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Part 1:
What is theclimate prediction systerf?!




Climate prediction system

1. Statistical method
- Use observed relationship of climate system to predict future

- Linear

2. Dynamical method
- . | & SRungegcalmethod 2F Of AYI OGS aeéea
- Nonlinear



o
Dynamical forecast!

How predict the future status??

Numerical weather predictior\\WH

- Predictionof atmospheriacconditionsbased on quantitative calculation of
variations in linevith the laws of physics



o
Dynamical forecast!

What is the Numerical weather prediction (NWP)

To forecast weather status in advance with computer model that solves
the atmospheric flow numerically

The motions of the atmosphere are governed by physical laws expressed as
the equations ohydrodynamics and thermodynamicEhese equations
determine the time rate of changes of meteorological variables, such as wind
pressure, temperature, and water vapor and liquid water contents, which are
basic elements of the weather. Future evolution of the weatheréslicted by
Integrating these equationsumerically with respect to time, starting from an
Initial state of the atmosphere ohigh-speed electronic computers
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Dynamical forecast!

What is the Numerical weather predlctlon (NP)

Engine
#1 Dynamics
Car

Dynamical prediction system—< _

#2 Physics

— #3 Initialization

Driver Forecaster
High quality prediction 6

Initial condition (#3) shouldoe accurate
Model (#1, 2) shouldepresent the atmospheresalistically
Well understanding and analyzing the model results are needed..... ...... yum
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Dynamical forecast!

#1 Model dynamics

Solve the governing equations in a grid system

V. Bjerkneg1904) pointedout for the first time that thereis a completeset of
7 equationswith 7 unknownsthat governsthe evolutionof the atmosphere

Newton's second law or conservation of momentum
(3 equations for the 3 velocity components);

DU 1
— = 2@ xU—- -V F,
Dy X p pT 8T

The continuity equation or conservation of mass;

1 dM _ w

—— =0 = - Prv
YIPT . rv) @

(1-3)
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Dynamical forecast!

#1 Model dynamics

The equation of state for ideal gases

pa = RT (5)

The first law of thermodynamics or conservation of energy

dT da ds . 1d Q
=C —+p— —=C —— ==
Q=C, dt P dt dt Pgdt T (6)

Conservatiorequationfor water mass

dg _ W q
—=E-C HEHd_-_ -
i r b.(rvg)+r(E-C) @)

7 equations, 7 unknowro dzz @ $3 ¢3X LI
. Governing Equatior§Vritten as computer program cod@&WP
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Dynamical forecast!

#1 Model dynamics

Richardson
t NPL2aSR (G2 RAQGARS UGKS S| NIUf
grid cell the base of a vertical column of the atmosphere in afEf=%"—
three-dimensional grid of atmospheric boxes. o] o |

Each grid box about 200 km. Each column was divided into |- =] -
five layers at heights of about 800, 600, 400 and 200hPa. y
Computed only the initial tendency at a single point for

pressure at the base of each layer, temperature at the — ZEEim iy r e
stratosphere, water content at the lower four layers and the

: : Rl U] Vl Tl
two components of horizontal wind. . -
His calculation of change of pressure at the point kylsVs
considered wag45hPa in 6hr, an obviously unrealistic e
R% U% v”&
value. ) T o
His forecast failed as a result of shpariod oscillations ' R,U,V,
OFtt SR AN QGAUe gl OSa UuKI U pawy 2
data set, there byausing error in the initial conditions . BUshy

used in his forecast.
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Dynamical forecast!

#1 Model dynamics

wAi OK I NR & afgredicting WeatBeNUsing grid points set the stage for future
development of grids in different shapes.

In order to accommodate the spherical shape of the earth and represent the equations
more accurately and efficiently, there are different grid shapes used in numerical models

1) Suitability forcloudscale to globakcale

2) Efficiencyon different computer architectureand scalability on massively parallel
computers

3) Conservatioof mass and other quantities

4) Capability of local grid refinement amelgional domains

(a)

NSy
=t & Sy X

Eqb> NBOUGF yddzXk F NE G NRF

Figure 4. Examples of (2) rectangular or latitude-longitude grid, (b} triangular grid and (c} hexagonal grid.
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Dynamical forecast!

#1 Model dynamics

1) Rectangular/latitudelongitude grid

Most commonly used grid in the NWP models

LdO A& aAYLI S Ay tyelpdadzidlend dzb KS B FTEKE FAF $
longitude, known as meridians, converge to points at the poles

The poles are unique points and may cause violation of global conservation laws within
model. To maintain computational stability near the poles, small integrationsheyes

could be used, but at great expense.

