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Weather summary = Climate

Expectation=
mean condition
of atmosphere
(temp. & Prcp.)

climate
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Weather is what weget,
Climateis what weexpect



Climate = EXxpectation
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Climate Variabllity

Climate variability = (variability of expectation)
= spatiotemporal fluctuations (oscillations) of mean
atmospheric condition associated with dynamical
atmospheric/oceanic systems

What are they?
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Inter Tropical Convergence Zone (ITCZ)
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Inter Tropical Convergence Zone (ITCZ)
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Precipitation (mm)

As the Intertropical Convergence Zone (ITCZ) changes location through
the year, the winds, rains, and the location of wet monsoon weather
changes, too. In this example from Asia and Australia, the ITCZ moves
from the Southern Hemisphere (left map) to the Northern Hemisphere
(right map). (Images: UCAR)

pitation (mm)

As the ITCZ swings north during the summer months, it brings monsoon
rains to Kozhikode, India. As the ITCZ drops south during summer in the E
Southern Hemisphere, it brings monsoon rains to Darwin, Australia.
(Images: UCAR)
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Monsoon

(b) summer (JJA)
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Monsoon
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Australian Monsoon

mm/day

10 12

Global rainfall daily averages {1979-2008) for the months of January (left) and July {right). The monsoon trough is positioned over northem Australia in the

southern summer, and moves northward during the southern winter.




Western Pacific Warm Pool (WPWP)
F#1 EI AOA %l CET A ¢ OAI Al AAO

SST > 28.5°C

http://npoce.qdio.ac.cn/background
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A Big Ocean Swing » Themmocine

(b) El Nifio conditions
Walker Copyright © 2005 Pearson Prentice Hall, Inc.

Circulation
Cell
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Thermocline
Upwelling

(@) Normal conditions

Copyright © 2005 Pearson Prentice Hall, Inc.

Thermocline )
Cold Upwelling

(c) La Nifia conditions

Copyright © 2005 Pearson Prentice Hall, Inc.



ENSO impact

Precipitation (peak El Nino)
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ENSO impact
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Indian Ocean Dipole
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Indian Ocean Dipole
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Eiuatorial thermocline

Indian Ocean Dipole (IOD):

Equator

Neutral phase
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Indian Ocean Dipole (IOD)

East Africa
Heavy rainfall
and severs
flooding

East Africa
Flocding
caused
severe famine

East Africa
Acute Rift
Valley fever
virus (RVFV)
outbreak
1997-98

The Threat of Indian Ocean Dipole

Phuket
Coral bleaching due
70 low sec level

India
Excess rainfall
and flooding

Mentawai Islands, Sumaira

Large scale harmful clgce tloom
caused massive destruction of
marine ecosystem 1997-98

Bangladesh
Excess ranfall

Auvstralia
Dry winter at
southwestemn
Australia

East Asia
Hot and dry
summer

Vietham
Excess rainfall

Southeast
Asia
Drought and
haze

Indonesia
Severe
drought and
forest fire



Indian Ocean Basinvide Mode (IOBM)

Negative IOBW, DJF
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Climate = EXxpectation




Climate = EXxpectation
Change Should be
changed!




Climate = EXxpectation
Prediction of
Expectation

How uncertain!



Prediction

. a rigorous (often quantitative,) statement forecasting
what will happenunder specific conditions

Atmosphere is

. t I .
(in meteorology) dynamical system!

- What : atmospheric state

(weather) vt C
d_x = F(X, a)
N dt
- Conditions:
current state, physical rules, )\(J(t +0)
0

external forcing factors C e
= X(t,) + {FOK(D.a(0)

28




Chaos

Small difference in the
Initial state cause huge
difference later even i

a 02y RA (A 2 ytgedeterministic
nonlinear system.

