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Abstract

The study attempts to show that the theory of critical environmental variation quantum(CEVQ) has a
sound logical basis and empirical support. It is well known that the theory of critical environmental variation
quantum is derived from the theory of biological probability distibution function and the central limit
theorem(CLT) in statistics.

The study uses the case study of fisheries damages compensation caused br the public marine construction
undertaken in the area do Anjeong Bay in the city of Tongyeong for empirical test of theory of CEVQ. The
results shows that the CEVQ theory perfoms a good job in measuring quantatively fjsheries damages caused
by outflow of cold water due to the operation of LNG company since 2002.

Therefore the study proves that the CEVQ theory is a good theory having internal consistency and

empirical applicability.

Keywords : Critical environmental variation quantum(CEVQ) theory, Sound logical basis and empirical

support, Anjeong Bay in the city of Tongyeong
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. Water temperature (°C)
Species 0 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
| T T T T U e v |
hairtail Z+ =]
catch mackerel 150
saury |
bastard halibut 3 2]
round herring =g
pacific cod o -
sandfish 25
filefish T A
anchovy EEl T —
walleye pollack el | ]
finesoptted flounder =g
yellow tail H] o] _
white croaker HEZF
spanish mackerel AF2]
jack mackerel Z 7y o]
gizzard shad 7o
sardine A o] g _
red sea bream =
yellow croaker 22 7]
herring Aol —
yellow goosefish ol
tanner crab oAl
flesh prawn ojj 5}
cuttlefish 1F 2 A o]
common squid A9 A o] _

[ ]: Living water temperature, [l : Optimum living water temperature

Source : Ecology and fishing grounds of Korean major coastal fisheries, National Fisheries Research and Development Institute,
Ministry of Oceans and Fisheries, 2005.

Fig. 1. Living water temperature spectrum by species to support Korean major coastal fisheries.
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Water temperature ("C)

Species 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
| T T T U e v I v |
hairtail ZF 2]
catch mackerel 150
saury |
bastard halibut =
round herring ==
pacific cod of -
sandfish 25
filefish G A
anchovy ER |
walleye pollack el

finesoptted flounder =g

yellow tail H o] !

white croaker HAA

spanish mackerel AFA] |
jack mackerel 78 0]
gizzard shad 7o
sardine Aol g
red sea bream 2=
yellow croaker 2z 7]
herring ol I
yellow goosefish ot
tanner crab A
flesh prawn ojj 5}
cuttlefish 1F 2 %] of
common squid AFQ %] o]

[ ] Spawning water temperature, [l : Optimum spawning water temperature

Source : Ecology and fishing grounds of Korean major coastal fisheries, National Fisheries Research and Development Institute,
Ministry of Oceans and Fisheries, 2005.

Fig. 2. Spawning water temperature spectrum by species to support Korean major coastal fisheries.
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Source : Ecology and fishing grounds of Korean major coastal fisheries, National Fisheries Research and Development Institute,
Ministry of Oceans and Fisheries, 2005.

Fig. 3. Circular trip of Korean mackerel migration.
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Table 1. The comparision of annual average fishey catch between before and after of cold water outflow
Annual average Catch of fish
Fishery Period Investigator Sample
Mean S.D. Size Equal Paired Test | Wilcoxon
Variance
Vessel Before KSNU 3,874.38 1,329.50 325 F=0.484 = —11.68 <0.0000
fishing After PKNU 3,019.79 924.83 325 | (»<0.0000) | (p <0.0000) '
Cultivating Before KSNU 15,022.95 — 39
fishery After PKNU 9,884.62 - 39
KSNU : Kyeongsang National University, PKNU : Pukyung National University
Table 2. Comparision of annual average fishery catch between investigating and reverse calculating figures
. Annual average Catch of fish
Fishery Estimated Investigator Sample
figure Mean S.D. Size Equal Paired Test | Wilcoxon
Variance
Vessel Investigation KSNU 3,874.38 1,329.50 325 F=0.899 +=0.985 077
. : ) p<0.7721
fishing | Calculation | PKNU 3,954.79 1,260.37 325 | (p<0337) | (p<0.3253)
Cultivating |Investigation| KSNU 15,022.95 — 39
fishery | Calculation | PKNU 16,637.54 - 39

KSNU : Kyeongsang National University, PKNU : Pukyung National University
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Table 3. The comparision of biota between before and after outflow of cold water

