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Introduction to climate prediction
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The weather can change very
quickly from rain.to sunshige.
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Climate can change too, but in the past it has taken a very long time to do so.
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- Both PDFs would produce the same deterministic forecast
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* How are the two forecasts related?
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APCC Seasonal Forecast
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Temperature at 2m for May-July 2019

Precipitation for July-September 2018
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Bureau of Meteorology (BoM)
Meteorological Service of Canada (MSC)

Beijing Climate Center (BCC)
Central Weather Bureau of Chinese Taipei (CWB)

Euro-Mediterranean Center on Climate Change (CMCC)
Japan Meteorological Agency (JMA)

Korea Meteorological Administration (KMA)
Pusan National University (PNU)
APEC Climate Center (APCC)

Hydrometeorological Centre of Russia (HMC)
Main Geophysical Observatory of Russia (MGO)

Met Office

National Aeronautics and Space Administration (NASA)
National Center for Environmental Prediction (NCEP)



Recent Improvements
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Multi-Institutional Cooperation in the APCC MME Prediction
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Collection Check ‘ Outlook
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- Model data Communication Ve.”f'catlon Interpretation &
(Hind/forecast) with model (prevpus forecast, description of
- Observation holders hindcast) prediction
Graphic
‘ (Individual model,
v VvV V¥ I MME)
Pre- Decision on Application . ..
. Dissemination
processing model set (Index forecast, CLIK,
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Date: 15th 17th 20t
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Participating «— >

Institutions

Data
Collection

- Model data
(Hind/forecast)
- Observation

1

Pre-
processing

APEC
Climate Center

Quality
Check

4 4

Communication
with model
holders

Decision on
model set

Date: 13th

15th

- Ho|f 84

Hindcast and forecast data
- Period: 1991~present (more than 6 months)
- SMIP-2/HFP or CMIP-type experiments in hindcast

(1)

Data Provision/Submission
- Type: monthly mean data for individual ensemble
members
- Format: 2.5°x2.5° or higher degree over global domain
- Grid or NetCDF formats are encouraged.

(2)

Variables
- At least 11 variables are strongly recommended.
(T2m, SST, Prec, SLP, T850, 2200, Z500, u/v850, u/v200)

(3)



APCC MME ZH0o{ m =il

# Institute Model Name SST Specification (H/F) Ens. (H/F) Forecast Period Hindcast Period Resolution

1 APCC SCoPS Predicted/Predicted 10/10 6-month 1982-2013 T159, L31

2 CMcCC CMCC-SPSv3 Predicted/Predicted 20/20 11-month 1991-2016 1°x1°, 46L

3 CWB GFST119 Predicted/Predicted 30/30 3-month 1982-2017 T119, L40

4 IMA JMA/MRI-CPS2  Predicted/Predicted 10/51 3(6)-month 1979-2014 T159, L60

5 MSC CanSIPSv2 Predicted/Predicted 20/20 11-month 1981-2010 T63, L35

6 NASA GMAO Predicted/Predicted 10/11 8-month 1982-2016 288x181, L72

7 NCEP CFSv2 Predicted/Predicted 20/20 6(9)-month 1982-2010 T126, L64

8 PNU PNU CGCM v2.0  Predicted/Predicted 35/35 6-month 1980-2018 T42, 118

9 BOM ACCESS-S1 Predicted/Predicted 11/11 6-month 1990-2012 N216(~60km), L85

10 UKMO GLOSEAS Predicted/Predicted 12/42 5-month 1993-2016 1.875x1.25, L85

11 BCC BCCv2 Predicted/Predicted 24/24 6-month 1991-2015 T106, L26

12 KMA GLOSEAS Predicted/Predicted 12/42 6-month 1991-2010 0.83°%0.56°, 85L

13 HMC HMC Persistent/Persistent 10/20 4-month 1985-2010  1.125x1.40625, L28

14 MGO MGOAM?2 Observed/Persistent 6/10 3-month 1979-2004 T42, L14
APCC MME Hindcast: 1991~2010 resolution: 2.5°x2.5°

* Grey: participating models in MME; yellow: not available for their Hindcast period or experiment type
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APEC
Climate Center
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Verification
(previous forecast,
hindcast)

Graphic
(Individual model,
MME)

Application

(Index forecast, CLIK,

etc)

15th

17th

AN O b5 ~ 17

Deterministic forecast (DMME)
SCM: Simple Composite Method

Probabilistic forecast (PMME)
Tercile-based categorical probabilities

Verification: WMO Standard Verification System for
Long-Range Forecast (SVS-LRF)Ol| A & 101 SF= skill
score Al&

0| =20t o 2 EQ|, ApcC M2 EL| 5 7|
O| 2o EXXIZZE &2

Application: CLIK, ADSS, ACDS



APCC MME 7|H. &

« SCM (Simple Composite Method)
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V] | F.: forecast of it" model
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7|4 = (Hindcast)

Temporal Correlation

Temperature Precipitation

(a) SCM (0.37) (a) SCM (0.17)
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Anomaly Pattern Correlation

