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A study on the risk scoring and risk index for
the ecosystem-based fisheries assessment
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This study identified problems of the existing ecosystem-based fisheries assessment approach, and suggested
new methods for scoring risk and for the estimation of fishery risk index. First, risk scores of zero to two for
target and limit reference points for each indicator were replaced by those of zero to three, and the risk
scores were calculated from new formulae which were developed in this study. Second, a new method for
estimating fishery risk index (FRI) was developed in this study, considering the level of indicators. New
method was applied to the Korean large purse seine fishery, large pair trawl fishery and drag net fishery.
More precise and detailed risk scores were obtained from the new method, which can explain the risks by
the wider range of both risk levels for ‘better than target’ and ‘beyond limit. The new method for estimating
FRI could avoid the basic problem related with duplicated computations of fishery-level indicators, which
improved the estimated FRI to be more accurate. Also, a method for estimating variance of FRI using the

bootstrap was proposed in this study.

Keywords: Risk score, Fishery risk index, Indicator, Reference points, Ecosystem-based fisheries

assessment
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Fig. 1. Nested structure of risk indices used in the ecosystem-based fisheries assessment (ORI: objective risk index, SRI:
species risk index, FRI: fishery risk index, ERI: ecosystem risk index) (Zhang et al, 2009).
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Fig. 2. New reference points and risk scores for the
ecosystem-based fisheries assessment approach.
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Table 1. Target fishery and major species in the South Sea of Korean waters

Target fishery

Major species

Large purse seine fishery
Large pair trawl fishery
Drag net fishery

Common mackerel, Jack mackerel
Hairtail, Small yellow croaker, Yellow goose fish
Anchovy

—473 -



REARYAEAN AL " 5 AER AHal  al o5z AwAolTh Bz iF0) AU,
At Wi zF A ® gist 712 %], RS 7 2| F o] 9
& T (risk score), A= W] FE =] o
1) When Ao =constant ( ), 2 7ks Aol
Ao®| g2 1ot}
: ZZ (Bi ;- RS:»/ZB +ZWA RS; AT A4 (FR)E= o] Fol i3 e = x
FRI=Y 3= 5 +2W ¥ 715 (ho)7h AR of ol we Fio]
E Ho] AL A07) o E W HHlol Y5
W, ol THAIGlo] Tel R Ao A4
2) When Ao=varied by species (7 Fh, ol Aol e 2 Mo 7

) o v, B7k o] %o wheh bRk Aozt ol %o
; Z (B; ~W,~RS,-,,-)/Z Bi+) Wi RS} 3] UABEA S wo]= o] Zof ule} zhzho)
PRI zZIOZAU - iW/‘*EWk = roZre AAstH, BE GA] ol Fo| wpel 1 gk
& T2 A A4t
A7 A, O= AJEfA 718F 2] 53 (objectives)

/TMN

24 A5, ARTEY, NN, AEFAN  MRL Bohweol M8
Hojoluf it o1F, 1= 0lF /b FFEA A Seo 119 AR E AgSte] 712 W
Eome F5E ABS ke o USR] AE, AR B WS ol ol AR A 3744

Table 2. Objectives, indicators and level of indicators of the ecosystem-based fisheries assessment in the South Sea of
Korean waters

Objectives Indicator Level of indicator*
1. Biomass (B) S—1 S
2. Catch (C) (S—2) S
3. Age at first capture (Tc) (S—3) S
N 4. Fishing ground (FG) S—4 S
Sustainability 5. Mean trophic level in catch (TLm) ES - 5; F
6. Mature rate (MR) (S—06) S
7. Slope of length spectrum (P) (S=7) S
8. Ratio of Korea catch per total catch (KC) (S—19) S
1. Bycatch rate (BC/C) B-1) F
2. Discard rate (DC/C) B-2) F
Biodiversity 3. Mean trophic level in system (TLc) (B-3) F
4. Diversity (DI) (B—4) F
5. Pelagic sp./Bentihc sp. (P/B) (B—5) F
1. Critical habitat damage rate (DH/H) H-1) F
2. Sea sand collection rate (SC) (H-2) F
Habitat 3. Harmful algal bloom (RT) (H-3) F
4. Pollution rate of spawning and nursery ground (PG/G) (H-4) S
5. Lost fishing gear (F) (H-5) F
6. Discard wastes (DW) (H—6) F
1. MEY E-1) S
2. Income per person employed (E-2) F
Socio-Economic benefit 3. Ratio of profit to sales (RPS) (E-3) F
4. ratio of landing to total supply(RLTS) (E—4) S
5. Employment rate (ER) (E-5) F

* S : species level, F : fishery level
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Fig. 3. Risk plots showing risk scores of indicators for the
sustainability and habitat quality of hairtail of the large
pair trawl fishery in the South Sea of Korea using the
ecosystem-based fisheries assessment approach (upper:
old method, below: new method).

