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Seasonal Weather and its Prediction®
By S Gmsert T, WALKER, 0.8.1, F.R.S.

HE economic importance of seasonal weather

is obvious to most men who have lived in

the tropics, and its scientific problems are full
of interest. Unfortunately there is an additional
motive for study, the threat of dangers ahead.
For the difficulties of long-range forecasting are
not in general adequately recognised, so that
some of the most progressive countries in the
world are inelined to make predictions on an
insecure basis ;  their technical staff does not
realise that though the prestige of meteorology
may be raised for a few years by the issue of
seasonal forecasts, the harm
done to the science will inevit-

of repute the artless remark of an author that if
he were to limit his methods to those which
would satisfy the eriteria of reality, he would
obtain few results of interest !

It will be convenient if I may here introduce a
technieal phrase. If we have series of values of
two factors the variations of which are connected,
there will be a certain proportion of the variations
of each which are associated with those of the
other, and this proportion is called the correlation
coefficient between the series, If it is nearly unity
the numbers vary closely together ; if it is small

ably outweigh the good if the
prophecies are found unreliable.

In a country where conditions
are so changeable from day to
day as they are in England, it
is natural that we should think
in terms of wet or fine days
rather than of wet or dry
periods ; but in the greater
part of the British Empire the
different seasons are much more
sharply defined, and so their
dominant features stand out
more clearly. Also the vari-
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El Nino Southern Oscillation

> What is the ENSO?
n > Impacts
> Models of ENSO
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https://climate.gov/news-features/blogs/enso/rise-el-ni%C3%B10-and-la-ni%C3%B1a

Atmosphere-ocean feedbacks during El Nifio-Southern Oscillation
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1. El Nino Southern Oscillation - What is ENSO?
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https://climate.gov/news-features/blogs/enso/rise-el-ni%C3%B10-and-la-ni%C3%B1a

Atmosphere-ocean feedbacks during El Nifio-5outhern Oscillation
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https://climate.gov/news-features/blogs/enso/rise-el-ni%C3%B10-and-la-ni%C3%B1a

Atmosphere-ocean feedbacks during EI Nifio-Southern Oscillation
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Atmosphere-ocean feedbacks during El Nifio-Southern Oscillation
El Nifo

wanmer

thermocline
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h Mature LaNifia  pecember, Year 1
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feedbacks upwelling to surface
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Timmerman et al., Nature, 2018
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ENSO ...

> Quasi-periodic oscillations of
anomalously warm and cold waters in the
equatorial Pacific

> Composed of El Nifio (anomalous warm),
La Nifia (anomalous cold), and neutral
(anomaly close to zero) phases

-~ EI'Nifio (La Nifia) is marked by a
breakdown (intensification) of the Walker
circulation

> Walker circulation is maintained by the

Bjerknes feedback (between atmospheric
winds and surface currents)

1. El Nino Southern Oscillation - What is ENSO?
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https./iri.columbia.edu/our-expertise/climate/enso/

El Nino and Rainfall

El Nifio conditions in the tropical Pacific are known to shift rainfall patterns in many different parts of the world. The regions and seasons shown on the map below
indicate typical but not guaranteed impacts of La Nifia. For further information, consult the probabilistic information* that the map is based on.

P

*http://iridl.|dec .columbia.edu/expert/home/ lenssen/.ensoTeleconnections/

For more information on El Nifio and La Nifa: http://iri.columbia.edu/enso \ [nterational R Institute
Sources: for Climate and Society

1. Lenssen, Goddard and Masan, 2020. Seasonal Forecast Skill of ENSO Teleconnection Maps. Weather Forecasting, 2387-2406 EARTH INSTTUTE | COLUMBLA UNIVERSITY

2. Mason and Goddard, 2007. Probabilistic precipitation ancmalies associated with ENSO. Bull. Am. Meteoral. Soc. 82, 619-638
@ /climatesaciety @) @climatesociety

1. El Nino Southern Oscillation — Teleconnections 9
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https.//iri.columbia.edu/our-expertise/climate/enso/
La Nina and Rainfall