1o (a) Temperature Average
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(b) Precipitation
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Anomaly Pattern Correlation of SCM and
difference (SCM-SPM)

(a) Temperature
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* Probabilistic MME Method (PMME): 3% H3d =25 0|5
=

Zt B30 Cigt parametric Gaussian fitting method
7—.F HEO| 7K A= dd= o Mu2ut B[S

(Min et al. 2009)

[Step 1] ZHE R o] =& F7

/_\Climatological PDF // Forecast PDF

\
o N
33%| 33% | 33% L NN AN

X, b X, X

a a

- For the middle/upper tercile boundary: - AN :probability of above-normal
: mean plus 0.43 times the standard deviation
- NN : probability of near-normal
- For the lower/middle tercile boundary:
: mean minus 0.43 times the standard deviation - BN : probability of below-normal n
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Min et al. (2009), Wea. & Forecasting
Forecast PDF
|\ M .
’/ P(E)=>_P(Model,)x P(E/ Model,)
\ i=1
AN‘Q\:\ Model Weight Forecast Probability of an Event
b

» The APCC operational PMME prediction system has also been implemented at

WMO Lead Center, as a basic operational prediction tool.
apec cLIMATE CENTER [N



60%

30%
10%

BN NN AN

“ Below Normal

(EX2) (EX3)
. 47%
45% 45% 46%
10% 7%
BN NN AN BN NN AN /
“ o “ Near Normal ??? “
v

“ Chi-square Test ”

Zz _ Zk:(o _ E_)Z /E. k : number of categories
i=1

O : observed frequencies in forecast
E: expected frequencies

If differences are not significant at 5% sig. level.
- UNCERTAINTY!!!



APCC Official MME Products: 20200ND

Temperature at 2m for October-December 2020
Unit:deg K

DMME
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Precipitation for October-December 2020
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Temperature at 2m for October-December 2020
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Precipitation for October-December 2020
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A™MEM/EIEE™ MME 7|H M 8%t 0|=HE
- ENSO Etgiat Z=of clist =505
0 &d 2 Strong/moderate/weak El Nino or La Nina,

7702 HEA

and ENSO-Neutral

EH
BE N

Probabilistic ENSO Forecast for 2018 SONDJF

Nino3.4 Index for 2018 JFMAMIJ
3.0
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g 10 -
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Z 20 5 OBS
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SST Anomaly for AMJ 2018
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SST Anomaly for JFM 2018

Sea Surface temg
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100 |
90 -
BO age e
~ Probabilistic ENSO Forecast
Eﬂ —
=, 60
E 50 SON 2018 DJF 2018
E 40 -
£ - WE WE
20
10 NE ME
o L . NE
SON OND ME
2018 Ti ®sE
o it —
* ENSO Intensity based on 3M Mean Nino3. . Weak EI Nino (41.7%) . Weak EI Nino (39.6%)
@ Song L Modarale L Mautral Waak E Modarale E @ Sirong E
* ENSO Intensity based on 3M Mean Nino3.4 SST Anomaly (Category Boundries: +/-1.5, 1.0, 0.5°C)

* Definition: 3-month mean Nino 3.4 index (boundaries: +/- 1.5/-1/-0.5)
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.« WMO SVS—LRFOI HIE 7|dte 2 AF X7l 45 X|9¥ M-

= A — L .
- 0|5 2Z SEO AFBE= 7KIit(metrICS).
2 753%’%* (ACC, MSSS, GSS),
oSL=
gEE2H(ROC, HSS, RPSS, BSS, RD)
Parameters Region Deterministic forecast Probabilistic forecast v .
Diagrams and scores to be produced for regions Lead time:
Basic variable GL, TR, NE, SE MSSS ROC curve - Monthly mean
(T850, T2m, PREC, ACC ROC score )
Z500, SST) RMSE Reliability diagram Seasonal mean
EA, SA, NAm, SAm, AUS, ACC HSS
AUS+SP, NEu,ME RMSE RPSS v" Variable:
| _ 89S - Basic variables
Nino Index Nino1+2/3/3.4/4 TCC N/A . .
ENSO-Modoki index EMI TCC N/A - SSTindices
10D index 10D TCC N/A
Grid-point data for mapping v Observation
Basic variable Grid-point verification on MSSS ROC score .
2 2.5°x 2.5° grid Difference map e - NCEP Il Reanalysis
Ensemble spread map RPSS - CAMS-OPI
BSS - NOAA OISST

* CAMS-OPI: Climate Anomaly Monitoring System and Outgoing longwave radiation Prediction index —



WMO SVS-LRF2} CORDEX2| 10 2} AS X9 M-

Large-scale statistics: Globe, Tropics, N. Extratropics, S. Extratropics
Sub-region statistics: E. Asia, S. Asia, N. America, S. America, Australasia,
Australia + S. Pacific, Northern Eurasia, Middle East.

