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What a seasonal forecast is

Classification of weather and climate forecasts

According to WMO'’s Manual on Global Data-processing and Forecasting System,

Class Target forecast range

Nowcasting Current and forecasted weather up to 2 hours ahead

Very short-range weather forecasting | Up to 12 hours ahead

Short-range forecasting From 12 hours to 72 hours ahead

Medium-range weather forecasting | From 72 hours to 240 hours ahead

From 10 days to 30 days ahead,
Extended-range weather forecasting | usually averaged and expressed as a departure
from climate values for that period

From 30 days up to two years ( Monthly, three-month or

Long-range for in
ong-range forecasting seasonal outlook of averaged weather parameters )

Beyond 2 years (Annual, decadal and beyond, including
human-induced climate change projection )

Climate forecasting




@ Images of short-range forecasts and long-range forecasts

Short-range forecast Seasonal forecast

+ States weather parameters (temperatures, *+ States expected deviations from climate
precipitation, ...) as they are expected values

« Achievable in deterministic way + Achievable only in probabilistic forecasting
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Anomaly is descripted in long-range forecast

Climatological normal is defined as 30-year average for 1991-2020
Anomaly is deviation from the Climatology
[Anomaly] = [Actual Value] — [Normal]

» Climate is what we expect, anomaly is what we forecast.

- Anomalies often matter most to industries, societies and
economies, because unseasonable weather conditions could
bring adverse effects across multiple sectors, including
agriculture, tourism, water resource, and so on.
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3-category probabilistic forecast

+ JMA'’ seasonal forecasts state
probabilities of 3 categories, namely,

Above/Near/Below normal

* The 3 categories are derived from
historical observations for the 30-year
period from 1991 to 2020, by sorting
them in ascending order and dividing
into 3 categories.

» Seasonal forecasts state probabilities of
weather parameter (e.g. temperature)
anomalies falling within

1-10th(Below normal; BN)
11-20t (Near normal; NN)
21-30th (Above normal; AN)
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Brief introduction to climate d;namics




@Atmosphere ocean variability across multiple space and time scales(
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Anomaly Correlation Coefficient

Anomaly Correlation Coefficient (ACC) is one of measures in the
verification of spatial fields (Jolliffe and Stephenson 2003), and is the
correlation between anomalies of forecasts and those of verifying values
with the reference values, such as climatological values. ACC is defined as
follows: iw.~(ﬁ~7)<m—a)
\/wa(fi—.?)zgwi(ﬂi—ﬁ)z
where nis the numper or samples, and 7, 7, a,and g are given by the
following equations:

ACC = (-1 <ACC< 1),

where £, A;, and C, represent forecast, verifying_value, and reference value
such as climatological value, respectively. Also, f is the mean of £, ais
the mean of a;, and w; represents the weighting coefficient*. If the
variation pattern of the anomalies of forecast is perfectly coincident with
that of the anomalies of verifying value, ACC will take the maximum value
of 1. In turn, if the variation pattern is completely reversed, ACC takes the
minimum value of -1.
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Anomaly Correlation Coefficient of CPS3 products

In general,

Forecastersishouldinote
A . . . . where a how nUMmerica
Better forecast skill in tropics than in higher latitudes S J?.“] 1oYW nusnerica)
. . . modeliskillsiare'goodiand

Better forecast skill in boreal winter than in summer
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Anomaly correlation for Sea Surface Temperatures
for 3-month forecasts
Initial: May
<CPS3(10mem) : MGDSST> . <CPS3(10mem) :
SST anomaly (with bias—carrection) Target: Jun-Jul-Aug

Anomaly Correlation for 30 years (1991-2020)

MGDSST>
Initial : 0426, 3mon mean

SST anomaly (with bias—correction)
Anomaly Correlation for 30 years (1991-2020)
Initial : 1028, 3mon mean : mon 01-03
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Verification of JMA Seasonal Prediction System

Anomaly correlation for 3-month forecasts
<CPS3(10mem) : JRA-3Q>
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SST

Tropical ocean SST is the most important

o source of signals available in seasonal forecasts
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Matsuno-Gill response (in the lower troposphere)

+ Gill (1980) found how the tropical atmosphere responds to diabatic heating
(i.e. convective activity).

A pair of cyclonic circulation straddling the
equator on the western side of the heating
(equatorial Rossby wave).

Low pressure and easterly winds
along the equator east of the heating
(equatorial Kelvin wave).

Heat source
(active convection)

| Low-level response

Atmospheric response to the heating in the lower troposphere, which is symmetric over the equator
Contours indicate perturbation pressure, and vectors denote velocity field.
Red circle indicates the position of the heating

Upper-level response shows the reverse of the low-level response.

