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Why seasonal forecast is possible?

Because, there are predictable slow variations of the climate system which
are deeply influenced by the Ocean

Predictable inter- Decadal, inter-decadal, multi-
annual variation such decadal variation such as PDO
as El Nino, iop,,,

By CGCM, El Nino and its Basically predictable because of
instantaneous and delayed its long time scale compared with
influence are well predicted that of seasonal prediction

Signal for Seasonal Forecast




Example of El Nino prediction

OBS. Prediction

0 BOE 120E 180 1200 E0W [ BOE 120 180 120W E0W

o BOE 120E 180 1200 BOW [ BOE 120E 180 120W GOW ]
contour interval = 4 contour interval = 4

SST(CGCMO3) 2002.12-2003.2 init:2002.08.29

BOW
contour interval = 4

SST and anomaly

Initial Condition :1982.8.29
Prediction
:1982.12~1983.2

Initial Condition :1997.8.29
Prediction
1997.12~1998.2

Initial Condition :2002.8.29
Prediction
:2002.12~2003.2



Example of El Nino prediction

Initial Condition :1997.8.29 Prediction :1997.12~1998.2

Observation Prediction

EENEE

120E 1B0 1200 E0W 0
contour interval = 4

o

RAIN(CGCMO3) 1997.12-1988.2 init:1987.08.29

o = e
: = A

] BOE 120€ 180 120W S0W [ i} BOE 120E 1BO 120w EOW 0
contour interval = 4 contour interval = 4

Characteristics of each El Nino are well predicted

SST

Precipitation



Why seasonal forecast is difficult ?

*In the mid— and high latitudes, internal variability of the atmosphere, which is
not fully influenced by the ocean, is dominant.
= Since such variability shows chaotic features that small differences in the
current status cause huge differences in the future, it is difficult to predict.

Noise for Seasonal Forecast
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and ensemble
mean prediction,
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How about is Signal/Noise ratio?

Predictable variance of Seasonal Mean Fields
(500hPa height in JJUA and DJF)

. N
m Signal / (Signal+Noise) -

142130 HEIGHT 500 JJA T421.30 HEIGHT 500 DJF

Sugi 2002

Estimation of predictable variance ratio in the atmosphere using
GCM with prescribed SST




Requirements for Seasonal
Prediction System

Adequate prediction of both Signal and Noise

* Observation (Atmosphere, Ocean, Land surface) to analyze
current situation of climate system

 Numerical Prediction Model to predict Climate System
variation

* Ensemble Prediction technique to estimate uncertainty of
prediction

* Hindcast (Huge Numerical Experiments for past cases) to
assess prediction skill

 Prediction calibration technique using hindcast data




Requirements for Forecaster

Ability to understand and interpret results of
numerical prediction products

Knowledge on
large scale climate system variation, such as El Nino, and
their impacts on local climate

predictability of variability with seasonal time scale

*characteristic of numerical prediction products
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Operational Seasonal Forecast at IMA



Forecast regions
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Long-range Forecas
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Cold/Warm season Forecast (Temperature, Precipitation, Snowfall)

Date of Issue

About 25th in Sep., Oct., Feb., Mar., and Apr.

Forecast Period | DJF mean ( Cold season), JJA mean (Warm season)

Temperature

3 months / =~
e
Forecast Period N~

Dec-Feb
MNarthern

J
category - |+ /7,\[< s s
L
Northern Japan 200030 40 — . p mj
” .‘Eﬁ; Eastern

Eastemm Japan a0 40 30 Western  2P3N
-+ Japan

Western Japan A0 40 30

o
’ Okinawa and Amami

Okmawa and Amama | 30 [ 40 | 30

{ category —: below nommal, 0 near normal, + abowve normal, Tt : %)

Climate and Outlook in Japan
hitp://ds.data.jrna.qo.jp/tcec/tec/products/japan/index.html



http://ds.data.jma.go.jp/tcc/tcc/products/japan/index.html

Long-range Forec

o~
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Three-month Forecast

(Temperature, Precipitation, Snowfall)

Date of Issue

About 25th in every month

Forecast Period

1st-,2nd-,3rd-month, 3 months mean

Temperature
3months | 1'month = 2™ month = 3™
Forecast Period
Oct-Dec Oct Nov Dec
category =1 |+l=JO0|+]|-10]|+]|=10