Globe

Tropics

N. Extratropics
S. Extratropics
East Asia
South Asia
North America
South America
Australasia

QQ:aN P ENls i £

00
[t}

|
[N
SRy

[RREEY
N =

Middle East

T | R TR AR R A R L
0 30E 60E S0E 120E 1S0E 180 150W 120W SOW 60W 30W 0

* CORDEX: Coordinated Regional Climate Downscaling Experiment

Australasia + S.
Northern Eurasia

Pacific
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SST/OLR/U850 Anomaly
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Temperature at 2m for October-December 2020

T T TR IR Rt ?
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APEC Climate Cerer

12 Certism T-ro, Haeundae-gu, Busan
28058, Repubiic of Korea

Tel: +82 51 745 3900

Fanc +82 51 745 3949

Welnie: www.apccdl.ong

APCC
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Precipitation for October-December 2020

© APEC Climate Center
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APCC Monthly Climate Outlook for Pacific Islands
for October 2020 — March 2021

(eswed: Sep 21, WX

During August 2020, negative sea surfoce temperoture anomalies were observed over the
central and eastern equatarial Pocific.

The latest APCC ENSO outiook suggests a 93% probability of Lo Niffla with weak intensity
during October - December 2020 and o 58% probobility for the some conditions during
Jonuary - March 2021,

= Strongly enhanced probability for above mormal temperotures is predicted for Micronesia

(excluding equatorial region) for October 2020 — March 2021.

= Strongly enhonced probability for below normal precipitation is expected for equetorial
Micronesia for October - December 2020, and enhanced probability for below normal
precipitation is expected for the same region for Jonuary - March 2021, Enhanced probability
for above normal precipitotion is predicted for Melonesio and western Micronesio for the
whole forecast period,

Discussion of Climate Forecast

55T and ENSO Outlook:

The prevailing ENSO phase iz expected to be negative. Megative SST anomalies along the equatorial
Pacific are predicted during October 2020 — March 2021. Along with these spatial distributions, all of
ten dynamical coupled models predict negative Nifso3.4 index for the whole forecast period. As a result,
a Niftod.4 index from Multi-model ensemble is expected to be around -1°C and gradually increase to -
0.4°C. In summary, based on the running 3-month mean Nifio3.4 index, the APCC ENSO outlook
suggests La Nifia conditions (~93% probability) with weak intensity for October to December 2020 and
the probability for the conditions is likely to decrease to 58% for January to March 2021 [Figs. 1 and 2].

Temperature and Precipitation Outlook:
1. Forecast for October - December 2020

Strongly enhanced probability for above normal temperatures s predicted for the whole region of
Pacific Islands [excluding equatorial Micronesia and Polynesia). Strongly enhanced probability for
below normal temperatures is expected for equatorial Micronesia and Polynesia. Enhanced probability
for above normal precipitation is predicred for Melanesia and western Micronesia. Strongly enhanced
probability for below normal precipitation is expected for equatorial Micronesia and off-equatorial
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APCC Monthly Climate Outlook for Pacific Islands

for October 2020 - March 2021

(lssued: Sep 21, 2020)

+ During August 2020, negative sea surfoce temperoture anomalies were observed over the
central and eastern equatorial Pacific.

* The latest APCC ENSO outiook suggests a 93% probability of La Nifia with weak intensity
during October — December 2020 and o 58% probability for the some conditions during
January = March 2021.

+ Strongly enhanced probability for above normal temperatures is predicted for Micronesia
(excluding equatorial region) for October 2020 - March 2021,

+ Strongly enhanced probability for below normal precipitation is expected for equatorial
Micronesia for October — December 2020, and enhanced probability for below normal
precipitation is expected for the same region for January = March 2021. Enhanced probability
for above normal precipitation is predicted for Melanesia and western Micronesia for the
whole forecast period.

2 AHs

Discussion of Climate Forecast

55T and ENSO Outlook:

The prevailing ENSD phase is expected to be negative. Negative 55T anomalies along the equatorial
Pacific are predicted during October 2020 = March 2021. Along with these spatial distributions, all of
ten dynamical coupled models predict negative Nifio3.4 index for the whale forecast period. As a result,
a Nifio3.4 index from Multi-model ensemble is expected to be around -1°C and gradually increase to -
0.4°C. In summary, based on the running 3-month mean Nifo3.4 index, the APCC ENSO outlook
suggests La Nina conditions (~93% probability) with weak intensity for October to December 2020 and
the probability for the conditions is likely to decrease to 58% for January to March 2021 [Figs. 1 and 2).

Temperature and Precipitation Outlook:
1. Forecast for October -~ December 2020

Strongly enhanced probability for above normal temperatures is predicted for the whole region of
Pacific Islands (excluding equatorial Micronesia and Polynesia). Strongly enhanced probability for
below normal temperatures is expected for equatorial Micranesia and Polynesia. Enhanced probability
for abowve normal precipitation is predicted for Melanesia and western Micronesia. Strongly enhanced

probability for below normal precipitation is expected for equatorial Micronesia and off-equatorial
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