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STUDY ON THE HARMFLU ALGAL BLOOM RISK INTENSITY INDEX AND
CONTROL FACTORS

LIN Guo-Hong', LI Ke-Qiang"? ~WANG Xiu-Lin'
(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical
Engineering, Ocean University of China, Qingdao 266100, China; 2. Laboratory for Marine Ecology and Environmental Science, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract
ambiguity between the factors and the lack of a quantitative analysis. To connect them, this study established a compound

The current forecasting and prevention methods of harmful algal bloom (HAB) are disjointed due to the

eutrophication index (CEI) that can both forecast and reflect the relationship between factors based on the statistics
calculated during 1982—2015 in Jiaozhou Bay. Meanwhile, CEI was applied to the Yangtze River estuary. Results showed
that the CEI includes 14 key control factors. A higher degree of agreement was observed between CEI and chl a (SI = 0.86)
than that of the current eutrophication method. The accuracy of CEI and the HAB occurrence time reached almost 93%,
which was equivalent to that obtained from the statistical methods, and the spatial matching degree between CEI and HAB
distribution was 77%, which was equivalent to that derived from the ecological dynamic model considering grade-3 as
standard. After adjusting for regional factors, the similarity index (SI) of CEI and chl a was 0.74 in the Yangtze River
estuary, reaching a high consistency. The spatial coincidence (kappa coefficient) of CEI and chl a was 0.25, reaching
moderate and general consistency. The general consistency may have been caused by the loss of key control factors due to
the particularity of the sea area. Future studies based on CEI construction in the Yangtze River estuary may solve this issue.
harmful algal bloom (HAB) forecast;
Yangtze River estuary

Key words HAB prevention; HAB risk intensity index; Jiaozhou Bay;
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Appendix 1  The accuracy table of current prediction methods for HAB

83%
60%
90%
75%
NOAA 73%
80%
NOAA 93%
84%
90%
88%
77%
95.5%
82%
93%
87%
75%
84%
78.7%
80%
89%
87%

Tomlinson, 2004

Blauw, 2010
Stumpf, 2003
Arrow, 1993
Tomlinson, 2004
Price, 1984
Brown, 2011
Ramers
Ramers
Magny, 2009
Fdez-Riverola, 2004
Jacobs, 1996
Jacobs, 2010
Decker, 2007
Anderson, 2010
Brown, 2013
Huang, 2012
Roiha, 2010
Stumpf, 2009
Wong, 2008

Mg 2 BROHRERF
Appendix 2 Hierarchical analysis program
function [W, lambda] = eigen (A) %%
[m,n] = size(A);
A2 = zeros(m,n);A3 = zeros(m,1);A4 = zeros(m,1);W = zeros(m,1);

for k=1:n
A2(:,k) = A(:,k) / sum( A(:, k) ); %
end
for k=1:m
A3(k,1) = sum( A2(k,:) ); %
end
W =A3/sum(A3); % , 4
Ad=A*W,
lambda = sum(A4 ./ W) / m; %
clc;

A=[11/51/31/2;515/35/2;33/513/2;22/52/31];
n = length(A);

RI=1[0,0,0.58,0.90,1.12,1.24,1.32,1.41,1.45,1.49,1.51]; % RI
[WA,LA]=eigen(A) % A WA LA
ClIn=(LA-n)/(n-1);
CRn = CIn / RI(n); %A CRn
if CRn<0.10
fprintf('A CR %f \n',CRn);
else

fprintf('A  CR %f N\n',CRn);
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Appendix 3  Cluster analysis program
(1) Inconsistent
cle
clear all
format long g
X=textread(' C:\Users\Administrator\Desktop\ CEL.TXT");
BX=zscore(X); %
Y=pdist(BX); %
D=squareform(Y); %
Z=linkage(Y,'centroid'); % linkage , ‘centroid’
c=inconsistent(Z) %
dlmwrite('c.txt',c)

2 , ,
cle
clear all
format short g
load c.txt
x=c(:,4);
minx=min(X);
maxx=max(Xx);
jz=textread(' C:\Users\Administrator\Desktop\CEL.TXT ")
=L
for i=0.0001:0.01:maxx %
n=length(i);
Out=Cluster_c2(jz,1);
nn=length(Out.1T(:,1));

S (§,:)=[i nn]
=L
end
S %S ,
save S
(3)
function Out=Cluster _c2(CEl,c)
%CEI
%c -inconsistency coefficient
% m )

load('CEL.TXT")
r=length(CEI);
u='euclidean"; %
v='centroid'; %
d=pdist(CEI);
disp 'linkaging...'
Z=linkage(d,v);
T=cluster(Z,c); %<¢c
TT=[(1:r)",T]; %TT=(:,1) , T
W=[TT,CEI];
uT=unique(T);
1T=0;
for i=1:length(uT)
tI=find(T==uT(i));
IT=[1T, length(tl)];
end
IT=[(1:length(uT))",(IT(2:end))']; %IT ,
Out. W=W;
Out.IT=IT;
Out. T=T;