To avoid the polar problem of the gipdint models, the application of quasniform grids

was proposed (e.g. NCEP GFS model)
(a) (b)

Figure 5. (a) Demonstration of the polar problem in which the meridians converge to a single point at the poles and
(b) its remedy using the Kurihara grid
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Dynamical forecast!

#1 Model dynamics

2) Triangular grids/ Hexagonal grids

Not used as oftem models as are these grids because it is high complex to solve the
physics parameterization

The main advantage of the unique gridhst all the grid cells are nearly the same size
The uniform cell size allows for computatios&lbility and fastercalculation.

C In this reason, some operational institutes try to use these grids system recently.

However, the method of distribution of grid points over the sphere is yet to
be solved in a fully satisfactory manner

APEC CLIMATE CENTER | | 12
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Dynamical forecast!

#1 Model dynamics

Vertical coordinates
+SNIAOFE a0NHzZOGdzZNBE Aa a AYLRZNIIFIYG Ay R
configuration and model type.

Pressure coordinate

The equations of motion have their simplest formpressure coordinates

Unfortunately, pressure coordinate systems are not particularly suited to solving the
forecast equations because, like height surfaces, they can intersect mountains and
O2yaSljdsSyiGte WRAAFLILISFNQ 20SNI LI NGa 27
To address the problem of discontinuous forecast surfé&tesips (1957¢leveloped a
terrain-following coordinate called theigma coordinate

APEC CLIMATE CENTER L} 13
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Dynamical forecast!

#1 Model dynamics

Sigmacoordinate

Modelwind forecasts depend upon accurate calculation of the pressure gradient force,
which isvery simple to calculate in pressure coordinates when the height is known
However, when sigma surfaces slope, the PGF must be expanded from its simple press
coordinate form to include the effects of the slopkis error can become very large in
areas with steep mountain slopes. This can cause substantial errors in wind forecasts ar
affect the entire depth of the model.

600 hPa - e e~ e

700 hPa.

800 hPa

900 hPa

1000 hPa

The COMET Program
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14



Dynamical forecast!

#1 Model dynamics

Hybrid SigmaPressure coordinate

To reduce the error in sigma coordinate, Hybrid
coordinate is developed.

In this systemihe upper regions of the atmosphere are
discretized by pressure only. Lower vertical levels use
the sigma vertical coordinate smoothly merged in, wit,
the lowest levels being pure sigma.

Recently, mostommonly usedhis coordinate systernm
the NWP/Climatemodels

Figure 3.1: Hybrid vertical coordinate

arec cLimate cenTer [N 15
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Dynamical forecast!

#1 Model dynamics

Schematic for Global
Atmospheric Model

| Horizontal Grid (Latitude-Longitude)

-

Dynamics
u v,w, T,p, ZI
(3D Coordinate

I Vertical Grid (Height or Pressure)

L\
T L ]

Space
sus=EESEn

o

bt
Terrestrial (Long Wave)
Radiation

A0

AHE

Atmosphere
*

Troposphere
f”%%ﬁﬁf T - T 0
-1 “‘"f’ T From WMO website
;:: fmss e N Pecaion
hoeses SRR Sal NG I 1o
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JEME R 0 gyl
3 Pocaktsn
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Representation of atmospheric phenomenon
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Dynamical forecast!

#2 Model physics

— //Sun

Atmospheric
movements

Radiation
Heat

(governed by equations of
motion and other influences)

Y

— —
Longwave

radiation

Moisture
Momentum

Shortwave
radiation

Topography,
vegetation, etc.

Land

— Component models

#2 Physics —

Parameterization

—

I Heat

Boundary layer *

uoueud!oa.lcb

3INISIOIN ‘1edH
aJaydsowyy

Precipitation

Sea lce

From JMA website

— Land surface

Radiation
_ River routing

— Planetary boundaryayer

Precipitation/Cloud
Cloudiness

_ Orographic drag
apec cLIMATE CENTER [N
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Dynamical forecast!

#2 Model physics
Subqgrid scale parameterizatioie.g. deep convection parameterization)

< S5

\re 4

fa (2SR

Grid scale>real processes Grid scale<real processes
: Unresolved, should bearameterized  : Resolvedirectly by physical
by functional relations processes

: Weatherand climate modegiridboxeshave sides of betweenkin and300km.A typical
cumulus cloud has a scale of less thamlandwould require a grid even finer than this
to be represented physically by the equations of fluid mofiberefore, the processes
that such clouds represent are parameterized, by processes of vapiphistication.