Section Zoobenthos Necton
A= (Fr¥s=)
Overall appearance classification 149 taxa 72 species
classification 14 taxa 7 species
Common appreance individual number 20.26 39.10
ratio(%)
biomass — 43.51
Only appearance classification 58 taxa 10 species
 of year 2001 individual number 81.24 28.96
(time before outflow ratio(%)
of cold water) biomass - 11.70
Only appearance classification 77 taxa 55 species
(.)f year 2010 individual number 78.24 92.89
(the time after outflow ratio(%) ‘
of cold water) biomass — 99.29
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Table 4. Significance test of difference of ratios in common appearance species

Ratio Confidence interval Significance
Species p-val
2001 2010 min max test
Armandialac eolata
2140 A 77 2 o] 0.002 0.046 —0.066 —0.022 0.0000 A*
Chone teres
130 7] 2 o] 0.009 0.155 —0.183 —0.109 0.0000 A*
Cirrifomina tentaculate
1 2= 4] Eb 2 %) 2 o] 0.005 0.012 —0.020 0.006 0.2773 A
Korea maldanidae
— — *
Sha o U 2] 2 o] 0.007 0.041 0.056 0.013 0.0000 A
Diopatra sugokai
1 2 0] 2 o] 0.023 0.005 0.005 0.032 0.0317 v *
Lumbrineris heteropoda N
2tk 377 2 o] 0.152 0.017 0.108 0.162 0.0000 v
Lumbrineris japonica
AN 2] 2 o] 0.061 0.126 —0.101 —0.027 0.0001 A*
Nepthys caeca
By 0] 2 o] 0.018 0.002 0.004 0.027 0.0383 V*
Notomastus latericeus
- 0.020 0.002 0.006 0.029 0.0241 v *
FheeE A el
Perinereis nuntia
22| 2 o] 0.431 0.005 0.393 0.459 0.0000 v *
Phlyo fimbriatus
obAoF T2 A A & o] 0.007 0.005 —0.008 0.012 0.9145 v
Praxillella affinis
] LR ] o] 0.007 0.002 —0.004 0.013 0.5072 v
A o), dEAMA G o], i Fdetef AA = o], 2 Fris=4
ra i U AR G o], ZE A A F o)l ], o] FFEES T 7550 HHEENeH, o] ¢
Fol A B e A ALt anse = AXAsES Fe T2 5H(EE)sH= Aol
TG FAA FATH O R Goshh 1e  olste] RYFELE F9 VAN BR A
A AR 7L g A FTEEIAAY G U P E Folle 27 Al 5 A
of, Itk e| & A & o AR Fol, 7k AsEol ZE o UMAIT o] 5 A= 74
LHEAA Y] LM ANl oMot FEol of 7] ujiel Ank W Aol A Al
AR o], me| gk AX| Fol)olE], o Fol A th & 72504 A4kt o] 20019 A} EA Y
of Al o} a1 Z 70 2] 7 o] FAAFCNE 92010 2APoA 3Form W F 7T
ALt S/HES Fdu o Fart stk o Aol Eshar, At 7F AR 2001 o v =
Al sk, 127 F Foll A 2001 2t 2010 A FRE A o] 105, FA th7F £AMRE2010E o vh =
oo #2J3t M3tE 514 Aol 3F (4 A3t A o] s5Fo|th A AT HSTF dojt
Bt AR G o], of Aot ZAA o], eyt Aoz M E 5 AT FHLHAE F gt
FAR ool sk, YR 9F2 Fo3t o] FYFES A= AHERE of 7t A F
WEE A AYS & 5 ch27) W] §9 BB A 5te] A
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Table 5. Change of the composition ratio of organisms between before and after of outflow of cold water

Section 2001(before outflow of cold water) 2010(after outflow of cold water)
Appearance in only one investigation year 12(39.57%) 11(53.01%)
Appearance in two investigation years 8(60.43%) 8(46.99%)
Overall 20(100.00%) 19(100.00%)

Table 6. Change of the composition ratio of common fisheries in catch of both years (%)

Species 2001 209 Change
p (before outflow of cold water)| (after outflow of cold water) &
Hexagrammos agramus 8.17 19.04 10.87
oo
L j ic
ateolabﬁx]apomcus 0.54 1.19 0.66
51
Periop};fil:lzt‘;i c“:ar(z);onensis 0.56 1.04 0.49
Sebast;vatlr—zermzs 3.02 3.00 —0.02
=2
Conger myriaster
N 18.10 8.62 —948
e}
Moo
ugzl}\cephalus 2.87 231 —0.56
<l
K 7 tat
onoszrzjgunc atus 2288 2.55 —20.33
crabs
gy 431 9.24 4.93
=