Northern Japan 20 040 040 20 0 30050 30 40 0 20 040 | 30
Eastemm Japan 20 040 40 20 320 030 30 40 20 40 |30
Western Japan 20 P30 (50 (20| 50 bS50 A0 30 40 0 (30
Okinawa and Amarwa | 20 20 50 1 20 30 50 20 40 40 40 50

Ccategory —: below normal, 0 near normal, +: above normal, Tt : %4)

month // \/_«;'.P ~
5 o f

+
a0 ; {

= 2 e Eastern
a0 ) Western Jopin

~+! Japan
a0 ¢
¢ OKinawa and Amami
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Climate and Outlook in Japan
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http://ds.data.jma.go.jp/tcc/tcc/products/japan/index.html
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One-month Forecast
(Temperature, Precipitation, Sunshine duration, Snowfall)

Date of Issue

Every Friday

,2nd. 3rd &Ath _yweek, 1 month mean

Forecast Period | 1°'-
Temperature
1 month 15t week 1M eek  3gth eek
Forecast Period
7.24-8.23 7.24-7.30 7.31-8.6 8.7-8.20
category -0+ |=-|0+|=]O]|+]| =10+
Northern Japan 10 30 (60 | TO |20 [0 (20 (40 (40 (30 140 (30
Eastern Japan 10 =30 B0 20 B30 60 [ 20/ 30 E50 (30 P4 30
Western Japan 10 30 &0 20 40 40 10 30 60 20 40 40
Okmawa and Amara 10 30 (60 20 40 40 20 30 30 20 30 50
“categoty  — below normal, 0 near normal, + above normal, Tt | %0)

g
ﬁyqp Eastern

Western Japan
—«! Japan

&
p Okinawa and Amarmi

Climate and Outlook in Japan

h

:/lds.data.jrma.qo.

ccltec/products/japan/index.html



http://ds.data.jma.go.jp/tcc/tcc/products/japan/index.html

Early Warning Information on
Extreme Weather

= Arbitrary 7-day mean temperature anomaly up to two weeks ahead

* Issuing the Information as the probability of very high / low over

30%

= 11 local centers issuing for each area

* Information is updated twice a week (every Tuesday and Friday)

* Probabilistic Products are Provided JMA’s web site

below normal

near nhormal

above normal

10% —
33% —

33%

— 10%
— 33%




Early Warning Information on
Extreme Weather

7-day Averaged Temperature (Issued: 30 July 2010)
Forecast period: 4 - 13 August

This chart shows areas where the predicted probability of very high
or very low seven-day averaged temperature js 308 or more,

The predicted period 15 given below the name of the area.
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EWIEW
for Vary High Temperature

{Tohoku region)

Issued on 30 July, 2010 at 14:30
by Sendai District Meteorological
Observalory

Period: From 4 to 10 August, 2010

Region: Tohoku region

Waming: Very high temperature
(anomaly of seven-day averaged
temperature is 2.8°C or above)

Probability: 30 % or more

Comments:

During the period from 4 to 10
August, 2010, predicted probability
of very high temperature is 30 % or
more in the Tohoku region.

Please implement appropriate
field-crop management techniques
as necessary.

Please keep paying close
altention lo the weathed climate
information.

Furthermore, high temperature
condition is expected to continue i
the coming one 1o two weeks.

All reghts reserved, Capytght € Japan Melearclogical Agency

An EWIEW map issued on 30 July 2010. EWIEW is in effect in the red and blue areas (with a 30 per cent or more probability of very high or low seven-day

mean temperatures respectively). The box on the right shows text information issued for the Tohoku region (originally in Japanese)
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Early Warning Information on
Extreme Weather

Cumulative probability and probability density functions
of predicted seven-day mean temperalure anomalies: Tokyo

i

1 (WK i - & - ro— - 2 1.0 —_—
sefevamrcll TR 4oy | oot oy
SN Prob. : m 1 = ._77_.4-'_-_; > Cumulatiwe Prob. (c)
thie - ! o7 B Prob, Density (¢)
> o) a .8
E € ; 5 B
E 4 oo E
E K - «d -g
20n 2 &
10 = W3

&

s Y oo ylb e (3.4 s .
Seven-day mean
temperature anomaly
(value) (*C)

F

Cumulative probability function (CPF) and probability density function
(PDF) of predicted T/ d anomalies for 4-10 August 2010, issued on 30
July for Tokyo. The horizontal axis shows the T7d anomaly. The blue and
green lines show the CPF and PDF for the prediction, while the yellow

and pink lines show those for the occurrence of climatology values. Users
can change the critical value (the light-blue line) on the website to see
the cumulative probability applicable to the area shaded in light blue

