual earth systems and their interactions
were identified: the reversed Pacific zonal asymmetry in the pan-tropical ocean variability,
excessive Arctic sea ice melting trend, spatiotemporal biases in Arctic seasonal cycle, and
disorganized Cryosphere-Stratosphere and Arctic-midlatitude dynamical couplings. These imply
that there is room to improve KMA’ s operational subseasonal forecast system from the
further research on the upgrade of ocean and sea ice models themselves and the
modification of coupling processes between component models.

Secondly, the performance and characteristics of UKMO-GloSea6 in simulation of the
Asian summer monsoon precipitation were analyzed by comparing UKMO-GloSea5 and
GloSea6, and physical parameterization methods for improving Asian summer precipitation was
suggested through the cloud/precipitation coefficient adjustment experiment. GloSea6 improved
the mean biases and interannual variability of summer monsoon precipitation over the Asia
monsoon domain as well as tropical ocean variability. We found that the spatial pattern of
the central Pacific forcing mode of western North Pacific subtropical high (WNPSH) variability
has improved, leading to an improved impact of WNPSH on Asian summer monsoon
precipitation. These improvements may be attributed to the improvements of the spatial and
temporal variability in tropical SST anomalies. On the other hand, the performance of
GloSea6 in representing the spatial pattern, intensity, and interannual variability of East Asian
Jets is slightly reduced , and there are still the biases remaining in the upper circulation
anomalies of the Indo-Walker circulation related to ENSO. This study suggests that the efforts
to improve the representation of upper circulation fields including the East Asian jet is
necessary for better summer precipitation prediction in East Asia.



To improve the subseasonal prediction system, we also investigated the characteristics of
cloud and precipitation schemes with relevant parameters in the KMA-GloSea5. Then, the
sensitivity tests for parameters in microphysics, cloud-radiation interaction processes,
convective precipitation scheme, and cloud fraction parameterization were conducted in order
to increase precipitation over the East Asia monsoon domain. It is found that the sensitivity
to parameters in microphysics and cloud-radiation interaction processes were negligible to all
prediction variables. However, the summer precipitation biases in the East Asia monsoon
domain were sensitive to fractional buoyancy compensation in the convective precipitation
scheme and scaling factor for cloud fraction in the cloudiness parameterization.

The bias arising from the imbalance between model initial conditions can affect climate
drift and predictions of various time scales, which is an important factor to be addressed to
improve forecast skill. Lastly, the newly developed atmosphere-ocean coupled data assimilation
(CDA) technique was applied to sub-seasonal prediction in GloSea5 to suggest the feasibility
of the initialization technique in the operational forecast. A total of 192 forecast experiments
with the coupled initial conditions were conducted in the same environment as the operation.
The effect of the coupled initialization was examined in terms of ‘climate drift’ diagnosis
and the forecast skill assessment on atmospheric circulation compared to the operational
forecast. It was confirmed that the precipitation simulated by GloSeab had systematic biases
in tropical regions where sub-seasonal variability is active, and these systematic biases could
be improved by applying coupled initialization. The coupled Initialization improved the
tropical-extratropical teleconnection patterns as well as tropical atmospheric forcing. As a
result, it produced more realistic predictions than in the operational forecast for the cases of
2018 cold winter and 2020 wet summer in Korea.

In addition, we assessed impacts of the coupled initialization on climate drifts for water
and energy components in a land-atmosphere coupled system. These results suggest that
more accurate hydrologic assessment can contribute to the improvement of the land surface
scheme. For the assessment of the energy components, the climate drifts were more reduced
in cold and semi-arid climate zones. We concluded that the assessment approach for the
energy components defined in this study has promise as a tool in evaluating the climate drifts
for the energy components. Finally, several technical issues to be considered when applying
the coupled initialization technique to the current operational forecast were listed step by
step and ways to solve those issues were suggested.
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Table 1. Description of subseasonal forecast models used in this study.

Source Agenc Time Resolution Ens. Fcst. Refcst Refcst Refcst.
gency Range Size Frequency Period Ens. Size Frequency
ECCC 32 days 0.45x0.45, 140 21 weekly 1998-2017 4 weekly
ECMWF 46 days Tco639/319 LI1 51 2/week past 20 years 11 2/week
S2S KMA 60 days T216 L85 4 daily 1991-2010 3 4/month
NCEP 44 days T126 L64 16 daily 1999-2010 4 daily
UKMO 60 days T216 185 4 daily 1993-2016 7 4/month
T574 1L64(d0-8) Weekly B Weekly
EMC 35 days T382(d8-35) 21 (Wed) 1999-2016 1 (Wed)
~ Weekly _ Weekly
ESRL 32 days 60km L64 4 (Wed) 1999-2016 4 (Wed)
oubx 4/week 4/week
wee wee
NRL 45 days TO359L50 1 (Sat,Sun,Mon,Tue) 1999-2016 1 (Sat,Sun,Mon,Tue)
RSMAS 45 days  0.9x1.25deg 1.26 9 Weekly 1999-2016 3 Weekly
(Sun) (Sun)
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=, 7% dFs xFete 2BAH A SA 2" Global Seasonal Forecasting System
version 5 (GloSea5) (MacLachlan et al. 2015) & =3t aL, 2014958 @A7HA] @ A
o &8& Folth. = 714H 7% =A<l HadGEM3 (Hadley Centre Global Environment
Model version 3) ol 7]x3}e] =% GloSeab+= Met Office2] Unified Model (UM) tj7] ==
(Global Atmosphere model; Walters et al.,, 2017) 3} Nucleus for European Modeling of the
Ocean (NEMO) (Madec, 2008) 324, Los Alamos sea ice model (CICE) (Rae et al., 2015)
sfH =4 Joint UK Land Environment Simulator (JULES) (Walters et al., 2017) A =d=Z
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Figure 1. Model configuration of KMA-GloSeab.
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Table 2. Summary of model sensitivity experiments for verifying the effect of coupled
Initialization.

# of
ead
Experiment Initial Data  Ensem Frequency Period Cases Version Time
ble
Oct.2018-Mar.2019 GC2.0
OPER OPER(UM) 96
4 4/month  Jan.2020-Dec.2020 GC2.1 60d
CDA Coupled Data (1,9,17,25) Oct.2018-Mar.2019 96 GC2.0
Assimilation Jan.2020-Dec.2020 GC2.1

A TS A" FEE Qs
2 °F 3039 FAtA7) 3 o ’
w2} APCC 7o AFE A& AN 33

Table 3. Environment for coupled initialization experiment.

System Run Time Location for experiment etc.
o KMA Busan Office Technical exchange
KMA Nuri/ Miri ~ 1,920 hours
APCC (w/ UNIST)

B3] 9o A7) 71E A

i

GloSea5 mdo] 71z Q= Al A4 +xa 93}

3} FRUPS BEHA

Table 4. Datasets for analyzing systematic bias of precipitation in tropics.

Experiment Model Version Period Variable
Long-term climate
& GloSeab-GC2 1979-2018 Precipitation
run
Hindcast GloSea5-GC2.0 1991-2010 Precipitation

@ #% A=

o] ATl RFL dFS Hrietr] g Hla o= ECMWFY A&4 2521 ERAS
E A& AgE A= 7]2(T2M), 500hPa A 9131%(Z2500), 200hPa Wl AF5.(U200,
V200)°]t}. 200hPa v} A& 200hPa velocity potential(VP200)S AF&3F MJO A 4=2] 7350
g5t 7F4(PREC)= Global Precipitation Climatology Project(GPCP) v1.3(Huffman et al.
2000 AbgEa,  sied &%(SST)+= Optimum  Interpolation  Sea  Surface
Temperature(OISST; Reynolds et al. 2007)& Abg&3ted HF3ARTh ERALY I EE
0.25° x0.25° 2 F9% 7I& ¢ 30km Ax 4S 7HA L Q3 & AEE JA A4
=S 7Aooy, Rd#e HluE 95ty REA A AR 1.5° X1.5° 2 WAitdh

o=

_6_



BEAR 715 94 BdH AR oS A

A gs BYE IRl AP AANAAES IFY A/F AAANBAR] F 3RS F
Fo2 FHYL, UM 6% ohme] wF AN AZolA JFgE AAs] Assa

| 7= A-Y dF 2¥o] Fdste EUl tiR{ AT T THMA/BZTHAFTHA 3]
Fote 7% HE AFES 7N E TUe #A4S T AT
2 Ao A H L3 7|E AFEd gl Lale Qx99 Dipole Mode Index(DMI), t A

o] North Atlantic Oscillation(NAO), 18|31l e oA += Western North Pacific Subtropical
High(WNPSH)oll ot sk 2 thi7]A57F 7= Atk (Table 5). Z12]a1 &3 CREDYT 1%3}
nAd & el U Adx g dFE Aoy, BF 9/ AR A9 aga BlE @A o)
A AA U #E 73 AFE FUHE AT

Table 5. Climate indices verified in this study. * indicates normalized value (anomalies).

Index Definition Reference
Sea Surface Temperature (SST*)
NINO3.4 average (5°S-5°N, 170°W-120°W)
Atlantic Equatorial SST* average
Hvdrosohere Mode (AEM) (3°S-3°N, 30°W-0°W)
YArosp SST* average difference between
Dipole Mode Index western and eastern domains: Saji et al.
(DMD [(10°S-10°N, 50°-70°E)] (1999)
- [(10°S-0°, 90°-110°E)]
Arctic Temp. index 1 | T2m* average Kug et al
(ARTD (70°N-80°N, 30°E-70°E) (2015)
Arctic Temp. index 2 | T2m* average Kug et al.
(ART2) (65°N-80°N, 160°E-160°W) (2015)
C h Area of grids with more than 15% | NSIDC
ryosphere Sea Ice Concentration for 9 Arctic | (https://nsidc.org
Sea Ice Extent .
. . : Sub-regions and Whole Northern /data/polar-ster
timeseries for Arctic .
. Hemisphere (based on polar eo/tools_masks.
10 regions . S ;
stereographic map projection) html#region_ma
sks)



https://nsidc.org/data/polar-stereo/tools_masks.html#region_masks
https://nsidc.org/data/polar-stereo/tools_masks.html#region_masks
https://nsidc.org/data/polar-stereo/tools_masks.html#region_masks
https://nsidc.org/data/polar-stereo/tools_masks.html#region_masks
https://nsidc.org/data/polar-stereo/tools_masks.html#region_masks
https://nsidc.org/data/polar-stereo/tools_masks.html#region_masks

Polar Vortex (PV)

50hPa zonal wind (U50%) average
within 60°N-80°N

Stratosphere Quasi-Biennial 50hPa zonal wind (U50%) average g:ﬂ@ljftegz?@
Oscillation (QBO) within 3°S-3°N 2001)
200hPa zonal wind (U200) gradient
East Asia Winter {{(30°-35°N,90°-160°E)-(50°-60°N,7 | Li and Yang
Monsoon (EAWM) 0°-170°E)]+{(30°-35°N,90°-160 "E)-( | (2010)
5°5-10°N,90°-160°E)1}/2
1000hPa geopotential height Panagiotopoulos
Siberia High (SH) (Z1000)* average et al. (2005)
(40°-65°N, 80°-120°E) '
PC1 of Z1000* poleward of 20°N,
its loading pattern as below
Troposphere | Arctic Oscillation Thompson and

(AO)

Wallace (1998)

North Atlantic
Oscillation (NAO)

leading mode (EOFD) of Z500% over
the domain (20°-80°N, 90°W-40°E)

Hurrell et al.
(200D

Western North
Pacific Subtropical
High (WNPSH)

850hPa zonal wind (U850%) average
difference between two domains:
[(25°-35°N, 120°-150°E)] -
[(10°-20°N, 130°-150°E)]

He and Zhou
(2015)
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Table 6. Validation metrics for climate drift and forecast skill.

Method Metric
Climate Drift Bias

Root mean square error
Forecast Skill Pattern correlation
Temporal correlation
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Table 7. Validated target area for the climate drift.

Forecast

Variable Region .
Lead Time

Eastern Indian Ocean [12.5° S-0° N, 180° E-120° E]
Precipitation Western Pacific [15° S-5° N, 120° E-180° E] 1-8 weeks
Western North Pacific [5° N-20° N, 120° E-150° E]
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Table 8. Validated target area for the forecast skill.

Variable Region Lead




Time

Temperature East Asia [25° N-55° N, 160° E-120° E]
Precinitation East Asia [33° N-40° N, 100° E-140° E]
P Indian Ocean [5° N-18° N, 65° E-95° E]
. . o o o o 3,4 Weeks
Outgoing Longwave Indian Ocean [5° S-10° N, 50° E-100° E]
Radiation Western North Pacific [10° N-20° N, 110° E-140° E]
Sea Level Pressure North Pacific [0° N-70° N, 90° E-260° E]
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Figure 4. Schematic representation of water balance in a grid.
AS stands for a change in water storage.
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. Figure 3b. (left) Annual and seasonal averaged relative ACC
Figure 3a. Stacked PCC of PREC | ifference between of ECMWF and KMA for 2018 weekly real-time
at 1 togz-l ead weeks for E(?CC PREC forecasts over East Asia and Globe. (right) Annual and seasonal

ECMWF, NCEP, target based ’ averaged relative ACC difference between 2017 and 2018 KMA”® s
KMA. and lead based KMA PREC forecasts. The top, left, bottom and right triangles represent
’ : for 1-lead, 2-lead, 3-lead and 4-lead week, respectively.
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Figure 3c. (Left) Surface biases distribution of net heat fluxes and 200hPa potential velocity from
GloSea5 with 2- and 4- lead week. (Right) Magnitude of Hadley circulation from ERA-Interim reanalysis

(black solid line) and GloSea5 with 1- to 4- lead week (blue, red, green, yellow solid line,
respectively).

Figure 6. GloSea5 predictive skill and systematic biases diagnosis
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Figure 7. Comparison of predictive skill before and after post-processing of (left) East Asia
and (right) Korean peninsula subseasonal forecasts. Regression/EOF apporaches for East Asia
and deep learning techniques for Korean Peninsula are applied.
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Figure 8. A guide to estimating lead week3 forecast skill of weekly mean East Asia
temperature during boreal winter. stepl: identifying predictor inputs (stability of PCI,
phase and strength of climate regimes, degree of 1-lead week forecast skill of one
week prior forecast). step2: for individual inputs, estimating degree of prediction skill
as high/moderate/low. step3: counting the number of three categories. step4: synthesize
all skill estimation and applying to the manual forecast.
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Figure 6a. BSISO impact (right) created by newly developed techniques applying existing
BSISO index Information (left). As an example of August 2018, the atmospheric response
corresponding to upcoming 2 weeks (Aug. 13-19) predicted from Aug. 6 was shown using
the BSISO forecast Index (left) produced by the ECMWF Model. The right BSISO impact
field is easy to understand Tropical Cyclone related variability in the Western North
Pacific, whereas the left index information is not.
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Figure 6b. Month with the most explanatory adequacy of BSISO impact
anomaly for outgoing longwave radiation in Summer (May-October).

Figure 9. Schematic diagram and guidance for the BSISO impact field service
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(a) Climatology biases (%)
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Figure 11. (a) Annual and SON season averaged relative ACC difference of 2019
real-time forecast for 3-lead week of T2M, PREC, and Z500 over Globe, Tropics, and
East Asia of EXPl(green line), EXP2(orange line), and EXP3(gray bar) with KMA. The
unit is %. (b) Annual ACC difference range between upper and lower 25% of 2019

real-time forecast for 1-,

and 3-lead week of T2M, PREC, and Z500 over Globeof

EXP1, EXP2, and EXP3 with KMA. White dot indicates the average value for each

case.
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Figure 12. (Left) Monthly averaged anomaly correlation coefficient of

surface temperature over globe

and East Asia at lead day 1 and lead

weeks 1-8. (Right) Difference distribution of surface temperature at lead
weeks 3-4 between NWPIF and ERA5, ERAIF and NWPIF.
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Figure 13. (Left) daily and (right) weekly bivariate correlation coefficient
for velocity potential MJO indices in GloSea5 experiments (ERAIF,
NWPIF).
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Figure 14. (a) Comparison between ensemble sensitivity experiments (for changing ensemble
size and initial time) for the forecast improvement of 2m temperature in week 3 and 4.
Purple and black bar indicates improvement of RPS and AUC comparing to the operational
forecast, respectively. Gray asterisk is the value of AUC minus 0.5 and the value over 0
means the forecast is useful. The improvement of brier score for each forecast category
(below normal, normal and above normal) is shown in the upper panel as a pie chart. (b)
Comprehensive intercomparison for the various skill improvement on East Asia temperature
forecast during 3 and 4 weeks lead time. The skill improvement is the improvement rate of
forecast skill and the number of improved lead time (days) for each ensemble generation
strategy (changing ensemble size and initial time) against operational forecast.
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(a) 2020 daily ACC (b) 2020 skin summary
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Figure 15. (a) (Left) daily ACC of 2020 real-time forecast for T2M, PREC, and Z500 over
Globe, Tropics, and East Asia. (Right) ACC predictable day for each models that is the lead
day number when ACC falls below the threshold. % indicates the case when predictable days
cannot be estimated. (b) Six verification scores for 1- to 4-lead weeks 52 weekly mean
real-time forecasts in 2020 over the Globe, Tropics and East Asia. Nine models including
KMA-GloSea5(navy color) are displayed together with distinct colors.
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Figure 16. CREDYT webpage for the subseasonal model evaluation
information online sharing (screenshot of main page)
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Figure 17. Screenshots of CREDYT webpage displaying (a) model data resources information,
(b) cryosphere evaluation contents
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2020: Northern Hemisphere

TOI0 waskly Sea ks Extast (1000 ) RMEE of Weskly SIE (10%m )

u L i L

F070 weelkly Sen ke Cxtent &na, (10%m’) TOC of weskly SIE Ano,

—— T
O S kbl P

i L L L&

Figure 18. (left) 2020 weekly timeseries of northern hemispheric total sea ice
extent for the observation and 1- to 4-lead weeks of KMA-GloSea5 and (right)
their verification based on RMSE(Root Mean Squar Error) and TCC(Temporal

Corrlation Coefficient) metrics. Upper (lower) panels are the evaluation for total
(anomaly) field.
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Melting sequence Melt & Freeze Timing Freezing sequence
(threshold = 20% of SIE annual range)
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Figure 19. (center) Melting and freezing week isolated from 2000-2010 averaged sea ice
extent(SIE) over 9 sub-regions and whole northern hemisphere. Regional sequence of SIE
(left) melting and (right) freezing. Black, light blue, and sand colors denote the observation,
KMA-GloSea 1-, and 3-lead week hindcasts, respectively.
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Figure 20. (left) Long-term mean and (right) trend of weekly sea ice extent(SIE) derived from
the period from 2000 to 2010 over 9 sub-regions and whole northern hemisphere. The black
line is for the observation. The light blue and sand colored lines are for 1- and 3-lead week
reforecasts of the KMA-GloSea5. Colored bars represent the departure of KMA-GloSea5 from
the observation. Short vertical lines denote weeks of (a) the minimum in SIE seasonal cycle
and (b) the maximum in SIE reduction.
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SIS W) coolinge] YElU= FHE 94032 KMA-GloSeab E8 o] 343 =

(a) Weekly ART1-U50 Corr. (b) Weekly T2m-SIE(Kara/Barents) Corr.
durmg 2000 2010 (DjF) durmg 2000 2010 (DjF)
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Figure 21. (a) Lead-lag correlation between weekly ART1 index and stratospheric zonal wind
at 50 hPa (U50) at each grid and (b) lead-lag correlation between weekly Kara/Barents sea
ice extent(SIE) index and near surface temperatue (T2M) at each grid.
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Figure 22. Annual and seasonal aggregation of weekly mean T2M biases at four different lead
weeks for KMA, UKMO, and ECMWF during 2000-2010.
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(a) 2020: Z500 RVMM of KMA (b)2020: Z500 top performing model (RVMM based)
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Figure 23. (a) (the leftest four columns) ranking of KMA-GloSea5 out of nine models at each
grid for 1- to 4-lead week forecasts in 2020 and (5th column) regionally summarized ranking
of KMA-GloSea5 for the Globe, Tropics and East Asia domain. (b) (the leftest four columns)
top performing model at each grid and (the rightest column) the grid fraction of individual
models getting the first place over three regional domains.
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Pantropical Weekly S5T Variability during 2000-2010
EOF1 _ EOF2
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Figure 24. First and second loading vector from EOF(Empirical Orthogonal Function) analysis
of weekly SST anomalies over the latitudinal band of 20° S-20° N.
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Weekly SST-EA(Prec) Corr.
during 2000-2010 (JJA)

Box: East Asia, Line: 305-20N avg. AW & -2W: S5T leading. +2W: 55T lagging
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Figure 25. Lead-lag correlation between East Asia averaged rainfall and
SST at each grid during summer season (JJA). Here, East Asia region is
defined as a domain covering 75° -150° E, 15° -60° N. Black boxs at
upper layer enclose the Indian Ocean area.
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Initial predictability source of Z500 for SON
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Figure 26. Pie charts showing the relative contribution of ten climate regime
strength in the 0-lead week (corresponding to -3 to +4 lead days) to weekly
mean Z500 forecast ACC skill during SON season. Top contributor is displayed
with a spaced pie and navy color text.
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Figure 27. (a) Chord diagram showing the strength of links among
(upper) 14 climate indices and (lower) four earth systems for (the
leftest) the observation, (second and third columns) 1- and 3-lead
weeks forecasts based on KMA-GloSeab 2020 hindcasts. Stacked
bars showing the total number of chords connecting earth systems
of 10 different combinations based on (b) 2020 and (C) 2019
hindcasts.
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Figure 28. (Left) JJA mean (shading) and standard deviation
(contour) of precipitation and 500hPa geopotential height for the
period of 1997-2010. The black boxes indicate the area for
calculation of NEASR and WNPSH index. (Right) Time-latitude
cross-section of weekly mean precipitation (shading) and 500hPa
geopotential height (contour) from observation and GloSea5
hindcasts.
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Table 9. (Left) standard deviation of Z500 in the boreal summer (Right) The definition of
subseasonal periods within boreal summer in terms of WNPSH. The numbers mean the
temporal correlation coefficients of 7500 over WNPSH region between two consecutive

weeks.

