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1. Lagrange Multiplier Method

The Lagrange multiplier method is used when one needs to find the maximum or
minimum of a function subject to constraints. Consider the following optimization
problem:

objective function f(@),
constraint to Gile) = ¢

The Lagrange function defined by

F(E,)) = f(Z) + > Mge(&)

where & is vector of variables,
X is vector of Lagrange multiplier with elements Ax and k is the number
of constraints

2. Covariance Matrix and Its Properties

The covariance is a measurement relationship between two variables. A large pos-
itive value indicates positively correlated data and a large negative value denotes
negatively correlated data.

The covariance matrix of a random vector X € R™ with mean vector m is defined

as
C, = E[(X — m)(X — m)T].

The element of covariance matrix is given by

Cy; = E[(Xi — m:)(X; — my)] = 035

Properties of the covariance matrix

e The diagonal entries of covariance matrix C, are the variances of the compo-
nents of random vector X that is

Cii = E[(Xl = mi)Q] == 0'?.

e Since the diagonal entries are all positive so the trace of this covariance matrix
is positive,

TI'&CG(CI) = Z Cy > 0.
i=1

e The covariance matrix C, is symmetric, C;; = 05 = 0ji = Cj;,

C.ee.
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3. EOF Computation Using Covariance Matrix Method with
MATLAB (Bjornsson and Venegas, 1997)

1. Assume the data is in a matrix M with each row as one map and each column
a time series for a given station.

2. Removing the mean of each column:

F = detrend(M,0);

3. Forming the covariance matrix:

Ri=F2 *x [}

4. Calculating the eigenvalues and eigenvectors of the covariance matrix:
[C, L] = eig(R);

where L is a diagonal matrix of the eigenvalues corresponding to eigenvector
matrix C.

5. Computing the principal component, PCi, corresponding to eigenvalue A;

PCi= F # C(: ,1);

6. Calculating the percentage of variance:

k = diag(L)/trace(L) * 100;

EOF computation for NaNs with MATLAB is used in this research are shown step
by step and using Bjornsson and Venegas (1997). Assume the data is in a matrix
anom and next steps as following,

%% Compute covariance of matrix with NaNs (already remove mean)
Cov = nancov(anom,’pairwise’);

%% Put 0’s in for NaNs in Cov matrix to be able to compute eig()
Cov(isnan(Cov)) = 0;

%% Compute eigenvalues (variances of amplitudes),
%% eigenvectors (EOFs) of data covariance matrix
[v,D] = eig(Cov);

% V = EOFs, diag(D) = eigenvalues

%% EIG outputs from low to high, so flip up to down
val = flipud(diag(D));
% eigenvalues = variances of each amplitude



-~
~

%Y% EIG outputs from low to high, so flip column to order from
%% high to low

vec = fliplr(V);

% Flip columns left/right to correspond to adjusted ordering of

(

% amplitudes

%% Calculate percentage of total variance
val = val*100/sum(val);

%% Put 0’s in for NaNs in anom matrix to be able to compute
%% amplitudes

anom(isnan(anom)) = 0;

amp = anom*vec;

4. Missing data

All missing data from observations are less than 1% of data records. The percentages
of missing data for each station are shown in Table A.1.

The observation from TOPEX/ERS during 1993 - 2004 which cover 89.9°E to
135.9°E and 15.9°S to 30.1°N have missing data. The missing data in the Gulf
of Thailand and the South China Sea is a land in the south of Thailand disappear-
ance, as shown in Fig. A.1. There are missing data in that area, so the spatial
patterns of EOF are no land in the west coast of the Gulf of Thailand.

89.9E-135.9E
5.95-30.1N

Figure A.1 The observation from TOPEX/ERS covers the Gulf of Thailand and
the South China Sea.
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Table A.1 The percentages of missing data from the observations in the Gulf of
Thailand and the South China Sea

missing data

Station Name Period

(%)
Samutsongkram 1980 - 2007 0.44
Prasae 1984 - 2007 0.27
Laem-ngop 1984 - 2007 0.18
Bangpakong 1981 - 2007 0.26
Ko Lak 1985 - 2007 0.23
Samutsakorn 1977 - 2007 0.43
Zhapo 1959 - 2007 0.01
Xiamen 1954 - 2004 0.01
Kanmen 1959 - 2007 0.02
Tai Po Kau, Tolo Harbour | 1963 - 2006 0.02

Quarry Bay 1963 - 2006 0
Kukup 1986 - 2007 0.03
Johor Bahru 1984 - 2006 0.05
Tanjung Sedili 1987 - 2006 0.02
Pulau Tioman 1986 - 2006 0.04
Tanjung Gelang 1984 - 2006 0.01
Cendering 1985 - 2006 0.01
Kota Kinabalu 1988 - 2006 0.05
Tawau 1988 - 2006 0.09
Quinhon 1977 - 2006 0.01
Manila, S. Harbor 1980 - 2007 0.46
Legaspi, Albay 1980 - 2007 0.03
Cebu 1980 - 2007 0.10
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