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1 Introduction

Empirical orthogonal function (EOF)!?

El Nifio Southern Oscillation (ENSO)?

The Pacific Decadal Oscillation (PDO)*

The Atlantic Multi-decadal Oscillation (AMO)’
The North Atlantic Oscillation (NAO)®

2 Data and Methods

{#F NOAA Extended Reconstructed Sea Surface Temperature (SST) V5 W] Monthly Mean
KT, GEFEETER Jan 1900 % Dec 2020.
Xt 4G SST #idfE, MKIKAELLT ALBE
1. R B R S B[] [ R
2. BEER, ERRZAAR) SST W E P A Zttiasy, #id A Climate Data Tools
for Matlab (CDT) [1] HJ detrend3 p&%55;
3. B, KFR1Z S ALRT SST B[] )7 51 ) seasonal (aka. annual) cycle, it i CDT
] deseason FRI%L°.
WRIG, e 5 AN IXIEAE EOF 204, @i CDT [ eof BREL®: (1) 4Bk; (2) K,
W~ (3) JERFEE, JERl~ (4 Ky, Jull~; (5 JERPE, Jufl~.

https://doi.org/10.1007/978-90-481-3702-2

https://doi.org/10.1016/B978-0-12-387782-6.00004-1

https://psl.noaa.gov/enso/
https://climatedataguide.ucar.edu/climate-data/pacific-decadal-oscillation-pdo-definition-and-indices
https://climatedataguide.ucar.edu/climate-data/atlantic-multi-decadal-oscillation-amo
https://climatedataguide.ucar.edu/climate-data/hurrell-north-atlantic-oscillation-nao-index-pc-based
https://psl.noaa.gov/data/gridded/data.noaa.ersst.vS.html
https://www.chadagreene.com/CDT/detrend3_documentation.html
https://www.chadagreene.com/CDT/deseason_documentation.html

10 https://www.chadagreene.com/CDT/eof documentation.html
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3 Results

3.1 Global

AERJEHE EOF. %43, /A ENSO, SEFrI, MR 2>11%. 5 15, /A8 PDO?
~A? =R, ARE AMO?
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EOF-2 (Global)
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Figure 1 £3k EOF BYAT 3 > mode, #HRAY principal component time series F percent of
variance explained by each mode. (a) EOF-1, (b) EOF-2, (c) EOF-3.
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3.2 The Pacific Ocean

RPEEX I8 EOF. 25— 84S, 7R3 ENSO, iR /7 2£>20%, SEFri. 25 A4S, 7R3 PDO?
~HAM? SRS
KVEEX I EOF., #—. &N 6 pattern F14ERX I EOF 2810, HR T %5
B B RIS A BRIX K EOF A48 B i
EOF-1 (Pacific)
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EOF-2 (Pacific)
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Figure 2 K¥F[XI5 EOF AYET 3 4 mode, #RZAY principal component time series F percent of
variance explained by each mode. (a) EOF-1, (b) EOF-2, (c) EOF-3.
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3.3 The North Pacific Ocean

JEARSFPE X S EOF. 25— M55 PDO, fiffE /7 2 it 18%.
EOF-1 (North Pacific)
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EOF-3 (North Pacific)
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Figure 3 1t XFEX1E EOF BYET 3 4 mode, HHRZHY principal component time series #1 percent
of variance explained by each mode. (a) EOF-1, (b) EOF-2, (¢) EOF-3.

3.4 The Atlantic Ocean
KPGPEX I, EOF. 25454, AHL AMO, 60-80 “EWIHT, BT 2>12%; & RA?

BB T 2> 1% i =RA?
KPUVE X 38, EOF /I MEZS FIERE 7 22 2 F1>23%.
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J& [ B

EOF-1 (Atlantic)
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EOF-3 (Atlantic)
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Figure 4 KT;¥[XI5 EOF BYET 3 4 mode, #RZAY principal component time series F percent of
variance explained by each mode. (a) EOF-1, (b) EOF-2, (c) EOF-3.