Table 3. Risk scores estimated from old and new methods of the ecosystem-based fisheries assessment approach for the
large purse seine fishery in the South Sea of Korean waters

Common mackerel

Jack mackerel

Indicator Level Weight

Oold New Oold New
S—1 S 3 0.88 1.44 1.40 1.70
S—2 S 2 0.00 0.02 0.00 0.25
S—3 S 1 2.00 3.00 2.00 3.00
S—4 S 1 2.00 2.13 2.00 2.07
S—5 F 1 1.80 1.90 1.80 1.90
S—6 S 1 0.00 0.00 1.71 1.85
S—7 S 1 1.29 1.67 0.00 0.00
S—8 S 1 0.59 1.29 0.00 0.94
B—1 F 2 0.77 1.39 0.77 1.39
B-2 F 2 2.00 3.00 2.00 3.00
B-3 F 1 1.92 2.00 1.92 2.00
B—4 F 1 0.00 0.00 0.00 0.00
B-5 F 1 2.00 3.00 2.00 3.00
H-1 F 2 0.00 0.00 0.00 0.00
H-2 F 1 2.00 243 2.00 243
H-3 F 1 0.00 0.85 0.00 0.85
H—4 S 1 1.81 1.90 1.81 1.90
H-5 F 1 0.00 0.00 0.00 0.00
H-6 F 1 0.00 0.52 0.00 0.52
E—1 S 1 0.00 0.09 2.00 2.85
E-2 F 1 0.74 1.37 0.74 1.37
E-3 F 1 0.00 0.86 0.00 0.86
E—4 S 1 0.00 0.39 0.00 0.39
E-5 F 1 2.00 3.00 2.00 3.00
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Table 4. Risk scores estimated from old and new methods of the ecosystem-based fisheries assessment approach for the

large pair trawl fishery in the South Sea of Korean waters

Hairtail Small yellow croaker Yellow goose fish
Indicator Level Weight

Oold New Old New Old New
S—1 S 2 2.00 2.14 1.27 1.73 1.39 1.76
S-2 S 2 0.00 0.67 0.34 1.17 0.00 0.47
S-3 S 1 2.00 2.16 2.00 2.13 2.00 2.04
S—4 S 1 2.00 243 2.00 2.42 2.00 2.12
S—5 F 1 0.00 0.92 0.00 0.92 0.00 0.92
S—6 S 1 2.00 3.00 2.00 2.00 0.14 1.07

S—7 S 1 0.00 0.00 0.00 0.90 - -

S—8 S 1 1.41 1.72 2.00 2.09 - -
B-1 F 2 1.78 1.88 1.78 1.88 1.78 1.88
B-2 F 2 1.83 1.75 1.83 1.75 1.83 1.75
B-3 F 1 2.00 2.14 2.00 2.11 2.00 2.14
B—-4 F 1 0.00 0.99 0.00 0.99 0.00 0.99
B-5 F 1 2.00 2.39 2.00 2.39 2.00 2.39
H—-1 F 2 2.00 3.00 2.00 3.00 2.00 3.00
H-2 F 1 2.00 2.43 2.00 243 2.00 2.43
H-3 F 1 0.00 0.84 0.00 0.84 0.00 0.84
H—-4 S 1 1.81 1.90 1.81 1.90 1.81 1.90
H-5 F 1 0.00 0.00 0.00 0.00 0.00 0.00
H-6 F 1 0.00 0.52 0.00 0.52 0.00 0.52
E—1 S 1 2.00 3.00 2.00 2.51 1.11 1.56
E-2 F 1 1.25 1.47 1.25 1.47 1.25 1.47
E-3 F 1 2.00 2.00 2.00 2.00 2.00 2.00
E—4 S 1 0.00 0.00 0.85 1.43 1.89 1.95
E-5 F 1 2.00 3.00 2.00 3.00 2.00 3.00
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Table. 5 Risk scores estimated from old and new methods
of the ecosystem-based fisheries assessment approach for
the drag net fishery in the South Sea of Korean waters
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Anchovy
Indicator Level Weight