Example of Matsuno-Gill response

Atmospheric circulation anomalies

{3

- Convective activities were
enhanced over the Indian Ocean™

- In response, cyclonic circulation
anomalies are formed in the
lower troposphere

- Low pressure area extended =

H Ten ds 850 hPa strea Iuctlo d ly (11M: )20-20May2020)
along the equator into the T b L) s s i s
The hatch patterns indicate areas with altitudes exceeding 1,600 m.

CPDUMA

Anomalies are deviations from the 1991-2020 average.

western Pacific
- Sea Level Pressure
ad 150W  120W  so'W

CPDUMA
- smis

Ten day mean wind
The contours show sea level pressure anomalies al infervals of 2 hPa.
Anomalies are devialions from the 1991-2020 average.

The vectors are not shown where wind speed is less than 1 m/s.

http://www.data.jma.go.jp/tcc/tcc/products/clisys/figures/db_hist_jun_tcc.html




El Nino Southern Oscillation

* During an El Nifio event, SST over the central to eastern
equatorial Pacific gets warmer significantly.

* The warmer SSTs induce active convection to shift
eastward along the equator.

» These convection anomalies give rise to Rossby waves
(Matsuno-Gill response!)

* Rossby waves propagate over a large distance and
influence the global atmosphere

Heat source
(active convection)

Wes?e.m Neutral East.e?n Wes?e.m El Nifio Eastern

Madden-Julian Oscillation (MJO)

®MJO is a planetary scale wave consisting
of enhanced and suppressed convection
extending east-west along the equator

®MJO is the most dominant signal over
the tropics on weekly to monthly
timescale.

®MJO propagates eastward along the
equator, going around the globe in 30 -
60 days.

®|n response to MJO, circulation
anomalies form and propagate poleward

or eastward. This provides key to one-
month forecasts

®MJO is monitored with 200hPa velocity

Enhanced phases of convection are
potential (upper-level divergence) field denoted as D" in this figure



How to detect MJO?

Propagation of MJO is visualized through Hovmoller diagram and phase diagram

Time-longitude section of chi200
anomaly along the EQ.
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http://ds.data,jma.go.jp/tcc/tcc/products/clisys/mjo/monitor.html

Another “Oscillation” - BSISO

During summer in northern hemisphere,
enhanced or suppressed convection is seen
to propagate northward, instead of
eastward, over the Indian Ocean and the
western Pacific.

This is called “Boreal Summer Intra-
Seasonal Oscillation”.

BSISO can have as much impact on
weather conditions as MJO across Asia.

This is another factor key to extended-range '™
forecasts.

enhanced

suppressed

60E

90E

typical time evolution of BSISO



(JJA 2023) El Nino, Positive 10D like, Globally hot
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‘anomalies at

The contours sa oor
The gray shading indicates maximum coverage of sea ice.

The baseline period for cimatological normal s from 1991 to 2020.
(") COBE-SST2: until 31 May 1985, MGDSST: after that date

Normalized Temperature anomaly
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Matsuno-Gill response in the upper troposphere

* In the upper troposphere, an
anti-cyclonic circulation
anomaly forms to the north and //,:—
south of enhanced convection. /

» The circulation anomaly
propagates poleward as a
Rossby wave train.

* This sometimes causes
anomalous weather conditions
in remote areas in subtropics
and higher latitudes.

Heat source
(active convection)

10



@ Convection changes jet stream

* The subtropical jet stream (STJ) flows poleward of tropics.

* Inresponse to enhanced/suppressed convection, STJ meanders

poleward/equatorward, and the wavy pattern propagates eastward along STJ.
Jet stream

L/ Enhanced

,
Suppressed F// y_\”'
|

convection

convection

Methodoloai for JMA's seasonal forecast
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JMA's extended and long-range forecast models

1 month 3 months 6 months
forecas
Daily Forecast i
One-week Forecast '._________ ’3;—
= O
Extreme 6-14' Every Monday and Thursday 33 ¢
weather early days gTemp (very hi h or very low) 438
warning ahead Snowfall (very eavy (in winter)) R
awd
One-month M1 Every Thursgay - gé a
Forecast  \W1w2|w34 ,gTemp. # Precip. ~ #_ Sunshine **% Snowfall |&3°®
th —_—
M123 (3-month average) Around Zi Of‘t::e month
M | M2 | M3 g =

Around 25th of February
Summer (JIA)

Around 25th of September

(]spow pajdnod
ueado-alaydsowy) walsAs

uoIPIpald B|quIasuT |eUOSEaS

Winter (DJF)

Around T10™ of the month up to 6 months ahead

|

Concept of ensemble prediction

- The atmosphere and ocean is a chaotic system

- Even the tiniest error in an initial condition grows rapidly and errors are unavoidable

- This nature disrupts deterministic numerical prediction beyond about two weeks

- To produce a seasonal forecast, “ensemble prediction” is indispensable.