* Parameterization : The formulation of physical process in terms of the model variables as parameters.
(constants or functional relations) 18
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Dynamical forecast!

#2 Model physics
Radiative transfer model

Energy source
TOA : S = 1360m*

Reflection by clouds (30%)
LW

Backto spaceby terrestrial infrared radiation

TOA
Absorption (25%)

Absorption (45%) Earth

Earth is Tilted!
At low latitude : energy gain

At high latitude : energy loss

C To balance, Largscale circulation with various climate variability !
APEC CLIMATE CENTERi_
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Dynamical forecast!

#2 Model physics

Radiative transfer model

Solar radiative transfer

<~ Absorption/Emission

sfc
~

0.5/mm /
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In shortwaveradiation: absorption, emission, reflection

of fluxes in all grid
In longwave radiation: variation ratio of temperature

A All processes is interactddydrophysicgprocesses
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Dynamical forecast!

#2 Model physics oo omcc e NOAH "o
:EI':‘TEIIEE?EHE (™ LA N D_S U H FAC E DOWNWARD LONGWAVE
Land surface model sunrace s MODEL i/

WIND -
MCEP - QSU + Air Force = Office Of Hydrology
.com pUte Su rface ﬂ uxes and ALLLLEL TRANSPIRATION (ET) atmospheric  gp /A0
T FRECIPITATION 4 RADIRTIEN
updatesurface temperature and humidity I svsmensarrox § 4
. . o EVAFDRATION (Ec) e REDIATIEN
by solving soil model and surface energy eS| I SUBLIMATION
= DIRECT SOIL  to/from snowpack terrestrial
budget T E E\fﬁF'OFé:TION
AUNDFF = 1 (B L SNOWMELT
5 INFILTRATION® 1 S0IL HEAT FLux#t
E - t
8 INTERNAL SOIL INTERNAL SOIL
g MOISTURE FLUX HEAT FLUX
§ ROOT ZONE N "
B SUBRODT ZONE
-
t MOISTURE BUDGET HEAT BUDGET
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B Ihl'-_md Canlmz lor Envionmenial Pradidion i(HCEF) ‘l D mgan Slade Uri:.'--'l" . . Ih!'-md'.\'cdhm Cmvice 1.:- Farcs Flessach Lab (8FFLS
4 Enviarmenial Modsing Canlar (E4C) Cabigs al Cowanic and Al mospharic Scimn e Cflice o Hydialagy 2 Farce Waalher 5 ganey [EFWADH YL
STATE VARIABLES SURFACE PARAMETERS
SKIN TEMPERATURE CANDPY WATER VEGETATION TYPE AOUGHNESS
SOll thermOd namICS SOILTEMPERATURE SNOW WATER GAEEN VEGETATION FAACTION ALBEDD
y SOILWATER SNOW DENSITY SDIL TEXTURE SLOPE FACTOR
SDILICE

T s T
c(@QE =tk (
it p8 z)l

heat capacity with the ground heat flux as the surface boundary condition, and
prescribed deep soil temperature
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Dynamical forecast!

#2 Model physics
Vertical diffusion parameterization (Planetary boundary layer)
- computesthe parameterized effects of vertical turbulent eddy diffusion of

momentum water vapor and sensible heat S Uk prafles

/NN N N B N S A N SR AN R S A B R e s |
W0~ —— Computed (@)
-l e Yamada and MeJIor(lQ‘JEP 2| » Pl ok Fee it
500 - —*— Observed Entrainment Zone
2 i) e e (R Y £ L O] LU Y SRR SR o e
| ]
‘ 4 1 Mixed Laye
\ -
/% .
D
/ %~ ...................................... o
[
%
4 Z
X
d Layer \
(Low Turbulence) \ (b)
N 2 Free Atmosphere
Tl ¢ i et s
vigh | N e
urbulenc o / . z (km)
7/ =1 Ly L E Residual Layer
ion ayer . nsiabi layer s oot ]
soydegoeg g ff P AP T ) (PP SRR s | v e (e s st soiraers. | I TR A e s St - ] et e A
4 8 (hrs; J Stable Boundary Layer
Day 34 , Day 35— SNSRI s (3 [l (osu Bty SRS, A L, T e QUM L SRSERTR, 0 e S5 O
Fi I Sel wo' 2 ow ; wq £
igure 5. chematic of the boundary layer evolution during days 33-35
from the Wangar a experiment. During the daytime the mixing layer grows to Fig. 2.15 Idealized vertical soundings of turbulent fluxes for the (a) convective mixed layer and (b) stable boundary layer.
depths above 1km and is characterized by high levels of turbulence and a -
shallow and unstable surface layer. As the sun sets, the level of turbulence 5 0 .
drops precipitously, leaving a residual layer behind. The surface inversion nghttlme ﬂux prOflleS
layer grows throughout the nighttime hours, influenced by episodic
turbulence and radiational cooling. From Yamada and Mellor (1975). ~: 1 /aA~AA~A

It is based on thailiurnal cycle of temperature Due to the difference of day and nighttime fluxes,
it makes the stable and unstable layer. And wind speed is changed by mixing layer depth.
A PBLmainly affect wind speed and temperature change 5



Dynamical forecast!

