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Weather is what we get, 
 

Climate is what we expect! 



Climate Expectation = 



CLIMATE 
VARIABILITY? 

 

 



Climate Variability 

 
Climate variability = (variability of expectation) 

= spatiotemporal fluctuations (oscillations) of mean 
atmospheric condition associated with dynamical 

atmospheric/oceanic systems 
 
 

What are they? 
 
 



Climate Variability 

Energy Source: Solar radiation 
 
Very obvious diurnal and seasonal cycle 
(oscillation) due to earth rotation & 
resolution (relative to the Sun) 

IOD/IOBM 

MJO MONSOON ITCZ 



Inter Tropical Convergence Zone (ITCZ) 
https://earthobservatory.nasa.gov/IOTD/view.php?id=703 



Inter Tropical Convergence Zone (ITCZ) 

http://monsoon.yale.edu/why-monsoons-happen/ 

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) 
 
 
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 
Southern Hemisphere, it brings monsoon rains to Darwin, Australia. 
(Images: UCAR) 



Monsoon 



Monsoon 



Regional difference 

Coastal area vs Inland 



Australian Monsoon 



Western Pacific Warm Pool (WPWP) 

•Climate Engine : remember “mean” feature 

http://npoce.qdio.ac.cn/background 

SST > 28.5º C 



ENSO 

•A Big Ocean Swing 



ENSO impact 

Source: TCC, JMA 

+Nino, DJF 

-Nino, DJF 



ENSO impact 

Source: TCC, JMA 

+Nino, MAM 

-Nino, DJF 



Don’t forget Indian Ocean 

Indian Ocean Basin Mode 

Source: http://www.climate.rocksea.org/research/indian-ocean-
warming/ 

Indian Ocean Dipole 

http://devconsultancygroup.blogspot.kr/2010/
08/la-nina-disasters-much-worst-
probably.html 



Indian Ocean Dipole  
(IOD) 

Two modes 
 
1. IO Dipole (SO) 
2. IO Basin mode (AM) 



Indian Ocean Dipole (IOD) 



Indian Ocean Basin-wide Mode (IOBM) 

Positive IOBW, MAM Negative IOBW, MAM 

Negative IOBW, DJF 

Source: TCC, JMA 



 ENSO + IOD 
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Climate Expectation = 



Climate 
Change 

Expectation 
Should be 
changed! 

= 



Climate 
Prediction 

Expectation 
of 

Expectation 

= 

How uncertain! 
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 : a rigorous (often quantitative,) statement forecasting 
what will happen under specific conditions 

Prediction 

(in meteorology) 

- What : atmospheric state 

(weather) 

- Conditions:  

current state, physical rules, 
external forcing factors 
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Atmosphere is 
dynamical system! 
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Determinism 
Perfect prediction is 
possible when we 
have knowledge of all 
necessary “conditions” 

),( aXF
dt

Xd 




Chaos 
Small difference in the 
initial state cause huge 
difference later even in 
the deterministic 
nonlinear system.  

Our knowledge is never perfect! 

→ perfect forecast is impossible… 
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Predictability 

Depends on what to predict 

Lead time(τ) 

 

Location 

 

 

Physical variables 

 

Time-scale of predictand 

Predictability 

 Temperature of Seoul (Korea) 
 Temperature of Jakarta (Indonesia) 
 Temperature of Villa Las Estrellas 

(Antarctica) 

 Temperature of this room tomorrow 
 Temperature of this room in 30days later 
 Temperature of this room in 30years later 

 Temperature 
 rainfall 
 wind speed 

 Mean Temperature during a day 
 Mean Temperature during a month 
 Mean Temperature during a century 
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Why Predictability is varying with 
location/variables 

Characteristics of variability is different! 

 

– In Tropics : weather = local convection (time scale ~ few 
hours) 

– In Extratropics : weather = synoptic system (time scale ~ few 
days) 

 

– (daily) Rainfall is more chaotic (highly nonlinear) than 
temperature/pressure 



Signal & Noise 

•What is the Signal? (How we can “see”?) 
– Tendency of weather that has to be physically caused by slow varying processes  

Two scales 

•Fast and small scale processes : 

–Weather by tropical cyclone etc. 