Our knowledge Is never perfect!
M LISNFSOuU FT2NBOIF at



Predictability

Depends onwhat to predict

Temperature of Seoul (Korea)

VTR o z‘/7/§ roon zfomormW Temperature of Jakarta (Indonesia)
V Temperature of this room in 30aays later Temperature of Villa LasEstrellas

V Temperature of this room in 30years later ‘Antarctica)

Predictability

V Temperature V  Mean Temperature during a day
V rainfall V  Mean Temperature during a month
V  wind speed V  Mean Temperature during a century




Why Predictabllity Is varying with
location/variables

Characteristics of variability is differemnt

Z In Tropics : weather Focal convection (time scale few
hours)
Z In Extratropics : weather ssynopticsystem (time scale few

days

Z (daily) Rainfallis more chaotic (highly nonlinear) than
temperature/pressure

32



Sighal & Noise

Two scales
ZFast and smalécale processes : noise
ZWeatherby tropical cyclone etc.

ZSlow and largeprocesses :
ZClimate byENSQITCZ, monsoonylJOand so forth

FWhatistheSignae | (T x xA AAT OOAAde(

Z Tendency of weather that has to be physically caused flgw varying processes



Potential predictabllity

Matter of
Signa| Measured by relative magnitude
(variance) of signal and noise
8‘_ Signal >> Noise : more predictable
NO|Se Signal << Noise : less predictable

X =Xs+ Xn

34
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Weather statistics
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Primary seasonal weather statistics :
seasonal Seasonal

36



2002 summer (JJA) rainfall
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Methods

AStatistical (Empirical)
ZUse observed relationship of climate system to predict future
ZLinear

ADynamical
" AOAA 11 ODPEUOEAAI 1 Axd | £ Al
OOEA [ Al T OuUbo

ZNonlinear



Pros/Cons

Statistical/Empirical  Dynamical

ESimple and cheap FComplex and expensive
FBased on (observation) data EBased on Law

FData is real thing but do we FEls our understanding
have enough? accurate?

FUnprecedented events
predictable ??77?



Statistical forecasting

(0) Climatology (1) Persistence

Z Baseline of seasonal forecasting Z Assume that future will be same

2O. 1T OEET ¢ DPAOOEAOI ADHSN@E 08 6
wo p) w@ p) wa

V Rainfall amount will be similar to vi E£OAT #11 OA Ol

30 year average. expectation.

V) AT 160 EITIT xe j
Near Normal?

Y b gvV¥Efeetigewhen the dutgcorrelatio
Is large (e.g. ENSO forecast)

(2) Regression
Z The most popular method and many variationg

DO p O
X :predictand (e.g. rainfall at a station)
y : predictor (e.g. NINO3.4 SST)




Regression based forecast

Question #1 : Predictor selectiorl

- How to definepredictor (y)?

- By definition, predictor should
cause some changes in variatior
of predictand. /

o <

Question #2 : appropriate Function

-How to defineaandb?
-Your choicelinear, nonlinear, single
| Ol OE88AT I Pl Ag i

\necessarily better.

(3 1

Predictand . my mood in the morning
Predictor? Relationship?

0O P 0@ & AN
WO p) OO wow(Ow
(@O p OO p OO OO
One to One : often not very satisfactory
One to Multi : easy taverfit (lie)
Multi to Multi : looks nice but often produce
nothing practical

V If they gives similar resultthe simpler is

/V Should be based oPhysical relationship

the better!

between predictors andpredictands

V Predictor cannot be tiny signal in the
seasonal forecast

v +AAD OAT OAOGG6 11 OEA
by chance

V Selected predictor should be validated with

separate data

—)



Model Prediction Error

Happiness

Weakness pverfitting

Consider potential predictability

Wealth

L

Prediction Error
for New Data

6

Training Error

Model Complexity

from Scott Fortmann-Roe 2012

-

If model output is fitted to the
unpredictable noise Overfitting
2 KIG AT 6S NBY2O

observation?

S




' Pfedictyield of Greek bondswith number of
Facebook users

IS it appropriate?

Fig. 1
IS FACEBOOK DRIVING
THE GREEK DEBT CRISIS?

If yes, why?

Number
of active
16 Facebook users

If not, why?