Weeks 20-21 21-22 22-23  23-24  24-25 25-26 26-27 27-28 28-29 29-30 30-31

cC 031 0.52 0.73 0.67 0.52 0.08 0.55 0.72 033 0.7 0.41

period P1:6/9~T/15 (W21-W25) P2:7/17~8/31 (W26~W31)
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North East Asian Summer Rainfall Index (NEASF{JI}
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Figure 29. Temporal correlation coefficients (TCC) between the predicted North East Asian
Summer Rainfall (NEASR) index in P1 (blue bar) and P2 (green bar) from GloSeab and those
form ERAb5. (Right) Time series of the NEASR indices in P1 and P2 from the observation
(red bar) and GloSea5 hindcasts (blue bar) with 3 week lead time. The lines denote JJA
mean value. The numbers in the left upper corner in the figure indicat TCC skills between
the predicted indices and those from observation.
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Figure 30. Climatological precipiation (shading), 500hPa geopotential height
(contour) and 850hPa horizontal winds (vector) from observations, and their
biases from GloSea5 hindcasts.
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P& mFo o3 A= 5 ASL oumdt. P2 717t MEiHG AeTe] ¥ BEyxs
P13} vlasiA F203 AFY EAS UeRdTh PlolA Yelgd 9= Folrao dAaz o
dE Aoyt 98 ofsiA= v, o iRt BEE Aol A BA46tEA ERoRE
g5t B AUt FAAE EARAS B ol#d Ades MEHEY Xd AFY A4
EAo th3t o] AT A= A Z(Chou et al, 2009; Wang and LinHo, 2003), 6€ =

23 @4 s AA Zadizh Ao AAE v Aok ek P2
717kl WNPSH A2 &Eth Mejd < tiithe] 9F< ol ¢/ Aot Il M8 de v+
o2 dYn EFd BT ddo] 9loen o= P2 7|zte] WNPSH7E 2y sfoll &4 e)
& gtE dRFe dFe A Eee v duk dol dd diRF A A9e o F
< AYqer AFHAY g F=rt ok Ao d#A Atk GloSead & A AAIRE A e
FollA el A5d AMYW Fae] AEE I BEE F RO Xtk 53] Pld FH =
U= sotAlol A3 #dd ArdE Ha Rojske Wi ddf diR Al2"EId 3dd
s A 2olsiH, F Aol Adds SEA4S 7o BoskA XIth P2o) F8 Arer
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Figure 31. (Right) Observed and (left) simulated latitude-time cross section of the
precipitation averaged over the region of 110-140E from 1997 to 2010 for P1 and P2.
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217210 A 947 QA Fa 9tk (Wang et al. 2000; Lee et al, 2005, Yuan et al., 2016).
o] AolAe FobAlol 7]Ee] AAEY S o] A4 T4 241 WNPSHY AAYW ¥HE
=S4 AW GloSeasd] <12 B4 8 #d 03T B3I STk

J

Figure 32= WNPSH =9 A 97 g AAW d34d%5<S JeEbdAT. WNPSH 7
Tof AdWsol g d35A4S = Bol ot ZAskARE, 457744 0.83 ©]de w2
dEAds S Uerdt. AW o= (Pl, P2) 452 AFE AA (JJA) o= w3 thid 3A
UEFARE 45 o] 371A] 0.01 #F9o FF& S Yepdoth AEY o=
HEH, P2 Hls| P19 oS8 50| i =4 YeEtuUE AAY 7]|1to] Ierdo®
48 7HATh =3 19983 201088 WNPSHO| =7} 714 =4 UrEME% HEzM T o
Hl3] WNPSHE o Z3st=d 9o A2 ESAA S 7HA L (s =2=d =7 78 23ks)
L =4S YEMT o] F v EF AUk A E 9AQA sz, BEAEES 2] ]
37 715 HxtE AUyl HJEHEE oo AEeleE AEFS Holw (Huang et al., 2004;
Tomita et al., 2004 =& 3 7lFsAd& UEWE old d7+Wang et al, 2000; Xie et al,
2009)) 7-&3t= A3t sl
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Figure 32. (Left) Temporal correlation coefficients (TCC) between the predicted
WNPSH index in P1 (blue bar) and P2 (green bar) from GloSeab and those form
ERA5. (Right) Time series of the WNPSH indices in P1 and P2 from the observation
(red bar) and GloSeab hindcasts (blue bar) with 3 week lead time. The lines denote
JJA mean value. The numbers in the left upper corner in the figure indicat TCC
skills between the predicted indices and those from observation.

WNPSH®] HdH &2 53] dY -G53 #dd I s & deie 23583 o4
o] ¢lt} (ENSO, Wang et al., 2000; Wang and Zhang, 2002; Xue et al., 2018). ENSO= WNPSH
o 7= 9 fiX9 T W& 55 di7] &8 #HAY WstE Fa oot ke B
Aol BHd A el F 9FL vt g 9 < M B4AA 29 A%
o2 548 Hrlsta WNPSH .ol 2 fxte] 7hed e ARl f8l, wEle
ENSO phased] @& EAEIHYG 17| 3 ¥ A of=deld ®o §A4&5 48t &
A oAE31e ENSO phaseE ZAsl7] 93] 19979 FE 201090 F<He] dsw Uy dAES
Table 103} o] 370e] WEF=Z (El Nono ¥E, La Nina ¢, La Nina FADZE EF3IHoH,
ENSO o|HlES] AzHER, AEHAH 2 F=E= ALZ (DIP) Jﬂ# ONI A2 AA3}IAT (Ren
et al, 2018). AEF AL Ay &L olFol TAstL AL Hizxd 23 1 &



of A& 37 wZo] (Xie et al, 2009), dej= L SA= dY/zZtL AR A <s7]

o ofgo= Aelatqrk

Table 10. Classification of the 1997-2010 summers according to the phase of ENSO

ENSO phase Number of years Year
El Nino developing 5 1997, 2002, 2004, 2006, 2009
La Nina developing 4 1998, 2005, 2007, 2010
La Nina persisting 4 1999, 2000, 2001, 2008
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Figure 33. Composite anomaly maps of Z500 (contour), precipitation (shading) and 850
wind (vector) for the ENSO phase of El Nino developing, La Nina developing and La

Nina persisting during P1.

P2 EDev OBS LPer OBS
S0°N - S0"N = - - N -
40N

......
30'N
20N
10N

[ 5 T u Y v o 1 Y Y T T f
T5°E 9S0°E 1W0S°E 120°E 135°E 1S0"E 165°E  18( 75°E 90°E 105°E 120°E 135°E 150°E 165°E 180 7S'E 90'E 105°E 120°E 135°E 150°E 165°'E  180*
- T 0
36 24 1.2 06 03 0 03 06 1.2 24 36 3624 12 06 03 0 03 06 12 24 36 3824120603 0 03 06 1.2 24 36

P2 EDev GS5W3 LDev GS5W3 P2 LPer GS5W3

SN = < 50 - S -

- &
40°N

30°N

20'N

o : ! ' ' ; 1
TS G0'E 105°E 120°E 135°E 1S0'E 165°E  18¢
I ——— | L — PN
2416 08 04 02 0 02 04 08 15 24 2415608 04 02 0 02 04 08 15 24 24 1.6 08 04 02 0 02 04 08 15 24

Figure 34. Same as Figure 33, but for P2.
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Figure 35. (Left) The observed and (Right) simulated time-longitude cross section of lag
correlation between the WNPSH index and SST averaged over the tropics of 10S to 10N
for the periods of P1 and P2.
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T £ 9FS o= He et al, 2015). 53 It T HH G (CEP)9F Edf JA=F
(TIO)2 o &5Z WNPSHY Zdw-sd F83 F3FS v (Qan et al, 2018). Figure 35&
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Figure 36. Regressed fields of the SSTAs in previous winter (DJF, shading) and the 850hPa
winds in P1 against WNPSHI index in P1 from the observation and GloSea5 hindast at lead
week 3.
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WNPSHOﬂ e FFe QAxeF capacitor MIAYUES T3 U2 & 4E71A ALEHG (Xie et
, 2016). Figure 36> P13} P20 w3t &2 AEW WNPSH Zx= A

3

H A 250 37 ExE yekhd Aotk WNPSH = WHal= < 3
FollA Fel sl 25 Hakek MEjEFl e 5o sl 25 daket A3 o dae
UehdTh GloSeabw ol A€ 4 sl™d %<9 WNPSH Z= ®¥3e #AAE A=
ofstAl most= Aol Utk 53] MEH YN o 2% AAE w9 oA RO,
ol Gl MEE YA A=dolM Y 2= FHE A A otdd FF HAE M7= 2
= Yepdth ol A HejE oA 17|gA =S oFstA 71 (Figure 37), WNPSHE]
5 gt 71od Aow AAHEG. A sl 250 #E7F WNPSHel wA= &2
el A A PoAE §A3 AFr JERGS Sst¥th o]= GloSeabrt &
AMEfd gt Aol I=gel e sl 2% dipolar &9} HAEE AL b=® Abol o] Fe
= (Wang et al, 2013)& ¢FstAl R3S A st At shalth

il

60°E 90°E 120°E 150°E 180° 150°W

---ECIEIZIEI:I---
25 2 15 -1 -05 15 2 25

Figure 37. Difference of the 850hPa zonal
wind in Pl Dbetween reanalysis and
hindcasts at lead W3.

o] BEA2ES B3 HPA R Tolaol o2E 7
v SAEHHGFAEFEE (WNPSM) =
& Fokrlot 04% el wod S PIT. Ayt
st ojojxA HH Ay nrt
AAHAY (Wang et al., 2001).

ENSO= AH Ao 7 m= e A

Jet=
EAMEE A7k ofAjol el dAE ARy 9 o5E Ay 9= EU=E
SORAloL AE EE, FoMAol 4F (RIB) 2« IEa &

A8k Figure 38). & AToNA 2 35 A5 e Foprol B FF (30-45N
110-140E), 1= % 74 (5-20N, 70-100E), BA )3 F 2= 74 (10-22.5N, 100-160E)2 4
=gt Figure 38 BAHBY /43t 24 Be 45 A5oe] 48 Y Aoz %
AEB G 1719 A5t Follol B Aooh AE Bi A ASSE 247 062, 0522 %
of 4T Hol: WY, BAHBY JF Eant 0782 & £ AT BAT 7 AY
B Adeldel A4t BAUBY 1ol e 94 A dee ANSE Ane
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Figure 38. (Left) Asian monsoon system including East Asia Monsoon, South Asia Monsoon
and Western North Pacific Summer Monsoon. (Right) the relationship between WNPSH
intensity and the rainfall indices over three sub-monsoon regions.
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SolAlol AE g FFS vXe= T8 AN dde B EAFS AmEgt B
AT s FolrlololA F23 AU-FUE AT oz A FF drldAy &
) Mg FE FE Fx2 FAE = East Asia/Pacific (EAP) 92443 318l (Huang
and Li 1987; Nitta 1987, Huang 1990)3} A= th7]ollA FHolAFE ofAo} BlFAY7tA 9
T AEE g 54 F2E A HE Sik-Road pattern (SRP)Y] &4 2 Ady Wy 29
EAdof oisl AHrRa #d ool tis) A AlSHA T

EAP 9812 PJ (Pacific-Japan) 9244 Ao 2% 2, ) AR By dolA tifF &%
o Wsle] osf e =xuge BE AugE Z d4ex 9ok (Nitta 1987, Huang and Sun
1992). ol EAEHS wrgs Aropdd gy 23523 17| e 1™HE AAES 8
FAHY FolAol oJE E£9 7% (Huang and Sun 1992)¢} Foprlof o234 739 AFY
H %5 (Chen and Zhou 2014; Wu et al. 2016; Chen et al.,, 2017; Guan et al, 20199 F23 4
&F& v Y. Figure 39+ WNPSH A 42 3| #Ag o5& AEY 500hPa A ¢]1%, 850hPa H}
Hd O83 Zg o otxdy] delS yEkd Zlolth. WNPSH A+ A& A3 |9 (10-30N,
110-140B)ol A 23 174 otmdel7l A EH™ ol E wef 4HoE §F oty HEO
2 AF olx=ZElyt gAY =3 1|48 &89 EAZ vl E wEt &9 A4 ole
227t Uetve 534S F0T F Ao BAEHE AR 5ok ob7bA] wave train®] o
4 AFY 98 ti g=24 Jebdoh P1 AlZldl SAMElE G 17| dA o A" ]
TS AMEHHSNA TIIFAE =F, BN AZIYA =S Yelge] PJ 3" (Nitta
1987) == EAP 31" (Huang and Sun 1992)2} fARSE #H-& A5t G2 A LE7HA
A" e ALurr depddh d9id P2 Al7ldls BEAEEY A Evye} ERZ 9
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WFozo| wave traine] FHHM Z|gte Io7 HHOR o]Fsty TAFORH EA
a7Iske] BEASE met dAshs AR At =3 2t BRoAM ks

et olHd 444 HH e AMY 5L GloSead7} Wl 3

et a8y GloSead= HAM BB a7 51 Ao A ol A <]
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GloSea5”7} EAPS} #HH t7] +3 dHS drhy & Bost=x AFH o= AA ] 9
3 BAEE SIS Ao A" AaEe e HHe PCC 22 S YERIH (Figure
40). A AABFR Rl GloSeabw HAEIHE Y 179 A =9 AdWEE 45 o|F71A 0.8 ©]
Ao & d&A5S ey, BEAgHEY 17t Ao wE gir] 3 9 ¢ Az ge
S AFA 0% Y3 FF (0.458) oo F wmoJdte el 4 gtk E3] P2 A7)
EAHEG AGdA vt BRZ FEUEY wave train 2 A sl 35744 0.6 ©]
4e] PCC 27 & et ol FHZHoE {F&3 ddes 7Hst7] 9% 0.6 33 7]
(Hollingsworth et al., 1980)< d+&
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Figure 39. Regressed fields of geopotential height at 500hPa (contour),
precipitation (shading) and wind anomalies at 850hPa (vector) against WNPSH
index. The shadings and contours denote the values significant at 90%
confidence level
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Figure 40. Spatial correlations between the Pacific-Japan pattern in the reanalysis
and the hindcast runs. The dotted line in the figure shows the 0.6 lower-limit
benchmark for differentiating between synoptically useful patterns (Hollingsworth
et al., 1980).

EAEE g Aol el WNPSHeE #d® o] A-W e dHur] s, 452 4
AW 7)zkel Ao]® WNPSHIO 391" 2= 110-140E A9 Fod Z4 #xpe =-A3t &
25 el (Figure 41). 54 A& 71391 P13} P2oll tidh 37} vl-% w3k 3™

2 3o] Ple] WNPSHIO| 3173 ¥¥8& AAstAch WNPSHSI B Meld o83 34
E HAHoR B TEE Uitk 6UA 7Y AF B Ao) ASBFelM Age
2ol 4 AAL FAAor Basi] v 79 Foo AR SAW o 45 AT
e U ATl oldr) NGt =RV AHBY A5 el g9 WA BEo]
Aeke ool A4 WAE PLAY] B AAAR RS T2E Urhith o FolAol
B A5k 69 Zo) AREo] 19 FwA FAHoE RS W4 dAstE Ade
32 TEE AY melFA @

th. GloSea5+= WNPSHe} #d® o532 AdU Zade &3
ot WNPSHS} #dE AeHE S A5E 2y F=3 59 HA7E 20N o]3F =tollA &
A A-Y 7125t AEH 02 ety 68 2= A Y ofdd (20-30N) FZollA HA st
TotAol AE B AFuie] dgo] R HA g5s FAT F Utk ol A AAG
GloSead Z<rollAle] Fx22 extel A=Y, FAHBEY 17y &3] FsFiZEolA JA4H
v B=ET G AT AVt BEAHE G FolAloto A AFHE tr] =% dFS v
Aolgt Azte 4= Aot (Lu, 2004; Lu and Lin 2009).
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Figure 41. The regressed precipitation of latitude-time cross section averaged over
the 110-140E region against the WNPSH index for the periods of P1 and P2.

SRP= o5 ool 4F thr]o] AF AEE wet HAst= 944 43 sjges z &
HA ATk (Lu et al 2002). SRP= frEhr|of A FoAFE FotAol7tA] F= oo AF
AE 7177F $1Aste e 4ANE wet FF3 55 ofde7t /ol Yees 5 S Kol
o, ol #FefAlot tEF FHAEAAL & ubg Hxe Aujzx RXo|td (Chen and Huang
2012; Hong and Lu 2016; and many others). 3 SRP+= tlF# stEol7kA] F2l3k =3 #HA}
E 7 AT SYTEE JHRAER BT SR WS A A5 FER ol H
MEEF 71 HAFeE Fotalor A HAel folvd §&F& mZek (Chen and Huang
2012; Saeed et al 2014; Hong et al 2018).

SRP9] F9= 35 FES ARtH o2 435 ofAo} AE 7]|Fo| 93 Aoz 1A
= Aol o, 3F A= FHL ol & sF 93] 24 H T (Hoskins and Karoly
1981; Hoskins and Ambrizzi 1993). IR¥ 4% AE 7|FE 7974 BZo7 o]FaH (Lin
et al. 2017) oldst 7|2 589 AEE AAY W= SRP #d FAo 7z & JFE v
2 A Hrh SRP9 GloSeas dl&A4 2 A-EY ¥E 2o 54 B oA, B AFoA Fod
oA5d AH-W 7%+ P, P29 ths] #S5H SRPe &% SA4S WA %J%E,,kt‘r. Figure 42+
olAlo} A E XY (20-60N, 0-150E) 200hPa F&-ul&2] EOF HA 2 gy oz SRPe A
Ay HsE AH#HH 02 AA g SRP= ofAof A EE wel PFAEM P2 Al7|o FiiH o=
BEZO =2 o]Fstet ol ofAlol AES B} AEste A st 7 7Tk tigh
SRP A8 ®=+= Pl (32%)NA EHt} P2 (35.2%M4 ©f e BA dHE&=2 @“ﬂﬂtq P19
wave I|E- P29} et frefrol tiFolA FHOE o]Fste Urihue EAS HATh
E3] P29 % SRPE EgAst=d 83 988 st= 7123738 (Kosaka et al 2009; Hong
and Lu 2016)E Ao 2 73t HA7F ety sE EA o] 9o, Pl M| SRPS] A o
A A AEdS Jepdth B3 P20 BuiAdfelA Feixl AAE gl ¢ e,
o]+ SRP9] wave 3j€lo] P2o|A&= FoiA oAl AlZE AR PloAl= ofAlof AR AE <
TollA AZEE oju|gth o]2]3k SRPe| AldW WE 5742 Hong et al. (2018)9] Aol 4
$3l= Axtolth
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Figure 42. 200hPa meridional wind (contours), wind vector and precipitation (shadings)

anomalies regressed onto the SRP index in P1 and P2. Shading indicates anomalies
significant at the 0.1 level based on the Student’ s t test.

GloSea5¢] SRP &4 9 AU WHE 2o EAHLS AyR7] 3, V2002 A HA PCE
A B 2 mdo] A5 b 9 4 'S Pl P2 dis] JERATH (Figiure 43).
GloSeab= SRPe} #ddE ty] ¢332 EAS vl oFtA Zostd, AdU A5 o
& 9E2A yehdd Ple] H$ ofro} AEE we ‘%“H wave train 7+&7} A Yet
A FANE, P29 A9 #HSol vls] Alde oA, f Y A FAAFEE ool AXl w9t
T T2t o= A= 2o} < A 4 o Ty SRP FH dFst= oA ofe}
Sotrjotoll AF wave Z=7F - oFetAl RoJFgo =N =1-/‘1EHJ§°<} 17189 BEAFe} Fo}
Aot 4 Hztoll Fordt P IS AAISA Egi
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Figure 43. 200hPa meridional wind (contours), wind vector and precipitation (shadings)
anomalies regressed onto the SRP index in P1 and P2. The SRP is defied as the
standardized V200 PC1 (Chen and Huang, 2012). Shading indicates anomalies significant at
the 0.1 level based on the Student’ s t test.
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Figure 44. Temporal correlations between the Silk-Road pattern in the reanalysis
and the hindcast runs, and the fractional variance explained by SR. The colored
line in left panel show the fractional variance explained by the reanalysis SR.
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Figure 45. Spatial correlations between the Silk-Road pattern in the reanalysis
and the hindcast runs.
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GloSea57} SRPe¢} & & ti7] <& S dvivh & Rojst=x] A&F
= A 713+ P,

3 8 dSHOo=EHE AALHE SRP PCe HaAT 9 &4F vl&s o
P2l ti3] YERNATH (Figure 44). GloSea5+

Al
SRPE] AJZH2A $14< dSst=d ol 2571A
0.8 o9 w2 28-S HoJAR, 35 o|FHH AFAo] F43] g A AR =0]

GloSeab+= SPRe] AU d&A45 #olE HF3lo] UetUH, P29 4§ 3FoAE 95% ol
FF ol TCC =4S yehdth T3 GloSeab+ H|E SRP2| EA4F H]-go] =] Hlg] th
4 221 S ANE, BS54 UEleE SRP A8 o] AW E4F HlE9 AdiE =] (Pl <
P2)E & =Rogit}y. 53] P2o] SRP A3 R=9 4k HIEL2 35 GLTW7HA #Z53 FARS
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Figure 46. (Upper) The biases of JJA mean (Left) precipitation and (middle) geopotential
height at 500hPa from GloSeab and (Lower) the differences between GloSea6 and GloSeab
for 3-lead week. (Right) The difference between GloSea6 and GloSeab of TCC skills for
geopotential height at 500hPa and TCC skills of JJA mean precipitation averaged over three
sub-Asian monsoon regions (NEAM, ISM, WNPSM) and WNPSH indices. The dotted line
indicates significant at the 95% confidence level
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Figure 47. Correlation of the JJA WNPSHI with the JJA precipitation (shading), 500hPa
geopotential height (contours), and 850hPa horizontal winds (vectors) during 1997-2016. The
shading interval indicates the significant above 90, 95 and 99% confidence levels,
respectively.
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Figure 48& obAlol-AEl B Gl 315 w84 @ B¢ 45 49 W4 Aus
L % e F EOF REE Uehdl 2102, BA89YF 1/1%e) Z9usye) 542 44

3t} (Wang et al., 2013; Huang et al., 2018). 2" A EOF R =+ PJ pattern (¥
FEuE-d B Doz & Ayl tir]-af ¢ 4228 RE(AOl mode) oW, F WA B
& B AAHe o okrlEl= A W3Fe] dipole pattern (BAEIE Y H @ A=Y
CP forcing ==&, WNPSHe| AdWMsA S Adst= F 7IA F8 SST WAUSS AAG
ofAlok-AEfH F B {F%‘r Fo] A WHEAS A F REol 98] oF 65.6%7F AEH,
WNPSH2] ﬂL A5 L 2 (EOFDelA F=2AA vyebdth. vtd GloSead= A W
H o Ak HlES of Hlal =A YehlAIRE WNPSHe] ZdW 8 238 FRA

(EOFZ)OiW dof BoHE S-S Yepith weba #3530 28] WNPSHE ZAdW 54 ol
%%“:41—5 &F AAHol o AojEH, PC2oto] 3ol AA vebdth oAl 23] GloSeadol A 9
WNPSHE| W54 S B G ZAY, S ENSOol| o3t Fake] Hddz oz A=eA Y
5 235 A GloSeab= A+ 7H«l EOF B9 4t Hl &S #= FAksHA R4
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Figure 48. EOF-1 mode and EOF-2 mode derived from JJA 500hPa
geopotential height over [155-45N, 45E-180E] during 1997-2016
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Figure 49. (Top, Left) Scatter plots of PCC versus TCC skill of EOF1 and EOF2 modes and
(Top, Middle) The correlation coefficient of the PC1 and PC2 with JJA WNPSHI and JJA
NINO3.4 inde during 1997-2016 (Top, Right) The correlation coefficients of the PC1 (filled
bar) and PC2 (open bar) with JJA mean preicipitation averaged over three sub-Asian
monsoon regions (Bottom) The correlated precipitation (shading), 500hPa geopotential height
(contours), and 850hPa horizontal winds (vectors) with the PC of EOF2
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Figure 50. Scatter plots of PCC
versus TCC skill of EOF modes
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Figure 51. (Top) The correlated SST (shading) and 500hPa geopotential height (contours) with
the NINO34 index (Bottom) The correlated precipitation (shading), 500hPa geopotential height
(contours), and 850hPa horizontal winds (vectors) with the NINO34 index
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Figure 52. (Left) Regression of JJA 850hPa velocity potential and divergent wind with respect
to the Nino3.4 index for OBS and GloSea5 (Middle, Right) Biases of GloSea5 and differences
between GloSea6 and GloSea5 for the regression of JJA 850hPa velocity potential and
divergent wind with respect to the PC2 of Z500 and WNPSH index
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Figure 53. (Top) The first EOF mode of JJA zonal wind at 200hPa over
[20-60N, 120-150E] and the TCC skill of the PC of EOF1 from GloSea5 and
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NFdZRAYlA A5 F5E Fol7] A% mE 54 2 A
Bl oM P vHNEA A A BA ZE 2
g FYoE FHo| Y HAeusd MARYTE HY, FE-EA
AFES VR oY A AFES A ARE ¥

.