•Slow and large processes : 

–Climate by ENSO, ITCZ, monsoon, MJO and so forth 

 

noise 

signal 
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Potential predictability 

Measured by relative magnitude 
(variance) of signal and noise 

Signal >> Noise : more predictable 

Signal << Noise : less predictable 

Matter of  
Signal  

&  
Noise 

X = Xs + Xn 



Climate 
prediction 

Seasonal 
forecast 

Sub-seasonal 
forecast 
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Weather statistics 

Seasonal 
mean 

Primary seasonal weather statistics : 
seasonal mean 



2002 summer (JJA) rainfall 

Monthly mean prec. (Aug) Summer mean prec. 

Typhoon “RUSA” passed at 8/31 (1000mm a day)  



Methods 

Statistical (Empirical) 

–Use observed relationship of climate system to predict future 

–Linear  

 

Dynamical 

–Based on “physical law” of climate system and expect to mimic 
“the memory” 

–Nonlinear 



Pros/Cons 

Statistical/Empirical  
•Simple and cheap 

•Based on (observation) data  

•Data is real thing but do we 
have enough? 

•Unprecedented events 
predictable ???? 

Dynamical  
•Complex and expensive 

•Based on Law 

•Is our understanding 
accurate? 

 



Statistical forecasting 

(0) Climatology 
– Baseline of seasonal forecasting  

– “Nothing particular, Sir.”  
 

 

Rainfall amount will be similar to 
30 year average.  

I don’t know? (33%:33%:33%) or 
Near Normal? 

𝑥 𝑡 + 1 = 𝑥  

(1) Persistence 
– Assume that future will be same 

as it is now. 
 

 

Often Close to people’s 
expectation. 

Effective when the autocorrelation 
is large (e.g. ENSO forecast) 

𝑥′ 𝑡 + 1 = 𝑥′(𝑡) 

(2) Regression 
– The most popular method and many variations 

 

 

x : predictand (e.g. rainfall at a station) 

y : predictor (e.g. NINO3.4 SST) 

 

𝑥′(𝑡 + 1) = 𝑎𝑦 𝑡 + 𝑏 



Regression based forecast 

𝒙′(𝒕 + 𝟏) = 𝒂𝒚 𝒕 + 𝒃 
Predictand : my mood in the morning 
Predictor? Relationship? 

Question #2 : appropriate Function 
 

- How to define a and b? 
- Your choice: linear, nonlinear, single, 
multi….complex ones are not 
necessarily better.  

𝑥′ 𝑡 + 1 = 𝑎𝑦 𝑡 + 𝑏 
𝑥′ 𝑡 + 1 = 𝑎1𝑦1 𝑡 + 𝑎2𝑦2 𝑡 𝑏 
𝑥1

′ 𝑡 + 1 +𝑥2
′ 𝑡 + 1 = 𝑎1𝑦1 𝑡 + 𝑎2𝑦2 𝑡 𝑏 

 
 

One to One : often not very satisfactory 
One to Multi : easy to overfit (lie) 
Multi to Multi : looks nice but often produce 
nothing practical 

 If they gives similar result, the simpler is 
the better! 

Question #1 : Predictor selection 
 

- How to define predictor (y)? 
- By definition, predictor should 
cause some changes in variation 
of predictand. 

 Should be based on Physical relationship 
between predictors and predictands 

 Predictor cannot be tiny signal in the 
seasonal forecast 

 Keep “doubt” on the possibility of selection 
by chance  

 Selected predictor should be validated with 
separate data 



■  Consider  potential predictability 

If model output is fitted to the 

unpredictable noise : Overfitting.  

What if we remove “noise” in the 

observation?  

from Scott Fortmann-Roe 2012 

Weakness : overfitting 



Predict yield of Greek bonds with number of 
Facebook users 

 
If yes, why? 
 
If not, why? 