#2 Model physics
Gravity wave drag (GWD)
- Thisschemeincludesthe effect of mountain inducedgravity wave drag from sub-grid

scaleorographyincludingconvectivebreaking shearbreakingandthe presenceof critical
levels Effectsare strong in the presenceof strong vertical wind shear and thermally

* GWDO : GWD induced byography

* GWDC : GWD induced tynvection

stablelayer.
, A % o
1 o L
| ' B
Upper-Level Wave-&reakmg : %-0 lﬂ r p
] i
1 pu
— !/ OW_ 1M
| 1
| Flow-Blocking Low-Level Wave-Breaking - 5 >f

| I |

|

| | |
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Dynamical forecast!

#2 Model physics

Gravity wave drag

Convective GWIparameterizations

A Chun andBaik(1998, 2002): The momentuftux spectrum for theconvective GWD
parameterizationwas first analytically formulated

A Chun et al. (2008): A nonlinear source effect watudedin the CGWD
parameterizatiorof Song andChun(2005) that had taken account dfabaticsource
alone

A Song and Chun (20083W propagatiomproperties wereexplicitly calculateénd a
three-dimensionabropagationof GWs was realistically represented

AN

24
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Dynamical forecast!

#2 Model physics
Precipitation processes

In real atmosphere, dynamical motiem RH > 1 => clouds formproduces rain

In modeledatmosphere RH < 1

L Neep convection : 1~10km
RH< 1

‘ Thus, we need theumulus parameterizatiorschemeto accountfor
releasing conditional instability due subgridscale motion

ulus parameterization
Scheme
(CPS)

Microphysics scheme

(MPS) Grid-resolvable
Scale precipitation

Sub-grid
Scale precipitation |

Fvne S L T e e e R LR LR L L LR R EE P T Grid Spacing ....................................... > Coarse
apec cLIMATE CENTER [N
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Dynamical forecast!

Nonconvective precipitation

#2 MOdeI phyS|CS large-scale precipitation
I\/Iicrophysics processes grid-resolvable scale precipitation
explicit moisture scheme

- Removesupersaturationafter deep and shallowconvection,and cloud scheme

feedbackto large-scale(accretion,collision,or coalescence) microphysics scheme

Bulkmicrophysics
hydrometeorswith sizedistributionin inverseexponentialfunction
- Singlemoment:  predictmixingratios of hydrometeors
- Doublemoment: +numberconcentrations
- Triplemoment: + reflectivity

Number concentration (N)

Nimlt .
| Cloud ice
Nihmf, Nihtf

Mixing ratio (q)

AN | Cloud ice
Pihmt, \, \Pihtf

Cloud water |

dNDR = Nog exp( / RDR)CD R
dNpg = NRlé(NR) Drexp( /zDg)dDg

Praut, Pracw, Psacw, Pgacw
(Prevp_rc)

3] Snow apec cLIMATE CENTER [N
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Dynamical forecast!
WSM VEersus WDM

Cold rain processes | Warm rain processes
(Hong et al. 2004; Hong and Lim 2006) (Khairoutdinov and Kogan 2000;

Cohardt and Pinty 2000)

CCN é”aerosoé

Graupel
Uc
q for4 hydrometeors will be predicted N,q for 2 hydrometeors will be
(Single Moment) 5 predicted PoubleMoment)

E S EEEEEEEEEEEE NSNS E S SN E S NN NN NN R s s s s s s EE S S S S S S e R e e amesssssssssssssg g EEEENN

N: cloud water, Rain, CCN

q: Cloud water, Rain, Ice, Snow,
Graupe] Vapor

WDMG6 l |
Lim and Hong,2010).

[ ] 27
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Dynamical forecast!

Parameterized convectior

#2 Model phySiCS Cumulus convectior

Convective precipitation parameterization Subgridscale precipitation
Implicit precipitation
- represents deep precipitating convection and feedback to lmapde
- must formulate the collective effects stibgridscaleclouds in terms
of the prognostic variable of grid scale

Convective schemé Hydrometer from
veomarT Microphysics processés Final precipitation!