- Exy olAELTAY ASE Edolst Aol B3]

B2 5 gl A ANSE OB 2RI AT Exye

14l o] gho] A&, GloSease] A9 L5of oEshe

£ BAFETH, ko] o ol A4HM, Ao =
= ]

meA A B4E 59

o>

ulla
e
&
g:O
o
pa)
o
f
N,
u)
e
4
3o o
oo

Pc2_total cf

(7]

- ice_width: AAp ol F50] A9A BEs=AE AAHst= PDF £xolA widthE 274

st AW AsOE FAst widthe =dss 23

o
ob
rlr
in)
M
I
o~
lo
fu
of
ot
o
g
N
rlr
o
i
il
td
i
Y
i,
oft M
> N
o
o
T~
il

£ 0.022 A8,

. AA qcle] FECoE W

AFEAou AA d A



b= (1— RH, g, (1~ + %) (8]

2 Z'qsaz‘ T

- cca_dp_knob, cca_md_knob, cca_sh_knob: EA} #AA AL&EHE AHE/5
& AASE AE convective coree] BAL 32 ygdeE REY. A
| A= A, Tap BARY wyRAb] A Al FFFS H A= Alg AT DA 0.2/0.1/0.1
Ao AA dAFol= 0.5/0.5/0.52 &8

2

- r_det: Adaptive detrainment parameter2 mass flux/thermodynamic impact ¥l &S 24
st ATE R A FAo) A H3FS v, Figure 589 A4 % -’-}‘— Sl 5o] adaptive

detrainemtE 1283} convective mass flux profileS T smoothdtA Ttes &35 71 oW
o]= diabatic heatingoll B3-S Fo] Ax 7o AHZ JIFS = —’F Ae. AE FFEelA
+ walker circulationS MAA 7= Al ZE dHA JS. HA GloSeab+ r_det’} 092 A&

Ho] 9xut, GloSeabol A 0.8 ZAD Ao 9. AbA AFo] wzH O7i s Ao
L Rggore] SST7F 238 Umx= Hog 39l

: : Adaptive detr
g No adaptive detrainment 15 Idaplrvee anl-wnentl
15

z km
/
-
z,km

‘!:'- , ; . o 1 1 L 1
0 P | I 1 T P Y Ad A 4 ~
0.00 0,05 0.10 015 0.20 0.25 0.00 0.05 0.10 0,152 : 0.20 0.25
mass flux, kg m?s™! o i o
P Figure 12. Updraught mass fluxes (12 h averaged) for the SCM expeniment
DerbYShlre et al. 2011 under the EUROCS humidity casc testbed (line styles as in Figure 1), with

and without adaptive detrainment

Figure 58. Distribution of updraft mass fluxes from no-adaptive detrainment
and adaptive detrainment experiments. (Derbyshire et al. 2011)
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Figure 59. Sensitivity experiments design for improving of precipitation prediction for
East Asia
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Figure 60. Difference distribution of total cloud amount between each
experiment and operational results.
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Figure 61. (Left) Averaged tropical vertical motion (shading) and zonal and
vertical circulation (arrows) in the OPER, CLD, and CPS experiments.
(Right) meridional mean specific humidity (shading) and meridional and
vertical circulation (arrows) in the OPER, CLD, and CPS experiments.
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Figure 62. Difference distribution of total precipitation between each
experiment and operational results.
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Figure 63. Anomaly correlation coefficient of total
precipitation over Tropics and East Asia.
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Diagnostic Tool of KMA-GloSea

= Convert raw data(Model, OBS) format
= Post-processing for generating forecast data based lead time
= Validate monthly predictive performance and mean biases

[oBs} 2Z500(JUL) [MOD] Mean bias w1 [MOD] Mean bias w2

= Post-processing data for MJO analysis

* Diagnosis of power spectral, wavenumber frequency, MV-EOF,
MJO propagation and MJO Index

’-
=~ J‘ ‘g JEE SR

= Post-processing data for East Asia summer monsoon analysis

* Diagnosis of EASM index, time-latitude cross section of Prec, lag
correlation of filtered Prec-U850 and Taylor diagram

oLs) W12 10.86.0.96)

Figure 64. Main contents of diagnostic tool for KMA-GloSea5

2t A% 27|38 7|HY dF N 99 2 Y H8A-H HIL
D €U A4 7% 87 € T9= 938 9 9%
Op 73EHF AT TEYYa = 2 Ad

@ GloSea5 A42 F+z3 o3}
GloSeas-GC2 44 ¥holojz B4 (Figure 65)& 3l Aul tlf AdolA 2 wpolojzr} =

=HPE FAsGh 53 FARFoIA Az nholojx, ITCZ A5l &8 vholoj2g 3
A 5 YT ot FRUPIAE FUsA Ushhs ALY FAANE ol mdolA 7
274 oAt EAGE @

G gtk o] AFelAE A R TEo| AN TEI ©
IS BURYR ADS ARIYC A) 2l ARY R 13 JTE
A= BANFYB AN F5 3 Wske] el FHAOE Hvingich ALY o

N
i Ay 3



A BE FARGAAE Az uololzul, AUPPAAE & vrolol2st ekttt HAH
B AR e AgHolE A= vlolol2sl tehta of AGAe] B4 BEo| BEAY B
o= & Hholoj s} vhebsTh

SUMMER

h b L = w o

==

Figure 65. Systematic bias of precipitation in GloSea5-GC2.
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Figure 66. Types of climate drifts as proposed by Hermanson
et al(2018).
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Figure 67. Precipitation drifts as a function of lead time for OPER (red) and CDAR (blue)
compared to the long-term biases of their free-running controls (black dashed line) and
hindcasts (gray dashed line).
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Figure 68. MJO-15 day lagged composites of the outgoing longwave radiation and sea level
pressure in phase 3 for observations, operational forecast and coupled initialization
experiment.
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EA response (d11-15) on MJO P3&4
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Figure 69. Improvement ratio of coupled initialization experiment compared to
the operational forecast for the MJO-15 day lagged composites of the outgoing
longwave radiation and sea level pressure in phase 3.
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Figure 71. Improvement ratio of coupled initialization experiment compared
to the operational forecast for the relationship between WNPSI and
precipitation and geopotential height at 500hPa in 2020 summer.
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The shading polygons represent the selected river basins.
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Figure 73. Differences between simulated soil moisture and ERA-5 soil moisture. SM1
represents soil moisture in the first layer, and RZSM represents root zone soil moisture. AMZ:
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Meteorological Administration Operational configuration.
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Figure 74. Error time series of hydrologic components in the 7 major selected basins. AMZ:
Amazon basin, GOB: Gobi basin, MDB: Murray-Darling basin, MEK: Mekong river basin, MIS:
Mississippi river basin, TIB: Tibetan basin, and YAN: Yangtze river basin. CDA: Forecasts
from the Coupled Data Assimilation method and OPR: Forecasts from the Korea
Meteorological Administration Operational configuration.
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Figure 75. Anomaly correlation coefficients between CDA and ERA5, OPR and ERA5, and
OPR and CDA. SMI1 represents soil moisture in the first layer, and RZSM represents root
zone soil moisture. AMZ: Amazon basin, GOB: Gobi basin, MDB: Murray-Darling basin, MEK:
Mekong river basin, MIS: Mississippi river basin, TIB: Tibetan basin, and YAN: Yangtze river
basin. CDA: Forecasts from the Coupled Data Assimilation method and OPR: Forecasts from
the Korea Meteorological Administration Operational configuration.
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Figure 76. Time series of systematic drifts for water balance in the 7 major selected basins.
AMZ: Amazon basin, GOB: Gobi basin, MDB: Murray-Darling basin, MEK: Mekong river basin,
MIS: Mississippi river basin, TIB: Tibetan basin, and YAN: Yangtze river basin. CDA: Forecasts
from the Coupled Data Assimilation method and OPR: Forecasts from the Korea
Meteorological Administration Operational configuration.
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Figure 77. Correlation coefficients between precipitation errors
and systematic drifts. AMZ: Amazon basin, GOB: Gobi basin,
MDB: Murray-Darling basin, MEK: Mekong river basin, MIS:
Mississippi river basin, TIB: Tibetan basin, and YAN: Yangtze
river basin. CDA: Forecasts from the Coupled Data Assimilation
method and OPR: Forecasts from the Korea Meteorological
Administration Operational configuration.
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Figure 78. Correlation coefficients between ET errors and
systematic drifts. AMZ: Amazon basin, GOB: Gobi basin, MDB:
Murray-Darling basin, MEK: Mekong river basin, MIS: Mississippi
river basin, TIB: Tibetan basin, and YAN: Yangtze river basin.
CDA: Forecasts from the Coupled Data Assimilation method and
OPR: Forecasts from the Korea Meteorological Administration
Operational configuration.
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Figure 79. Correlation coefficients between errors of
precipitation-ET and systematic drifts. AMZ: Amazon basin,
GOB: Gobi basin, MDB: Murray-Darling basin, MEK: Mekong
river basin, MIS: Mississippi river basin, TIB: Tibetan basin, and
YAN: Yangtze river basin. CDA: Forecasts from the Coupled
Data Assimilation method and OPR: Forecasts from the Korea
Meteorological Administration Operational configuration.
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Figure 80. Weekly differences between simulated and ERA-5 soil temperatures. CDA:
Forecasts from the Coupled Data Assimilation method and OPR: Forecasts from the Korea
Meteorological Administration Operational configuration.



0 30E 60E 90E 120E 150E 180 150W 120w S0W 6OW 30w 0

90N

50N o g oK

30N 7

30S —

608 ——— T ¥ ] —
0 30E 60E 90E 120E  150E 180 150W  120W  90W 60W 30W 0

-1 08 -06 -04 -02 0 02 04 06 08 1

Average of soil temperature differences(K)

Figure 81. Average soil temperature differences between CDA and
OPR. CDA: Forecasts from the Coupled Data Assimilation method and
OPR: Forecasts from the Korea Meteorological Administration
Operational configuration. KG31: Koppen-Geiger 31 classification,

KG41: Koppen-Geiger 41 classification, and KG62: Koppen-Geiger 62
classification.
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Figure 82. Time series of systematic drifts for energy balance in the selected Koppen-Geiger
classification. CDA: Forecasts from the Coupled Data Assimilation method and OPR: Forecasts

from the Korea Meteorological Administration Operational configuration. KG31: Koppen-Geiger
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Figure 83. Time series of systematic drift differences for energy balance in the selected
Koppen-Geiger classification. CDA: Forecasts from the Coupled Data Assimilation method and
OPR: Forecasts from the Korea Meteorological Administration Operational configuration. KG31:
Koppen-Geiger 31 classification, KG41: Koppen-Geiger 41 classification, and KG62:
Koppen-Geiger 62 classification.
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Figure 84. Correlation coefficients between errors of Rnet-AE-H and systematic drift
differences for energy balance in the selected Koppen-Geiger classification. CDA: Forecasts
from the Coupled Data Assimilation method and OPR: Forecasts from the Korea
Meteorological Administration Operational configuration. KG31: Koppen-Geiger 31 classification,
KG41: Koppen-Geiger 41 classification, and KG62: Koppen-Geiger 62 classification.
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Figure 86. A framework for diagnosing various aspects of model biases in terms of East Asia regional climate representation
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Table Al. Observational reference datasets used in CREDYT.

Source Variables Location in HPC Resolution

ERA5 T2M, 7500, /Ifs/apccdb/Observation/ReanalysissECMWE/ER — 0.25° x0.25°
U50, U850, Ab/Daily/surface
MSLP, 71000, /Ifs/apccdb/Observation/Reanalysis/ECMWEF/ER
U200, U850, A5/Daily/pressure

V200
GPCP PREC /Ifs/apccdb/Observation/Grid/GPCP/Daily 1° x1°
QOISST SST /1fs/apccdb/Observation/Grid/OISST/Daily/sst 0.125° x0.125°

A2 A ZAE 53

CREDYTol Al ALg=+= o ZFA S5+ IA S2S9F SubX I&FA AlFshe=
h 525 Ao fREEL WMO A=AEAN F3shs AU dEAagolnh S25 32
o3 FRE Table A28} 2},

Table A2. S2S datasets used in CREDYT.

Source Variables Location in HPC Resolution

Forecast T2M, 7500, U50, /Ifs/apccgb/APCC_S2S/RAW/FORECAST 1.5° x1.5°
U850, 71000, U200,

Hindcast U850, V200, PREC, /Ifs/apccgb/APCC_S2S/PRE/HINDCAST
SST

T MAE SubXe dFAm+= 20219 F7HE s THTable A3). SubX projectel A
A &sl= GitHub(https:///github.com/kpegion/SubX)E F3] AE5FFHFEEH o] #3 T2 1)
o

=& gkt Ao(GrADS, Matlab, NCL, Python)Z AlFsiF Atk & AFo A= NCL 9]
2 ZAAd E’_‘:% AHESt ARE 2 EE 33T NCL £ 5% SubX A5 Rt &

I:
OPeNDAPS. &= ¢joj2 ¥ NetCDF ZHio = write oﬁ—?v‘:— Walolm =, APCCel HPCE 9 F-<}
g sl 7] WEel oiHge Tl eEe o F WiEEe HPCE &7 o it}
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Table A3. SubX datasets used in CREDYT.

Source Variables Location in HPC Resolution

Forecast T2M, 7500, U50, /lfs/apccgb/SubX/FORECAST 1° x1°

U850, MSLP, U200,

Hindcast U850, V200, PREC, /Ifs/apccgb/SubX/HINDCAST
SST

B SubXe] forecast A& ©h+Z = F = (getSubXFieldsIRI_forecast.ncl)

- Y35l =d(imodel) ¥ W<(var) A9 3 Al

i User Defined Variables
outPath="./forecast/"
Varnamesz(/“ua“ " nn mnn n n n n n n non n n n n

J'ua","rlut", "tas","ts","zg","va","va","pr","zg"/)
plevstrs=(/”850”’”200”,”toa”,”2m”,”SfC”,”500”,”200”’”850”,”Sfc”,”200”/)
grps=(/"GMAO","RSMAS","ESRL","ECCC","NRL","EMC"/)
models=(/"GEOS_V2p1","CCSM4","FIMr1p1","GEM","NESM","GEFS"/)
dfv=—9.99¢8

; Variables — DO NOT MODIY

url="http://iridl.ldeo.columbia.edu/SOURCES/.Models/.SubX/"

nvars=dimsizes(varnames)
nmodels=dimsizes(models)

; Main Program

3

do imodel=5,5

model=models(imodel)
grp=grps(imodel)

do ivar=3,3

varname=varnames(ivar)
plevstr=plevstrs(ivar)

; Define input filename
fname=url+"."+grp+"/."+model+"/.forecast/."+varname+"/dods"
; Open the file

inFname=addfile(fname,"r")

;Get the dimensions
dims=getfilevardims(inFname,varname)
ndims=dimsizes(dims)
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; Loop over the dimensions
do =0, ndims—1

if (dims(i).eq."X") then
lon=inFname—>X
nx=dimsizes(lon)

else if (dims(i).eq."Y") then
lat=inFname—>Y
ny=dimsizes(lat)

else if (dims(i).eq."L") then
leads=inFname—>L
nleads=dimsizes(leads)

else if (dims(i).eq."M") then
ens=inFname—>M
nens=dimsizes(ens)

else if (dims(i).eq."S") then
ics=inFname—>S
nics=dimsizes(ics)

else if (dims(i).eq."P") then
levs=inFname—>P
plev=ind(levs.eq.stringtointeger(plevstr))
else

print("ERROR WITH DIMS: "+dims(i))
end if

end if

end if

end if

end if

end if

end do ; ndims

; Create output directory
outDir=outPath+varname-+plevstr+"/daily/full/"+grp+"-"+model+"/"

; Check to see if it exists
tmp=systemfunc("mkdir —p "+outDir)

; Loop over all ensemble members
do iens=0,nens-1

; Set ensemble string for output file name
ee=sprinti("%0.1i" iens+1)

; Loop over and read all start dates
do ic=0,nics—1

; Set date string to file name

cdate=cd_calendar(ics(ic),0)

year=tointeger(cdate(:,0))

month=tointeger(cdate(:,1))

day=tointeger(cdate(:,2))

yyyymmdd=sprinti("%0.4i" year)+sprinti("%0.2i",month)+sprinti("%0.2i",day)

; Create output file name & remove if existing
ofile=outDir+varname+"_"+plevstr+"_"+grp+"-"+model+"_"+yyyymmdd+".e"+ee+".daily.nc"
if (fileexists(ofile)) then

tmp=systemfunc("rm "+ofile)

end if
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; Open file
oFname=addfile(ofile,"c")

; Get the data for dimensions lead,lat,lon
if (ndims.eq.6) then
data=inFname—>$varname$(plev,ic,iens,:,:,:)
else if (ndims.eq.5) then
data=inFname->$varname$(ic,iens,:,:,:)
else

print("Problems with dimensions")

end if

end if

printVarSummary(data)

; Set the Global Attributes

gAtt = True

gAtt@long_title = data@long_name

gAtt@title = data@long_name

gAtt@comments = "SubX project http://cola.gmu.edu/~kpegion/subx/"

gAtt@CreationDate = systemfunc ("date")
gAtt@CreatedBy = systemfunc ("whoami")
gAtt@Source = "getSubXFieldsIRI.ncl"
gAtt@Institution = "SubX IRI: "+url
fileattdef( oFname, gAftt )

; Change dimension names to time, lat, lon
datal0="time"

datal1="lat"

datal2="lon"

; Write the data to the file
oFname—>$varname$ = data
oFname—>$varname$@units=data@units

; Write the time units to the file
oFname—>time@units = ics@units

; Delete data so it can be defined automatically on next iteration
delete(data)
end do ;nics

end do ;nens

dims)
ics)
lon)
lat)
leads)
ens)

delete
delete
delete
delete
delete
delete

—~ A~~~ —~ —

if (isdefined((/"levs"/))) then
delete(levs)

end if

end do ;nvars
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| end do ;nmodels

B SubX?] hindcast At& T2 = F = (getSubXFieldsIRI_hindcast.ncl)

- Y3t ZP(mode) ¥ WHr(ivar) Ag] F Ay

i User Defined Variables

outPath="./HINDCAST"
Varnames=(/”tasn,”pr“,“tS“,”Zg“,“ua“,Hva”,”ua”,nva”,”SiC”/)
p|eVStrS=(/“2m“,“SfC”,”SfC“,”500“,”850”,”850“,”200“,”200”,”81:0“/)
grps=(/"GMAQO","RSMAS","ESRL","ECCC","NRL","EMC"/)
models=(/"GEOS_V2p1","CCSM4","FIMrip1","GEM","NESM","GEFS"/)

dfv=-9.99¢8

; Variables — DO NOT MODIY

url="http://iridl.ldeo.columbia.edu/SOURCES/.Models/.SubX/"

nvars=dimsizes(varnames)
nmodels=dimsizes(models)

; Main Program

do imodel=1,1

model=models(imodel)
grp=grps(imodel)

do ivar=1,1

varname=varnames(ivar)
plevstr=plevstrs(ivar)

; Define input filename
fname=url+"."+grp+"/."+model+"/.hindcast/."+varname+"/dods"
; Open the file

inFname=addfile(fname,"r")