{originally in Japanese).
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Operational Seasonal Forecast System
at JIMA



JMA Operational Seasonal Forecast System

Atmospheric
data Assimilation

JMA CGCM Prpducts

Assimilation
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JMA Long-range Forecasting Model

Coupled ocean-atmosphere General Circulation Model
(CGCM)

Long-wave radiation e

SLP, vnrllmty, divergence,
temperature, humidity

La‘fent‘ Sensible — ~ %
heat Wmd stress - ,jﬁ_D
Frecip,itqthrl_'____;,-

—\__:1 /,f

; cean
Vertical diffusion —current

and viscosity

Temperature, Salinity, Upwelling

Current velocity

Ocean : MRI.COM




Specifications of the NWP model for
Long-range forecast

Model JMA/MRI-CGCM

AGCM: TL95 (about 1.875° Gaussian grid ~180km)

Horizontal resolution | y~~\,. 1.0deginlon. X 0.3-1.0 degin lat.

AGCM: 40 (Top Layer Pressure:0.4hPa)

Vertical L
eriea Layers OGCM: 50

Timeintegrationrange | 7 months

Executing frequency Every five days (9 members for each initial date)

Ensemble size 51 members from six different initial dates.
. Breeding Growing Mode (BGM) & Lagged Average
Perturbation method Forecast (LAF) method
SST One-tiered method
Land surface Climatology

Parameters




Schema of aggregation for the ensemble members in the EPS

for long-range forecasting

Target month

. Initial date - 15t month 2nd month | ...
Oldest | Latest
initial date | initial date
9 members

51 méembers

Oy CO| (O] O] O




Hindcast

Period : 30 years from 1979 to 2008
nitial date : around the end of every month
ntegration time : 7 months

Ensemble size : 10



NINO.3.4 SST ACC: dependency on lead time

Correlation

== NASA GMAO
=& NCEP CF5
—— IMA
—=—SCRIPPS

| —a={DED

m;,rfd

Lead (months)
A. Barnston et al. (2012) BAMS

AUS/POAMA
ECMWF
UKMO
—=—KMA SNU
=== ESSIC ICM
—=— ECHAM/MON
—=—COLA ANOM
=® = CPC MRKOV
=u =CDC LIM

=N =CPCICA

-® - CPCCCA
=¥ = C5U CLIPR
- - LIBC NMET
- -FSU REGR

- % - UCLA-TCD
= 1 ~PERSIST

JMA's ENSO prediction
is one of the best in the
world!
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IRE=HEE %2 (ACC)

Asia Monsoon Circulation (JJA)

WY : Webster Yang (1992) DU2 : Wang and Fan (1999)

Feb Mar Apr May Feb Mar Apr May

Initial month Initial month

180 150W 120W 90w
Ll 1

Based on hindcast with the new seasonal forecast system (1984-2005)

27
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NWP Guidance

Input Output

Probabilities of

. | Surface

| temperature,
precipitation and
sunshine duration

Predicted
meteorological

elements by
CGCM

in Japan.
Surface temperature Precipitation
Category —n- Category -ﬂ-
Northern Japan Sea of Japan side
Northern Japan
Eastern Japan 20 40 40 Pacific side 40 30 30
Sea of Japan side 40 30 30
Western Japan 20 40 40 Eastern Japan : :
Okmawa and Amanmi 30 40 30 e 40 30 30
s Sea of Japan side 30 40 30
(Category —: below normal. 0 : normal. + : above normal. Unit: %) Western Japan
Outlook for summer 2013 temperature probability in Japan Pacific side 30 40 30
Okinawa and Amami 20 40 40
(Category —: below normal. 0 : normal. + : above normal. Unit: %)

Outlook for summer 2013 precipitation probability in Japan 08



Predictors

We considered the predictors to grasp signals of the
tropical variation and global warming.

/ onal Mean Thi ckafss’: s T
| :

SON

.Height of East Sea
40N .f#@h}\;ﬁ @ 772’};-

EGN . h\i:‘:l e
‘m “'3”“ AP Zonal Mean Height N

20N - {3 ﬁ*‘ ’a, ; ‘-_# 1 '.u

® \i Cc:\ tec:ye \\
10N - Convective
ik Activity
) 0 TRt SST
> \ {  ssT e

105 - l =
/ fm\ -

208 5 30F BOE 90F 120E 150E 180 150W 120W 90w

Predictands are surface temperature, precipitation and sunshine duration in Japan.