3.5 The North Atlantic Ocean

JERPEVEIX I, EOF. 55— 1A, KHl AMO, R 2 5T 24%,; 55 A, 7, ikt
TR 12%; A, 2, R ERHE 10%.

5RPEPEX 3 EOF A EL, b KPEVEEX IR EOF f 55— A4S i) AMO RHIEFE IS, Ry
Ze . JBRPUVE X3 EOF (158 — =B R T 22 80m1, £ RV 7 X 33 EOF 422Kk EOF
HRILAN B i 2
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EOF-1 (North Atlantic)
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EOF-3 (North Atlantic)
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Figure 5 1t XPEFXIE EOF BYAT 3 4 mode, #HRIAY principal component time series Fl percent
of variance explained by each mode. (a) EOF-1, (b) EOF-2, (¢) EOF-3.

4 Discussion

2BR EOF [T PR MEAS e 2 A3 ENSO 1 PDO.

PDO 7423k EOF HJ5 AR, 7ERFEEX IR EOF B4 AT, 7EJbRF
P X3 EOF RN 28 — A,

AMO TEAEK EOF AN, TERPUVEX IR EOF BN —14s, 7EILRPA X 5 EOF
W R R 7 25 B R AR — RS

5 Conclusions
EOF 43 M1 ) 45 5L i3 FE AR T X 3 B, 4EK EOF B 45 A2 2% X 3343 51) EOF B 45 i)

L E N, f£4EK EOF 1, JRHBE ZH)RMLS AT RERL “ MRS EARZARAEH, MASRER
EOF R4 3173 H¥ .
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ASCAE I HORE A SCRS R AT https:/grwei.github.io/SITU_2021-2022-2_MS8401/.

Al EERF

%% hw2.m
% Description: MATLAB code for Homework 2 (MS8401, 2022 Spring)

% Author: Guorui Wei (JEE#i) (313017602@qq.com; weiguorui@sjtu.edu.cn)
% Student ID: 120034910021

% Created: 2022-05-12

% Last modified: 2022-05-14

% References: [1] [CDT::eof

documentation] (https://www.chadagreene.com/CDT/eof_documentation.html)

% [2] [Pacific Decadal Oscillation
(PDO) ] (https://psl.noaa.gov/pdo/)
% [3] [AMO] Trenberth, Kevin, Zhang, Rong & National Center for

Atmospheric Research Staff (Eds). Last modified ©5 Jun 2021. "The Climate
Data Guide: Atlantic Multi-decadal Oscillation (AMO)." Retrieved from
https://climatedataguide.ucar.edu/climate-data/atlantic-multi-decadal-
oscillation-amo.

% [4] [PDO] Deser, Clara, Trenberth, Kevin & National Center for
Atmospheric Research Staff (Eds). Last modified @6 Jan 2016. "The Climate
Data Guide: Pacific Decadal Oscillation (PDO): Definition and Indices."
Retrieved from https://climatedataguide.ucar.edu/climate-data/pacific-
decadal-oscillation-pdo-definition-and-indices.

% [5] [NAO] National Center for Atmospheric Research Staff (Eds).
Last modified 17 Apr 2022. "The Climate Data Guide: Hurrell North Atlantic
Oscillation (NAO) Index (PC-based)." Retrieved from
https://climatedataguide.ucar.edu/climate-data/hurrell-north-atlantic-
oscillation-nao-index-pc-based.