ﬂ DOWNDRAFT

J—— - : Mg (A T
—

r
mytR, El =mgl™ e ME 28] Mg, E) = Mg (a) e M Fo=T)

—————————— z

MM, M
; iy i -
- = 1, Entrainment : |z " 0, g =Y
5 7 - Detrainment: MW, M4 §, =9
,/'}1 T ’\ Fics. 4.10. Model for updraft and downdraft of cloud type A (from Johnson 1976} IJZ p

- CPS computes the warming (cooling) rate in the grid box due to adiabatic
descent (ascentyith entrainment or detrainment of hydrometer.
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Dynamical forecast!

I Cloudiness
#2 Model physics Cloud fracion
Cloudiness parameterization Radiative cloud

Cloudradiation interaction

o ReflectSW/LW
Radiation Cloud

Enhanceor Reduce

Radiation
processes

cloudactivity /‘\ /
: Needto the cloudfraction in radiation processes Precipitation| ‘

schemes )
Diagnostic methods

Cloudiness ifunction of relative humidity, or of both relative humidity and cloud water
- Widely used in weather prediction and climate models

Cloudiness
parameterization

& -100q ¢
¢

FET(]__ RH) 08]0.49 =

e
C, = RH" gl-ex
e

Ice-cloud radiation

Cloud properties:direct input to radiation code
A effective radii of cloud droplet, ice particle, cloud water path

apec cLIMATE CENTER [N
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Dynamical forecast!

#2 Model physics
Resolution issuel

High resolutiorC Increased grid resolved procesgesimprovement prediction skill

s

Computing poweC One of reason to need the Supercomputer!!

apec cLIMATE CENTER [N
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Dynamical forecast!

#2 Model physics
Resolution issuel

Cutoff horizontal grid length for parameterizations

-PBL : ~50 nMirocha 2008 WRF workshop )

- GWDO : ~ 3 km (hydrostatic approximation)

-GWDC: ~ 3 km (go with CP

- Cumulus parameterization : ~ 3 km (Shin and Hong 2009)

C ubgrid-scale parameterization for physicsmay be necessaryeven at 1 km or
smallersincethe finite modelgrid cannotresolveall the nature explicitly

apec cLIMATE CENTER [N
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Dynamical forecast!

#3 Initialization

Estimating Current status of climate system

A Preparing the beginning initial state of GCM with available observation
I Balance between Wrong GCM vs Wrong OBS.
i Balance between componentatm, Ocn Land, Sed OS X 0

Observation

Model grid
A @M

Initial condition

Current status

Model
>
Forecast

How wellMJO (ENSan be predicted relies on how well a model cannugalized
especially in the atmosphere (upper ocean)

A atmospheric (oceanjitialization is important!!

apec cLIMATE CENTER [N 32
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What Is climate model?

- Representing dynamics, physics processdstmosphere land, ocean, sedce and
their coupled behavioumvell

Atmospheric circulation and radiation

Climate Model s!, ;{e 1 ‘

e Land physics
and hydrology

Atmospheric circulation and radiation

NWP model t ‘ Atmospheric circulation and radiation
Land physics Earth System | Allows interactive CO,
and hydrology Model 1 ‘ 1 ‘
Plant ecology and
land use

Land physics
and hydrology

- Acoupled climate model is a computer code that estimates the solutiafifferential equations

of fluid motion and thermodynamid® obtain time and space dependent values for temperature,
winds and currents, moisture and/or salinity and pressurthaatmosphere and ocean

- Componentof a climate model simulate thamosphere, the ocean, sea, ice, the land surface
and the vegetation on land and the biogeochemistry of the ocean

AnEarth System Model (ESN$ a coupled climate model that also explicitly models the movement
of carbon through the earth system

apec cLIMATE CENTER [N
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Uncertainties and limitation

What limits forecast skill?
w Model Error

- models physics are simpler than the real world

- resolutions are coarse (~1D0 km), so sma#icale processes can be
easily missed

w Errors in the initial conditions

e.g. measurement errors, gaps in the observing network, how
20aSNII GA2Yy It RlEdetc FNBE dzaSR Ay

w AtmogOceanChaog; small unmeasurable errors keep growing in a chaotic
way, making forecasts diverge from the reality

w Not all theinteractionsin the climate system are currently fully understood

¢ there may be sources of predictability that have not been found sc
not been included in the model

APEC CLIMATE CENTER .