old New
S—1 S 2 0.00 0.35
S-2 S 2 0.18 1.09
S—-3 S 1 0.00 0.84
S—4 S 1 0.00 0.89
S-5 F 1 2.00 2.03
S—6 S 1 0.00 0.00
S—7 S 1 1.08 1.56
S—-8 S 1 0.00 0.92
B—1 F 2 2.00 2.71
B-2 F 2 2.00 0.00
B-3 F 1 1.92 1.96
B—4 F 1 0.00 0.00
B-5 F 1 2.00 3.00
H-1 F 2 0.00 0.00
H-2 F 1 2.00 2.43
H-3 F 1 0.00 0.84
H—-4 S 1 1.81 1.90
H-5 F 1 0.00 0.00
H-6 F 1 0.00 0.52
E—-1 S 1 0.31 1.15
E-2 F 1 1.68 1.84
E-3 F 1 0.00 1.59
E—4 S 1 0.00 0.12
E-5 F 1 0.22 0.12
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Table 6. Objective risk index (ORI) and species risk index (SRI) estimated from old and new methods of the ecosystem-
based fisheries assessment approach for the large purse seine fishery in the South Sea of Korean waters

Method Species ORI S ORI B ORI H ORI _E SRI
ol Common mackerel 0.938 1.089 0.544 0.549 0.816
Jack mackerel 1.064 1.088 0.544 0.549 0.862

N Common mackerel 1.306 1.832 0.814 1.142 1.286
ow Jack mackerel 1312 1.832 0814 1.695 1382

Table 7. Objective risk index (ORI) and species risk index (SRI) estimated from old and new methods of the ecosystem-
based fisheries assessment approach for the large pair trawl fishery in the South Sea of Korean waters

Method Species ORI_S ORI B ORI_H ORI_E SRI
Hairtail 1.141 1.317 1.116 1.450 1.228

Old Small Yellow Croaker 1.122 1.317 1.116 1.620 1.250
Yellow goose fish 0.865 1.317 1.116 1.650 1.160

Hairtail 1.585 1.613 1.671 1.893 1.664

New Small Yellow Croaker 1.626 1.613 1.671 2.080 1.710
Yellow goose fish 1.325 1.613 1.671 1.994 1.584
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Table 8. Objective risk index (ORI) and species risk index (SRI) estimated from old and new methods of the ecosystem-
based fisheries assessment approach for the drag net fishery in the South Sea of Korean waters

Method Species ORI_S ORI_B ORI_H ORI_E SRI

old 0.344 1.440 0.544 0.442 0.659
Anchovy

New 0.912 1.350 0.813 0.964 0.999

Table 9. Variance of objective risk index (ORI) and species risk index (SRI) of the ecosystem-based fisheries assessment
approach for the South Sea of Korean waters using the bootstrap method

Variance by bootstrap method

Fishery Species
ORI_S ORI_B ORI_H ORI_E SRI
Large purse seine fishery Common mackerel 0.073 0.154 0.118 0.209 0.030
Jack mackerel 0.071 0.161 0.119 0.222 0.030
Hairtail 0.071 0.023 0.181 0.252 0.012
Large pair trawl fishery Small yellow croaker 0.023 0.023 0.183 0.075 0.016
Yellow goose fish 0.041 0.023 0.010 0.058 0.018
Drag net fishery Anchovy 0.043 0.242 0.120 0.103 0.028

Table 10. Fishery risk index (FRI) estimated from old and new methods and their variances of the ecosystem-based
fisheries assessment approach for the South Sea of Korean waters

Old method New method
Fishery
FRI Variance FRI Variance
Large purse seine fishery 1.294 0.023 0.972 0.024
Large pair trawl fishery 1.684 0.013 1.909 0.035
Drag net fishery 0.999 0.008 1.358 0.007
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a) Common mackerel for the large purse seine fishery

b) Hairtail for the large pair trawl fishery

¢) Anchovy for the drag net fishery

Fig. 4. Risk diagram showing objective risk indices (ORIs) for three species of fisheries in the South Sea of Korea using
the ecosystem-based fisheries assessment approach (left: old method, right: new method).
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Fig. 5. Risk plots showing species risk indices of three
fisheries in the South Sea of Korea using the ecosystem-
based fisheries assessment approach. CM denotes
common mackerel, JM, jack mackerel, H, hairtail, YGF,
yellow goose fish, SYC, small yellow croaker, and A,
anchovy (upper: old method, below: new method).
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Fig. 6. Risk plots showing fishery risk indices of three
fisheries in the South Sea of Korea using the ecosystem-
based fisheries assessment approach. LP denotes the
large purse seine fishery, LT, the large pair trawl fishery,

and DN, the drag net fishery (upper: old method, below:
new method).
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