% [6] [ENSO] [El Nifo Southern Oscillation

(ENSO) J(https://psl.noaa.gov/enso/)

% Toolbox: [T1] [M_Map: A mapping package for
Matlab](https://www.eoas.ubc.ca/~rich/map.html)

% [T2] [Climate Data Tools for
Matlab](https://github.com/chadagreene/CDT)

% Data: [D1] [NOAA Extended Reconstructed Sea Surface Temperature (SST)
V5] (https://psl.noaa.gov/data/gridded/data.noaa.ersst.v5.html)

%% Initialize project

clc; clear; close all
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init_env();

%% Read data

nc_path = "..\data\sst.mnmean.nc";

nc_info = ncinfo(nc_path);

sst = double(ncread(nc_path,'sst')); % [deg C] sst(lon,lat,time_month)
sst(sst == ncreadatt(nc_path,'/sst', 'missing value')) = NaN; % Monthly Means
of Sea Surface Temperature (SST)

lon = double(ncread(nc_path,'lon')); % [deg E]

lat = double(ncread(nc_path,'lat')); % [deg N]

time_month = (datetime(1854,1,15) + calmonths(@:size(sst,3)-1)).";

%% pre-processing

sst_dtr = detrend3(sst,'omitnan'); % Remove the global warming signal
(detrended)
sst_var = deseason(sst_dtr,time_month); % Remove seasonal cycles (detrended

and seasonal cycle removed -> variability)

%% 1. global

TF_lon_range = lon > -Inf & lon < +Inf;

TF_lat_range = lat > -Inf & lat < +Inf;

TF_time_range = datetime(1900,1,1) < time_month & time_month <
datetime(2020,12,30);

%%k% eof

n_eof = 3; % only calculates the first n modes of variability
[eof_maps,pc,expvar] =
eof(sst_var(TF_lon_range,TF_lat_range,TF_time_range),n_eof);
% Optional scaling of Principal Components and EOF maps
for k = 1:size(pc,1)

% Find the the maximum value in the time series of each principal
component:

maxval = max(abs(pc(k,:)));

% Divide the time series by its maximum value:

pc(k,:) = pc(k,:)/maxval;

% Multiply the corresponding EOF map:

eof _maps(:,:,k) = eof_maps(:,:,k)*maxval;

end

%%% Create figure.
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for num_EOF = 1:3
EOF_fig(num_EOF, "Global",lon(TF_lon_range),lat(TF_lat_range),time_month(T
F_time_range),eof_maps,pc,expvar,1)

end

%% 2. the Pacific Ocean (85°33'S ~ 65°44'N, 99°10'E -> 180°+78°08'E)

TF_lon_range = lon > 134 & lon < 276;

TF_lat_range = lat > -67 & lat < 67;

TF_time_range = datetime(1900,1,1) < time_month & time_month <
datetime(2020,12,30);

%%k% eof

n_eof = 3; % only calculates the first n modes of variability
[eof_maps,pc,expvar] =
eof(sst_var(TF_lon_range,TF_lat_range,TF_time_range),n_eof);
% Optional scaling of Principal Components and EOF maps
for k = 1:size(pc,1)

% Find the the maximum value in the time series of each principal
component:

maxval = max(abs(pc(k,:)));

% Divide the time series by its maximum value:

pc(k,:) = pc(k,:)/maxval;

% Multiply the corresponding EOF map:

eof _maps(:,:,k) = eof_maps(:,:,k)*maxval;

end

%%% Create figure.

for num_EOF = 1:3
EOF_fig(num_EOF,"Pacific",lon(TF_lon_range),lat(TF_lat_range),time_month(

TF_time_range),eof_maps,pc,expvar,1)

end

%% 3. the Atlantic Ocean

%%% prepare

% convert longitute from ©~360 deg E to -180~180 deg E
n_lon_W = sum(lon >= 180);

lon_© = circshift(lon,n_lon_W);

lon_©(lon_@ >= 180) = lon_0(lon_© >= 180) - 360;
sst_var_© = circshift(sst_var,n_lon_W,1);

%
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TF_lon_range = (lon_@ > -65 & lon_0 < 41);

TF_lat_range = lat > -101 & lat < 67;

TF_time_range = datetime(1900,1,1) < time_month & time_month <
datetime(2020,12,30);

%%% eof

n_eof = 3; % only calculates the first n modes of variability
[eof_maps,pc,expvar] =
eof(sst_var_O(TF_lon_range,TF_lat_range,TF_time_range),n_eof);
% Optional scaling of Principal Components and EOF maps
for k = 1:size(pc,1)