Any Questior?
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H
How can improve the prediction skill?

Ensemble Forecasts

Make multiple forecasts by reality

Introducing small differences to the initial conditions within the range of
possible observational errosmulti-member ensemble forecasts

Combining different models, some model errors can be canceled
- multi-model ensemble forecasts

Ensemble forecasts can incorporate degree of uncertainty (chaos + errors)
through probabilistic forecasts

APEC CLIMATE CENTER | | 36
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How can improve the prediction skill? W
System improvemen

Air-sea interaction (ocean model coupling)

AGCM: Atmospherenly model
CGCM: Atmospher®cean coupled model

Ham et al. 2014
apec cLIMATE CENTER [N
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How can improve the prediction skill?
System |mprovement

Alir-sea interaction (ocean model coupling)
PreC|p|tat|on(AGCI\/Ic OBYS) SST (CGCHIAGCM)

30E 60E 90E 120 150E 180

=1 I [ T [ I I —
-2 -15 -1 -05 05 1 15 2

Netsfcheatflux Tt .
downSW¢ upSWcupLW+ downlLW¢ SHcLH SST; I.Dre.cmltat.l(.)n Ngqatlve feedback
Precipitation positive bias

C Positive: warming, Negative: cooling A SH decrease (SW reduce due to cloud)

A SST cooling
A Reduce preCIPItatlon APEC CLIMATE CENTER | | 38



How can improve the prediction skill?

System improvement

Air-sea interaction (ocean model coupling)

126W

a)

h
123W 120W 117w

126W 123W 120W 117W

45N 45N >
eceta Bank b ) b50 d)
) C,Blan%o
42N+ L 42N
-’
(C.Mendocing
39N
36N
Conception
33N

126W

123W 120W 17w

126W  123W 1200 117W

1111.51212.561313.561414.51515.51616.51717.51818.51919.5

Fig. 4 August 2005 monthly mean SST (°C') from (a) the 4-km AVHRR, (b) NCEP,

and (c) the CPL run. The distribution of buoy stations is displayed in (d).

Courtesy oti et al. 2012
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How can improve the prediction skill?

System |mprovement
Air-sea interaction (river routing model coupling)

(a) Salinity (log-scale)

(a) Temperature (K) (b) Salinity ((PSU=35)«1000)
30N RIV_ nR&!V e o'2 15 0 25al 3 E—r.s- —O.Jy 0 0.3 08
(o, S e 2% 3 .-j’r - %cf
15N ) . Py . |
¥ -0.01- ',.:'_4- 4 -‘;;;,hh
EQ- ) p n
........ — ‘ E” - £ 3
1551 e 001 T £ }; | °:
308 . ; — , 3 f 8 'f 1
120E 150E 180 150w 120w 90w - II;J - .f' f
(b) SST B _.__: _"_* Iy
30N J { fx"
15N 4 - I - / /
EQ-
1554 x The noticeableeduction of salinityin the coastal
i : regions due to thencreased runoff
120E 150E 180 1 50W 1 2ow 90W ~ . .
LD C Increased in SSOver the eastern equatorial
30N Pacific, upwelling region
— C Decrease in the upwelling of cold sea water due
o N to the reduction of trade wind
s C The resultant shallow mixed layer depth can cause
sl the anomalous warming

l 1206 150E - T80 150W 1;6w 90W
Shading region shows the 95% significance level

Ham et al. 2012 apec cLiMATE cenTER [N
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How can improve the prediction skill? O
System improvement
Air-sea interaction (river routing model coupling)

Precipitation biases

(¢) nRIV - CMAP (d) RIV-CMAP
30N 30N
15N 1 15N 45 %
£Q P el £Q PV fa
155 155 4
308 . ' S S A : 308 . . 5 :
1206 150E 180  150W  120W  90W 1206 150E 180  150W  120W  9OW

Ham et al. 2012

x nRIV exaggerated precipitatioover the central tropical ocean, underestimated it over the
eastern equatorial Pacific

C RIV experiment show a better agreement with the observed thatrun, due to adecrease
In it over the central tropical ocean.

apec cLIMATE CENTER [N
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How can improve the prediction skill?

| | . System |mprovement
Physics (convective parameterization)

CMAP & RA2 KF2 (0.87)

N T
20 ‘ g T R S
£Q g _______ Z N ﬁi | 7 ,\,‘,,,,,:fj‘:"”"”:*'*?1‘—111;::\:; \
T - RS R
205 4 9 E NI < S et ’
306 60E 90E 120€ 150E 180 150W 120W 90W 60W 306 60E 90E 1208 150€ 180 150W 1200 90W 60W
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How can improve the prediction skill?
System |mprovement