16.82

Yield on 10-year Greek
government bonds

5.5m users

. 2005 2010

Frombusiness week



' bredictglobal average temperaturewith
Carbon dioxide concentration

IS it appropriate?

mems flobal average temperature —14.5

3a0f  weem CO; (ice cores)
ms C05 (Mauna Loa) E
g 360 g If yes, why?
£ a0 z
E — 14[‘.*&i
£ T If not, why?
5 :
0 g

&

| | | | | | 135
1880 1900 1920 1940 1960 1980 2000

Image Sourceimages.iop.org



http://images.iop.org/objects/physicsweb/world/19/9/3/PWbur_09-06.gif
http://images.iop.org/objects/physicsweb/world/19/9/3/PWbur_09-06.gif

Dynamical forecast

AlJse GCM : Global Climate Model
z) O OOAA O1F AA AAIT T AA O' Al AOAI




Dynamical forecast

AGoverning Equation®y Written as computer program
code (NWP)
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Numerical modeling

Alssue
zDigitization (physical variable is continuous, but computer needs

4 Pa 4 rd 7z Pa 4 L] N —

AEQEOEUAOEI | 0
V Resolution,subgridscale parameterization

ZUnknown processes, tunable parameters
Z Initialization (for forecasting)

NO perfect GCM
NOT the same with NATUF



Ensemble Forecasting

ARuUN many times

Z Starts from slightly different initial conditions

B-hourly Track and Intensity (kt) for ISAACO9L
GFDL ensemble forecast for the 126 hrs from 08725AUG2012
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ARun with many models

NINO3.4 SST Anomaly (°C)

Multi Model Ensemble Forecasting

Mid-Jun 2015 Plume of Model ENSO Predictions

2015

2016

3.0 T T I I 1 I I I I I Dynamical Model:
IRI / CPC H B NCEP CFSw2
25 B NASA GMAD
DYN AVG e n JMA
= SCRIPPS
20 STATAVG % Sc’
AUS/POAMA
1.6 ECIMWF
® UKMO
= B KMASNU
1.0 : o . & ESSIC ICM
- S— J} e *\ 4 COLACCSM3
0.5 = e - SRR _e____‘*_-_i + MetFRANGE
SINTEX-F
00 CS-IR-MAM
GFDL CM2.1
# CMC CANSIP
05+ — & GFDLFLOR
Statistical Model:
1.0F - © cPc mRKov
O CDCLIM
1 5k | CPC CA
CPC CCA
CSU CLIPR
20k - UBC MMET
OBS FORECAST FSUREGR
-25 | | | | | | | | | UCLA-TCD
MAM May MJIJ JJA JAS ASO SON OND NDJ DJF JFM FMA

Which one??



Use all!

Pattern correlation : summer monsoon precip.

0.32 (indv.)
0.44 (MME)

-0.2

1952 1954 19%6 1958 1950 1952 1954 1956 1958 2060
year
A way toreduce prediction uncertaintiegenerated when any
single model is selected (to avoid extremely wrong forecast),
In the end, tomprove overall prediction skil{global sense)



APCC MME Climate Prediction
Information

Climate Outlook for May- October 2017

BUSAN, 25 April 2017 — Synthesis of the latest model forecasts for May to October 2017 (MJJASO) at the
APEC Climate Center (APCC), located in Busan, Korea, indicates persistent positive temperature anomaly
across the tropical Pacific with the positive EI Nino-Southern Oscillation (ENSO) phase. The forecast for
the whole period shows a warm tendency over the most part of Eurasia and North and South America.
Above normal temperature is highly probable over the tropical Pacific, eastern subtropical South Pacific,
the western and southern Indian Ocean, and the Barents Sea. For the same period, below and near
normal rainfalls are probable over the Great Australian Bight and the central Pacific, respectively. The
forecast for MJJ 2017 suggests a negative temperature anomaly over the northeastern Pacific and the
central Indian Ocean. Below normal rainfalls are highly probable for the central Indian Ocean. The
forecast for ASO 2017 shows dry conditions over the maritime continent and the Caribbean Sea.