;Get the dimensions
dims=getfilevardims(inFname,varname)
ndims=dimsizes(dims)

; Loop over the dimensions
do =0, ndims-1

if (dims(i).eq."X") then
lon=inFname—>X
nx=dimsizes(lon)

else if (dims(i).eq."Y") then
lat=inFname—>Y
ny=dimsizes(lat)

else if (dims(i).eq."L") then

- 116 —



leads=inFname—>L
nleads=dimsizes(leads)

else if (dims(i).eq."M") then
ens=inFname—>M
nens=dimsizes(ens)

else if (dims(i).eq."S") then
ics=inFname—>S

nics=dimsizes(ics)

else if (dims(i).eq."P") then
levs=inFname—>P
plev=ind(levs.eq.stringtointeger(plevstr))
else

print("ERROR WITH DIMS: "+dims(i))
end if

end if

end if

end if

end if

end if

end do ; ndims

; Create output directory
outDir=outPath+"/"+varname-+plevstr+"/daily/full/"+grp+"-"+model+"/"

; Check to see if it exists
tmp=systemfunc("mkdir —p "+outDir)

; Loop over all ensemble members
do iens=0,nens-1

; Set ensemble string for output file name
ee=sprinti("%0.1i" iens+1)

; Loop over and read all start dates
do ic=0,nics—1

; Set date string to file name

cdate=cd_calendar(ics(ic),0)

year=tointeger(cdate(:,0))

month=tointeger(cdate(:,1))

day=tointeger(cdate(:,2))

yyyymmdd=sprinti("%0.4i" year)+sprinti("%0.2i",month)+sprinti("%0.2i",day)

; Create output file name & remove if existing
ofile=outDir+varname+"_"+plevstr+"_"+grp+"-"+model+"_"+yyyymmdd+".e"+ee+".daily.nc"
print("outFil="+ofile)

if (fileexists(ofile)) then

tmp=systemfunc("rm "+ofile)

end if

; Open file
oFname=addfile(ofile,"c")

; Get the data for dimensions lead,lat,lon
if (ndims.eq.6) then
data=inFname—>$varname$(plev,ic,iens,:,:,:)
else if (ndims.eq.5) then
data=inFname—->$varname$(ic,iens,:,:,:)
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else
print("Problems with dimensions")

; printVarSummary(data)

; Set the Global Attributes

gAtt = True

gAtt@long_title = data@long_name

gAtt@title = data@long_name

gAtt@comments = "SubX project http://cola.gmu.edu/~kpegion/subx/"

gAtt@CreationDate = systemfunc ("date")
gAtt@CreatedBy = systemfunc ("whoami")
gAtt@Source = "getSubXFieldsIRI.ncl"
gAtt@Institution = "SubX IRI: "+url
fileattdef( oFname, gAftt )

; Change dimension names to time, lat, lon
datal0="time"

datal1="lat"

datal2="lon"

; Write the data to the file
oFname—>$varname$ = data
oFname—>$varname$@units=data@units

; Write the time units to the file
oFname—>time@units = ics@units

; Delete data so it can be defined automatically on next iteration
delete(data)

end if
end do ;nics
end do ;nens

delete(dims)
delete(ics)
delete(lon)
delete(lat)
delete(leads)
delete(ens)

if (isdefined((/"levs"/))) then

delete(levs)

end if

system("tar —cvf "+outPath+"_"+varname+plevstr+".tar "+outPath)

system("rm —rf "+outPath)

system("mv "+outPath+"_"+varname+plevstr+".tar /mnt/c/Users/ZestPC/Desktop/SubX/")
end do ;nvars

end do ;nmodels
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Figure B1. Weekly periods for SubX models.
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UKMO {026 024 023 024|025 025 02¢ 023|026 025 024 026|025 022 021 021] |028 025 023 025
KMA {005 015 021 02¢| [005 016 021 023 [0.04 010 018 006 015 021 023] [011 020 025 027
ECCC {040 042 041 040|039 039 033 036 [045 049 049 | 039 040 039 039 (038 039 038 036
ECMWF {040 047 048 047|035 042 043 041|040 (041 049 049 048 | | 041 046 046 045
EMC {0.19 025 026 024|[016 021 023 020|021 029 031 028|021 026 026 024 (019 022 023 024
ESRL {-0.08 -004 001 004|[-0.08 -002 0.02 005 | |0.16 -0.10 005 -0.00| [0.09 -0.04 002 0.04| [-004 001 004 007
NCEP {001 015 021 024|003 013 021 023| (003 015 024 028|000 0.15 020 024|005 015 020 022
NRL {002 004 006 008 | |-001 004 0.06 008 ||002 004 005 009|001 004 005 007|[004 005 007 007
RSMAS {-0.14 -0.08 003 011 [-013 -0.07 002 0.10| |-022 015 -0.00 009 |-015 -0.10 003 010 |-008 -003 007 013
UKMO {011 021 027 030|042 021 025 027|006 020 028 033|012 020 025 028| |06 025 029 031
KMA {020 022 021 021| [025 027 019 016 [025 026 025 027 [072 012 014 018|020 024 02¢ 024
ECCC {029 027 022 020| |031 032 024 020|028 028 018 019|025 022 020 018|032 032 028 022
ECMWF {035 038 031 027|035 043 03¢ 022| (03¢ 032 028 028|[035 03¢ 030 028|085 041 034 032
EMC {02¢ 023 018 016| (029 030 022 017|025 023 013 021||018 015 015 011|024 023 018 016
ESRL {-003 001 004 003|002 006 006 003|001 002 010 006|005 -0.0¢ 0.01 002|(-004 0.00 001 003
NCEP 1 041 017 017 047|041 022 022 018|[0.48 021 021 020|006 007 042 013|040 047 014 06
NRL 1011 006 004 004|012 009 0.06 004|017 007 005 004|007 003 002 003|[000 005 003 004
RSMAS {-0.06 001 007 0.10| (004 005 -000 007 | |-005 002 012 0.6 |-007 008 005 006 | |-0.08 002 0.10 0.0
UKMO 028 026 022 023| 031 031 02¢ 019|083 028 026 027|021 019 019 019|026 026 019 025
L1 12 13 4 L1 12 13 L4 L1 12 13 L4 L1 12 13 14 L L2 13 L4
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0.1

ROC
2020: ROC of T2M
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EA

LEPS
2020: LEPS of T2M

AYR DJF

JUA

SON

KMA {044 031 026 026 028 024 023 030 025 022
ECCC {041 025 015 020 022 017 015 | (041 025 020 017
025 031 024 021 0% 025 022
02 022 o018 017 (038 025 020 o010
023 024 020 018 | 042 027 022 o
024 025 021 00| (043 027 022 o020
021 026 017 015 (045 027 020 17
o021 029 022 019|049 032 024 020
025 028 025 021 [04s 020 024 02
045 04z 040 03

032 029 027 025

046 040 037 035

032 030 029 031

039 036 03¢ 0z

040 038 036 0.34

035 032 028 031

043 039 037 037

03 038 035

5% o7 07 (53

019 015 011 016

5 028 021 018 02

022 019 016 020

027 022 015 019

027 026 020 021

020 016 013 012

029 024 018 024

02 028 o2t 021

2 13 L4 )
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CRPSS
: CRPSS of T2M

DJF MAM JJA

SON

KMA {028 016 072 oif 078 007 004| [027 015 011 01| [047 007 004 003 [G26 013 008 007
ECCC {082 016 011 008 017 011 008|029 014 009 008|022 007 001 000| (030 013 008 007
ECMWF 032 o024 021 033 02 020 020 022 021|047 027 020 016 028 022 019
0.9 EMC {026 015 010 007|021 013 008 004|027 015 011 008 004 001|020 010 004 003 0.9
S ESRL 012 0.03 0.07 -0.10 043 -0.04 0,09 -0.13( | 0.1 -0.03 0.07 -0.41 014 -015| [0.04 008 012 -0.16 -
NCEP {026 044 011 0.10| (025 014 000 005||025 012 041 00 005 004 | 019 008 006 005
0.8 NRL | 024 002 008 -011| | 021 002 -008 -014| | 022 002 -0.09 -011 019 021 |0z 003 013 016 0.7
RSMAS {015 002 -001 002|010 007 -0.08 -0.04| | 0.13 -0.03 000 005 006 -005| | 0.1 005 002 000
0.7 UKMO {034 020 016 014 019 013 010|034 020 015 014 010 008|[029 016 041 0.10 0.5
06 KMA {027 018 017 016 14 009 005 [022 020 01 018 010 009 | [010 007 006 004 03
- ECCC ans 022 018 016 022 018 014|020 022 019 017 006 004|017 012 008 008 -
ECMWF 044 038 035 044 03 o0s2 045 038 036 082 029 | | 048 037 031 028
0.5 EMC {022 021 018 013 (022 021 016 008||027 025 023 018 008 004 | [-000 000 -0.02 -0.05 0.1
- ESRL {014 009 008 005||017 005 005 001|016 011 011 007 004 -005| |006 007 0.08 009
0.4 NCEP 1028 020 020 0.19| (025 020 0.7 013|027 026 026 023 011 012|004 002 004 008 0.1
NRL 1011 004 001 -001| (008 000 000 -003| | 011 008 005 004 012 013| | 002 010 018 017
03 RSMAS 1 0.10 005 004 006|011 011 013 018 001 004 | |007 007 001 001 03
8 UKMO {030 027 022 017/ [034 030 027 027 015 014| [015 012 010 009 5
02 KMA {021 005 001 002| [018 008 002 002 002 00| [030 06 078 014 05
ECCC 024 016 008 004|016 001 -004 -002 14 015 [032 020 012 011
01 ECMWF 032 020 012|048 018 009 011 013 010 038 024 021 4
g < EMC {031 018 010 007 (030 007 003 -000 003 002 (035 021 012 008
ESRL {016 008 007 019|017 009 012 013 017 021| |013 004 010 006
0 W neep | oar 014 009 004 | [0 007 003 000 004 000 [032 011 008 0.10 2
NRL {014 X 005 012 024 005 016 023 025 020 020( | 010 008 017 020
RSMAS {015 002 0.06 001( [ 012 008 -0.19 014 013 012 042 002 001 003 [019 012 001 009
UKMO {031 018 0.10 009 030 018 008 005|026 010 003 00 008 007| [035 022 012 014
U2 13 14 U121 W U131 LW Ul
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2020: ACC of T2M

reddish: KMA outperforming bluish: KMA underperforming

AYR DJF MAM JJA SON  AYR DJF MAM JJA SON  AYR DJF MAM JJA SON

top/left/bottom/right triangles are for lead week 1/2/3/4 forecasts.
unit; refative skill dif. % = (other_model-KMA)/abs(KMA)*100
dot: significant skill dif.

© Prediction Research Department/APEC Climate Center

2020: MSSS of T2M

reddish: KMA outperforming bluish: KMA underperforming

G T EA G T EA
ECCC LY B 4 ECCC dbydb dN4ab. 4db
5 % - 52
ECMWF 4l X < M | ECMWF | ¥ d).4 - X
EMC | L] >4 DB 5 EMC | 4 N R (
. . . 25 . . .
ESRL D COX ESRL ‘ 4
N - 0 N N
NCEP < x X NCEP | X
\ 25 \ 3
NRL By 4 < .~: D oK . NRL DD v e . X
% “ 75 <
RSMAS | > X RSMAS | X 4 <
N -100 .
UKMO UKMO

AYR DJF MAM JJA SON  AYR DJF MAM JJA SON  AYR DJF MAM JJA SON

top/left/botiom/right triangles are for lead week 1/2/3/4 forecasts
unit: refative skill dif. % = (other_model-KMA)/abs(KMA)*100
dot: significant skill dif.
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- 9 AN o= B9 deEl=: ${HOMEYCREDYT/UTIL/CONTENTS/RTF _daily

daily ACC: 01-1.daily_ACC.ncl

ACC

2020 daily ACC
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Lead days
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Dashed line: a threshold defined as half of the maximum ACC over G at D+1
Predicatable days: the lead day # when ACC falls below the threshold
*: the case when predictable days cannot be estimated
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£ 5 D. CREDYT MJO ®xz] & A=

D-1. CREDYT MJO &= A4ks 93 HA g

CREDYTell M= KMAS] MJO A <ol tigh AHE AFdo o=

e Ao AARE 1

T 2 35 thg weekly VPM1, VPM2 A9} U hindcast % forecast®] MJO bivariate
correlationS 83+ HAwlxolth, MJO A'= A4S 93] daily hindcast, daily forecast,

weekly forecast 8|2 -t}

H 2 MO

- Hindcast: ${HOME}YMJO/UTIL_HIND_Daily

01-1.VPM_S2S_Model_daily.ncl
/ 01-2.VPM_SubX_Model_daily.ncl

S2S, SubXel daily hindcast MJO A&t

02-1.VPM_Obs_daily.ncl
/ 02—2.VPM_obs_daily_GloSea.ncl

hindcast Z|Ztoll Ci st =2l daily MJO A At

03-1.Bivariate_corr.ncl
/ 03-2.Bivariate_corr_GloSea.ncl

daily hindcast MJO<2| bivariate correlation

- Forecast: ${HOME}/CREDYT/UTIL/RTF

01.VPM_Model_daily.ncl

S2S, SubX2| daily forecast MJO A At

02.VPM_Obs_daily.ncl

forecast 7|Ztoll o st =2l daily MJO At

03.Bivariate_corr.ncl

daily forecast MJO2| bivariate correlation
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m =3 MO

01.VPM_Model_weekly.ncl

S2S, SubX2| weekly forecast MJO A4 At

02.VPM_Obs_weekly.ncl

forecast 7|Ztoll TSt ZHE2| weekly MJO A4t

- MJO o= &4 Hul=: ${HOME/MJO/ANAL

MJO: 01.VPM_KMA.ncl

MJO
2020: MJO (Velocity Potential based)

2020 weekly VPM1 timeseries
40 " Bivariate Corr. of daily VPM
1.

— 2020

20
— 2000-2010

00 —4

-20 —

4.0

Wi We Wit Wie W21 Wa2s W31 W36 W41 W4e W51

2020 weekly VPM2 timeseries 0.4 -

4.0
20
0.0 —

20 o

-4.0 REZLn G R R R R RS e Eay B EEEEE EEmoE EE 5 10 15 20 25 10 35
Wi WB W11 Wi W21 W26 W31 W36 W41 W4 W51 lead days
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7171 UGIA 2, "HE A|E2] 22f (tropical cyclone, 25 S8 HE3 2821 MIO 2
M E M E P20 AMdE B0 (Klingaman and Woolnough 2014: Bush et al.
2015). O|2{8F AtAlZ HIEFC 2 Walters et al. {2017)%M= convection schemel2]
entrainment rate®t UZE M= a2 vE 2 (HF], 700hPa 0|5}, 400-700hPa)d| 2t
ojg| YHo=E XYsto] M5, 2FH2E o = 1.125 y=12 Y51 7[E0 Hlal
entrainment rate0| 25% HE F7=7 P EHAL. A Y ZEMM o2 vE LA
Yt A=A £F namelists S5 &QUSHEOF 5t0f, O] 0] FOtA|ofo] HEEH A
A g2E £ 287 U

GloSeabdf| A Al8SI= H&E Hopdls SASHEE HHE|Y G120, GloSeadb? &
Ygt Horo|C), 5A Wotht HlWate 6A |OHOIM ZhY 3 ME HE 4EY 2O

) detrained mass= T8 D EFY O2f FH BHE A 2 4+ ULl o
= H& plume 83F 72| AL Z3HE + UM ol= HA 291§ ALse @
Halo| Fgareg 20 8 5A WotoM= 8F Ho| MO 2 forced detraing H|4t

S12|Th oA Yot A o] HpHE YHESic)

2) EIHE M Y 29= &5 2 UFE HES 2§, && S22 g8 A4t
E o 5A B = 1Y HREO0]|R|8F, a4 EHRtofl M= 3HE HhE IRHE HA[H
ECh ESE entrainment U HE 25 29 FEE HENOM parcel S| E

steict,

of»

3) A HIOMME= mass flux?t LE SpE0A 5% Ofei2 "o{Z| AL, forced
detrainment?t mass| 95%0|4 22 detrainkl A2 250 HE
O|2{gh 7HH 22 6A H2F2 5A WOED Ui 280 O HOR|L, 2E2| oTAfM 4
7| YAIH2 noise® MHsHs ZIE 7bA 20t

1.2 GA6.01} GA7.02] X}O| (Ticket lists SH2=2)

1) Microphysics scheme

- Wilson and Ballard (1999)

- Mew warm rain processes (Boutle et al, 2014a, b)
2
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714 Y EEE AEEHE 7|RYSEEE HEAGY HER ORY Tl

937 F YA 9UCh O[3t oSt AWE DERL ONTEEI DiE BY, e
S48t By, 78 248 Iy, 2E-=A IH 58 § 4+ AT 2EY os =Y
24 93t BA It U o|&4 SHbE 98 ©F MO HARO|Ch Tlzpy, ofafst
QatE JWMAIF|7| st o wHOR 749 BAUD DE U A4EY S4B FABIL
BIZLE AYg HAISO SOIAIOF B3| BT 740 i@ 0|7| 3 JjHE 00 &
Mg Aeistar st

1.1 GloSea52} GloSea62| H|Lt

GloSeaS0f| M AtEsHe A2 248H= SAZHSE ML O 9/20, Gregory and
Rowntree (1990)2 7|9 mass flux EAe2 ARG i, Ok closure 4|2
Fritsch and Chappell(1980) 7|¥t2| CAPE closure® AM2SICH HA 20N E2EE0 &
MY 2 USAIE AlLrStL, 24Zfe AR Y2/ UiIF YWors A AL &5, B2
AWM FE0ML OB HEE Aiets YASE JTHEO QUL HA S YOHE Lock
etal. (2000)2.2 |AtE|0y, @2 2= Grant (2001), Grant and Brown (1999) #ote g 7|
AFEICE entrainment rate= 7|22 $H4E2 CHEEF 0| AAHECH

e=alP/P.]

of7ofal P 2 gHe| 7|eto|n], P = R E7|Y, a9t e AFBR} 4 A 4o
O 5 O A A 4HE entrainment rate= mixing detrainment rate®| S22 #2 42
= HHEb

d=0ueil— RHF

017|0f A RHE ATHAE0|0, Cel GA4D, 6.0 REOf4H 3.022 MYEICE GALD
NEAoM la=00r=1llojy la=03b1=112 sz ot 2Y Y3oiMe| 23
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7171 UGIA 2, "HE A|E2] 22f (tropical cyclone, 25 S8 HE3 2821 MIO 2
M E M E P20 AMdE B0 (Klingaman and Woolnough 2014: Bush et al.
2015). O|2{8F AtAlZ HIEFC 2 Walters et al. {2017)%M= convection schemel2]
entrainment rate®t UZE M= a2 vE 2 (HF], 700hPa 0|5}, 400-700hPa)d| 2t
ojg| YHo=E XYsto] M5, 2FH2E o = 1.125 y=12 Y51 7[E0 Hlal
entrainment rate0| 25% HE F7=7 P EHAL. A Y ZEMM o2 vE LA
Yt A=A £F namelists S5 &QUSHEOF 5t0f, O] 0] FOtA|ofo] HEEH A
A g2E £ 287 U

GloSeabdf| A Al8SI= H&E Hopdls SASHEE HHE|Y G120, GloSeadb? &
Ygt Horo|C), 5A Wotht HlWate 6A |OHOIM ZhY 3 ME HE 4EY 2O

) detrained mass= T8 D EFY O2f FH BHE A 2 4+ ULl o
= H& plume 83F 72| AL Z3HE + UM ol= HA 291§ ALse @
Halo| Fgareg 20 8 5A WotoM= 8F Ho| MO 2 forced detraing H|4t

S12|Th oA Yot A o] HpHE YHESic)

2) EIHE M Y 29= &5 2 UFE HES 2§, && S22 g8 A4t
E o 5A B = 1Y HREO0]|R|8F, a4 EHRtofl M= 3HE HhE IRHE HA[H
ECh ESE entrainment U HE 25 29 FEE HENOM parcel S| E

steict,

of»

3) A HIOMME= mass flux?t LE SpE0A 5% Ofei2 "o{Z| AL, forced
detrainment?t mass| 95%0|4 22 detrainkl A2 250 HE
O|2{gh 7HH 22 6A H2F2 5A WOED Ui 280 O HOR|L, 2E2| oTAfM 4
7| YAIH2 noise® MHsHs ZIE 7bA 20t

1.2 GA6.01} GA7.02] X}O| (Ticket lists SH2=2)

1) Microphysics scheme

- Wilson and Ballard (1999)

- Mew warm rain processes (Boutle et al, 2014a, b)
2
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- Mew aerosol activation scheme [West et al. 2014)

- Mew ice cloud parameterization (Field et al. 2007)

<Ticket lists>
#11
= 7§44 E ice crystal fall speed HE

- ice cloud radiative properies A

w17

- Revised ice-microphysical properties

- Consistent ice optical and microphysical properties

- 7|2 "rAl2 func(spectral band, ice water mass mixing ratio)

- M= HEAL2 fync(spectral band, ice water mass mixing ratio, temperature)

- O AF2O|AMO 25 237t IME

#52

- New warm rain processes

- aerosol-cloud precipitation interaction 7i41&

- cloud cover ZHM =

- auto-conversionif accretion 20| 7{4d4H

- low cloud®} light rain0|| F&F

- 7|22 WA oM lightest rain0| Tt=3HA UYH ZHo| IH jME

2) Large-scale cloud

- PCZ prognostic cloud scheme (Wilson et al. 2008a, b)

<Ticket lists>

#44

- cloud M0 S5 H4it=E convective cloudinesss SAPIFRILHO] B4 /drlt =0 HAf
go| AHEHL= AL

- 7|& WA oM E convective plumed|Ad detrainkl& 70| EAMMHOR o St Hoz

3
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AZET, OB 45 FUUMSY Bt B 24
- convective cores™ M2 radiative EIFE 12{st?| Y&l convective cloud amount,
convective cloud waterS 7451 PC2UI2) cloud?t 23 &, 0|5 prognostic cloud

fieldsOll = 1 Z517| 2re
- CCA = a + binP, 3=0.3, b=0.025

- CCAE PC2 cloud2t 3rx{& U, deep/mid-level/shallow convection®| &2t 0.1/0.1/05
o Hjg= ZYE O ARY

#58

- AbIEIO} AATEIO] 0'COIA liquid 100%0)A —20°COIA ice 100%2 MEXO2 detrain
o 52

- convection schemedl cloudiness parameterization0A2| Atsigte| 22iz|2 Z0|7|

f&ll -10°CollM convection®] SJaf ice?t " £ A =

#a9

- Turbulence-based critical relative humidity

- PC2Uiol A cloud-free ZAFLO|A cloud?} A E[FH L, cloud-full HALOA cloud?f
HAEI7| A|Zbste AlME B He REedt 7|Zo|L constantZ[22 ZAAE[O]
SIgA|0F OfH AL HEE F|HIC R POFE AMBSI AHLtEle dHiAjog A3

#98

- -J.

