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-~ A Rule-Based Model for the Prediction of
Fishing Condition of Anchovy

Ichiro AOXKT* and Isamu MITANI**

Abstract

This paper describes a rule-based model for predicting anchovy catch during JAN-FEB
and SEP-OCT periods off the coast of Kanagawa Prefecture, cental Japan. The model is based
on the methodology of knowledge engineering which aims to turn expertise into practical use.
The purpose of the model is to coordinate the specialist’s accumulated empirical knowledge
expressed in a qualitative rather than quantitative manner in order to make the best use of
it in fishery forecasting.

The available knowledge is represented by IF-THEN rules nearly in the form of natural
language. Using these rules, stock abundance is inferred from egg abundance, catch of larvae
and catch in the adjacent sea. Environmental conditions for fish appearance is inferred from
the Kuroshio path and water temperature, and ultimately, the expected catch is deduced
further by taking into account the catch in the preceding period. Simulations of anchovy
catch using actual data in the past have shown that the rule-based qualitative model is
beneficial. ) . )

The rule-based model has the advantages of flexibility and improvability because it is
designed to be revised or updated. This approach is a useful tool for a fisheries forecasting

system.
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Fig. 1. Inference network through rules for predicting anchovy catch
during JAN-FEB period. Numerals indicate values of certainty factor

in the rules.
denoted in Table 2.

Table 1.
JAN-FEB period. CF is certainty factor.

Examples of rules composing rule-based model for predicting anchovy catch during. . ..
Though these rules are given in English loosely, .
they have been actually written in Japanese.

Abbreviations of input variables in the bottom line are

RULE 1

IF 1) Estimated stock abundance is good
and 2) Expected environment for fish appearing is good

THEN 1) Expected catch is good (CF=0.8)
2) Expected catch is moderate (CF=0)
3) Expected catch is poor (CF=-0.8)
RULE 10
IF 1) Expected water temperature is high
THEN 1) Expected environment for fish appearing is good (CF=0.5)
RULE 18
IF 1) Catch of larvae during JUL-AUG in the preceding year is good
THEN 1) Estimated stock abundance is good (CF=0.5)
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Fig. 2. Inference network through rules for predicting anchovy catch
during SEP-OCT period. Numerals indicate values of certainty factor
in the rules. Abbreviations of input variables in the bottom line are

denoted in Table 3.
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Table 2. List of values of input variables for simulation of anchovy catch during JAN-FEB period.

Input variables Abb. 1983 1984 1985 1986 1987

Egg abundance during JUL-AUG EG P P P G G
in the preceding year

Catch of larvae during SEP-OCT LV M G G M P
in the preceding year :

Catch in the adjacent Boso Sea CB P M G P P
in the preceding period

Expected water temperature EWT M L L M H

Expected type of Kuroshio path EKP B C B other A

Possibility of warm water intrusion PWI yes no no yes yes

Water temperature WTP M M M L M
in the preceding period

Type of Kuroshio path KPP C B C C A
in the preceding period

Occurence of warm water intrusion WIP no no yes no yes
in the preceding period

Catch in the preceding period CPp P P M P P

G: good. M: moderate, ‘P: poor,
A, B, C: type of Kuroshio path

H: high, M: moderate,

L: low

Table 3. List of values of input variables for simulation of anchovy catch during‘ SEP-OCT period.

Input variables Abb. 1983 1984 1985 1986 1987
Egg abundance during MAY-JUN EG G P P M M
Catch of larvae LVS M M M P P
in the preceding period -
Catch of larvae in Enshu-nada Sea LVE M M M G P
in the preceding period
Catch of larvae during MAY-AUG LVP G P M P P
Expected water temperature EWT M M M L M
Expected type of Kuroshio path EKP C other other other A
Water ‘temperature WTP M L M L M
in the past (MAR-AUG)
Type of Kuroshio path KPP B C C other A
in the past (MAR-AUG) .
Catch in the past (MAR-AUG) CP M M G G P

G: good, M: moderate, P: poor,
A, B, C: type of Kuroshio path
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Fig. 3. Results of simulation using the rule-based model and data from
1983 to 1987 for. JAN-FEB period. Expected catch of anchovy is given
by values of certainty factor for each of three ranks (poor, moderate, and
good). - Recorded catch is indicated by arrows on the scale. The bold
arrow shows the mean for 10 years (1978-1987) catch data.
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Fig. 4. Results of simulation using the rule-based model and data from
1983 to 1987 for SEP-OCT period. Expected catch of anchovy is given
by values of certainty factor for each of three ranks (poor, moderate and
good). Recorded catch is indicated by arrows on the scale. The bold
arrow shows the mean for 10 years (1978-1987) catch data.
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~ Table 4. Comparison between calculated and recorded catches of anchovy. Expected catch . 7"
is represented by the rank with the largest value of ceratinty factor. Forecasted catch is a
value in the fisherey forecast “IWASHT’’ actually issued by Kanagawa Prefectural Fisheries
Experimental Station (KFES). The recorded and forecasted catches in ton are classified into
3 ranks based on the mean and standard deviation for 10 years (1978-1987) catch data.

1983 1984 1985 . 1986 1987 .
-~ JAN-FEB : T
Expected catch by our model M P M M ) P
Forecasted catch by KFES ‘ — 520 G 243 - M 157 " M 93 . P
Recorded catch e 1238 M 105 P 322 G 216 M 8 P
SEP-OCT
Expected catch by our model M G . G B P
Forecasted catch by KFES 381 G 248 M 243 M 385 G 431 . G
Recorded catch 79 P 254 M 469 G 91 P 45 P .

P: poor, M: modeaate, F: good
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