La Nifa conditions in the tropical Pacific are known to shift rainfall patterns in many different parts of the world. The regions and seasons shown on the map
below indicate typical but not guaranteed impacts of La Nifia. For further information, consult the probabilistic information* that the map is based on.

old. The regions and seasons shown on the map below
formation* that the map is based on
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*hitp://iridl.Ideo.columbia.edu/expert/home/ lenssen/.enscTeleconnections/
For more information on El Nifio and La Nifa: http://iri.columbia.edu/enso

b [nternational Research Institute

for Climare and Sociery
EARTH INSTITUTE | COLUMBIA UNIVERSITY

Sources:
1. Lenssen, Goddard and Mason, 2020. Seasonal Ferecast Skill of ENSO Teleconnection Maps. Weather Forecasting, 2387-2406
2. Mason and Goddard, 2001. Probabilistic precipitation anomalies associated with ENSO. Bull. Am. Meteorol. Soc. 82, 619-638

@ climatesociety @ @) @climatesociety

1. El Nino Southern Oscillation — Teleconnections 10
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https.//iri.columbia.edu/our-expertise/climate/enso/

ENSO telecon neCtionS E’[ Nlﬁ?and Ramfa”k, et e T o o the map belo

» The EI'Nifio and La Nifia phases are
coincident with extreme weather around

the globe R
> ElI'Nino is coincident with:

~ Dry conditions over South Asia, @z
maritime continent, Australia, southern
Africa, weatern Africa, and northern loNifa and Rainfall
SO Uth Am erl Ca Eolow nchete el bt narontecs pocts o Ly e, Fot e o W Dry

> Wet conditions over southern North
America, south China sea region, 8D, ot N
eastern Africa, Arabia, and the central AL e Iy
equatorial Pacific -

MMMMMMM

» La Nina coincides with a reversal of El
Nifio effects (but not exactly)

1. El Nino Southern Oscillation — Teleconnections 11
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Warm - Cold

[4] The recharge oscillator of Jin [1997] is based on four
equations for the western Pacific thermocline depth anom-
aly hy, the eastern Pacific thermocline depth anomaly /g,

the central Pacific zonal wind stress anomaly T, and the
eastern Pacific SST anomaly 7. There are two prognostic

equations and two diagnostic equations:

a%hW = —r(hy + ar)
ETE:_EI(TE_'Yth) (1)
dt
T=>bTg
hg = hy + 1.

Burgers, Jin, van Oldenburgh, Geophys. Res. Lett.,, 2005

1. El Nino Southern Oscillation - Models of ENSO: Recharge Oscillator

Jin, J. Atmos. Sci., 1997
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Jin et al., in: McPhaden, Santoso, Cai (eds), 2021
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1. El Nino Southern Oscillation - Models of ENSO: Recharge Oscillator 13
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OCTOBER 1987 STEPHEN E. ZEBIAK

by the mean thermal structure of the ocean {in partic-
ular, the structure of the thermocline). These effects
are important in determining the characteristic am-

AND MARK A. CANE pray)

€0po) + e+ (0] = -0, — Q"' (A3)
O, =(aT) exp[T—30°C)/16.7°C]  (A3a)

Zebiak & Cane, Monthly Weather Review, 1987

2278 MONTHLY WEATHER REVIEW VOLUME 115

Parameter values u96d for the coupled simulation are
as follows:

e=(2days)”’, c,=60ms', a=0.031m?s?°C,

Lau, K., 1981: Oscillations in a simple equatoral climate system. J.
Atmos. Sci, 38, 248-261.