% Find the the maximum value in the time series of each principal
component:

maxval = max(abs(pc(k,:)));

% Divide the time series by its maximum value:

pc(k,:) = pc(k,:)/maxval;

% Multiply the corresponding EOF map:

eof _maps(:,:,k) = eof_maps(:,:,k)*maxval;

end

%%% Create figure.

for num_EOF = 1:3
EOF_fig(num_EOF,"Atlantic",lon_O(TF_lon_range),lat(TF_lat_range),time_mon

th(TF_time_range),eof_maps,pc,expvar,1)

end

%% 4. the North Atlantic Ocean

%%% prepare

% convert longitute from ©~360 deg E to -180~180 deg E

n_lon_W = sum(lon >= 180);

lon_© = circshift(lon,n_lon_W);

lon_©(lon_@ >= 180) = lon_0(lon_© >= 180) - 360;

sst_var_© = circshift(sst_var,n_lon_W,1);

%

TF_lon_range = (lon_@ > -81 & lon_© < 1);

TF_lat_range = lat > -1 & lat < 67;

TF_time_range = datetime(1900,1,1) < time_month & time_month <
datetime(2020,12,30);

%%k% eof
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n_eof = 3; % only calculates the first n modes of variability
[eof_maps,pc,expvar] =
eof(sst_var_O(TF_lon_range,TF_lat_range,TF_time_range),n_eof);
% Optional scaling of Principal Components and EOF maps
for k = 1:size(pc,1)

% Find the the maximum value in the time series of each principal
component:

maxval = max(abs(pc(k,:)));

% Divide the time series by its maximum value:

pc(k,:) = pc(k,:)/maxval;

% Multiply the corresponding EOF map:

eof _maps(:,:,k) = eof_maps(:,:,k)*maxval;

end

%%% Create figure.
for num_EOF = 1:3

EOF_fig(num_EOF, "North
Atlantic",lon_O(TF_lon_range),lat(TF_lat_range),time_month(TF_time_range),eo
f_maps,pc,expvar,1)

end

%% 5. the North Pacific Ocean (20°N ~ 65°44'N, 99°10'E -> 180°+78°08'E)

TF_lon_range = lon > 134 & lon < 276;
lat > 20 & lat < 67;

TF_lat_range
TF_time_range = datetime(1900,1,1) < time_month & time_month <
datetime(2020,12,30);

%%k% eof

n_eof = 3; % only calculates the first n modes of variability
[eof_maps,pc,expvar] =
eof(sst_var(TF_lon_range,TF_lat_range,TF_time_range),n_eof);
% Optional scaling of Principal Components and EOF maps
for k = 1:size(pc,1)

% Find the the maximum value in the time series of each principal
component:

maxval = max(abs(pc(k,:)));

% Divide the time series by its maximum value:

pc(k,:) = pc(k,:)/maxval;

% Multiply the corresponding EOF map:

eof _maps(:,:,k) = eof_maps(:,:,k)*maxval;

end
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%%% Create figure.
for num_EOF = 1:3

EOF_fig(num_EOF, "North
Pacific",lon(TF_lon_range),lat(TF_lat_range),time_month(TF_time_range),eof_m
aps,pc,expvar,1)

end

%% local functions

%% Initialize environment

function [] = init_env()
% Initialize environment
%

% set up project directory

if ~isfolder("../doc/fig/hw2")

mkdir ../doc/fig/hw2

end

% configure searching path

mfile fullpath = mfilename('fullpath'); % the full path and name of the
file in which the call occurs, not including the filename extension.

mfile fullpath_without_fname = mfile fullpath(l:end-
strlength(mfilename));

addpath(genpath(mfile_fullpath_without_fname + "../data"),

genpath(mfile_fullpath_without_fname + "../inc")); % adds the

specified folders to the top of the search path for the current MATLAB®

session.

return;

end

%% Create EOF figure.