- Ensemble prediction system (EPS) starts with similar, but slightly different, multiple
initial conditions, and produces multiple forecasts.

- With the results from EPS, we can get ensemble mean as the most likely atmospheric
conditions in future, along with ensemble spread, an estimation of degree of uncertainty.

Ensemble mean
(average among members)
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PDF: Probability Density Function

The individual calculation is called “Ensemble member” and the standard deviation among all
members is called "Ensemble spread".
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Stream function and velocity potential

* In discussing seasonal forecast, we often encounter these figures.

» Decomposing wind into a rotational part (stream function) and a divergent part
(velocity potential) is useful to analyze atmospheric circulation.

o Rotational wind blows parallel to contours of
V —Vq) + Vx stream function, with low values of stream

function to the left, regardless of the hemisphere. H: high value
L: Low value
< Rotational wind > M w850 |
v < ¥
oy oy B (-
U, =———,V, =—— N ¥ iy . -
ay ox _— B ! Anti-cyclonic
. j i i+ O | = circulation
P Streau function Rotational wind w, SIS ﬁl_ﬁ’-’i/ irculati
< Divergent wind > j
g X1>Xe 2
za_l - za_z X1 %
L dy Divergeft wind
x: Velocity potential X2 ,

Divergent wind blows across contours of
velocity potential, from areas of low to high
velocity potential, regardless of the hemisphere.

Samples of Products from EPS

'“@Lﬁ s oap 118 e 61 Velocity potential @200 |, Stream function @200
) = <7 y_}z}rtf — = iy mm _
] o 8 i
-4
EQ
UO 1
308
= = = : g o &) JMA|
§ 60E 1706 180 1208 60W 60 1206 180 0
Forecast Maps o Rainfall |, o) ream function @850 |

g BWE e
forecast period L o d > S -\.) 'A.eh 'l,‘

[the firstmonth ~ v| v i . L -v’- -

_ i~

initial date 1

T T W B 308 a - <
[2024.01.14.00Z v| h A 9 )
) {DIMA]

[forecast] 60E 120 180 120W 60W
Contour show forecast, and shaded pattern and vector show ——
s o el Geopotential height @500
RAIN : 2mm/day SON B SNW T "),
2500 : 60m(area:60N-60S), 20m(area:Asia) N\ Wy e
TS:4C =

SST: 2C

PSI200 : 16x1.0E6m?/s(area:60N-60S),
4x1.0E6m?/s(area:Asia)

PSI8S0 : 5x1.0E6m?/s(area:60N-60S),
2x1.0E6m?/s(area:Asia)

PSEA : 4hPa

These figures are available at: R e I
https://www.data.jma.go.jp/tcc/tcc/products/model/map/4mE/map1/zpcmap.php
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Sample of individual ensemble members

init: 2024/01/14/00[1.2] from: 2024/5— (m4586)
(O)NIND.3=-0.117 NINOWEST=0488  __ esbl

48 4 ;
60E 120E 180
=— NINQ.WEST=0.639 = NINO.WEST=0.334 = NINO.WEST=0.539
o (p)NINC.3 0‘42310“_0 i 5 - (9) NINO.3=—0.312 NNO.MEST = * .~, IQ () NINO.3 059_4 Roweg 75 51m
40N 123550 — T 40N 18 £ ge - ":'2\" o
20N 7‘ 200 S ¥ |20n
E0FL g EQ < £ ¢ o 2
20548 = = 4 205 Fal 22 e 205 R -
¢ 60E 120E 180 120% 60W 0 0 B0E 1206 180 120% 60w 0 60E 120E 180 120W SOW Q
== NINO.WEST=0.673 = NINO.WEST =0.484 = NINO.WEST=0.226
\ () NINO.3=-0.016 NNO¥EST 80 (t) NINO.3=-0.889 NNOMEST=( S1p  (u) NINO.3=-0.845 INONESIo 81m
= % BON Az 7 3 oy 3 #19) R &
AN RS B T FREE 40N ] 2 40N 3t
20N Y 20N ' 20N
£ EQ ) EQ \
205 B 0= : e 205 L2 Eil 20542 2
@ 60E 120E 180 120% 60w 0 0 60E 120E 189 1200 0 0 G0E 120E 130 120W 60w @
= NINO.WEST=0.417 = NINO.WEST=0.356 = NINO.WEST=0.329
o (v) NINO.3=-0.188 NO¥EST=( i (W)NINO.3=0,111 NNONEST=( 71p  (x) NINO.3=-0.431 NNOWEST 71m
w7 AP Y 55 : ) KR PR =%
40N 432 40N 40N

= (T U A 2, P 2 7 52 |
60E 1206 180 1200 60W 0 60E 120E 180 1Z0W  BOW [

Sea Surface Temperature of the ensemble mean and 9 members (3 days, 3 members per a
day) out of 51 (17 days : initialized on 28,Dec ~ 14, Jan.) and its anomaly (shaded) forecasted
for May-Jun-Jul 2024 .