MeCreary, J. P., 1983: A model of tropical ocean—atmaosphere in-
teraction. MG!L Wea. Rev.,, 111, 370-387.

plitude range of anomalies, Finally, due to the nature 0" = BIM(E+ ™) — M(2)], (A3D) — and D. L. T. Anderson, 1984: A simple model of E1 Nifio and

of the atmosphere-ocean coupling, there is a system-  where B=1.6X10"m?*s%, the Southern Oscillation. Mon, Wea. Rev., 112, 934-946,

atic, though somewhat variable, time delay between 0, x=0 5 @3 - Mcw-llmm.l c, a;:u 1;: R](;cm, 19;11 A mu; ;.;w model
" : . : x) = Alc r=(2.5 years)™', the tropical trmos. Sci.,

dynamical changes in the eastern ocean and associated M(x) {x, .y (A3c) ph.]amcr S. G. H,, 1985: El Nitno and La Nina. J. Atmos, Sci., 42,

large-scale fluctuations in equatorial wind stress. Due
to the unique characteristics of equatorial ocean dy-
namics, this gives rise to a continuing succession of
transitions between non-El Nifio and El Nifio states
on interannual time scales. The transitions are a result
of the hinear shallow-water dynamics and not other,
less familiar aspects of the model. The presence of
nonlinear processes in the model additionally allows
the possibility of aperiodicity.

If the model is correctly simulating the real ENSO
cycle, then the results have a number of implications.
First, a necessary precondition for the onset of a warm

In {A3a), T(x, y, {) is the prescribed monthly mean
SST, and T is the anomalous SST. In (A3b), &(x, y, 1)
is the prescribed monthly mean surface wind conver-
gence, and ¢" is the anomalous convergence at iteration
n, defined by

o= =)= (v, (A3d)

The governing equations for the ocean (see Zebiak,

1984) are

— o =—ghx+7pH—rut (Ad)

cm(gHYA=29ms™, H=150m,
’ H,=50m,
ry=(2 days)™", o,=(125 days)”,
¥=0.75 T,=28°C, T,=—40°C,
by=(80m)™", by=(33m)”",
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found that the same model as presented here has skill
in forecasting ENSO at lead times of 1-2 years (Cane
et al., 1986). This, we believe, adds further weight to
the argument that ENSO is largely controlled by de-
terministic processes in the tropical Pacific atmo-
sphere-ocean system.
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APPENDIX
Governing Equations of the Coupled Model

The governing equations for the atmosphere {at it-
eration n) are as follows (see Zebiak, 1986):

Feu" = Bova"=—(p"/po)x (A1)
evg"+ Boyuua" = —(0"po)y (A2

where u, =u, — u,.

Equations (A4)-(A9) allow the surface current u; to
be determined. From this, the entrainment velocity is
caleulated:

=Hi[(m):+(v)),]. (A10)
The temperature equation for the surface layer is, then,
@

ET= —u; - W+ 1) -, - VT — {MOF,+ w,) — MOT)}

X T, — M(w,+ w,) —a,T, (All)

where it{x, y, £ and wy(x, y, f) are lhe ‘mean horizontal
currents and upwelling, respectively, T(x, y, 1) is the
prescribed mean SST, and T.(x) is the prescribed mean
vertical temperature gradient. The entrainment tem-
perature anomaly, T, is defined by

Te=yTop+ {1 —NT. (A12)
T has the form
_[T{tanh(by(R+ )] - tanhib b)), k>0
e [n{mh[b,(fz— ) —tanh(bh)}, k<0,
(A13)
where Ai(x) is the prescribed mean upper layer depth,

of the Walker circulation. J. Aimos. Sci., 34, 1155-1162.
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Jin et al., in: McPhaden, Santoso, Cai (eds), 2021

(a) Climatological fields (b) ZC model schema
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model respopse, " © =

wr e -—

Equator Eq. - _
mixed layer L
50 - 50 :
; 5
— 100 L — 100 - 2 3
T B subsurfac ; g b 2 : 1
%_ 150 A I §150_... — ' . -1
by D R : : : ; -3
0 200 ...} B20] i 5
‘Nino4 motionless: layer b
250 1 8l 250 ; i , : . rCl
120°E 150°E 180° 150°W  120°W 90°W 10 20 30 120°E 150°E 180° 150°W  120°W 90°W
Longitude Temp. [°C] Longitude

1. El Nifio Southern Oscillation —» Models of ENSO: Cane-Zebiak
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North Atlantic Oscillation