function [] =
EOF_fig(num_EOF,title_str,lon,lat,time_month,eof_maps,pc,expvar,TF_export)
arguments
num_EOF
title_str
lon
lat
time_month
eof_maps
pc
expvar
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210 TF_export

211 end

212

213 figure('Name',sprintf("EOF-%d (%s)",num_EOF,title_str))
214 t_TCL = tiledlayout(2,1,"TileSpacing","tight","Padding","tight");
215

216 %%% EOF

217

218 t_axes = nexttile(t_TCL,1);

219 pcolor(t_axes,lon,lat,eof _maps(:,:,num_EOF).");

220 shading(t_axes,"interp");

221 hold on

222 [C,h] =

contour(t_axes,lon,lat,eof _maps(:,:,num_EOF)."','LineWidth',0.2, " 'LineColor',"
black', 'ShowText', "off');

223 borders('countries', 'center',180, 'color',rgb('gray'))
224 hold off

225 clabel(C,h,"Interpreter", 'latex', 'FontSize',6)

226 % BEGIN patch

227 cl = caxis;

228 if (cl(1) >= o)

229 cl(1) = -0.1;

230 caxis(t_axes,cl)

231 end

232 % END patch

233 colormap(t_axes,cmocean('balance’, 'pivot',0))

234 cb = colorbar(t_axes,"eastoutside","TickLabelInterpreter","latex");
235 set(cb.Label,"String", "Temperature

($~{\circ}\rm{C}$)", "Interpreter","latex")

236 set(t_axes,"TickLabelInterpreter","latex","TickDir","out", 'YDir", "'normal’
, 'Box','off");

237 xticks(t_axes,-180:45:360)

238 xtickformat(t_axes, '%g$ {\\circ}\\rm{E}$")

239 yticks(-90:30:90)

240 ytickformat(t_axes, '%g$ {\\circ}\\rm{N}$")

241 % xlabel(t_axes,"longitude (deg E)", 'Interpreter','latex')

242 % ylabel(t_axes,"latitude (deg N)", 'Interpreter', 'latex')

243 %

244 [~,t_title s] = title(t_TCL,sprintf("\\bf EOF-%d
(%s)",num_EOF,title_str),"Guorui Wei 120034910021", 'Interpreter','latex');

245 set(t_title_s, 'FontSize',8);

246

247 %%% pC

248
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t_axes = nexttile(t_TCL,2);

plot(t_axes,time_month,pc(num_EOF,:),'-',"DisplayName", 'pc');

set(t_axes,"YDir", 'normal’,"TickLabelInterpreter",'latex',"FontSize",10,"
Box', 'off', 'TickDir', 'out', 'XLimitMethod', 'tight');

%
legend(t_axes,"Location", 'best', 'Interpreter', 'latex',"Box","off", 'FontSize'
,18);

xticks(t_axes,datetime(1900,1,15) + calyears(0:20:120))

xtickformat(t_axes, 'yyyy"')

xlabel(t_axes,"$t$ (year)",FontSize=10,Interpreter="latex");

ylabel(t_axes,"pc","FontSize",10,"Interpreter","latex");

title(t_axes,sprintf("\\bf principal component (EOF-%d), expvar = %.1f
\\%%" ,num_EOF, expvar(num_EOF)),"Interpreter","latex");

%%l export

if (TF_export)
exportgraphics(t_TCL,sprintf("..\\doc\\fig\\hw2\\hw2_EOF-%d_%s.emf",n
um_EOF,title_str), 'Resolution',800, 'ContentType', "auto', 'BackgroundColor', 'n
one', 'Colorspace’, 'rgb")
exportgraphics(t_TCL,sprintf("..\\doc\\fig\\hw2\\hw2_EOF-%d_%s.png",n
um_EOF,title_str), 'Resolution', 800, 'ContentType', "auto', 'BackgroundColor', 'n
one', 'Colorspace’, 'rgb")

end

return;

end

A2 FIERF

R SCAE FH AR A1 SRS & A T https://grwei. github.io/SITU_2021-2022-2 MS8401/.
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