- cirrus spreading rate, *=10=1 oM r=10%10"%"‘oz poj IS Zpoz= M

d 83
#120
- cold cloudWg] liquid water2| HZ 92 ZEo|A LIEHLE 24|
- supercooled liquid®] 252 SW SAIY YHARPYE O (A Zefsfil AR EF5f
= SWE L=l st &, o HA| B2 e REoAM giHsHH LEfts =3
- Field et al. (2014) oM £20E HorE FEEE Hill et al. 2014 (LES test), Furtado et al.
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2016 (UM test)
- turbulent mixed phase cloudW|A supersaturation 3-E& EHA|IH
- 0] &2t2 supercooled liquid®l mixed phase cloud? & F7M4|7| 2 Arctic A| =0

Me| & 7tX 3, outgoing SWO| 2atE FOFAIT tropicstM warm cloudLf®]
liquid water& Zt=stA| gthsts THO| AUS

3) Convective parameterization

- CAPE closure based on Fritsch and Chappel (1980)

<Ticket lists>

#éed
- detrainment 2t} FAE temperature A4 WHE 7|E 1H YrE0M 3H HhRo
2 Z7t
- saturationZ}™ W2 potential temperature H|4F IFHE 7|E 28 HHEE0|M 38 HHE
oz &7
- cloud base® XM mass flux?} 5%0|5t2 QoA & 2858 F2AL
- convection & %0 7|E9 FHEY FHY (cloud 552 mass flux F0{S)
(Walters et al, 2019, Fig. 4)
#a4

- Fixed CAPE timescalet|A| “ears=r@i:2 WS (verical velocity®] 2|31 AHe!)

4) Radiation scheme

- Mew radiation scheme (SOCRATES)

13 78 243 W £M8 £% 54 24

1) FE B4 BY 2ME
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Ay =ME>
Start

B el e s S e it S e el il 1
1 Micraphysics e ; ; !
i (Large-scale Rain) Radiation Orographic Drag PC2 Erosion i
1 [}

‘ Delta g,

SL advection —— BL mixing —— Convection
(convective rain, detrainment)

‘ Deita g, C
Cloud fraction <«—— PC2 RH_crit —— PC2 condensation

Finish

<Codes tree>

Atmos_physics1 Micooplysics

Pe2_turbulence_ctl Pe2_homog_plus_turb Pc2_total_cf

Atmos_physics2
Bo undar\,f_l ayer

Pe2_hotn_cony

Pc2 pressure_forcing Pc2_homog_plus_turb Pc2_total_cf

Pc2_initialization_ctl Pc2_initiate Pc2_total_cf

2) 7E R<ssl IMd AE BN (PC2 Scheme), Reference: Wilson et al. 2008

<Microphysics>

[=]3

- Mixing ratio 4|4, cloud fraction HEME 2ZIFH #4512 & O

rir

£
=

<Radiation>

- B{=EA] 23t E+E %t 2RHASE AL, LEI 5700 Ifef SAF 30| HEE
EHI CRA| L E/$5712 HEE A4t

- Cloud fraction, condensation0f| 2|§t ZHIpEA Ol I HF

[ = =

re

T S AL 2 O 2F/+
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57| HEE A
- AP B YoM AlMEE +57] % FEY increments HEdb ZE 400 sl Al
!

! Homogensous forcing. Mote the temperature increment from the shortwave
! i5 added in this routine

| DEPENOS ON: ﬂ_hmn?_plus_turh
CALL homog_plus_turb{p layer_centres(1,1,1),
wet_model_levels,
timestep, t_latest, cf_latest. cfl_latest,
cff_latest, q_latest, qcl_latest, delta_t(1,1,1),
Zeros, Teres. eros. 9.0, 0.9,
1_mixing_ratio)

-===> call fum/src/atmosphere/large_scale_cloud/pc2_homag_plus_turb.F90
! Caleculate the rate of change of Q¢ dus to the forcing

dgedt-al * { dgdt{i.j.k) alpha dtdﬁi.{.k] g
alpha_p-dpdt(i,j.k) ) + dldt(i,7.k)

! DQCDT 1s the homogeneous forcing part, (QC+DOCDT)*DBSDTES is the
! width narrowing part

deltacl_clindex_npt{i.j}) = g * ( dgedt - (gqc + dgcdt) * dbsdtbs)

<0rographic drag>
- Orographic drage moisturelt temperatured| @aFE F4| 220, momentumd|2h F

&2 27| 20| cloud fraction & condensation®]| H2&|2] %2

<PC2 erosion>
- UZRF7|Y entrainment®] [UFZ AMSIE WY, C12 57 a2 4517 E.

moisture PDF2| width®| 2[sf MAMz] ZaAld
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My — 1 b,
a1
R 3
b, - | 31Q
i _—_:—2.:’5 x ].B_J{.".‘_H > E:{Dl.— T]
b, ot | e (Tpp |

fum/src/atmosphere/large_scale_cloud/pc2_hom_conv.F90

| ‘Original Wilson et al (2008) formulation: rate of
| narrowing related to RH via an ad-hoc exponetial.
dbsdtbs - (pc2mixingrate * timestep - dqcdt © dbsdtbsl)
EXP( fbsdtbs_exp * qc © {al * gsl_tl{index_npt(i,j))})

! Calculate increment here, without checking it for
| potential removal of more QCL than there is.
! A check 1s carried out at end of routina.

deltal - {c_1 * dgcdt) E
I The homageneous forcing part
{ | gelii.g.k) - fgc * ¢ 1) } * dbsdths)

| The POF width-narrowing part.

| DQCDT is the homogenevus forcing part. [(QC+DQCODT)*DASDTBS is the
| width narrowing part

deflpe2(i.j.k) = g_mge * ( dgecdt - (gc - dgcdt)-dbsdtbs)

<Semi-Largrangian(SL) advection>
- condensate contents?} O|B5t= 20t SYUSHA cloud fraction2 SL 0| & otz E5|

A4t

Ay,
L:—a; . "-‘f..'
3G
Tf'__" L] ‘:q

fum/src/atmosphere/dynamics_advection/cal_qg_star.F?0
fum/srcfatmosphere/tracer_advection/interpolation_gcon_multi.F%0

(some codes relating g, cf in calculating advection)
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k = 1. wet_levels
] 1, rows
i= 1. row length
canv= 1,'| moist{i.j.k}
(moist{i.}.k} « moist_star{L.j.k}} }
q_starfi.j.k) _ )
| mix_v starfi,).k) moastii,].k)
mix_vii.j.k) 'moist_star(i,].k) ) cony
gel_star{i.j.k}
{ mix_c1_star{i.j.k) ‘moistii.i. k)
mix_c17i.j. k) moist star{i,.J.k} } cony
qef_star(z.3.k)
{ mix_cf stari{i.].k)'moistii,j.k)
mix_cfli.j. k) moast star{i.j.k} ) conv

e NE N
Lo

| mew method, advect the mimed phase cloud fraction
| 00k - 1, model levels
| 1, rows
~ 1 - 1, row_length
cf_star(i.}.k} = data_out_super(i.j.k.count-2} !
data_out_superii,j, k.count-
-data_oul_super(i.j.k.cc
efl_star(1,3.k} - data_out_super{i,j.k,count
cff_star(i.).k} - data_out superii,].k.count:3)
exner_star{1.],k) data_uut_super[l,].k,. unt+d)

<Boundary layer (BL) mixing>
- 9% g%t To 2YE AT Y

- qgcl I Clincrement & A|41517| 248 homogeneous forcing method 7} AFEH

g Ay aT

— = ——a—)

it f it

aC, dr AT

_—H?= Gl—@Q ‘JﬂLiT—ﬂ?]

fum/src/atmosphere/large_scale_cloud/pc2_homg_plus_turb.F?0

<Convection>

- Detrained mixing ratio 7} cloud 9| 8%

<PC2 cloud initiation>
- Grid box H{0llA cloud 7t &d=|7] Al&st= point & 257 #I3F 1

- AUEEZ YAEE 07t condestion If C1 9| HEES ALY

- RH_crit & PDF ¥EZ 1450 48
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- PDF shape ol W2} initiation 0] 9&F5 dF2

- PDF width = {23} 20| #Atg)

b: - ﬂL l' 1 . RE{.‘H'.‘ J‘f:z.‘ IlTL]

<Cloud fraction>

- Diagnostic area cloud fraction from bulk cloud fraction (Brooks et al. 2005)
C.=N+e~7(C =1t
f=AVH*®
fum/src/fatmosphere/large_scale_cloud/ls_acf_brooks.F90

I Calculate the symmetric_adjustment (f).
| This parameter controls the extent to which the area cloud fraction
| is greater than the bulk cloud fraction. If f = @, they are equal.

symmetric_adjustment_liquid
power_law_gradient liquzd
[ vert_scale vert_fit_liquid )
{ horiz_scale ** horiz_fit_liquid
symmetric_adjustment_frozen
power_law gradient_frozen
{ vert_scale ** vert_fit_frozen )
[ horiz_scale ** horiz_fit_frozen

| Calculate the area cloud fractions for liquid and frozen cloud
| Calculate the liquid and frozen fractions separately to

| allow for greatest flexibility in future cholce of decisions

| regarding mixed phase clowd.

acf liquidii,j.k) = 1. !
| { £ExP( 1. symmetric_adjustment_liquid)
{ i./bulk_clouwd_fraction(1,j.k) - 1.0 ] )
acf_frozenii.j.k) = 1.
{ 1. + ¢ ExP( 1. symmetric_adjustment_frozen)
{ 1./bulk_clowd_fraction{i,j.k} - 1.1 } )

3) #E/AF 253 EY A S4 A

<Cloud fraction scheme>

fum/srcfatmosphere/large_scale_cloud/pc2_constants_mod.F90

10
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! Telerance of critical relative humidity for initiation of cloud
REAL ,FARAMETER:: RHCRIT_TOL=8.81

! Power that 1s used to weight the two values of G when they are
! merged together
REM. , PARAMETER: & HJF_PEFIEE__PUHER 0.5

| Power that describes the way G varies with 5 near the boundary

! of the clouvd probability density function. For a “top-hat® it

| 15 equal to B, for 3 “triangular® distribution it is equal to 1.
FEAL,PERAMETER: : POF_POWER-0.0

! Parameters that govern the turbulent decrease in width of the
! POF. [(dbs/dt)/bs = (DBSDTBS_TURB_© + dQc/dt DBSDTBS _TURB_1)
' * expl - dbsdtbs_sxp Q_c ¢ {a_L gsatiT_LiT)

! dbsdtbs turb 8 is set in the MU

REAL, PARAFETER:: DBSOTBS_TURB_1 - 0.8

REAL,FARAMETER: : DBSDTBS_CONV 6.8
RE&L, PARMMETER: : dbsdibs_exp 13,85

- PDF_MERGE_POWER, PDF_POWER: observation AME3iA UM A3t 4 2 ¢HFY4
test & ZFE AUCIAT, o 240 Ta 4

- RHCRIT_TOL = 0.01

fum/src/atmosphere/convection/cale_3d_cca_cal3dcca.F90

- Contral: Anvil factor = 0, Tower factor = 0 / Operation: Anvil factor = 1.0, Tower factor =

==» (anvil factor - tower_factor)*cca_2d 2 ALHE|7] I{E0Y|, EUSH e

fnamelists/run_cloud

allltE‘tE c=-20.00,

cff_spread_rate=1.60e-3,
cloud_fraction_method=2,
dbsdtbs_turb_O=1.50e-4,
forced_cu=0,
i_fixbug_pc2_checks=2,
\1_pc2_conv_coupling=3,
1_pc2_erosion_method=3,
ice_width=0.020,
1_add_cca_to_mcica=.false.,

U cld area=.False.,
1_ensure_min_in_cloud_qcf=.true..
1_filter_cloud=.true.,
1_fixbug pc2 misxph=.true.,
1_fixbug pc2_gcl_incr=.true.,
1_micro_eros=.false..

1 _pe2=.true..

1_rhcpt=.false..

pc2_falliceshear method=2,
rherit=0.6920,.0.918,0.916,6,912,0.908, 0,903, 0,998, 0,891,0.885.0.877.
0.B869,0.859,0.850,0.839,0.828,0.815,0.803,68+%9, 800,
starticetkelvin=273.15,
tau_thresh=0.6168,

11
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! Convective plume is either 1ig or ice with an abrupt change.
! Partition the condensate increments detrained from the

! convective plume onto the large-scale more smoothly over

| a range of temperature. Adjust for latent heating.

frac_icek (thek(i) exk(1) starticeTkelvin) alliceTdegC
frac_icek MakiE.8, frac_icek)

frac_icek MIN{frac_icek,1.0)

frac_ligk 1.0-frac_icek

- RH critical point: /large_scale_cloud/pc2_arcld.F?0, pc2_initiation.F90

- ice scaling factor: /large_scale_precipitation/Isp_subgrid.F30

! Calculate width of vapour dist, in ice and clear region
e e o i e e
! tempw is the mean vapour content in the 2ce enly and clsar
| sky partitions
tempw(i]l = (gq{i} - cfliglil=gsl(i)) / (1.8 - cflig(i))
temp7 (1) - ice width * gslii}
| B.001 is to avold divide by zere problems
width(i] - 2.2 “{1.8.-rhcptii)) gsiii} 1
MEX(  (1.0-0.S-gcftetii)/ temp7(1}}. 0,001 )
| The full width ¢annot be greater than 2q because otherwise
! part of the gridbox would have tive g. Also ensure that
| the full width is not zero tpassiﬁa if rhept is 17,
width{i) = MIM(width{1i} , Max{2.8°g{i).0.881gs(1} ) 1

! Calculate vapour contents in ice only and clear regicns

e e e e e e e e e L
{area_ice{i} 8.9)

g_clear(i) - tempw(i) ©.5-width(i} ° area_icel:)

q icelid - [gii} cfligii) gslii} area_clearii) q_clearii}) 1]

area_ice{1i}
q_clear{i) - tempwii}

q _iceli} - 8.0 | g ice is & dumy value here
=N IF | area_ice gt ©

- cirrus spreading rate: flarge_scale_precipitation/Isp_fall.F90

| Augment the change in ice cloud fraction to account

! for the lateral spreading out of ice cloud (e.g. cirrus).
! This will increase CFF while keeping IWC the same.
[
]

Cloud can enly spread out from 175 adges, S0 work out the
! perimeter of the cloud edge as a function of cloud fraction.
cff_perimeter--{2.@ cff{al cffiil)-(2.0°cff(d))
deltacff{i)-deltacffi{i}-{cff spread rate cff_perimeter'timestep)
deltacffii)=manldeltacffii), 1.0 cfTli})

<Convection scheme>

fnamelists/run_convection

13
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gFS = supercooled liquid

- TICE: latent heat 2] Z}0|& E3&l| convection 2| Zr&rdf| &

water 8| FE HEAIZ

- RH.: Tynable value, initiating cloud®} ice cloudE EHs?| W20 S5 A+
- ice_width: scaling factor for reduction in PDF width, gcl9| cloud?t & =0 232 <

s 0
b,=(1-RH .)g..\1— -é——"irr |
. - I.'al:ffT
- ¢ff_spread_rate: Cirrus spreading rate(r)
namelists
GAb.0 GATO current
{run_cloud)
ICE ,
alliceTdegC =20°C -10°C =20°C
temperature
calculating a
0.092-0.8 varigble 0.092-08
RH critical .
point rherit (constant for based on [constant for each
each level) sub-grid level)
turbulence
ice scaling , )
ice_width 0.04 0.04 0.02
factor
cirrus
. cff_spread rate 0.001 0.00001 0.001
spreading rate

- TICE: /convectionfenviron_mod-6a.F?0
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! Convective plume is either 1ig or ice with an abrupt change.
! Partition the condensate increments detrained from the

! convective plume onto the large-scale more smoothly over

| a range of temperature. Adjust for latent heating.

frac_icek (thek(i) exk(1) starticeTkelvin) alliceTdegC
frac_icek MakiE.8, frac_icek)

frac_icek MIN{frac_icek,1.0)

frac_ligk 1.0-frac_icek

- RH critical point: /large_scale_cloud/pc2_arcld.F?0, pc2_initiation.F90

- ice scaling factor: /large_scale_precipitation/Isp_subgrid.F30

! Calculate width of vapour dist, in ice and clear region
e e o i e e
! tempw is the mean vapour content in the 2ce enly and clsar
| sky partitions
tempw(i]l = (gq{i} - cfliglil=gsl(i)) / (1.8 - cflig(i))
temp7 (1) - ice width * gslii}
| B.001 is to avold divide by zere problems
width(i] - 2.2 “{1.8.-rhcptii)) gsiii} 1
MEX(  (1.0-0.S-gcftetii)/ temp7(1}}. 0,001 )
| The full width ¢annot be greater than 2q because otherwise
! part of the gridbox would have tive g. Also ensure that
| the full width is not zero tpassiﬁa if rhept is 17,
width{i) = MIM(width{1i} , Max{2.8°g{i).0.881gs(1} ) 1

! Calculate vapour contents in ice only and clear regicns

e e e e e e e e e L
{area_ice{i} 8.9)

g_clear(i) - tempw(i) ©.5-width(i} ° area_icel:)

q icelid - [gii} cfligii) gslii} area_clearii) q_clearii}) 1]

area_ice{1i}
q_clear{i) - tempwii}

q _iceli} - 8.0 | g ice is & dumy value here
=N IF | area_ice gt ©

- cirrus spreading rate: flarge_scale_precipitation/Isp_fall.F90

| Augment the change in ice cloud fraction to account

! for the lateral spreading out of ice cloud (e.g. cirrus).
! This will increase CFF while keeping IWC the same.
[
]

Cloud can enly spread out from 175 adges, S0 work out the
! perimeter of the cloud edge as a function of cloud fraction.
cff_perimeter--{2.@ cff{al cffiil)-(2.0°cff(d))
deltacff{i)-deltacffi{i}-{cff spread rate cff_perimeter'timestep)
deltacffii)=manldeltacffii), 1.0 cfTli})

<Convection scheme>

fnamelists/run_convection

13
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Erun_convection
a_convect_seg_size=80,
a_tonvect_segments=-99,
adapt=7,
andet_fac=3.00,
anv_opt=a,
anvil_factor=1.8000,
B1_env_mix=l,
cape_bottom=5,

cape min=0.5,
cape_opt=3,
cape_timescale=3680,
cape_tops=5d.

ccazd dp opt=1,
cca2d md_opt=1.
ccazd_sh opt=1.
cca_dp_knob=8.58,

cea T md “hnob=0.58,
£Ca_f _Mmin=2.0008-2,
cca_ _sh _knob=0.58,
cew_dp_knob=8.00,
cew_for_precip_opted,
ccw_md_knob=@_00,

] sh_lmob-a 08,

{9

[

CCA PC2

cld_life_opt=8.
cnv_wat_Toad opt=8,
cvd:ag Inv=g,
wdiag_sh_w‘test-ﬂ.vza.
dd_opt=1.

deep cet_opi=5.

dil_plume water load=a,

ent_dp_power=1. a4,
ent_fac=1.9,

t fac_dp=1.13,
ent_fac_md=0.9¢,
ent_md_power=g.
ent upt dp=3,
entT_opt_md=g,
fac_gsat=0.500,

fixed_cld 'I,J.fe-?zm 8a,

1_convection_wnes,
1cony cnngestus:ﬂ
iconv_deepsl,
icony_mid=1,
1conv_shallew=1,
icvdiag=1.
lta_kterm=, false.,

cloud 2F #ad

=]

anvil-.true. .

1 cerads. true. ,
cloud_deep=.true.,

T. conv_hist=.false.,
1_tv_conserve check=. f
1_eman_dd-, false, .
1_fix udfactors=. false.
1 mom=.true.,
1_murk_conv=.false.,
1_param_conye.true.,
1_radiagnosis=.false, .
1_safe_conv=.truse,,
1_snow_rain=.false.,
lgmit_pert_nptq,
mid_cnt_opt=0,
mid_cnv_pmine10890 .08,
mparwtr=1.5008e-3,
n_conv_calls=2,
pfuﬂe water load=8,
qlnun-z 000de-4,
gstice=3, 5000e-3,
r_det=0.9606,

alse.,

rad_cloud_decay_opt=2,
sh_pert_opt=-1.
temconv=l,
Tice=263.1500.
tower_factor=1.0000,
tvl sd opt=2,
ud_FacTor=1.0000,
w_cape limit=5.4,

o, deep/mid-level/shallow convection O

PCC

wref

0.1/01/052 H|EE 2HE0 ALEE (cca_dp_knob/cca_md_knob/cca_sh_knob)

- Convective core 2| radiative &S 185H:=

reflection & £9|7| Hell cca_sh _knob=05--> 0.2,

[only radiatively active):

- Adaptive detrainment parameter: TTL temperature biases 2| 7§42 25 tuning,
0772 We|™ atmospheric turbulent fluxes 0f] F2F2 2 NP 2| SST7F O ¢F £0(2|7|
A r_det=09-->08

0|20 0.8 7p2|

Z. km

am
T

N adaptiva detrainment
L

1]
0od

(i3 1] 05
miss flug, kg m¥s

i
Qo5

Derbyshire et al. 2011

020

(]
{11 )

0.25 00

010 015 bE0 025
maes f, kg iy

Figure 12 Updraughs mas fluxes | 12 haveraged ) for the 5CM experimens
under ihe EVROCS humidsty case tevibed (line styles 20 i Figure 1), with

and without sdaptive detramment.