> What is the NAO?
> Impacts
> NAO in climate models



Moura, Gomes, Mendes, & Anibal (eds), Guadiana River Estuary, 2017

a) NAO negative-mode b) NAO positive-mode

ML-4430 Lecture 5: Important climatic systems
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2. North Atlantic Oscillation —» What is the NAO? 17
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http.//weather.umd.edu/2018/02/21/north-atlantic-oscillation-expected-plummet-means-us/

GEFS 500mb Geopotential Height & Anomaly (dam) (based on CFSR 1981-2010 Climatology)
Init: 06z Feb 21 2018 Forecast Hour: [210] walid at 00z Fri, Mar 02 2018 TROPICALTIDBITS.COM

b) NAO positive-mode

{-12

-18

2. North Atlantic Oscillation —» What is the NAO? 18
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https.//en.wikipedia.org/wiki/North_Atlantic_oscillation

b) NAO positive-mode

. North Atlantic Oscillation (NAQO) winter index
Lisbon - Stykkishélmur/Reykjavik, December to March

bl
o
1

r
a
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R
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1

o
o
1

1860 1880 1900 1920 1940 1960 1980 2000
Year

NAQ Index Data provided by the Climate Analysis Section, NCAR, Boulder, USA, Hurrell (2003)
Updated regularly. Accessed 2020-11-01

Difference of normalized sea level pressure (hPa
o
o
1

2. North Atlantic Oscillation —» What is the NAO? 19



https.//en.wikipedia.org/wiki/North_Atlantic_oscillation

NAO

a) NAO negative-mode b) NAO positive-mode

» Alternating pressure difference over the
Atlantic between Iceland and Azores

» Caused due to shifting location of the
Icelandic Low and the Azores High

ML-4430 Lecture 5: Important climatic systems

> Influences North American and West
European weather

~ The oscillation is not obvious, and has
complicated interdecadal variability

North Atlantic Oscillation (NAO) winter index
Lisbon - Stykkishélmur/Reykjavik, December to March

Bedartha Goswami

Difference of normalized sea level pressure (hPa)
; (=3
s

1860 1880 1900 1920 1940 1960 1980 2000
Year

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn , Boulder, USA, Hurrel (2003)
Updated regularly. Accessed 2020-11-01

2. North Atlantic Oscillation —» What is the NAO? 20



http://weather.umd.edu/2018/02/21/north-atlantic-oscillation-expected-plummet-means-us/
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2. North Atlantic Oscillation —» Impacts
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Chartrand and Pausata, Weather Clim Dyn, 2020
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Hurrell et al., An overview of the North Atlantic oscillation, Geophysical Monograph-AGU
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NAO impacts ...
> Storm tracks in the continental US

Snowfall in the United States

> Heat waves over northwester Europe

> Storms over Southern Europe and the
Mediterranean region

ML-4430 Lecture 5: Important climatic systems
\4

> Hydroelectric energy consumption in
Norway exceeds consumption in NAO+
phases, enabling energy exports
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2. North Atlantic Oscillation — Impacts fis v e =0

Bedartha Goswami
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Table 1. Basic Information of CMIP5 Models Employed in This Study

Resolution (Latitude x Longitude)

Name Modeling Center/Country Atmosphere Ocean

ACCESS1-0 Commonwealth Scientific and Industrial Research Organization (CSIRO) and Bureau of 145 x 192 300 x 360
ACCESS1-3 Meteorology (BOM)/Australia 145 % 192 300 x 360
BCC-CSM1-1 Beijing Climate Center (BCC), China Meteorological Administration (CMA)/China 64 x 128 232 % 360
BCC-CSM1-1-m 160 x 320 232 x 360
BMU-ESM College of Global Change and Earth System Science (GCESS), Beijing Normal University 64 x 128 200 x 360