Physics (cloudiness development)
MODIS

60E 120€ 180 120W 60W 0

5 10 2
CLD3 TCDChel [JJA2008] NEWCLD TCDChel [JJA2008]

Mean = 29.0939 (%) WSMS_neW

Mean = 24.4019 (%)

[]

e a -bg;
C. = RH gl-ex
f S (1-RH) ¢

do.0- M

é' eSW
» Crota = 1-€Xpa@ Cyips +qCPS)RHb

C i

Cloud amounftrom the WSM3 experiment showumderestimationover the western Pacific.
New experiment shows significaimiprovement compared to the WSM3 result.

A Newexplicit cloudiness parameterization leadsinareasein cloud amountover the western
Pacific and Maritime continental region.

Ham et al. 2013 apec cLIMATE CENTER [N
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How can improve the prediction skill?
System improvement

Physics (cloudiness development)

Ham et al. 2013

Precipitation from the WSMS3 experiment show a overestimation over the western Pacific.
New experiment shows significaimhprovement compared to the WSM3 result.

A Newexplicit cloudiness parameterization leads to decrease in precipitation over the
western Pacific and Maritime continental region.
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How can improve the prediction skill?

System improvement
Coupling other component, physics, Initialization
x NCEP CFSWl CFSv2

Resolution, Initialization system, Land model,-®eamodel, CO2 mixing ratio, changing
physics schemes (radiation package, cloud optical thickness, convective gravity wave drag, etc.)

CFSv! Forecost Skill (%) of WH=MJO Index CFSv2 Forecast Skill (%) of WH~MJO Index
1999-2009 1999-2009
JAN

FEB

DEC
" i — . & 5 10 15 20 25 30 5 10 15 20 25
120E 180 120W 60W 60E 120E 180 120W 60W O Lsod:{3qys) kead: {toye)
"] 1 1
<ﬁ i pe—— 10 20 30 40 50 60 70 80 90
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 FIG. 1. The bivariate anomaly correlation (BAC) X 100 of CFS in predicting the MJO for
iod 1999-2009, ssed by the Wheeler and Hendon (2004) index (two EOFs of
FI1G. 2. Anomaly correlation of 3-month-mean SST between model forecasts and observation: (a) 3-month lead CFSvl, (b) 6-month lead E:r:hined zonal wi:; ::gr:.“ R) r):“ (left) (SI::I a:nd (:gm(;n C(I'Sﬂ.)l;dh:r(c::hjeﬂ c; ::)
CFSvl, (¢) 3-month lead CFSv2, and (d) 6-month lead CFSv2. Contours are plotted at an interval of 0.1. ic error correction. The black lines indicate the 0.5 level of BAC.

Courtesy ofSaheet al. 2014
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How can improve the prediction skill?

Improved Initial Condition From Prof. M.I. Lee
Impact of initialization on forecasskill (ECMWF)

60

N COCOBS BMATOBS MOC+AT ||

50

40

Ocean Atmos Both

30

Prediction Skill of SST Anomaly (4mtgad)
CCSM4. OMOM3 ODA)

©
=
=

20

. Tl

30N

BON -

30N A

EQ 4 =

1Lv03 [

-10——; é ;§ ,§ g 3 ﬁ g;— 305 A

8 g (:?\ lw) O o g 808 - -
[Balmasedeet al. 2009] - sos

60E 120E 180 120W 60w o)
o CCSM4 0 (MOM4 CFSRR)
N-
Same ocean model 0N 4 =2
Initial Condition change: son %

from GFDEOI (MOM3_ODA) EQ] ¢
to CFSR (based on MOM4, coupled) 3°s1#

80S

90S T T T T
60E 120E 180 120W B0W o

[Kirtmanet al., 2.014 BAMS]
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How can improve the prediction skill?

Improved Initial Condition From Prof. J.H. Jeong
Prediction leadimes

0-14 days 15-60 days 60 days and beyond
L ] 000000
Synoptic ~ Subseasonal Seasonato-Interannual

Atmospheric I.C. _:> _:> MJO, stratospheric circulation
Land surface I.C.|:~ —:> Soitmoisture, snow

Oceanic I.C. | —_ > SSTsea ice

Weather Climate

Current Climate prediction model: SST, Atmospheric circulation
Important forcing for climate prediction: Slevaryingsoiltmoisture, snow, sea&e (NOT many)
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How can improve the prediction skill?