29




Outline

Introduction

Overview of JMA operational Seasonal
Forecast System

Procedure to make JMA Seasonal Forecast

Summary

30



Procedure (1)

‘signal’ using ensemble mean prediction maps

SST in the tropics - Precipitation in the tropics - Upper
tropospheric large scale divergent flow in the tropics > Lower
and upper tropospheric large scale rotational flow in the tropics

— their influences to Japan

Figure out the relationship between predicted large
scale predictable climate variability, such as El
Nino, and variability around Japan

31



Procedure (2)

Figure out uncertainty of predicted fields

32



Procedure (3)

Check up predicted probabilities by NWP guidance, and
modify the probabilities of NWP guidance based on results of
rocedure 1 & 2, skills of the guidance, and characteristic of
recent climate

33



Ex. Seasonal forecast for 2010/2011
winter from Nov. 2010



Predicted DJF SST anomalies ( ensemble mean)
init: 2010/11/12/00[1.1] from: 2010/12- (m123)

(b) NINO.3=—1.161 NINO.WEST=0.633 esb|

IOBW D 074
60N

40N 5o & -—*;.s=159.2_
20N - , = —— =
EQ . '
205 -
405 £ onEss . .
0 60E 120E 180 1200 6OW 0

-~ T T T e
=32.5-2-1.5-1-0.50 0.6 1 1.0 2 2.5 3

@La Nina will continue
@ Positive SSTA around the Maritime Continent and
the tropical Western Pacific



Signal predicted by the Numerical Model

Predicted DJF precipitation anomalies ( ensemble mean)

init: 2010/11/12/00[1.1] from: 2010/12- (m123)
(b) SAMOI=0.475 esb|
BN Pt . S~ G ¢ = " e Ay
40N H05.8 5~ 2 3 w2 =
20N oo, "" M

EQ 4

205 4 V=% _
405 +—1—= e -
0 BOE 120E 180 120W  60W 0

~EEEET T T T T
-12-8-4-2-10 1 2 4 8 12

@Positive Precipitation anomalies around the
Maritime Continent and the tropical Western Pacific
associated with the La Nina condition
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Predicted DJF 200hPa velocity potential anomalies
( ensemble mean)

init: 2010/11/12/00[1.1] from: 2010/12- (m123)
esb|
40N ==
20N\ >
EQ k37X, . (O

R R,

40S R e
0 60E 120E 180 120W 60W 0

] | [ [ [ [
-2 =1 -0.8 05 1 2

@ Divergence flow anomalies in the upper troposphere

around the Maritime Continent associated with precipitation
anomalies
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Predicted DJF 200hPa stream function anomalies

( ensemble mean)
init: 2010/11/12/00[1.1] from: 2010/12- (m123)

6ON T o
40N +35-100% ol —'
20N 2= =

£Q {2

-------

CErT & e i

205 - .
0 60E 120E 180 120W 44 60W 0

RN ] [ [ | [ [ T e
-15-10-56-2 -1 0 1 2 5 10 15

@ Anticyclonic circulation anomalies in the upper troposphere around
the south-east Asia, and cyclonic circulation anomalies near Japan. This
wave like pattern is suggested to be a stationary Rossby wave train
forced by divergence flow anomalies in the upper troposphere around
the Maritime Continent
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Predicted DJF 850hPa stream function anomalies
( ensemble mean)

init: 2010/11/12/00[1.1] from: 2010/12- (m123)

(b) esb|

= #
T

NiICr

0 60E 120 180  120W 5o 60W 0

e I N U S S .
-8-6-4-2-1 0 1 2 4 6 8

@ Cyclonic circulation anomalies in the lower troposphere,
which is corresponding to the cyclonic circulation anomalies
in the upper troposphere around Japan
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Predicted DJF 850hPa temperature anomalies ( ensemble
mean)

init: 2010/11/12/00[1.1] from: 2010/12—- (m123)

60N e
40N P03
20N

b
205
405

0 60E 120E 1.80 120W 60 0

= | [ I ] [
-5 —4 =2 =1-0.00 05 1 2 4 B

@ Negative T850 anomalies around the Western Japan and
Okinawa/Amami, and positive T850 anomalies around the
Eastern and Northern Japan corresponding to the circulation
anomalies. 40