(BNU)/China
CanESM2 Canadian Centre for Climate Modelling and Analysis (CCCMA)/Canada 64 x 128 192 x 256
CCSM4 Mational Center for Atmospheric Research (NCAR)/United States 192 x 288 384 x 320
CESM1-BGC N I Science Foundation (NSF), Dep t of Energy (DOE), NCAR/United States 192 x 288 384 x 320
CESM1-CAMS 192 x 288 384 x 320
CESM1-FASTCHEM 192 x 288 384 x 320
CESM1-WACCM 96 % 144 384 x 320
CMCC-CESM Centro Euro-Mediterraneo per | Cambiamenti Climatici (CMCC)/Italy 48 x 96 149 % 182
CMCCCM 240 x 480 149 x 182
CMCC-CMS 96 % 192 149 x 182
CNRM-CM5 Centre National de Recherches Meteorologiques (CNRM) and Centre Europeen de 128 x 256 292 x 362
Recherche et Formation Avancees en Calcul Scientifique (CERFACS)/France

CSIRO-Mk3-6-0 CSIRO with Queensland Climate Change Centre of Excellence (QCCCE)/Australia 96 x 192 189 x 192
EC-EARTH EC-EARTH consortium/Various 160 x 320 292 x 362
FGOALS-g2 National Aeronautics and Space Administration (LASG), Institute of Atmospheric Physics 60 % 128 196 x 360
FGOALS-s2 (IAP), Chinese Academny of Sciences (CAS)/China 108 = 128 196 x 360
GFDL-CM3 National Aeronautics and Space Administration (NOAA) Geophysical Fluid Dynamics 90 x 144 200 x 360
GFDL-ESM2G Laboratory (GFDL)/United States 90 % 144 210 x 360
GFDL-ESM2M 90 % 144 200 x 360
GISS-E2-H National Aeronautics and Space Administration (NASA) Goddard Institute for Space 90 x 144 90 =% 144
GISS-E2-R Studies (GISS)/United States 90 % 144 90 % 144
HadCM3 Met Office Hadley Centre (MOHC; additional HadGEM2-ES realizations contributed by 73 %96 144 x 288
HadGEM2-ES Instituto Nacional de Pesquisas Espaciais)/United Kingdom 145 % 192 216 x 360
INM-CM4 Institute for Numerical Mathematics (INM)/Russia 120 = 180 340 = 360
IPSL-CM5A-LR Institut Pierre-Simon Laplace (IPSL)/France 96 x 96 149 x 182
IPSL-CM5A-MR 143 x 144 149 x 182
IPSL-CM5B-LR 96 % 96 149 x 182
MIROC-ESM Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Atmosphere and 64 x 128 192 x 256
MIROC-ESM-CHEM Ocean Research Institute (AORI; The University of Tokyo), and National Institute for 64 % 128 192 x 256
MIROCS Environmental Studies (NIES)/Japan 128 = 256 224 x 256
MPI-ESM-LR Max Planck Institute for Meteorology (MPI-M)/Germany 96 x 192 220 x 256
MPI-ESM-MR 96 % 192 404 x 802
MPI-ESM-P 96 % 192 220 x 256
MRI-CGCM3 Meteorological Research Institute (MRI)/Japan 160 = 320 368 x 360
MRI-ESM1 160 x 320 368 x 360
NorESM1-M Norwegian Climate Centre (NCC)/Norway 96 x 144 384 x 320
NorESM1-ME 96 % 144 384 x 320

2. North Atlantic Oscillation = NAO in climate models

Wang et al., JGR Atmospheres, 2017
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Wang et al., JGR Atmospheres, 2017

From 11 year averaged data
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Observed Corr Wang et al., JGR Atmospheres, 2017
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NAO in CMIP5 models ...

> Has a nothward bias for the central
location of the Azores High

> Underestimates correlation between SLPs
at middle and high latitudes '
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> Only around 12 models of the CMIP5
show NAO leading NHT

60N 65N 70N 75N
Genter of the Icelandic Low

~ Inter-decadal variability of the NAO needs
to be improved in GCMs

Bedartha Goswami
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2. North Atlantic Oscillation = NAO in climate models
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Wang et al., JGR Atmospheres, 2017
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Arctic Oscillation
> Whatis the AO?
> Impacts

> AO in climate models

% Outline
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IS

Negative Phase

High Pressure

3. Arctic Oscillation —» What is the AO?

https://en.wikipedia.org/wiki/Arctic_oscillation

Positive Phase

Low Pressure

Jet Stream
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Campos & Horn, Oceans across boundaries, https://doi.org/10.1007/978-3-319-93284-2_3
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https://en.wikipedia.org/wiki/Arctic_oscillation

Leading EOF (19%) shown as
regression map of 1000mb height {m) iy P ase

R
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AO ...