<Adaptive detrainment 0| = mass flux 2] &t0|>

14
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namelists
GA6.0 GA70 current
(run_convection)
fraction of diagnosed shallow
cloud amount passed to|cca_sh_knob 05 0.2 05
radiation
fraction of diagnosed mid-cloud
cca_md _knob 0.1 0.1 0.5
amount passed to radiation
fraction of diagnosed deep cloud
cca_dp knob 0.1 0.1 05
amount passed to radiation
adaptive detrainment parameter | r_det 0.9 0.8 09

- CCA fraction: /convection/glue_conv-6a.F90

k-1, n_cca_lew

1-1, n_dp
ccafldpita) ki - cca dpli.k) © cca_dp_knob

- Detrainment parameter: /convection/parcel_mod-6a.F90

| Caleulate XSBMIN AD

| Use adaptive detrairment 1f ADAPTIVE ON flag 15 set to 1

| making sure that adaptive min. buoyancy doesn't fall below 0.9
) .

{ad on 1
xsbmin_adii) - r_det © rbuoykil) - {1 r_det) rbuoykpl(i)
xsbnin_adii) - MAX[xsbmin_ad{i),&.6)

xsbnin_ad{i} - xsbmin{i}

<Microphysics scheme>

fmamelists/run_precip

15
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1

Lrun_precip
aiw1.85000-2,

arc=1.049,
arcl_inhom_sc=1_08,
bi=1.9008,

bic=1.5888,
1_autoc_3bs.false..

L cry agy dep=.false.,
1_droplet_tpr=.false..
1_hallett_mossop=.false.,
1_it_melting=.false..
1mcr arcl=.trus..
Lmcr iter=.true, .
1_mcr_ggraup=. false..
_mcr_gqrain=.true..
1_psd=, false.,

1_rain= true,,
1_rainfall_as=.true..
1_taper_new=.false,,
1_warm_new=, false.,
lsiter=1,
1sp_eic=6.049000e-2,
1sp_fic=B.3100e-1,
niter_bs=7,

Tnuc=-18. 08,
xlr=2.2066e-1,
x2r=2.2000,

C7I2He| O MBS DA Y A S S4 B4 Y MY HSH (YEH,

202000 4=4 % namelist 7} dM|s| £7H=[0] UF

ax = 00185, bx=09, ice crystal €3] AUEE L £ P2 SHH A& (aic, bic)

ax=0.0185, bx=0.9, Aggregate ¥4 HTHE 3 5k FE HUHH A5 (ai, bi)

I:JIJI:‘L_!-% ﬁzl a2k

T Ba

Jp

=

‘r
";:[:DJ = [EIRDd“REXP(_h!RD} + Cap Ddzﬂ‘ E}(p[_hznp}] (pFu)

Hl2] ATq 37|87 % 93 JPSEe 37| AE YEUEH MESs

of et 4=
Parameter O1g iyp hig C1m tyg g Cr
Value 4854.1 100 195.0 446009 0.782127 40R5.535 0.4

=42 33 Y 45
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APCC

P = o =20 o (=1 FxpEey dy= filly+2=5)=-1..02
V(D) = £ D% axp(—h, D) [?;rx Cy = ity P 2R ) = felhy 5 (2)
Aiee = ersx {maximum oross — sectional area of an iee particle — diameter relationshp)
Exly Ix iBes mumber-Reyvnolds namber refatiomship)

I 30134 4 93 AZSES 37| FAE YEUWE

R, =

Ice crystal 2

AMBEl= D74
2y b, Cy d, [ hy 2y e Ty 5y
00185 1.90 Eqil) Eq(2) 0.4 0.0 0.06049 0.831 0.131 1.88
ale hic lsp eic lspr fic re sic
“mamefist” “mphvs_pyd_mo
IIll JIUJIJ”

“namelist’

o, Y AHULEEE W2

EfgorTt MBS0l WHge| AUUSEE L2
HYLET SIE 4o ABo| 9SO YA U 25 DAY

Aoz HHH. HEAINL
qHart s
CGCA AN ice crystal fall speed 74 0| O|R2{FHS

- vt 455

nglD) = xlrx AT exp(— A%)

tx1r=0.22, x2r=2.2 (namelist)
2 oM 2 EeHWSM/WDM, Thompson, Morisson)dt H| 25 £ f, 2= 37|
HEE &A & 37| Hg2 2 AEE

AT A28 aE 2aM(2021, S71EE)0| TEM, H2% 528 2XHE ZAAF| =
S Bol SEWY 71 HatR A IS O1F YLE FAY 4 USS ¥Y

- HEHEE (Exy)
S40/9h PSAO| ZESNO WU 58U By It REO| AZsHe WUASS
Sy O DO AEEID, £4Y SSLYE

Lo

MBS QLE. o ¥y 588 EHEUT,
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Esto HiYo| ol AEHI, mEM AE FeE S0%F ¢+ Us ALE 7|0F

(Y iH, 2020)
. £, =0.02exp(0.08( T—273.15)) Isp_callection.F90 (Grey et al. 2004)

P EEE 4+ gle Oi7iHE 0|0 0 1AtO|9) O] AZH, CHE OIMEYeME
Exys 22 A{#E, WRF/GRIMS/KIM S04 At&E|= WSM/WOMOjIM = 12 A
H

0.02exp(0.08(T-273.15))

12

10
8
&
4
2
0
245 250 255 260 265 270 275 280 285
—_—! 002 003 004 —— 005
----- 004 ====e(0f m—0f =====0] ====={12

Gl 20| GE BY a8 X P=b>

18
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APEC CLIMATE CENTER

143 73BN AR 93t By AT §

[ ] A2 HEl 2 A4S

| = =]
] AEY BEE ¥ MJO 23 IH
[3] SOHA[O O & & 2 AU

20214 4

APEC 7| E24MIE 7| EAIgEE

OZ7|4T Mool sfam

|_

r2
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APCC

Hr
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22 AEY HEd % MJO 23 AT
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APEC 7| &ME (APEC Climate Center, 0|3} APCC) ?|SEAIHEEMAE 7|4
7|20 A A (KMA-Met Office Joint Seasonal Forecasting System) 21 GloSea5 (Global
Seasonal Forecast System version5) 2ER2| HHLU (Subseasonal to seasonal, 525) 0=
45 B7tE st 23 §4 4 ¥ sid e &3 VM 7Io|=ERiE A St ¥R
M S0 Z1dY Y =2d2 AEHs 7IR0SEEe VHHE HE EHAS
7| el chysh A47p AsED Qln, O]F HMESto] YWE Y YEE WISLL,

NS HE UL= HEe FHE Hluwshs AlLRE] TR U2 APCC oM
Y 7RoEEE Nd B ZnMe| HEHE 071 Hsi BY HASHE THE
W olSds & 22 &4 U AL-S ISt

M b ode 4 o
woor p2 rE
e

ol

714 7|R0&RY 23 §Y Y §& 2 AY B4 54T JHYE
Hall ArEXe 2 HFE HEE EFELh ESt AHAW AR A28 jE-22e
Zl=(Madden-Julian Oscillation, MJO)Z} S0tA |0 {2 24 =8 #H49 fl24ds 9
23 UHE SUSESF LESH0, HBAZY OE AFEY HEFEe 23 £40
BO|517| 2AsIEH.

93t B4 AT 50| AR Mo U HZ WS J|20|2LUW| A FED LYo
WsH 9 AR Y FUL, DEERAS, GPCPL 2| S35 HB o5
Ha wEfo] 7|53 9 oS AEEICL TE ATY oEMEs U 9%
2 5 oEY 7E MU 24 W OY AR MY 24 7|E Uug 4R S
AZo| B ARE MM /5 LS PRI 7|FS2Y Ao HEL
7] 4o WAHE BE LAer 27 AW A4S JHASSI AT ASE
iy,

N gl

oo
o2 o p2 D AN >

4r 4y

ZIZS2Y ARY By 7|E 23 §Y M2 #HA AR AY ARY E8Y
Y MIO 22t LY FOpAor OfEX ez UM E2 JAEACL Y E2 AHY
HEAY WE(YS 850 2|Eo&aWel MY 24 JE A2 BT WESYL MO

o 3z 23 9EY 7|F MO A2 f2ds ¥ 23 SHE FAEG Ed,
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ARHY U HE AUY BSH U MO 23 £4, 13T SOM0 ofE 24
o3 BAHO2 IME JIMY J|$02RY oaf B4 T Bo| 2} e 28 AL

=4 UWg FAYUEE of I MAlSHA:

Diagnostic Tool of KMA-GloSea

* Convert raw data{Model, 0BS) format

* Post-processing for generating forecast data based lead time
= Validate monthly predictive perfarmance and mean biases

1y FOSem [
F

Bifnacansinl
PAFEFIEFIFEE

BT

* Post-processing data for MJO analysis

* Diagnosis of power spectral, wavenumber freguency, MV-EOF,
MJO propagation and MJO Index

= Post-processing data for East Asia summer monscon analysis

= Diagnosis of EASM index, time-latitude cross section of Prec, lag
correlation of filtered Prec-UB50 and Taylor diagram

<7148 7|1F0F2Y 2% 8Y UG § F8 U8 27>
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2. Z2a18

720 &2Y 23 §¢ AT E° HA FzE offel 2FIF Zo| HASHHIC
Process-01 0| §A| A2 § JF Wy 2A3FE H/F4E oy, 180 AFHL
Process-02 Of HZHLU HEM L MO 23 24, 12|31 Process-03 0] S0A|0} O &
= 22F 49 MR g0 EYHEHL. 2 oM 4 nEe 8 WIS U9
HHEEIA

HOME Process-01

Process-02 SCR ]
DATA PRE
e

—{ Process-03

TIZNESY oK 4 WS § HA 7=>
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21 712052 Y XpEA 2] W

GIH

1) 71F0S2 HA Zabaty HAe|

214d 7120 ERE(KMA-GloSea)?| ®A| Z= F= Met Office OflM el
7|4 Atme| WY A9l PP(Post Processing Format) HEjE AHFED, 7|5 H-0
2240 52 NetCDF(Network Common Data Form) SHEjZ HE- 40| Lastct
JBoRY o2 B4 VY F (AR U HF] BHME J|S02RY A
HMo| HE§ HELE 5L, NetCDF HEfS| 2% ZHUto| ¥l ¥4 22 U RS,
A7t B9 ZAHE S5 S25 ME 60 ¥ O22AE HEE HALYE LS [A
2oy M BPE B ST AERs 157x15° FUEHES 60 Y AlMAtR=
HEHECH

‘N

"D oA

Output file Dimension information
G55_U850_1991-2010_0101_CLM.nc time{60), lat(121), lon{240)
GS5_U850_1991-2010_0101_RAW.Nc year(20), time(60), lat{121), lon(240)
GS5_U850_1991-2010_0101_ANO.nc year(20), time{60), lat{121), lon(240)

2) 7|52 % BHSXE HAI

7|4 7| 50|22 2(KMA-GloSea)2] S25 A2 HAltimes, lat121, lon240)&
UHARE M50 7| (climatology) ¥ otYe] itanomaly)E 4+ME/AH s HH
BES S Y HSS HHoll HSARTY ERAS(HZ|H )2t GPCP(EME 24y
S HA Y AIF FEER HES, 2P "R J|83 Y Or:=YRUS
LEAHSIE AAE HEE UL 29 2 SRR MAY HHES BT ST
Azs G 05Y 2= Y@EED

T EM oA

Output file

Dimension information

GS5_UB50_1991-2010_0107_CLM.nc
GS5_U850_1991-2010_0107_RAW.nc
GS5_U850_1991-2010_0101_ANO.nc

time(60), lat(121), lon{240)
year(20), time(60), lat{121), lon(240)
year(20), time(60), lat{121), lon(240)
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21 7|20 |F2E teKe U AT

3) 71F0=2d U AEXE FH2

JBoaRY Y BAREO| MY AYE S AR HERE AR HF O
AZU olE Ms Y X BMES NS &Y WS ST RUARO| 42U 7|
M3 AIZHIWI-4) ¥ AF2 U AEY ZEY HES AT HY AW 71E ¥
AR 222 WS B MO

MHH

" HI oA: oi5Y 7|1 88 F B XE

Output file Dimension information
LW_DATA_GS5_U850_start_0101_1991-2010_RAW.nc year(20), week(4), lat(121), lon{240)
LwW_DATA_GS5_UB50_start_0101_1991-2010_ANC.nc year(20), week(d), at(121), lon{240)

" ER oAl MY F 2IE 9% 2 KR

Output file Dimension information
CONT_GS5_UB50_1991-2010_LW(1~4)_RAW.nc time(20*365), lat(121), lon(240)
CONT_GS5_UB50_1991-2010_LW(1~4)_ANO.Nnc time(20*365), lat(121), lon(240)

4) 7|z0 52 Xtg AT

74 €Y ALRlez HELRE 7|R0SZHEE OE 2AHAHHYH(HINDCAST)
HI7E QHo|E ET, P49 JfMES 95F Crksh HrHZ0| 25 DIZE AS HIE
Ao R MiHELCE ST A9 EM0| oM, 47 27HE RS 8 ¥4(Z500, USSD,

PREC) 0|2 ML EM(Pattern Correlation Coefficients) & 23f ZIChMean bias)E el
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22 7|1F0s2YE AEY HEE U MIO X} FICH
1) 7|120=02% o BExE HMA2

7|4 75022 Y(KMA-GloSea)?] S25 A2 Altimes0, lat121, lon:240\E
UHARE A3 7|5 gf(climatology) % Ot=UE|f(anomaly)& +HE/A st HAHY
NYE £ 2F HASE 96 22AEU ERASOHZ|H )2t GPCP(HH)E ZAL}
T A T A [JRE2E HESI, 22 FHE VIR ¥ o-UYIUS
UEA S HAE IEE U 2 ¥ HSAtRe] HAE HHE SO ST
ARs UEE O|5Y ARE HEHC.

TER oM

Output file

Dimension infarmation

GS5_U850_1991-2010_0101_CLM.nc
GS5_U850_1991-2010_0101_RAWNc

time(60), lat{121), lon{240)
year(20), time(g0), lat{121), lon(240)

G55_UB50_1991-2010_0101_ANO.nc year(20), time(80), lat{121), lon{240)

2) 7|z 5RE U BSE FAH

71202 4 H2A=e| Hag HHPE S YME ARE A
AZY o= 45 % 22 EME f8i 22| IHE S MIO 23 TS 25l
4F= HREARZH200 hPa Velocity Potential) Ot=2] A8 & AAUY HEY HE= st MY
AlZHLWI-4) 7|1& 2 A=?t 232 IHgE B3 A4En.

HU
oy
ofu
w2

U E3t oAl: & S48 X8

Output file Dimension information

G55 VP200_1991-2010_0101_ANQ.nc year(20), time(60), lat(121), lon(240)
ERAS_VPZ00_1991-2010_0101_ANGQnc year(20), time(60), lat(121), lon(240)

T AN oA MY F 7IE A5 ¥ X&'

Output file Dimension information
COMNT_GS5_U850_1991-2010_LW(1~4)_RAW.nc time(20%365), lat(121), lon{240)
CONT_GS5_ U850 _1991-2010_LW(1~4) ANO.nc time(20*365), lat(121), lon(240)
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APCC

22 712052 AHEY HEE U MIO X} FTh
3) AEY HEHE U M0 A FICH

MY 12 2 BRAWIQA MY 34 F BIWINE 24 UASR LYt
714d CIRME2E AZRY HEE A MO 22 UHE s TH OFY
B (U850, U200, VP200)E AMESHY HE A|Y My ABEH(power spectrum analysis) ot
Oobsx ZE(wavenumber frequency) 248 48, U ALY HEH CEHsS
motatct AW ZE{™(band pass filter)§ MR350 Q=Y U Mz 2Ho| Lm 27t
FE2F MIO {I(propagation) YL HSH0| URE L2Z 23pE S 92U 2|&F
MIO 2|49 o &45 2t QAR A|A|FHCh
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23 7|20 F2E SOtAOt OIF Ex X FT
1) 7|F0Z2Y % BEXE HA

7|4 75022 Y(KMA-GloSea)?] S25 A2 Altimes0, lat121, lon:240\E
UHARE A3 7|5 gf(climatology) % Ot=UE|f(anomaly)& +HE/A st HAHY
NYE £ 2F HASE 96 22AEU ERASOHZ|H )2t GPCP(HH)E ZAL}
T A T A [JRE2E HESI, 22 FHE VIR ¥ o-UYIUS
UEA S HAE IEE U 2 ¥ HSAtRe] HAE HHE SO ST
ARs UEE O|5Y ARE HEHC.

" E oA

Output file Dimension information
G55_U850_1991-2010_0101_CLM.nc time(60), lat(121), lon{240)
GS5_U850_1991-2010_0101_RAW.nc year(20), time(60), lat{121), lon(240)
GS5_U850_1991-2010_0101_ANO.nc year(20), time(60), lat{121), lon{240)

2) 7|z 5RE U BSE FAH

J\goaed U BAARS May AWES S MME ARE B AF U
AEY 0% 45 U 23 BHS S B LS 4WECL AN o5Y I|F
HE AZHIWI-4) B AR Y ALY BEY 82 YF M AIZWI-4) 7FE Y
A27F 222 UHE Ba MLEC,

F 2D oAl: oI5 2|18 48 = 8@ X8

Output file Dimension information

LW _DATA GS5 UBS0 start 01071_1991-2010_RAW.nc year(20), week(4), lat(121), lon{240)
LW_DATA_GS5_UA50_start_0101_1991-2010_ANQ.nc year(20), week(4), lat(121), lon{240)

T AN oA MY F 7IE A5 ¥ X&'

Output file Dimension information

COMNT_GS5_U850_1991-2010_LW(1~4)_RAW.nc time(20%365), lat(121), lon{240)

CONT_GS5_ U850 _1991-2010_LW(1~4) ANO.nc time(20*365), lat(121), lon(240)
]
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APCC

2.3 7|20|&E2Y SofAo} B 2% K} Fgh
3) SO0fA0} i 2= 2%} HC

H

a

o

o

12 2 WEWWI2I M 34 2 PROWHE 24 UHSE YAsiol
143 715015290 SOMIot OfF 22 23 THS 4WHTL SO0 ofF 22
28 WA Z4 WSO YE HSHE MW ZHLWIZAWIY) 7IFZOE HAIST,
245/ EYR CHojo| 1Yo R FTHRICL SOMMOL AL 68 WY U4 U &
B 4RO OB MY RAWWIZIW) 71202 WAL WY TEPE
SOMIoF B& AY T4 3 BN HE 4EY A XA NS

F(LW12/LW34) ?|FLe2 2MetT SO HE £8 24 F£8 A|f(lee et al, 2020,

oo
o 2% o

rx

Prediction Skill for East Asian Summer Monsoon Indices in a KMA Global Seasonal
Forecasting System (GloSea5), Karean Meteorological Society, 30(3), 293-309)2] 0|24 =1t

o3 AT ST
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31 X 9 3c

1) Xt&Xe 3 45 & #=

HOME Process-01 SCR [
DATA | __PRE |
==

14d 7|02 23 B4 AT =2 ARMY % FF UH(Process-01)2
gaes] A28 o SEO YUERID A=2A2] Y 45 B2 7|4 7|20 S2H(KMA-
GloSea) HA| HIU(pp format)2 NetCDF 2 SHESII, S25 2% AT FAL SYg
MR 2 HAGEE HES 0 &880 3 2 A2 HE2 96 HSAZ(ERAS,
GPCP)2| AIZiiR2t HARERE 525 AHF FALE WAL F48 i 23
BPoR o 5Y 7|F M3 F(lead Week 1-4) T AHUY HEHY HE EMF 95
M¥ 22 7| F A5 LYs HUSH 720|122 H/EXE ¥ £ HYE o545
Y 23, AHE 23E ZHAEEIL AHRE PEEC [SCR] FRY EAIRtR Hag ¥
oS AR HE ICTt 9|5t [DATA/PRE] 20| ZZF0| HEPH, 7|80 S22t
BEAtge] ZxE2| Fit= [DATA/POST] ZFE20| HPEHL 2F HF IZE=& [SCRY
fzlsfl ZIAES [FIG] F2Y HEEY. |ZYSEYE ¥4 2oy #HEg £+ 35

http://cms.necas.ac.uk/docurnents/xconv/ )

10

- 163 —



31 = 8 3c
2) AE 4™
${HOME)/Process-01/SCR/
PlEol&52E €A Zamd HAe]]
Code01-0-1.RAW_MOD_conv2nc.csh
cBe ARFZ O] PAl2 NetCDF 22 ®Wig 4 Ac
(rconvsh, tel Tkl W cld|Ee] JHE AREEF &9l ohx 4 =80 i)

- H1} ${HOME}/Process-01/DATA/PRE

Code01-0-2.RAW_MOD_Regrid.csh
: B8l R} a(NetCDF)E S25 Ay FHi= Z{AASL 4 He =5 4
=

2o W

e

L=
(= 4 sjetu)s A4, ref_Code01-0-2 [2lEa) A% 2= 488 4, o

- A1} ${HOME}/Process-01/DATA/PRE

)

ki

Code01-0-3.RAW_MOD_Comp_ENS_Format_RAW_CLM_ANO.ncl
: MAASE 29 A8 S 525 AlF 60 Y AR YER A
- 71} 5{HOME}/Process-01/DATA/POST

Pleo&ad 2 #&5xs FA ]
Code01-1-1.MOD_Comp_ENS_Format_RAW_CLM_ANO.ncl
:528 Alg dIFAtRS] 7|25t B ofeR] Az W A%

- 23} S{HOME}/Process-01/DATA/POST

Code01-2-1.0BS_ERAS_Conv_RAWZDAILY.ncl
16 Al HEATE(ERAS) YA ATERE wigH 9 A A A}
- A3t ${HOME}/Process-01/DATA/PRE

Code01-2-2.0BS_ERA5_Format_RAW_CLM_ANO.ncl
: #5AH=(ERAS)S RRAME FEIZ 7] ok A4S o AA