Composite

In La Nina
winter

Prediction

Comparison with observed La
Nina winters

48N
SOM o
15N+
EQ
1551 -
305

Westward shift
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Composite
in La Nina
winter

Prediction

e o i o

ey e

e z e
e ran - R i s g
------

- "
- ammE =

60E 120E 180 120W 4o 60W 0

T ] | [ ! I [ [ —
=lo—~10=p —2 =1 & 1 2 & 1 15

Westward shift and clear cyclonic
circulation anomalies near Japan
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BON +=
45N -

Composite

Prediction

850hPa stream function

30N =

In La Nina s

winter £Q
185 1

G5

60E 120E o oo i — oW

s ] [ [ | [ [ T e
-8 —6 —4 =2 -1 0 1 2 4 6 8

Westward shift and clear cyclonic
circulation anomalies near Japan

0
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Summary of Predicted Signals

@La Nina will continue

@Around Japan, circulation pattern which is
expected in La Nina winter is predicted, but the
pattern is predicted to shift westward compared
with the typical circulation anomalies in La Nina
winters

@Corresponding to the circulation pattern,
negative temperature anomalies in the Western
Japan and Okinawa/Amami, and positive
temperature anomalies in the Northern Japan are
predicted



Prediction Skill evaluated by 30 years Hindcast

<Cgem3(30yr;10mem)>
SST anomaly (ens—se)
Anomaly Correlation for 30 years (1979-2008)

Initigl ;" 10.28 , Lead time :" 1 (Dec to Feb) CCCMO3 2009

gOM 4 SST NINO.3 DEC—FEB init:10.28 _ COR=0.96
e 5 = ; ST i . 2
BON -Ba A= e, T, (o e 2 A il I . ‘ .
S " A 13 : 8 | | 2 :
M VTPV YW
EQ 4 -2 - » 2 . %’
305 A T 1985 1990 1995 2000 2005 " 3

CGCMO3_2009

905 T T T T T T T T T T T 1 Tl PR i
0 30F BOE 9OF 120F 150F 180 150W120W 90W GOW 30W O (e NNOWEET _ DEC-TED ieik19.20 SoReO.20

—o.a—o.s—cﬁ.5—é.4—<‘3.2—$.1 o|_1 0!2 o.r4 ﬁm— 05T~ _ '.?:“' \/{; 0;
. SV AVAZW B\ W N ¢ 8 o 4
SST Anomaly Correlation for DIF I/ \/ \#;N R e I
prediction from the end of Oct. _1 Y
1980 1985 1990 1895 2000 2005 -1 05 0 05
ANAL

SST Anomalies in NINO.3 (upper)and the

NINO.WEST(lower)for DJF prediction from the end of
Oct.

Prediction skill of SST in the
tropics is very good!!
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Prediction Skill evaluated by 30 years Hindcast

<Cgecm3(30yr;10mem)>

T850 anomaly (ens—se)

Anomaly Correlation for 30 years (1979-2008)
Initial :"10.28 , Lead time :" 1 {(Dec to Feb)

90N - — =
BON { Rk o TuGd A T _
' e W g T850 Anomaly Correlation for
i DJF prediction from the end of
EG Oct.
305
605
805 T 30E 6O 90 120E 150 180 150W120W 90W 60W 30W 0
[ T T T T - )
—-D.8-0.6—0.5—-0.4—-0.2—-0.1 0.1 0.2 0.4 0.5 0.6 0.8 T850 Anomaly in the Western
CGCMO3_2009 .
T850 Western Japan DEC—FEB init:10.28 COR=0.36 Japan for DJF prediction from
: the end of Oct.
A NG DA ” Prediction skill of
_3/\;/\ AN R | e T850 near Japan is
i not so good but
1980 1985 1990 1995 2000 2005 5 25 0 25 &

A positive!l '



Prediction Skill evaluated by 30 years Hindcast

EOF1 of NHZ500 in DJF (AO)

EOF1 CGCMO3_2009
] 5 Z500 EOF1(DJF) DEC—FEB init:10.28 ACC=—-0.04

3
2.3
2 0

[
-2.5
o -5

1980 1985 1940 1995 2000 2005 -5 -5 0 25

NHZ500 EOF1 (AO) for DJF prediction
from the end of Oct.