Temperature and Precipitation Outlook:

1. Forecast for May- July 2017

St h h ed bability for above nomal t is predicted forthe tropical and sut ical Pacific
and Atlantic, the B Sea, the N ian Sea, the Bering Bea, the Sea of Okhotek, the Ammbian Sea, the
Bay of Bengal, the westem and southem Indian Ocean including Mad ar, the Medi 8ea, the
Gulf of Mexico, and the Caribbean Sea. Enhanced probabilty for above nomnal temperature is predicted for
the eastam Indian Ocean, the ti { , Mongolia, the and h China, the Middle
East, and northem Africa. A wam tendency is expected forthe Arctic, Greenland, most of Eurasia, and North
and South America. Enhanced probability for below nomal is predicted for the h North

Pacific and the central Indian Ocean. Enhanced probabilty forabove nomal precipitation is predicted for the
southem Philippine 8ea, central Africa, and southem South America. Strongl enhanced probabilty for below
nomal precipitation is predicted for the central Indian Ocean and the Great Australian Bight. Enhanced

probabilty for below nomal ipitation is dicted for the Indian Ocean, Austmalia, the northem
Philippine 8ea, and the central off-equatonal North Pacific. Precipitation in the central and eastem equaterial
Pacific, the Middle East, and the h and hem Africa is predicted to be nearnomal.

Temperature at 2m for May-July 2017

Seasonal outlook (global & Pacific)

ENSO & IOD prediction

Nino3.4 Index for 2017 MJJASO

3.0
J OBS Data Sowve: OISST
2.0 = Climatckogy : 1983 - 2003
:g 1.0 5
< 00 .___4_______.;
1.0 3
Z 203
N OBS
a0 T
ocT 2017 JAN

@ APEC Climate Center

Fig. 1. Predicted Mifio 3.4 Index from individual models (A, B, C, D, E, F and G) and the simple composite Multi-
Model Ensemble (MME) method [SCM).

10D Index for 2017 MIJASO
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What APCC has achieved!

0.9 — Precipit;ation Global [Q—36OE, 9QS—9ON] -
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Realtimerainfall forecast for last 4 years (145)

ROC score : Perfect = Meaningless(no skill) =0.5



Uncertainty in climate prediction

time e XX Xy

forecast uncertai

initial condition
uncertainty

current ’
\ climatology ‘ ’

Slingo, Julia, and Tim Palmer. "Uncertainty in weather and climate D> ¢ \\/:T% -
prediction." Philosophical Transactions of the Royal Society of London A: " ' 3 > el C s

Mathematical, Physical and Engineering Scien869.1956 (2011): 44167 .

Even with MME,still many region in the world, prediction skill is very low...
Any room for further improvement?

Further actions required/requested!
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Climate/weather related disasters

5. Jan. 13 — Flooding in the capital

= o

‘ In&oﬁesia landslide: 20 dead and dozens
' still missing

© 14 December 2014 | Asia Lan d S I I d e

Rescuers, including local residents, are still hoping to find survivors



2015 Drought in Thailand

TIME | World L SEARCH SIGNIN | SuBs

Thailand's main

% reservoirs have fallen
to the lowest levels
since 1987

fé \ 3,7! e 59 = oy

THAILAND. IS IN-THE'MIDST OF ONE-OF THE WORST'DROUGHTS IN
LIVING-MEMORY

THAILAND

Thailand is Suffering From The
Worst Drought in Decades

S 000
Jul 16,2015
Thailand is experiencing the worst drought in decades, with seven

out of 67 provinces affected and water rationing taking place in
almost a third of the country.

Thailand’s Irrigation Department said that the amount of usable
water in dams across the country, except in the West, have dwindled
to below 10 percent and in the capital Bangkok tap water production

http://time.com/3960462/thailanddrought/

http://monsoon.yale.edu/thailanddroughtleaveslasting-
effects-evenrasrainy-seasonbegins/

Water reserves run low in Thailand’s Lamtakong Dam.