Improved Initial Condition From Prof. M.I. Lee
APCC/CIiPAS MME Skill for 2m Air Temperature (1981-2003) GloSea4(left) and GloSeas5(right) hindcast skill
() JUA (b) DJF (initialized at May)

_p:

b\ @ PR VT AR
PANN, S )
4] 60E 120E 180 120W 60w 0 [] B0E 120E 180 120W  60W 1]

APCC/CIiIPAS MME Skill for Precipitation (1981-2003)
(b) DuF

GON

40N 40N F15y
20N 20N
£Q EQ
205 205 1-
405 + i 1405 -
0 60E  120E 180  120W  BOW 0 0 60E  120E 180  120W  GOW 0
—el ] [ I \ I T e
-0.9 -0.7 —0.5 -0.3 =01 0.1 0.3 a.5 0.7 0.9

Wang et al. 2008 (Climate Dynamics)

Almost climate model show the low
prediction skill in land area for
temperature as well as precipitation.

-0.7 -05 -042 -041 0.1
Lee et al. 2014 (APJAS)
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How can improve the prediction skill?
Improved Initial Condition

Impact of Soil Moisture Initialization on Forecast SKkill

Randal Koster (Randal D Kosfer@nasa gov) and Max Suarez (Max J Suarez@nasa.gov)
NASA GSFCYEarin Sciences DirectoratesLaborafary for Hydrospheric Processes/Hydrological Sciences Branch

Observations :

1988 U.S.

Drought
(JJA precipitation
anomalies,
in mm/day)

Predicted: Without
Soil Moisture
- Initialization

\? =rf (using full GLDAS system)

Predicted: With Soil
Moisture Initialization

Koster et al. (2004; J Climate)

Note — this is one
of our more skill-

™ ful predictions.

The success
probably stems

| from the extreme

nature of the
initial anomaly.

16-30 - ij; 1

days | 1"
]

i Precup V \j N

31-45 - iz g; Sé

days . N -
(]

“ -77 U Qx

R 3
" -?7 v 4,

%

46-60 -
days .

Predictability (14, With land ICs minus r?,,, w/o land ICs)
T T T T T T T
' O O O O O OO0 O O o
I - = -G TR T T X Y
hidvyhhhgdsoomomoconcaonm

Koster, Jeong et al. (2011; J Hydromet.)

Soil moisture is important factor in climate prediction
. with soil moisturanitalizationlead to the improved prediction skill foeemperature
. landinitialization can affect predictability of temperature as well as precipitation
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How can improve the prediction skill?
Improved Initial Condition

Root Zone Soil Wetness 38—41°N, 88—92°W

From Prof. J.H. Jeong

Real world

Initialized here, " b R,
say perfectly, but

0.64
0.55 4

0.54

X Control Ensemnble Mean

0.44 = -
» il ™ .
o - - A - o
— GSWP Ensemble Members e - - f-‘_ o i
0.38 — GSWP Ensemble Mean - = TE o i ~ A
e = ,. > - W . e W
: T N [ azRSt Qa ¢

© Observations

0.3

1BJUL 1AUG 16AUG 15EP

TEMAY
1987

Fic. 4. Comparizon of the svelution of root

- 7 a id o
n-Feb Mar—Apr i Tnits are faction of saturation.
om

; ; o 2 . Due to large biases, directly
o8, 2 f‘sﬁ ﬁ,& 'i.,z’.- : Obssnow initialization is not reasonable
) = o o - A Anomaly initialization is needefi
4 ¢leg g f{“ﬁ "L: ;;. ObsERAI A Itcan con_spler the observed
: characteristics to the model
with reducing unbalance

(g de g 8y i | ObsCAM3(model) between model and real world
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How can improve the prediction skill? @
Improved Initial Condition From Prof. J.H. Jeong

Sep-0ct Nov-Dec Jan—Feb Mar—Apr

Recently, snow depth initialization is
also issue for climate prediction modgl

Day 1-15

Jeong et al. 2013

B RLE e - Snow depth initializationcan lead to
s = < positive effect over East Asia or North
| o | e = America, others
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Jeong et al. (2013; J Climate)

apec cLIMATE CENTER [N

o1



How can improve the prediction skill? L
Improved Initial Condition From Prof. J.H. Jeong

Kuget al. (2015; Nature Geoscience)
Warm anomaly over Kar8arents
sea leads to cold anomaly over the
East Asia after 2 weeks.

Interaction between Se&e and temperature anomaly is already well known system.
However, there are huge biases over the High latitude region in the climate mogel
system.C Need to suitable initialization fdgeaice
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