Prediction skill of
AO is near zero
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Noise estimation by each member prediction

°C

EOF1 of NHZ500 in DJF

EOF1

(AO)

12/ 1

. T850{RE #wmHAZX 130E-135E 30N-35N
4
3 / M.f
2 Ny
1
0
1
2
e W/]Q b
4 N NSHOE TV
- i

@) 9 10 11 12 1 2
2010 2011

- 2/28

ke

-4-3-2-1 0 1 & 3 4

T850 Anomaly (30 day running
mean) prediction in the
Western Japan for DJF
prediction from the end of Oct.

Spread (= standard
deviation of
predictions) is more
than 1°C

DJF AO index is predicted
to be +0.5 with large
spread



NWP Guidance

DJF Temperature

Rim 12-2H

N. Japan 1EH=E
E. Japan & &
W. Japan IR ES

Okinawa/ [Jh§d - €53E

Amami

Probability
B N A
29 24 | 47
19 | 32 | 49
18 | 40 | 42
21 27 | b2

Zonal Mean Thickness (850hPa-300hPa) in NH :one predictor
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F Temperatures

nationwide associated with positive zonal mean thickness

temperature in NH



Recent winter climate in Japan

DJF Temperature anomalies (0.1 C) and rank

Do N. Japan E. Japan W. Japan  Okinawa/Amami
2000/01| [ =14 (=) -01 (0) 04 (0) 14 (+) *
_____________________ ol T ToT@ 1 TR Tam

..................... Bl T 1 <01 030  [0iE
_____________________ ol TT7m5 T09 T 060 020
..................... sl 00 ToTE 050 TOTE
_____________________ o6l 0601 T8 1 =501 03(0)
R ol TTe s T er VO
..................... o8l 01 ol 0@ T
R ool TTET+ T ETE T T TE
...................... T 1 Toe T Toe 1 Tee 1

(+) * : significantly above normal

In recent 10 years, near or above normal temperatures

are frequently observed nationwide
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Summary of NWP prediction and recent climate

Signal

@Around Japan, circulation pattern which is
expected in La Nina winter is predicted, but the
pattern is predicted to shift westward compared
with the typical circulation anomalies in La Nina
winters

@Corresponding to the circulation pattern,
negative temperature anomalies in the Western
Japan and Okinawa/Amami, and positive
temperature anomalies in the Northern Japan are
predicted



Summary of NWP prediction and recent climate

Noise/uncertainty & prediction skill

@Prediction skill for temperature around Japan is not
so good, but positive !!

@Spread of temperature prediction is very large

@No skill for AO prediction

NWP guidance

@Above normal : 40-50%, Below normal: 20-30%
nationwide associated with positive zonal mean
thickness of the troposphere in NH.

Recent Climate
@In recent 10 years, near or above normal
temperatures are frequently observed nationwide




Issued forecast : DJF mean temperature
2010/11/25

Probability(%6)

B NA
N. Japan 30:30:40
E. Japan 30:40:30
W. Japan 40:30:30

Okinawa/Amami 40:30:30




Observed DJF mean temperature

Dec.2010 —Feb.2011
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Outline

Introduction

Overview of JMA operational Seasonal
Forecast System

Procedure to make JMA Seasonal Forecast

Summary



Summary

By using ensemble prediction technique, it is possible to
estimate not only ‘signal’ but also ‘noise’ for seasonal forecast.

Signals for seasonal forecast are ocean-atmosphere variation in
the tropics such as ENSO, decadal variation such as PDO,
human-induced global warming, and so on.

To make seasonal forecast, it is necessary to interpret the
results of numerical prediction and guidance considering their
predictability.

It is also necessary to build a forecast considering the
characteristics of the atmospheric circulation associated with
your country’s climate.



Thank you!

JMA Mascot Character ’

‘Hare’ means sunny weather in Japanese
‘Hare-ru” means ‘it becomes sunny’.
‘Run-run’ means happiness feeling.
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Velocity potential and stream function

——— Real velocity vector

———— Rotational component
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Velocity potential (x) Velocity potential indicates
Contours of x divergence and convergence of

wind.

In general, a large scale divergence
in the upper troposphere
corresponds to active convection.
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Active convection ... Convergence in the lower troposphere and divergence in the upper troposphere.
Inactive convection ... Divergence in the lower troposphere and convergence in the upper troposphere.
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(Rotational component of) Wind

Stream function
() Contours of W blows parallel to Stream function
seeing larger value on the right side.
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