5) AAE A YR )L, RS B YCE RS A8 7) Bl AAE A o] ROE ST T4
£ ol ROPED/ A 2ol | ok olel B/ YR 3T WA Al
7] £
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Table 7. Composition ratio of fisheries in catch of vessel fisheries before and after outflow of cold water

2001 2010
Species (before outflow of cold (after outflow of Remarks
water) cold water)
flounders 7} A} u] & 31.25
Trichiurus lepturus 7+ %] 0.3775
Acanthopagrus schlegeli 7473 = 4.005
Liparis tanakae 35 *] 1.39
Cololabis saira %] 1.2175
Hexagrammos agrammus =2} 1 8.1675 19.04
Lateolabrax japonicus 5 ©] 0.535 1.19
Pleuronichthys cornatua =t} 2] 17.3
Gadus macrocephalus o 2.99 subarctic species
damselfishes = 2.81
Periophthalmus cantonensis %5145 o] 0.555 1.04
Engraulis japonicus 8 ] 2.6125
Liparis tessellatus =) 7] 0.49
gunnels B =2}2] F 1.71
takifugu &0 7 0.85
Seriola quinqueradiata "] 0.3
Sebastes inermis =2+ 3.0225 3.00
Conger myriaster %%} o] 18.095 8.62
Scomberomorus niphonius 4} 2| 0.4675
Mugil cephalus %] 2.8725 2.31
Konosirus punctatus %1 o] 22.8775 2.55
Clupea pallasi 7 ©] 2.23 subarctic species
other fishes 7] €} o] 5% 1.91
crabs 7] 2 43125 9.24
Octopus minor = A 1.1875
Paroctopus vulgaris -] 0.26
cephalopods =+ 3.13
tritonshorns 115+ 0.6725
Crassostrea gigas 3=
Oratosquilla oratoria 78 7} A 2.97
Halocynthia roretzi $-7 %) ]
holothuroids 3} A}
other invertebrates 7] €} F-2] 3 1.77
other marine producuts 7| E} =AHE 10.6725
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Table 8. Comparision of fisheries value in catch of vessel fisheries before and after of outflow of cold water

2001 2010
Species Ratio Price Ratio Price Remarks
(%) (won/kg) (%) (won/kg)
flounders 7} A} u] 4,339 31.25 6,096
Trichiurus lepturus 7+ 2] 0.3775 3,212 6,274
Acanthopagrus schlegeli 773 = 4.005 22,556 12,012
Liparis tanakae 33 % 1.39 4,419
Cololabis saira 5-%] 1.2175 2,054 2,141
Hexagrammos agrammus =} 1] 8.1675 3,586 19.04 9,013
Lateolabrax japonicus 5 ©] 0.535 13,268 1.19 9,851
Pleuronichthys cornatua =T} 17.3 4,339
Gadus macrocephalus o) - 4,058 2.99 4,405
damselfishes = HF 7,399 2.81 4,966
Periophthalmus cantonensis &5 5 o] 0.555 1,171 1.04 3,469
Engraulis japonicus 8 ] 2.6125 1,076 1,613
Liparis tessellatus “=v| 7| 0.49 2,683 consigment price of 2001
gunnels B =2}2] & 1.71 9,851
takifugu 20 & 9,145 0.85 7,145
Seriola quinqueradiata " o] 0.3 2,667 2,726
Sebastes inermis =2+ 3.0225 7,505 3 7,932
Conger myriaster %%} o] 18.095 6,443 8.62 7,636
Scomberomorus niphonius %+ 2| 0.4675 2,615 3,525
Mugil cephalus %] 2.8725 3,498 2.31 5,037
Konosirus punctatus % ©] 22.8775 1,594 2.55 3,497
Clupea pallasi % ©] 1,099 223 978
other fishes 7] €} o] 5% 1,216 1.91 2,084
crabs A| & 4.3125 4,190 9.24 5,737
Octopus minor = A 1.1875 13,707 19,658
Paroctopus vulgaris -1 0.26 8,162 12,847
cephalopods 2+ 3.13 4,659 other mollusks
tritonshorns 115+ 0.6725 3,717 trumpet shell
Crassostrea gigas 2= 426 532
Oratosquilla oratoria 7A 7} A 2.97 4,347 other crustaceans
Halocynthia roretzi $-%3 %) 0| 1,871 3,508
holothuroids 3415+ 11,014 12,576
other invertebrates 7] €} -2 3= 1.77 4,659 other mollusks
other marine producuts 7| E} $=AH& 10.6725 8,509 13,312
) Catching year - 5,279 - 6,387
Average price Year of 2001 - 5279 - 4301
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