- At 5{HOME}/Process-01/DATA/POST
1
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31 3= 9 3E
2) 3£ MH

${HOME)/Process-01/SCR/

Code01-3-1.0B5_GPCP_Regrid.ncl
: $5AtR(GPCP) AjAAI=t FE
- A3t ${HOME}/Process-01/DATA/PRE

Code01-3-2.0BS_GPCP_Format_RAW_CLM_ANO.ncl
: #EALE(GPCP)E REAE FHIZ 7|23 H ot 4tE: H A%
- A1} ${HOME}/Process-01/DATA/POST

Plolsed 9 #5xt2 s
Code01-4-1.MOD_Make_LW_DATA.ncl
P REAXE 5D 71E QY FEUW-4) ARE A £ RE

- 21} S{HOME}/Process-01/DATA/POST

Code01-4-2.0B5_Make_LW_DATA.ncl
: BEAR FY 718 A3 FEAWY AR A4 BXe] FE

- A1} ${HOME}/Process-01/DATA/POST

Code01-5-1.MOD_Make_CONT_DATA_for_filtering.ncl
P BEALE HF FEUWI-L) A4 UAIR YA FAY e

- Z1} S{HOME}/Process-01/DATA/POST

Code01-5-2.0B5_Make_CONT_DATA_for_filtering.ncl
L BEALR A FEWW) A4 YRR P4 FAE 2

- 1} S{HOME}/Process-01/DATA/POST

12
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3.1 += 8 3E
2) AE 44
${HOME)/Process-01/SCR/
180524 xtg HF]

% Code01-4 Z3} ¥AIe2 FE, Aj8 YH F2UA|A] A= 73 T

Code01-FIG-1.Monthly_PCC.ncl

: Do) AsY R4(LWI-4) 71F LY FIHTAS(PCC) 7143t 2E

- A3} ${HOME}/Process-01/FIG

Code01-FIG-2.Monthly_Mean_Bias.ncl
cmele] Haf £4(LW1-4) 7]1E E¥ Hd @AH(Mean Bias) 7HA|gF ZE
- 231} ${HOME}/Process-01/FIG

Code01-FIG-3.Seasonal_Mean_Bias.ncl
» Bge] A3 F4(wi-4) 71F AEE Hw RN Mean Bias) 7|48} &
- 23y} S{HOME}/Process-01/FIG

13
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APCC

3.2 ¥ 9

| HOME }— Process-01 }—{ scr |

01_Process_DATA ceh [ 01.Parameter Uaernel |

: Codell-D-LEAW_MOD_convEnc.csh
CodeDl-0-2 RAW_MOD_Regrid.cch 1
+ Codedi-0-2 RAW_MOD_Comp_ENS_Formal RAW_CLM_ANOncl
E Codell-1-LMI0_Comp_EN5_Format_RAW_CLM_AND.ncl 5
¢ Codeli-2-10B5_ERAS_Conv_RAWZDAILY ncl :
: CodeDl-Z-2.085_ERAS_Format_RAW_CLM_AND.ncl
: CodeDl-3-LOBS_GPCP_Regrid.ncl 4
Codell-3-2 OBS_GPCP_Format_RAW_CLM_ANG nel .
: Codell-&-1.M00_Make LW_DATA ncl -
i Codell-4-2.085_Make LW_DATA ncl
: CodeDl-5-1LMOD_Make CONT_DATA for_filtering.ncl ‘
¢ Codell-5-20BS_Make CONT_DATA_for_filtering.nel -
. Codeli-FIG-1Manthly_PCC nel .
: CodeDl-FIG-2 Monthly_Mean_Eias.ncl i
E Codell-FIG-3 Seasanal_Mean_Biaz nel

7120 &28 et 54 Y E9 Process-01[At232 U HEF9 A=z
11."'5"1134 o FRAEE FZE(SCR HE2E HE IC)eF 2% AFE(Process-01 H2 4
O)F 9 =30 JEpECH SiE DpESe| 23 AFTES| Process-01-DATA.csh 2=3H
S ME IEot IMHES JHSIRALE 7|2 A= HAHUHLH(HINDCAST) 7| &2
eI, DIYoS L (FORECAST) ¥ 71 UAHE LLELS 22 A2 HSS
Qs = 01_Process_DATA.csh(01.ParameterUsers.ncl) A3HE 43 0| D RSIC}

|-m mo

x ¥
* Code0?-0-1 & 2~IFE@E SN format HE)

HE of Y mf3foje S5 B8, b5 3 AE o5 OHE B AFSS T BE, HPC
cPy 2280 37 B2 pas AME HE
. CodeQ1-0-2 ¥ ~IEERY BTN Y Y AE HE)

D SSCRAref CodeQT1-0-2 LI ES A2 FE =8 & ~JEEE IC of g orafojlg 25 &
B OE g ZE
« Codef)]-0-3 SE(2F &S BF Y8 7IE 7185 & o &5
. /SCR/ref Codel1-0-2 OfSfOJEl & E
= Codel]-2-1(25 HA/BE format BIEH
cHE BE MEA HPC CPU ABEC| S5 PR PRS AIE BE

14
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3.2 ¥ 9

1) 7120|SRY oK S4 TY § M¥|

> cp Diagnosis_KMA-GloSeatar ${HOME}
> cd ${HOME}

= tar =xvf Diagnosis_ KMA-GloSeatar

> ls

Diagnosis_KMA-GloSeatar Process-01 Process-02 Process-03

2) Xt2Mz| % HE E [01_Process DATA.csh] AHEXF &3

> cd ${HOME}/ Process-01/
= vi 01_Process_DATA.csh

#/bin/csh -f

#PBS -N 01.pro_DATA
#PBS -q normal

#PBS -l select=1:ncpus=12
#PBS -| place=exc|

#4441, User Option #HHHHHHHHHEHHHHHEHREEH R
set sYear = 1991

set eYear = 2010

set sYearp = 1997

set sMon = 1

set eMon = 12

set sHYear = 1991
set eHYear = 2010
set sHYearp = 1997

set DirTOOL = /home/userWORK2021/0.Manual/
set Dir52s = fIfs/apccgb/APCC_S25/PRE/HINDCAST/Seoul/v2020/
15
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set DirGPCP = /lis/apccdb/Observation/Grid/GPCP/Daily/
set DIrERAS_LEV = /ifs/apccdb/Observation/Reanalysis/ECMWEF/ERAS/Daily/pressure/
set DirERAS_SFC = /ifs/apccdb/Observation/Reanalysis/ECMWF/ERAS/Daily/surface/

### 2. Set Directories SEa0 S R S HEERRARE R R
set DirSCR = ./

set DIrfFIG = /FIG

set DirDATA = _/DATA

set DIrPRE = ${DirDATA}/PRE/

set DirPOST = ${DirDATA}/POST/

cat > 01.ParameterUserncl <<EOF

sYear = &{sYear}
eYear = %{eYear}
sYearp = ${sYearp)
sHYear = ${sHYear}
eHYear = %$leHYear)
sHYearp = ${sHYearp}
sMan = ${sMon}
eMon = L{eMon}
DirSCR = "${DirSCRY”
DirFlG = "§{DirFIG}"
DirPRE = "${DirPRE)"
DirPOST = "${DirPOST}"
Dirs2s = "${Dirs2s)”
DirGPCP = "§{DirGPCP)”
DirERAS LEV = "${DirERAS_LEV}"

DirERAS SFC = "${DirERA5_SFC}"
EOQF
i 3. Run script st i S A A R A R R A

cd ${DirTOOL}process-01/5CR

echo ">>> STEP : 01_Process_DATA Pre-processing data for raw model data”
#esh (or gsub) Code01-0-1.RAW MOD_conv2ne csh # Run this code alone #
#csh (or gsub) Code01-0-2 RAW_MOD_Regrid.csh # Run this code alone #

16

- 169 —



APCC

ncl ${DirSCR}/Codel1-0-3.RAW_MOD_Comp_ENS_Format_RAW_CLM_ANQ.ncl

echo "=>> STEP : 01_Process_DATA Pre-processing model/obs data”
ncl Coded1-1-1.MOD_Comp_EMNS_Format_RAW_CLM_ANO.ncl

ncl Code01-2-1.0B5_ERAS_Conv_RAWZDAILY.ncl

ncl Code(1-2-2.0BS_ERAS Format RAW CLM_ANO.ncl

ncl Code(1-3-1.0B5_GPCP_Regrid.ncl

ncl Code(1-3-2.0B5_GPCP_Format_RAW_CLM_ANC.ncl

echo "=>> STEP : 01_Process_DATA Post-processing model/obs data”
ncl Coded1-4-1.MOD_Make LW _DATA ncl

ncl Code01-4-2.0B5_Make_LW_DATA.ncl

ncl Code01-5-1.MOD_Make_CONT_DATA for_filtering.ncl

ncl Code01-5-2.0B5_Make CONT_DATA_for _filtering.ncl

echo "=>3> STEP : 01_Process_DATA validate data”
ncl Code01-FIG-1.Monthly_PCCncl
ncl Codel1-FIG-2 Monthly_Mean_Bias.ncl

ncl Code01-FIG-3.5easonal_Mean_Bias.ncl

echo "==> END 01 Process DATA <=<<"

A Process-01 (A EXE ¥ FF FE A3 EE01 Process DATA.cshSl [1. User Option]Sl ME £
X FEe 2g Y HF e FEE ANgXN BEF0 oot HE
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3.2 ¥ 9

3) Xt2X2| % HZ & [01 _Process DATA.csh] %

> csh 01_Process DATA.csh (or) gsub 01_Process DATA csh

N2 &2d 23 Y 2 o] AHE #go mep ARy I HE
I} (Process-01) 2% # AJYE(01_Process_ Datacshy= € shell BO  (csh
01_Process_DATA_csh) == PBS HEO (gsub 01_Process_DATA_csh)2 =8 2&55iC
B0 22E ALY sA BE HEHZ FE(Code(1-0-1.RAW_MOD_convZnccsh)E
ALgate] GEE2|] JIE AMEE =lo| HAstd MY MIE =& Y4 PRI}
HO|5tE R F2|5[0{0F SICE 2E W4 HEO T2t Coded1-0-2.RAW_MOD_Regrid.ncl &
He B 2 2 £ asiH. 24 AR @ (Y OE F8 23TE U MR

2E9| 430| @IHCL

K

18
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APCC

3.3 1}

1) HINDCAST Monthly PCC

PCC skill of Z500 Glabal

& PCC skill of Z500

oo . @ . i - . - .:::;
02 - - ojz . : -
i TTEETTTR T IRl 1 PP T
FRAFFFFTFILLSSE Gickal Trapcs N M N Migh  Asia Easi Asia
5 _POC skill of PREC Global . PCG skillof PREC
Riy C W e s ' 05 . & o .
g ¥ Sw a4 . 3 = _'. .
HHHHWDWDUU il | FR P
FEFEFFoFPssSs Giobal Tropcs N Md N Hgh Asia EastAsi
» PCC skill of L850 Glabal ; PCC skill of U850
| L T e . | = - = L]
R TSR]
00 rlmmﬂﬂmﬂ 0.0 ’—T—| T l_:jl_j_' T |F:§|
.;*‘{«3’\,59‘3333“‘ ,;c‘?tfi“-pé& Giobal Tiopcs NMM N Hgh Asls Easl sz
<7 R0ZSRY 2% £ G & AEH2 U HS HI Al FIGO1-1 Menthly PCC>
202 3 &d A F9 A8HE Y HF HH(Process-01)2 Hif
oAl ddolt. 8 of7| #H4YU F5 W7 ASL=(EZ5002F F4(PREC), st5 7|
SMHFR(UBSO)Y| Cfal M3 FH(W1-4) 7| Y SIEHA=PCOE HF B F82

oS FFo2 HAIEAH.
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3.3 1}

2) HINDCAST Monthly Mean Bias

EE=HR

¥ AL

| EEEN

1aetl

7|Z0=nd 2% EM HCH E XMEM2| U HE HI oAl FIGO1-2 Monthly Mean Bias>

7120229 2at 54 Ut B9 AARXE L HF UH(Process-01)2 ZI
oAl aFolck 28 7] #4Y F5 7] AYLEES0002F F4(PREC), 3H5 7]
SMUIEUSS0)0 sl H¥ F(W1-4) 7| B2 2AEZR BEE HAISIUH.

3) HINDCAST Seasonal Mean Bias

| W b " |40 R gar bias

: o T =7
L =
.'.:
R B I W 5
W20] e o e |90 ean ne w1 "
. n T= 5 - a
L= - d ".
' m - ot
=¥
= = i & 1]
wn 1 1 [ 1 v
H IR & omn oW e W 6
e e
I . = - -
- a4 -
- ] wd -
s ] -
! s ! e d -
« .

oo com o ot w8 3own moa o W s o

JsozeY o3 S4
oAl 2ot ZR O7| WA F
SAHIZHUBS0)0 CHsl M3 F4(W1-4) 7|Z HF QRS AHUER A4
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41 Fx 9 3c

1) AEW HEY % M0 2K TEH § =

| HOME }— Process-02 |- scR
DATA PRE
POST

FIG

714H 7|20 SR 23 54 Y Eo| AEY #HEY 2L MIO 23
A (Process-02)2 HHER| L25 | RO LEFHD AHAY HEd YMIO 23 2
B2 714 IR S 2H(KMA-GloSea)?] S25 2E A& HAls YHAZRE ZME H
22| HgoR oY 7§ HY Fo(lead Week 1-4) WrUnb AHHY TEIY HE
odE HE W F+ 7T 9AER oYE MMen B2Y 23 UHE sl
TEALZ(ERAS, GPCP)2| 2tz 2= ML 7[RoE2de AHHY HEYE 23
RS &l HAY HE{Z AB(20-70 days band pass filter) 438 Z=(W12/W324) 7|5
st2 &M HiY due "2 U 954 3t 2EF IS H|lustl, E gk e
Ay my AMEY U It USSH FHE +WSL MIO 23 U2 s AHEHUY
TEE A 8(20-70 days band pass filter) 434 FHW12/W34) 7|5 MIHEE A|H o
24E &% MJO propagation 9E Hs& H|ESHL, 9FY 7|E MIO A|£(Velocity
Potential MJO Index, VPM)2| O£/ =(Bivariate COR} & 22} (Bivariate RMSE}S A AT
[SCR] ZA=Y TS o ZE g g ZEZp (st FHibs [DATA/PRE] E£&
[DATA/POST] Z20| AHAECH AHEW HEd L MO 23t AU 7HA g ZEE= [SCR|Y
Halst Fi&E2 [FIG] 229 AHFHEH

r
i

o
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41 += 9 3E
2) 3E M¥E
${HOME)/Process-02/SCR/
Pl#o&2d 9 HEx18 FA)

Code02-1-1.MOD_Comp_ENS_Format_RAW_CLM_ANO.ncl
1525 A% oEAtRC] 71FR % ool 4F U A

- 71} ${HOME}/Process-02/DATA/POST

Code02-2-1.0BS_ERA5_Conv_RAW2DAILY.ncl
6 Al AEALR(ERAS) Ld Aree W U AHAAEE
- 27t ${HOME}/Process-02/DATA/PRE

Code02-2-2.0BS_ERA5_Format_RAW_CLM_ANO.ncl
: §5RHR(ERAS) S REAtE HEIZ 7|8gl H ob=ER; H4E R AA

- A} S{HOME}/Process-02/DATA/POST
Code02-3-1.0B5_GPCP_Regrid.ncl

: HEXIR(GPCP) XA ALE ZE
- A3} S{HOME}/Process-02/DATA/PRE

Code02-3-2.0BS_GPCP_Format_RAW_CLM_ANO.ncl
: BEAR(GPCP)E REXIE He2 7|53 P otTaR AE U N
- ZA1} ${HOME}/Process-02/DATA/POST

Pl#dZ2d @ HEAle 4]

Code02-4-1.MOD_Make_VP200_DATA.ncl
IMJO QA FITHE 913 BT AHE WAMR(VP200) A& $Ae] 2E

- A3} S{HOME}/Process-02/DATA/POST
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41 = 8 3c
2) 3£ MH

${HOME)/Process-02/SCR/

Code02-4-2.0B5_Make_VP200_DATA.ncl
TMJO @A} AITHE 93 THE AMS WAMHVP200) A4 B2 FC

- 23t ${HOME}/Process-02/DATA/POST

Code02-5-1.MOD_Make_CONT_DATA_for_filtering.ncl
D ReAbE MR ZE(W-4) 94 UAtE A4 Fx2 3E

- A3} ${HOME}/Process-02/DATA/POST

Code02-5-2.0BS _Make CONT_DATA for_filtering.ncl
D WEALR AR FEAWY) A4 dAts A4 $X FE

- H1} ${HOME}/Process-02/DATA/POST

PlEd5aE AdY H5d 2 MI0 2 ]
Code02-FIG-1.Mean_Variance.field.ncl
D HRTF 9WWI2 W34 B E SRR JHje BE

- A} ${HOME}/Process-02/FIG

Code02-FIG-2.Power_spectrum.ncl
D WEA} 2S(WIZ, W34)e] Rk mtg] ASER A Hi} spAjel AE
- A1 ${HOME}/Process-02/FIG

Code02-FIG-3.Wavenum_freg.ncl
D AT} REWI2, W34)Q) Mk TR A54 BA A sjAe e

- At 5{HOME}/Process-02/FIG
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41 3= 9 3C
it 49

${HOME)/Process-02/SCR/

Code02-FIG-4.MJO_propagation.ncl
5 D4 (W2, Wad)e] ®d AlRE-F & wAab 48 24 7R e 2
- A1} S{HOME}/Process-02/FIG

Code02-FIG-5.MEQF.ncl

: IET 2E(WI2, w34)e] chisF Ay e 7HAE 2
- A1} ${HOME)}/Process-02/FIG
Code02-FIG-6.MJO_Index_ACC.RMSE.ncl
: Bl MID Al dI54ds 2 & 24 7HAE AE

#[DATA A E2] U 2|5 Ab2A] 4 42 54t @ P4 3C 23
- At S{HOME}/Process-02/FIG
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42 T8 gy

| HOME |—{ Process-02 —{ scr |

E 02_Frocess_MIO.ceh [ 02 Parameter.Userncl ]

: CodelZ-1-1.MO0_Comp_EN5_Format_RAW_CLM_aMND.ncl
CodeD2-2-1.085_ERAS_Conv_RAWIDAILY ncl

- Codedz-2-2085_ERAS Formal RAW_CLM_AND ncl
E Code0Z-3-1.0B5_GPLP_Regrid.ncl ;
¢ Code(i-1-2.0B5_GPCP_Formal_RAW_CLM_ANQ.ncl :
: CodeDZ-&-1MOD_Make VPZOD_DATA ncl

: CodeDZ-4-2.0B5_Make VPZO0_DAT A nct 4
Code2-5-1.MO0_Make_CONT_DATA for_fillzring el .
CodeDdZ-5-2.0B5_Make CONT_DATA_for_fillering.ncl

+ CodeD2-FIG-1.Mean_Varianca field.nci

: CodeD-FIG-2 Pawer_specinemonel

: CodelZ-FIG-3. Wavenum_freq.ncl

. Codel2-FIG-4.M10_propagtionncl

: Code0-FIG-5MEDF nel

E CodeDZ-FIG-6.M10_Index_ACC RMSE nel

7|50 &2 eat E4 2T £ Process-02[MIO 22F 2THe| A4z 22| o
FEAEE FE(SCR HEO ME IE)er 2% A9 E(Process-02 HAE 4 IEE
ERY UEHC ST AEe &% A3FER Process-02-MJOcsh £33 &3l Al
IE7F HHEEE JYESIRL. 712 dAs  THAHEMLHE(HINDCAST) 7|22
A5, Do SUF(FORECAST) ¥ F7t UHE HAZAUL A= 222t HEE
HafiM = 02_Process_MIO.csh(02 ParameterUsers.ncl) 23 HE 40| T asiCh

£ W

i

X Fof

* Code(2-1~3 AEXE FEE [Process-07 HEX S & FF) TEL FE [Process-01] A2 A
2 88 F 528 BAFIZNE [Process-02 MIO SXF HEGO) BEE FHL [Process-01] HES
gAY EE HE Code)?-4-5 A E EXHE FE 8 & AG TE =8 75

= Codel2-2-1 BE EIE ALEAl HPC CPU 2280 7] W2af pes AFR A&

« Codel2-FIG-6MIC Index ACCRMSEncl(2 B8] MIOX ME OIZ=4E & 2t 24 FC)
CSDATA CIEES) of Afs= MEA B B BIEALE(Harmonics, FOF Daily anomaly data) & £
A FfFF HE Al Daily anomaly date M FE(Code to_make daily OBS._filencl) E&
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42 T8 gy

1) 7120|SRY oK S4 TY § M¥|

> cp Diagnosis_KMA-GloSeatar ${HOME}
> cd ${HOME}

= tar =xvf Diagnosis_ KMA-GloSeatar

> ls

Diagnosis_KMA-GloSeatar Process-01 Process-02 Process-03

2) AEW HEE % MO 2%} ZTH B [02_Process MJO.csh] AHEX} 2%

> cd ${HOME}/ Process-02/
= vi 02_Process_ MJO.csh

#/bin/csh -f

#PBS -N 02.pro_MIO
#PBS -q normal

#PBS -l select=1:ncpus=12
#PBS -| place=exc|

#4441, User Option #HHHHHHHHHEHHHHHEHREEH R
set sYear = 1991

set eYear = 2010

set sYearp = 1997

set sMon = 1

set eMon = 12

set sHYear = 1991
set eHYear = 2010
set sHYearp = 1997

set DirTOOL = /home/userWORK2021/0.Manual/
set Dir52s = fIfs/apccgb/APCC_S25/PRE/HINDCAST/Seoul/v2020/
26
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set DirGPCP = /lis/apccdb/Observation/Grid/GPCP/Daily/
set DIrERAS_LEV = /Ifs/apccdb/Observation/Reanalysis/ECMWEF/ERAS/Daily/pressure/
set DIrERAS_SFC = /lifs/apccdb/Observation/Reanalysis/ECMWF/ERAS /Daily/surface/