> Oscillating phenomenon of alternating
high and low pressures over the Arctic

~» Positive phase (high Arctic pressures) are
related to a stronger polar jet

~ Negative phase (low Arctic pressures) are
related to a weaker polar jet

ML-4430 Lecture 5: Important climatic systems

> Complicated interdecadal variability

Bedartha Goswami

3. Arctic Oscillation —» What is the AO?

T

https.//en.wikipedia.org/wiki/Arctic_oscillation
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(a) Winter Arctic Oscillation (AO) index
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3. Arctic Oscillation —» Impacts: Sea Ice Extent

(c)

Park, Stewart, & Son, J. Clim., 2018

15-year running correlation
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(d) 36-year correlation

winter (DJFM) AO index

36



ML-4430 Lecture 5: Important climatic systems

Bedartha Goswami

He et al., Earth-Science Rev, 2017

(@) Winter Arctic Oscillation (AO) index (c) 15-year running correlation
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(@) Winter Arctic Oscillation (AO) index
3

AO impacts ...

> Crucially influences the strength of the B i Vi IEEEaZER)

polar jet, i.e., separation of cold Arctic air P

from mild temperature airs 1.
> Negative AO phase = weak polar jet = S i

cold air outbreaks

> Also influences the sea ice extent 0.70 - _
- Especially on longer interdecadal 060 § g S i
t”ﬂescams Qmé._+_mﬂwmmwm
0.40 ﬁ
- Positively correlated with East Asian Zzz
Winter Monsoon .
> Non-stationary relation - — L | |

1950 1960 1970 1980 1990 2000 2010
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Gong et al., Env Res Lett, 2017
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AO in CMIP5 models ...

> Large variability between ensemble
members
> Many model members do not capture
the centers of action of the AO

» Strong bias in MME regressions with SLP
and Z500

ML-4430 Lecture 5: Important climatic systems

> Cold bias in regression of MME SAT field
with AO index
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Gong et al., Env Res Lett, 2017
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3. Arctic Oscillation — AO in climate models: Regression of Ensemble Mean w/ SLP/Z500/SAT with AO Index

41



ML-4430 Lecture 5: Important climatic systems

Bedartha Goswami

“

% Outline

Indian Ocean Dipole

> What is the IOD?
> Impacts
. OBl ol

42



ML-4430 Lecture 5: Important climatic systems

Bedartha Goswami

¥R
4

https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-neighbor-indian-ocean-dipole
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https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-neighbor-indian-ocean-dipole

INDIAN OCEAN DIPOLE

Neutral phase

Indian ocean

~ pustralia
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. Indian Ocean Dipole — What is the I0D?
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NOAA Climate.gov
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https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-neighbor-indian-ocean-dipole

INDIAN OCEAN DIPOLE

Positive phase

INDIAN OCEAN DIPOLE

Negative phase

INDIAN OCEAN DIPOLE

Neutral phase
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NOAA Climate.gov

normal
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longitude
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INDIAN OCEAN DIPOLE

Indian Ocean Dipole ...

> Alternating anomalous warm and cold
waters in western Indian Ocean

|||||||||

- Postive (negative) phase is associated R
with anomalously warmer (colder)
western Indian Ocean ( \
> More than normal rainfall over thekast S E

African countries

yyyyyyyyyyyyyy

> |Less than normal rainfall over the
Maritime continent and over Australia

|||||||||

INDIAN OCEAN DIPOLE

Negative phase

> |In the negative phase the patterns are
reversed

> Closely related to EI Nino

longitude

4. Indian Ocean Dipole - What is the IOD?
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% Outline

Indian Ocean Dipole

> What is the IOD?
> Impacts
. OBl ol
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