Statistical Post-processing for Seasonal forecast

« Statistical post-processing methods and tools which translate
direct model outputs into variables seen in forecasts (e.g.
temperature, precipitation, ...) is referred to as “guidance” in JMA.

« Guidance tools exploit statistical relations between past forecasts
and observations.

« Typically, these statistical relations are represented in multiple
regression equation.

Y=a1X1+a2X2+b-I— S

a;, a,: regression coefficient
b: constant
€: error term

In this case, the
forecast variable “Y”
will be near this plane.

—
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@ Verification of JMA Seasonal Prediction System

o) S8 lekyo Climase Cenfer

WIMIO Reglienal Climate Center i

I Main Products

Japan Meteorotogical Agency
|c h Prediction
© TCC hom
— » - icti 05 Oct
Home  World  Climate &l Niagf [UUJ '\ Global Climate in Training One-month Prediction (05 oct 2023)
Climate System MonitoriRollIILILEET! ) Warming Japan Module » Z500, T850 & SLP (Northern Hemisphere) (0 Oct 2023)
Monitering

*  We can check major verification
products of CPS3 and Global
Ensemble Prediction System (GEPS;
Atmospheric model), including
hindcast products such as RMNSs,
Anomaly correlation coefficients, ...
through NWP Model Prediction
page in Tokyo Climate Center (TCC)

» JMA's guidance are also based on
the hindcast products and statistics
of stations’ data.

» Stream Function, Velocity Potential & Surface Air Temperature (60N-60S)

(05 Oct 2023)
» Veri i
€ Hindcast Verification” NEW
» One-mi ce Tool, Commentary

(Only registered NMHSs can access this guidance tool.)

I Three-month Prediction

» Three-month Prediction (07 Sep 2023)

» Z500, T850 & SLP (Northern Hemisphere) (07 Sep 2023)

» Stream Function, Velocity Potential & Surface Air Temperature (60N-60S)
(07 Sep 2023)

»

<.._ Hindcast Verification (JMA/MRI-CP;E‘->

» Probabilistic Forecast and Verification (07 Sep 2023)

» SST Index Time-series Forecast (07 Sep 2023)

I Warm/Cold Season Prediction

» Warm/Cold Season Prediction (07
» 7500. TS0 & SIP (Narthern Hemisnl

https://www.data.jma.go.jp/tcc/tcc/products/model/index.html

robabilistic Forecast and Verification contents of TCC

JMA Seasonal Forecast (Forecast initial month Is 11 2022)

* Probabilistic forecast
(model result) and
verification products are
available through NWP
Model Prediction page in
Tokyo Climate Center (TCC)

*:1.25 degree grid contents

Reliability Diagram for Precipitation

(140.00 E, 33.75 N)
BSS = 9.51, Brel = 97.31, Bres = 12.20

Probabilistic

Forecast Map B

Initial and Forecast period
Nov 2022 Dec-Jan-Feb 202212023 v
Element

Region

33 40 50

W Forecas! t

2| —e— analysis

« Skill for surface temperature at grid

point

« Skill for precipitation at grid point
« Skill for sea surface temperature at

grid point

Verification

Frequency

contents at

o
0 0.10.203040506070809 1

Forecast Probablitiy

100 Surfacs Temparature

Most likely category of Surface Temperature for DJF 2022

30W 0 30 60E 9OFE 120 150E 180 150W 120W 90W 6OW 30W

Probability (%) of Most Likely Category

Below Normal Normal (>33%) Above Normal
[ —

50 60 80

®)IMA

Click to check
probability at
any* point

IMA Seasonal Forecast (Initial: Nov 2022)
(Tertile probabilities at 140.00 E, 33.75 N)
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The process to produce seasonal forecast in JMA

/ Ensemble

Prediction System

Expected evolutlon of major modes
Mo ati

BSISO

OLR oo 105125z

Statistical post-
processing (Guidance)

Below normal Near normal |Above normall

forecasters

Interpretation
Explanation
Reliability
Modification

Official fore_casts
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