From business week 

Is it appropriate? 



Predict global average temperature with 
Carbon dioxide concentration 

Image Source: images.iop.org 

 
If yes, why? 
 
If not, why? 

Is it appropriate? 

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 

Use GCM : Global Climate Model 

–It used to be called “General Circulation Model” 



Dynamical forecast 

Governing Equations  Written as computer program 
code (NWP) 
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Numerical modeling 

Issue 

–Digitization (physical variable is continuous, but computer needs 
digitization”) 
Resolution, subgrid-scale parameterization 

 

 

 

 

 

–Unknown processes, tunable parameters 

–Initialization (for forecasting) 

NO perfect GCM  
NOT the same with NATURE 



Ensemble Forecasting 

Run many times 

–Starts from slightly different initial conditions 



Multi Model Ensemble Forecasting 

Run with many models 

Which one?? 



Use all! 


i

iiFaP

A way to reduce prediction uncertainties generated when any 
single model is selected (to avoid extremely wrong forecast), 
in the end, to improve overall prediction skill (global sense)   



APCC MME Climate Prediction 
Information 

Seasonal outlook (global & Pacific) 

ENSO & IOD prediction 



What APCC has achieved! 

APCC WMOLC ECMWF NCEP UKMO JMA 

AN 0.569457 0.541897 0.535531 0.52996 0.528975 0.531497 

NN 0.520962 0.521424 0.537661 0.519823 0.524022 0.514656 

BN 0.567702 0.533777 0.516511 0.535767 0.516994 0.534244 

ROC score : Perfect = 1,  Meaningless(no skill) =0.5  

Realtime rainfall forecast for last 4 years (12-15) 



Uncertainty in climate prediction 

Slingo, Julia, and Tim Palmer. "Uncertainty in weather and climate 
prediction." Philosophical Transactions of the Royal Society of London A: 
Mathematical, Physical and Engineering Sciences 369.1956 (2011): 4751-4767. 

A long way to go… 
 

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 

Flood 

Landslide 

Strong wind 



2015 Drought in Thailand 
http://monsoon.yale.edu/thailand-drought-leaves-lasting-
effects-even-as-rainy-season-begins/ 

http://time.com/3960462/thailand-drought/ 



2015 Drought in Thailand 
:during prolonged El Nino 
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2015 Myanmar Flood 
:the worst for decades 

Beginning on 16 July 2015, unusually heavy monsoon rain fell 
on Myanmar, causing rivers and creeks to overflow with 
rainwater and flooding low-lying areas around waterways.  
In addition to the higher-than-average rainfall, … 
deforestation caused by logging ~ 
Cyclone Komen, which struck in late July, also made the 
situation worse. 
 
https://en.wikipedia.org/wiki/2015_Myanmar_floods 



2016 Drought in Southeast Asia  



Indonesia wildfire 
:97/98, 2013, 2015 dry season 

https://rainforests.mongabay.com/08indo_fires.htm 

https://en.wikipedia.org/wiki/1997_Indonesian_forest_fires 

https://www.google.co.kr/search?q=indonesia+wildfire+
1997&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi9o
OGUhqrcAhUJFogKHTaIBeEQ_AUICigB&biw=1745&bih=
861#imgrc=2OnzANCTqgpQcM: 

https://www.google.co.kr/search?q=indonesia+wildfire+1997&source=lnms&tbm=isch&
sa=X&ved=0ahUKEwi9oOGUhqrcAhUJFogKHTaIBeEQ_AUICigB&biw=1745&bih=861#im
gdii=DA3nBYrF9rmWdM:&imgrc=ELAMGJFKU97fPM: 



Importance of “Accurate” prediction 

ACCURATE climate prediction optimized to your region (city) will 
make early warning possible and reduce economic and human 
losses.  