### 2. Set Directories

set DirSCR. = ./

set DirfFIG = /FIG

set DIrDATA = _/DATA

set DIrPRE = ${DirDATA})/PRE/
set DIrPOST = ${DirDATA}/POST/

cat » 02.ParameterUserncl < <EOQF

sYear = §{sYear}
eYear = %{eYear}
sYearp = ${sYearp)
sHYear = §{sHYear]}
eHYear = $leHYear)
sHYearp = ${sHYearp}

shan = %{sMon}
eMon = ${eMon}
DirSCR = "${DirSCR}"
DirFlG = "${DirFIG}"

DirPRE = "${DirPRE}"
DirPOST = "${DirPOST}"
Dirs2s = "${Dirs25)
DirGPCP = "§{DirGPCP)"

DirERAS_LEV = "${DirERAS5_LEV)"
DirERA5_SFC = "${DirERA5_SFC}"

EQF

#aE 3. Run script s R dastsitt RN R RR R R

cd ${DirTOOL}process-02/5CR

echo ">>> STEP ; 02_Process_MIO Pre-processing for model and abs”
ncl ${DirSCR}/Code02-1-1 MOD Comp_ENS Format RAW CLM_ANO.ncl
ncl ${DIrSCRY/Code02-2-1.0BS_ERAS_Conv_RAWZDAILY.ncl
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APCC

ncl ${DirSCR}/Coded2-2-2.0BS_ERAS Format_RAW_CLM_ANO.ncl
ncl ${DirSCR)/Code02-3-1.0BS_GPCP_Regrid.ncl
ncl ${DirSCRY/Code0d2-3-2.0B5_GPCP_Format_RAW_CLM_ANO.ncl

echo ">>»> STEP : 02_Process_MIO Post-processing for model and obs"
ncl ${DIrSCR)/Codel2-4-1MOD_Make VP200_DATA.ncl

ncl ${DirSCR)/Codel2-4-2 OBS_Make VP200_DATA ncl

ncl ${DirSCRY/Coded2-5-1.MOD_Make_CONT_DATA_for_filtering.ncl

ncl ${DirSCR})/Code02-5-2.0BS_Make_COMNT_DATA_for_filtering.ncl

eche ">>> STEP : 02_Process_MIO FIG"

ncl ${DirSCR}/Code02-FIG-1. Mean_Variance.field ncl
ncl ${DirSCR}/Code02-FIG-2.Power_spectrum.ncl

ncl ${DirSCR}/Code02-FIG-3.Wavenum_freg.ncl

ncl ${DirSCR}/Code02-FIG-4.MIO_propagtion.ncl

nel ${DirSCRY/CodedZ-FIG-5MEOFncl

nel ${DirSCR}/Code02-FIG-6.MIO_Index ACC RMSE.ncl

echo ">>> END 02 _Process_ MJO <<<"

X Process-02 [AELY HEY Y Mo 22X JE) FE ASZEQ Process MIOcsh8l (1. User
Option]9) ME & M4 F2gf g 9 A= gaixe HeF f8x #Fo) oef Ty
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42 9 Y4

3) AEY HEM 9 MIO 2K ZICH & [02_Process MJO.csh] =3

> csh 02 _Process_MJO.csh (or) gsub 02_Process_MJOcsh

|12 &2 2aF B4 T 8 HE BIY = AEW HEE § MO 23
L e S - Z o4  A3YE(02 Process MIOcshy= € shell H&EO{ (csh
02_Process_MJO_csh) K= PBS EHEO (gsub 02_Process MJO_csh)2 =81 58t
BOtAof ol 2& 22 AT 2 oMY 24 Hof OfE] AR 2 Y HE AFY
Code01-1 ~ Code01-5 REES 4AE 3t HEAOIME Code02-1 ~ Code02-3 ZEZS
2EEI2] o4m oM TAHO|AM gust AZE ${HOME)/Process-02/DATA/POST ZAEZE
EASHY Code02-4 ~ Code2-5 £32] ZE U 7pA S 24 CHAOF 438 7r58iCH &4
AE % 720 TfEt 2% A3YE Y Y =9 40| 23T

o
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43 Ay

1) HINDCAST Mean Variance field

<Z|Z0End ex 54 HT E MmJo 2% FTh Zob of Al FIGD2-1 Mean Variance field>

NE0E2d 93 £4 TG B MO 93 FEProcess-02)2| Zit OfA|
2otk HE WSAS U BE SUL LMY SH & U 29 P
BUEE(shading)2t HEY FUEE(ontounE HAIBIAC BY BY 7R MY 1-
2 & WRWIDM MY 34 3 BRWMOE MASIUCL ATY HSH 242 Y
20~70 Y band pass filter B HEFIACE AAE IUE 515 FA HHARUS0Y

ASH(1E -4%8) B2 % 8348 U220

e
ofp
ol

- - E L s oo L ] L
Poviod idays] Pariod idays)

<J|EHZ2HW 24 £4 HC E Mo 2 HTH FHAt oAl FIGO2-2 Power spectrum>
12 ERE 23 B Y =22 MO 23 S (Process-02)2] ZHib oA
Jdo|ct. AEY ¥HEdgol IA YEUE HE AW AYe @& U 2Ee oy
ABEY 24 AMNE AAEIAL 2 24 2|2 4¥ 123 FIWI12)p MY 34 %
BAW34LE JH5%0 AAE 1E82 515 M HriddEUesnd ASHME —48)
o AMEY FHI0|C
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43 Ay

3) HINDCAST Wavenuber frequency

oo P e e L e e

T T A

ase amm  som
Ve e Sy e Gy Y e ]

<Z|Z05nY eX £44 T & mio 24 Tk Aot oA FIG02-3 Wavenumber frequency>

712022 ezt §Y T 2| MIO R2af ZUTHProcess-02)2] HIb Of|A|
do|ot A Y BHO| HEAN Ny AF4 £ AUE AHASAL 29U 24
ZIEE MR 12 F BEWaL Y 3-4 F W34S 2 FHSINC AME 18E
stE A HIEMEWUSS0)S HEH(11 Y -4 %) T4 2AF4 HIO|CE

4) HINDCAST MJO propagation

[083] (L8] Wiz {BLS} Was
e B - 20

Lagidays)

80E 138E ma

| E——
1 08 08 04 02 0 02 04 06 0B 1

<Z150ZRE 24 §d Hct & mjo 24 FcH o ofA] FIGO2-4 MJO propagation>

722022 23 §4¢ UY E°9 MO 23t U (Process-02)2| Zif 04|
A70|0. #5 9 299 AA A-FdE AR gt 24 Z2dS AASRY Y 24
ZE2 MY 12 F FIW2R HY 3-4 F PIW3I42 R HHSINUC HAE J1Y2
stS &M BrEdEUss0)s] MIC F1l JEIE 38 AT wep Hjngh Zafo|o).
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APCC

43 Ay

5) HINDCAST MEOF

[GL5] Wiz {/COA : 096, 099, 0.58 iis [GLS] W34 C0R 08 0H7. 100

012
008 s
004 -
000 -4
004 = "
Q08 -

412

012 T
0 BOE  1E 180 W oW [ 1206 180

<Z|Zojsnd 24 54 Fg B Mio 2AF TG Zat oAl FIGOZ-5 MEOF>

71222 23t B4 T B2 MIO Rat CHProcess-02)2] Zif OfA|
J30|Ch 2A7|70] HE HEAMER AEI| 95§ MIO 2|4(Velocity Potential MO
Index, VPM) 240 ALEE|= 8t5 &AM BIFH(USS0), 45 &M BIEEU200) B 43
HSRARENVPZO0)2| CHH R A wghg 24 (Multivariate Empirical Orthogonal Function, MEOF)
H Wy BE Zas AAlstn. 8 3 2Ee] Fils dUl HJHo2 I Y Hing
et 22 d8Y 12 £ GFW12)0 43 3-4 T BFW34) 7|2 22 HAISIHL,
L9 2101 & HA(shading)22 LEFYCE

&t

6) HINDCAST MJO Index ACC RMSE

L] L] " L1 H EL ] at i L] L1 AL} n 2 ]
Forgcapt Lasd Time (Davs} Foupoma L Yoma (Dayas

<Z|R0=0d 2t E4 EH E MJO 2* TE il ofAl FIGD2-6 MJO Index ACC RMSE>

2o 20Y o3 54 AT 5O MO 23 HProcess02)9 Zt o4
a0tk MIO A|f=(Velocity Potential MJO Index, VPM) O 2/d 5(Bivariate Anomaly
Correlation Coefficient, COR)2} 23f(Bivariate Root Mean Square Error, RMSE)E 0|

40 o2t AASHRAT
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o = [SO0AOf 0jF &+ 2UTI]

51 #+= 9 3E

1) SO0tAOt HE E& X T § 7=

HOME Process-03 SCR

DATA |71 __PRE |
|

FIG

g JIR0SER 23 59 UT 2 SOHNOF 0§ =& 2ar U

LY (Process-03)2| LM ER| RZXE ¢ THY UEUNL SO0 6F & 22 Y
2 7143 7IRNSE2(KMA-GloSea)2| 525 22 AF FAHE YHARE ZHE A
£33 WHPRE o2Y 7|F MY F4(lead Week 1-4) LUD AU LEY G
THE AT MY F+ JlE YAE OYs iR R 23 UHE sl
BRI Z(ERAS, GPCP)2| b2 2| & TUMSC ME FH(WI2/W34) 7|F EOHAOL O F
2 38 YU 24 WES MFYE AL HFY5/23E HYY HojoageR
TRICE oiSd HE6-8E) T+ oS HiE B8 3 22X % B 22, AT
UEIZE B SOM(oF E& AHY Foot stE SM HIEYEY AA e MY
ZHWI2/W34) 7| 222 ZITSICE X5t SORAOL OfF 24 T2 Z4(WNPMI, EAMI,
WYI, GUOI, SAHN Chst ol2de U 22t 2T HUFITE [SCR] Z20 o2 2L 29
A= 32| FE7 HRStL HU: [DATA/PRE] H= [DATA/POST] Z=20| AFEct
SOtAOF & 2af 7T kA8t ZEE [SCRIC H2I5tE FUE2 [FIG] F20 AL
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51 += 8 3E
2) 3E M¥E
${HOME)/Process-03/SCR/
Pl#o&2d 9 HEx18 FA)

Code03-1-1.MOD_Comp_ENS_Format_RAW_CLM_ANO.ncl
1525 Ay oiEA RS 7|24 F oof=e AE H /A

- A} ${HOME}/Process-03/DATA/POST

Code03-2-1.0BS_ERA5_Conv_RAW2DAILY.ncl
6 Al AEALR(ERAS) Ld Aree W U AHAAEE
- 27t ${HOME}/Process-03/DATA/PRE

Code03-2-2.0BS_ERA5_Format_RAW_CLM_AND.ncl

: TEAIR(ERAS)E xR HEI2 7|23 FE ol HE R MF
- A1} ${HOME}/Process-03/DATA/POST
Code03-3-1.0BS_GPCP_Regrid.ncl

: HEXIR(GPCP) XA ALE ZE
- A3} S{HOME}/Process-03/DATA/PRE

Code03-3-2.0BS_GPCP_Format_RAW_CLM_ANO.ncl
: HEXR(GPCP) S REAE FHER 7|5 ¥ ofkeTagt AHE 9 AqA
- 747} ${HOME}/Process-03/DATA/POST

Pl#dZ2d @ HEAle 4]

Code03-4-1MOD_Make_LW_DATA ncl
: REAE 5 71E U FEAWI-E) Alm B4 $X2 2E

- #3} ${HOME}/Process-03/DATA/POST
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51 3= 8 3c
2) 3£ MH

${HOME)/Process-03/SCR/

Code03-4-2.0B5_Make_LW_DATA.ncl
P URALE AIFY J1E AR FUAW) KR AL Sfe] 2

- 23t ${HOME}/Process-03/DATA/POST

Code03-5-1.MOD_Make_CONT_DATA _for_filtering.ncl
D ReAbE MR ZE(W-4) 94 UAtE A4 Fx2 3E

- 43} S{HOME}/Process-03/DATA/POST

Code03-5-2.0BS _Make CONT_DATA for_filtering.ncl
D WEALR AR FEAWY) A4 dAts A4 $X FE

- 71} ${HOME}/Process-03/DATA/POST

PlZol52g Soliol o8 £ o} AL
Code03-FIG-1.Prec_band.ncl
D AT DRWIZ W34)9 Fobilot 4 ARMAE BE shAlE RE

- Ay} S{HOME}/Process-03/FIG

Code03-FIG-2.Prec_band_Taylor_diagram.ncl
: REl(W12, W34)2| FtRE of 5/ 5/ @ AHJJA) Y] clo|oj1dl SiE
- 21} S{HOME}/Process-03/FIG

Code03-FIG-3.Prec_UV850_Mean_Bias.ncl
L BE3 RRWI2, W34)2) 6-8 Y 740t vhde] W@ 9A} FhAlet =
- A3} ${HOME)}/Process-03/FIG

35
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51 3% 9 3c
2) 3£ MH

${HOME)/Process-03/SCR/

Code03-FIG-4.MJO_Prec_U850_Lag_Corr.ncl

L PEI RTWI2, W34) TEE A8 Sobalo} 740t 5tE EA uieiel
Rled Ape spaet A

- A1t ${HOME}/Process-03/FIG

Code03-FIG-5.EASM_Index_TS.nel
P& 2U(WI2, W34)Q] oA} of

=

5 = A AAE 7HAEE 3=
- A3} ${HOME}/Process-03/FIG

Code03-FIG-6.EASM_Index_Skill.ncl

L AEY AIZHWI-G) 713 B5e] BolAlo} ofg &
QFF 7FAE A=

2 AL A5y

olr

al
_

- A7} S{HOME}/Process-03/FIG
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52 =¥ 2

[ HOME ]—{Prncess-ﬂ&]—[ SCR ]

-------------------------------------------------------

¢ 03_Process_EASMesh [ 03 Parameter Userncl]

S NEEANEEEfEEEAAEESIENEIEEEEAENGAANASIEENAEEEAEEEEINEES

-------------------------------------------------------

E Codel3-1-L.MOD_Comp_ENS_Format_RAW_CLM_aMND.ncl
1 Coded3-2-1.0BS_ERAS_Conv_ RAWIDAILY nel

+ CodeD3-2-2.0B5 ERAS_Formal_RAW_CLM_ANO.ncl

¢ Code03-3-1085_GPCP_Regrid.ncl
Code03-3-2.0B5_GPCP_Format. RAW_CLM_ANTncl

: CodeD3-4-1MOD_Make_LW_DATAncl

1 Codel3-4-2 0BS_Make_ LW _DATAnel

! CodeD3-5-1.MOD_Make CONT_DATA fer_filtering.ncl

¢ Code03-5-2 0BS_Make CONT_DATA_for_fillering nel

+ CodeD2-FIG-1Prec_band.ncl

¢ GodeD3-FIG-2 Prec_band_Taylor_diagram ncl
: Codel2-FIG-3 Prec_UVBS0_Mean_Bias.ncl

¢ Code03-FIG-& Prec UBE0_Lag_Carrnel

¢ CodedZ-FiG-5EASM_Index_TS.ncl

E Code03-FIG-8 EASM_Index_Skill nel

S0 23 B4 Tk £9| Process-03[SOMAI0f OF 23 NTHO| A2
2] Y ZrAlsF ZE(SCR AR My IC)e 20 A3 E(Process-03 HE ¢ IE)E
H =80 HERC SiE wEe 32 23FEQ Process-03-EASM.csh 38 S8l ME
AL REEESE LHEIRN. Y= A= HAHAIHIE(HINDCAST) J|E2=%
2oL, DS L™ (FORECAST) 2 F7F UHE HHZFIS Az A HES
2sliM = 03_Process_EASM.csh{03 ParameterUsersncl) A3 HE 4£3H0| Hastlt

X 79

« Code03-1~5 AAEA{E| ZEL [Process-01 A&l A HE) FEY &2 [Process-01) A& A
2 &8 F EY BYIFE [Process-02 MIO 24 HEhof 2 FR [Frocess-01] AEE
YENEE HEHST FIc TEH Y s

« Code(3-2-1 BE BH5 AREA! HPC cPU 2B 2f0) 37 BF0) PRS AFE E
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52 =¥ 2

1) 7120|SRY oK S4 TY § M¥|

> cp Diagnosis_KMA-GloSeatar ${HOME}
> cd ${HOME}

= tar =xvf Diagnosis_ KMA-GloSeatar

> ls

Diagnosis_KMA-GloSeatar Process-01 Process-02 Process-03

2) SO0tA|OF O F 2= 2%} ZTH & [03_Process EASM.csh] AMSXF 2%

> cd ${HOME}/ Process-03/
= vi 03_Process_EASM.csh

#/bin/csh -f

#PBS -N 03 pro_EASM
#PBS -q normal

#PBS -l select=1:ncpus=12
#PBS -| place=exc|

#4441, User Option #HHHHHHHHHEHHHHHEHREEH R
set sYear = 1991

set eYear = 2010

set sYearp = 1997

set sMon = 1

set eMon = 12

set sHYear = 1991
set eHYear = 2010
set sHYearp = 1997

set DirTOOL = /home/userWORK2021/0.Manual/
set Dir52s = fIfs/apccgb/APCC_S25/PRE/HINDCAST/Seoul/v2020/
38
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set DirGPCP = /lis/apccdb/Observation/Grid/GPCP/Daily/
set DIrERAS_LEV = /Ifs/apccdb/Observation/Reanalysis/ECMWEF/ERAS/Daily/pressure/
set DirERAS_SFC = /ifs/fapccdb/Observation/Reanalysis/ECMWF/ERAS /Daily/surface/

### 2. Set Directories

........... TR T ETITRTRTTTS

set DirsCR =/
set DIrfFIG = /FIG
set DirDATA = _/DATA

set DIrPRE = ${DirDATA}/PRE/
set DirPOST = ${DirDATAL/POST/

cat > 03.ParameterUserncl <<EOF

sYear = &{sYear}
eYear = %{eYear}
sYearp = ${sYearp)
sHYear = ${sHYear}
eHYear = %$leHYear)
sHYearp = ${sHYearp}
sMan = ${sMon}
eMon = L{eMon}
DirSCR = "${DirSCRY”
DirFlG = "§{DirFIG}"
DirPRE = "${DirPRE)"
DirPOST = "${DirPOST}"
Dirs2s = "${Dirs2s)”
DirGPCP = "§{DirGPCP)”

DirERAS_LEV = "${DirERAS5_LEV)"
DirERAS_SFC = "${DirERA5_SFC}"
EOQF

### 3. Run script s
cd ${DirTOOL}process-03/5CR

echg "=>> STEP : 03_Process_EASM Pre-processing for madel and obs"
nel ${DirSCR)/Code0d3-1-1 MOD _Comp_ENS Format RAW CLM_ANO.ncl
ncl ${DIrSCRY/Code03-2-1.0BS_ERAS_Conv_RAWZDAILY.ncl

AR A R A A b A e
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ncl ${DirSCR}/Coded3-2-2.0BS_ERAS _Format_RAW_CLM_ANO.ncl
ncl ${DirSCR)/Code03-3-1.0BS_GPCP_Regrid.ncl
ncl ${DirSCRY/Code0d3-3-2.0B5_GPCP_Format_RAW_CLM_ANO.ncl

echo ">>> STEP : 03_Process_EASM Post-processing for model and obs"
nel ${DirSCRY/Code03-4-1.MOD Make LW DATA.nel

ncl ${DirSCR}/Coded3-4-2 OBS_Make LW _DATA ncl

ncl ${DirSCRY/Coded3-5-1.MOD_Make_CONT_DATA_for_filtering.ncl

ncl ${DirSCR}/Code03-5-2.0BS_Make_COMNT_DATA_for_filtering.ncl

eche ">>> STEP : 03_Process_EASM FIG"

ncl ${DirSCR}/Code03-FIG-1.Prec_band.ncl

ncl ${DirSCR}/Code03-FIG-2.Prec_band_Taylor_diagram.ncl
ncl ${DirSCR}/CodeD3-FIG-3.Prec_UVE50 Mean_Bias.ncl
ncl ${DirSCR}/Code03-FIG-4.Prec_U850_Lag_Corrnel

nel ${DirSCR}/CodeD3-FIG-5.EASM_Index_TS.ncl

nel ${DirSCR}/Code03-FIG-6.EASM_Index_Skill.nel

echo ">>> END 03_Process EASM <<<"

X Process-03 [EO0MAIOF OIS Bz QA FEH 8 A3 EE03 Process EASMeshSl [T, User
OptionjS) et § &7 F2g og § B QeAte FEF V8N §F0) ofef &Y
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3) SOIAOF OJE 2 XA} FCTH & [03_Process EASM.csh] =%

> csh 03_Process_EASM.csh {or) gsub 03_Process_EASM.csh

JN2oERE 23 £4 AT E°| HE HFC mfEp FOHAOF 9 F 2& 23t
A 3 2% W ATJHE(03 Process_ EASMesh)ys= € shell O (csh
03_Process_EASM_csh) BE= PBS BEEM (gsub 03_Process EASM_csh)E =34 Zh5s5iC
SO0} OfF 24 93 2T IFY O[MO| B4 wWAo| g3y AZ 32| Y HE B
Code01-1 ~ Code01-5 TE E&= HEHUY Bizd 2 MIO 23 2T 1742 Codel2-1 ~
Code02-5 ZEE 4£8i2tg & MEjGME CodeD3-1 ~ Codel3-5 ZEE 48513 41
o HAO|M AAEt AR E ${HOME}/Process-03/DATA/POST HZ2 S APSHY 7hA|E)
=M A 23 Jhesitt 24 Ats 9 7|17t mEt S ASFE U JiE 3ol
+H0| B4En,
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5.3 1}

1) HINDCAST Precipitaion band
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3) HINDCAST Precipitaion 850UV Mean bias

LES ST 8 %]
]

ELE S+

<EOLA| O} E B 2%} 54 FT Il ¢A| FIGO3-3 Precipitation UV850 Mean bias>

IZ042Y 92 B4 AT $9| SO0 01 24 2 UT IH(Process-
03)9 ZIr oAl IOICH A U BWWIW3H) FOAOL P O{FH YF L4et
312 BfHe| E9 WF LA HAISHCL

4) HINDCAST Lag correlation Precipitaion & 850hPa U-wind
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