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Future direction

Low resolution coupled model
~ O(100km)

= Model

- New concept of physics for high resolution model

* |nitialization
- Time-dependent ensemble Kalman filter

High resolution coupled model
~ O(10km)



Global Climate Modeling

- in view of resolution and turbulence
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» Cumulus ensemble

 Equilibrium assumption
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» Deep convection resolved

* Cloud microphysics

We are in intermediate state
v PDF based turbulence ensemble approach
v resolution dependent microphysics
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Cloud
Resolving Model
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Grid size:
0(100km) O(10km) O(1km)
» Cumulus Ensemble * Turbulence ensemble * Cloud resolving
« Steady-state (equilibrium) * Prognostic
» Deterministic * Probabilistic
A-S type cumulus parameterization Turbulence based parameterization
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Entrainment rate:e — Cloud structure

¢ = f(T.p, 9ep I7) 1) = f(T.5 qe, T, G, €) Entrainment rate:e €2 Cloud structure

€= f(TCJ qCJ WC) TJ (_1) qC = f(TCBJ q{:B)i) T) Q)
WC = f(TCJ qC’ 83 TJ q)

*¢: state-dependent

Cloud Base (LCL) Cloud Base (LCL)
*similar approach: ECMWF, MPIl, UKMO



CRM

Massflux
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PDF based Turbulence Ensemble

- Toward unified moist physics

Turbulence + mass flux convection (Shallow+deep)

Turbulence + mass flux convection (Shallow)
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Cumulus ensemble
Low resolution ~O(100km)

PDF-based turbulence ensemble
High resolution ~O(10km)



Climate Prediction System

AGCM
Initial condition
(Atmosphere/Ocean)

OGCM

Ensemble Kalman Filter

(Current examined initialization method)

»Advantage of EnKF

- Linear and adjoint model is not needed
- Nonlinear error evolution is allowed

»Model error (B) in EnKF

- Magnitude of ensemble spread is assumed as model error (B)
- B is varying with time (Better representation of time-varying forecast error)



Hindcast experiments

Correlation skill of SST  Start from May Ist,19year hindcast experiments

EnKF_ . ) Nudging
4ON-‘\§U
P
2-4 Y 1 = -
Lead month i
en

20 rJ Si e
. Imiated vafiabte : @io

5-7
Lead month

e Observations : GODAS reanapysis*
ong Elven ob e - temp. =40 1|5 {K

> N(gl9 year)
N Sy '
ZOS-ﬁ ‘ w

60E 90E 120E 150E 180 1500 120W 90w 60W 30W 60F 90F 120E 150E 180 150 120W 90w 60W

0.3 0.4 0.5 0.8 0.7 0.8

[ There is a positive impact, but need to be modified ]




Initialization methods for
SNU Dynamical Prediction System

Ensemble Kalman Filter
(state-dependent : 3-dimensional approach)

~

Time-dependent correction EnKF
(time-dependent : 4-dimensional approach)



Time—dependent correction EnKE

Purpose of new scheme :
Correction to minimize forecast error at next time step

Forecast experiments
0ORS.

- CZ-SPEEDY hybrid coupled model

- Perfect model assumption
- 20 year hindcast
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*During final OBS time, conventional EnKF is performed



Multi-scale prediction
- Toward seamless prediction

DYNAMICAL PREDICTION SYSTEM

TOOL FOR INITIALIZATION TARGETED PHENOMENA
PREDICTION TARGET
Transient
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Memory/Tendency of various time-scale phenomena

Dynamical consistency between components in initial condition
e.g.) high-frequency/small-scale <> low-frequency/large-scale
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Thank you!



Seasonal Prediction System

Initial CGCM
Condition Integrations
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Forecast history
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SNU Seasonal Prediction System

JJA SST correlation skill
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Start from May I, 4 ensemble members

Model Updates

CNTL + CMT + Diurnal
coupling + Tokioka constraint +
auto-conversion rate 3200s

Initialization Updates

SST + wind stress nudging
with OGCM

U

3-dimensional
temperature, salinity nudging
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