Climate 
Disaster 

Human 
fatality 

Damage of 
houses, load 
and bridges 

Reduction of 
crop product 

Animal 
mortality 

Political issue 
(conflict 
between 
nations) 



Climate Locality 

- Complicate climate of Peru 



Mountain Climate 
How different is the climate between 2 adjacent stations in the east of Arequipa?  
But, they are in one grid! OMG!!!  

x
x 



Island Climate 
Observed large-scale relationship 

Model representation of the relationship 

Coarse model resolution 

The reality 

Simulation skills 

Can 2.5 by 2.5 grided model correctly simulate mountain/island climate 
therefore tell local climates between adjacent stations? Not really.  



Look inside! 



POST-PROCESSING 
/DOWNSCALING! 

 

=OPTIMIZATION/LOCALIZATION/CUSTOMIZ
ATION OF CLIMATE INFORMATION 



Dynamical downscaling 

- Simply, it is running a 
regional climate model (RCM). 
 
- BC from GCM, IC  solving 
dynamic equations! 

 1 month computing time 
for 1 month prediction ? 



Empirical-statistical downscaling 

•Based on empirical relationship between precipitation/temperature 
at particular stations and in-situ/remote large scale 
Atmospheric/Oceanic condition  

 Developing simple downscaling model (regression) 

 

 



Station to LSMP relationship 
Western Southeast Asia 

Indian Ocean Basin-wide Cooling: 

SST↓  Yangon rain ↑  

SST↑  Yangon rain ↓ 

 

OBS (Reanalysis) Model (SCM) 



Station to LSMP relationship 
Maritime Continent: Indonesia 

Indian Ocean Dipole: 

Cold West Warm East  Jakarta rain ↑  

Warm West Cold East  Jakarta rain ↓  

La Niñ a (and negative IOD) signature 

Pacific ENSO: 

La Niña  Jakarta rain ↑  

El Niño  Jakarta rain ↓  

 



Google uses AI to sharpen low-res images 

https://www.engadget.com/2017/02/07/google-ai-image-enhancement/ 



APCC Downscaling Tools 

In changing climate … 

    : increase of climate related disasters 
 

The gaps… 

    : low dynamical prediction skill, coarse 
model resolution but climate locality, limited 
human and material resources 

 

The needs… 

    : prediction of next season climate in local 
community (e.g. small islands) 

 

What we have! 

    : Prcp/temp station data (past) & coarse 
GCM data (past & future) 

 

What we know! 

    : past relationship  (site – large scale field) 

Downscale 

http://clik.apcc21.org/ 

http://clikp.sprep.org/ 

& 



PICΛSO  
:Pacific Island Countries Advanced Seasonal Outook 



PICASO > Probability Distribution 

Interactive Probability Scale 

Chance of rainfall less than 
299.3mm/mon during SON, 2017 
= 49.1% 

Chance of rainfall more than 
299.3mm/mon during SON, 2017 
= 50.9% 

• Applicable to other sectors 

Water 
resources 

management 

Disaster Risk 
Reduction 

Agricultural 
planning 

Probability below/above specific criteria 



Nauru 

For the past decades, water security has been an issue! 

Sea Water 
Primary 

Screening 
Sedimentation 

Tank 
Multimedia 

Filter 
Cartridge filter 

RO Storage Tank 
Chlorine 

Treatment 
Tanker Customer 

NUC Water Services Flow Chart 

NUC Water Plants 
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 Rainwater: the principal source of 
water with more than 90% of the 
population  

 No surface water  
 Groundwater: brackish polluted  

 
 Drought periods are relatively 

frequent in Nauru. 



Tonga 

Annual Rainfall: 1,770 mm 
Potential Evaporation: 1,550 mm 

Tonga Water Board (TWB) 
: water supply services for domestic, 
stock, horticultural, industrial, 
commercial, recreational, environmental 
and other beneficial uses 

Drought 

Rainfall 

Recharge to groundwater 

https://ag.umass.edu/sites/ag.umass.edu/files/fact-
sheets/pdf/pumpkins_and_squash.pdf 

http://www.tonga-broadcasting.net/?p=3959 



Fill the gap 

Provider User 

Accuracy 
Resolution 
Contents 

 



Climate Prediction Service Enhancement  




