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Applying Steady State Analysis to the
Study of Mitten Crabs in Jichun, Kum River

ML * - S| A**

Jeon, Dae-Uk* - Jeong, Hoi-Seong**

—1 Abstract |

This article deals with an ecological-economic analysis of the ‘Pasture Project of
Kum River’, which is the farming plan of mitten crabs using Jichun, a stream of the
River Kum where the natural propagation of mitten crabs are blocked because of the
estuary dam constructed in 1990. Toward analyzing the ecological and economic
effects of the crab releasing and harvesting activities in Jichun, a two-stage cohort
model of population dynamics with cannibalistic behaviors and density restrictions in
biomathematics is adopted, despite of the current infertility in Kum, considering the
opportunity of establishing dam fishways in the near future. This study moreover
presents a method of parameter estimation especially with assuming a steady state
of the ecosystem, and performs various analyses such as the risk measurement of

climate change and the economic value of such fishways.
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P alpha P b1 Pe  Pdlequalsb2 P d2 plus ¢ Pk2  PlargeK2
X ‘ - -
B—O— O—
F Birth Tr F Matured ) eath & Hanlested
@, @, (—3
F Planted F Cannibalized F Sacrificed 2

Pl(t) = P1(t—dt) + (F Birth + F Planted—F Matured—F Cannibalized) * dt
INIT P1 = (1/P_d1_equals_b2)*P2*(P_k2*P2+P_d2 plus ¢)
INFLOWS: F Birth = P b1*P2

F Planted = P _alpha
OUTFLOWS: F Matured = P_dl1 equals b2*P1
F_Cannibalized = P_e*P1*P2
P2(t) = P2(t—dt) + (F_Matured—F Death & Harvested—F_Sacrificed 2) * dt
INIT P2 = 0.5%((P_d1_equals b2/P_e)—(P_d2_plus_¢/P_k2))"2+
4%(P_b1/P_e)*(P_d1_equals b2/P_k2))"0.5
—0.5%(P_d1_equals_b2/P_e+P_d2 plus _c¢/P_k2)
INFLOWS: F Matured = P_d1_equals_b2*P1
OUTFLOWS: F Death & Harvested = P_d2 plus c*P2
F Sacrificed 2 = P_k2%(P272)

P_alpha = Z4% 1) 27530 ; A2 0

Pbl =74%1) 0 ;o A% 2 28579

P dl equals b2 = 04306 ; P d2 plus ¢ = 0.8 ; P_e = 0.0005911

P k2 = P_dl equals b2/P largeK2 ; P largeK2 = 963.3

[2] 2] MefA| A= En} Stock-Flow Equations




=X —4AI»EH

S5 BT

i

Shloz B 3Y NS FARI

g 2]9] AeRdy} FAdAE P B P, 25 27|oR M 2804 &3
7] P40 A DI A 105 280 oF&e] Palpha (] EREHE] @) B P_by(°]

Z*
2599 b)e ¥ /S Mgt gk

B9 D M 34 2k} o] 4508 AAAYE b =0 R WFEF a =2753.0

52 M 34 F9Hief o] AAFFFE AAAYE by =2.8579 @ WFF a=0

o] 7 7} A9 T4 Y e EAAHoR e ofulolu), AAAAEC] gl
A ARG ES} 22 AAAAR NG S B Aol7] witelt) o] F g BT
AP Ay} (2 3]3 2ol 7] dFENHE & FA5 L Q)

ob&e] [1H 4] YAARQI AT ] 7S W Al2Rle] 4 T3 Eel #ek A
golr}. Alzgo) A WFES 2012~20154 3d7F XA 1,000 wielE WSk o] % F
et Aol dek Agolth alelA B ko) o], UAARI FA = ekl §4
THTFES 3 E35h= X (homeostasis)S Ho|al itk Tek (18 5]+ gelu|E o] gk
2 o]Folxl FA wPxlo] Fepuy gro] Ao R WS W 1 wPgke] WEs B
ol Ade yEhia gtk A AAA ovl=, A o] 57 o] EAlske]
WAE dfoF sk A 2012W@ 58 WS AlFE 2753.03 vhe)/d 2529] 100%, 80%,

Aee EA4 #PAe wnz gAY ¢ vk e Age 4
soel gl Eek - Wl slal olBals A Al WslE ek ek

olde] ARANERY Relo] Fx4 B3 AefA B
77; Ford, 1999: 283—-288; Barlas, 1996)9] that o= Hw o] AAI7HS 718 4= U}t &8
AR B A48 B AlaE g8 £l Bue s RS =E
S QAT B Aol e dmeraela @ SR, 34 R Agusisl b 5
of gk e}3E Alarstr] 918l 7129 o]&4 RdE 9 AA A AsE5S Hog &85}
AaL, A AR oA o¢t dAHEE deny FAS FIPFOoEA Bdo] 27

L

E}FgAstructural validity) S A A 7]7] Y3 =8-S ol A k)

zdel o4 Bldd(predictive validity)oll 1oJM &= & Aol gk F4
ABE Fol, oked & HolMe AAS Al gkort atejuE o Sekglol

EoM&E Alxg] pxoh diEs 5, A B olEHor AHEd dddnE

]

it



44 T5= AA"IClolH=A o7, A 113 A 1= 2010. 4

1:P1 2:P2
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i
1 1 1 1
1]
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2 0
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Test for Initial Equilibrium

A

(3% 3] =52 X7| dd=U9| 7R &
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Test for Initial Equilibrium by Pulse (P_alpha=1000 during 2012-2015)
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Test for the changes in release amounts (100%, 80%, 60%, 40%, 20%, 0%)
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P d1 equals b2
Palpha  Pb1 Pe a Pd2plusc  PkK2

O—=C— O—

F Birth T F Matured PBeath & Hardested
@ @, (—3

F Planted F Cannibalized F Sacrificed 2

F price R delta CP2

R Net Profit R/Revenue

F Depriciated Annual CF NPV of Asset

V(t) = V(t—dt) + (F_price) * dt
INIT V = 2500
INFLOWS: F_price = IF(V-0.0295*R_delta_CP2*V<1000)
THEN(1000—V)ELSE(-0.0295*R _delta CP2*V)

NPV _of Asset(t) = NPV _of Asset(t—dt) + (F_Depriciated Annual CF) * dt
INIT NPV_of Asset = 0
INFLOWS: F Depriciated Annual CF =
R Revenue/((1+P_IR) ™ (TIME-2010))

R delta CP2 = DERIVN(F Death & Harvested,1)*DT

P IR = 004 ; P ULl = 300

R Net Profit = R_Revenue—R_Cost

R Cost = P_alpha*P Ul ; R Revenue = V*F Death & Harvested

(27 7] S&st Aldel ZMAM "ytz ol Stock-Flow Equations
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ol2E] B AFoAE oA AFIAIFA] E A}l AAA 71X =AL 95 vl
o] gl 2Hike] & A 7}X|(Net Present Value of the Asse) S ZA4317] 913 M-S £4819)
=), AR E 2502 A|4E21E P IR(nterest Rate, 0| ZRE 0] §)& 047, w9
FHE-2 A vkl 30090 0.2 d7gdstitt mgk o] @R EolA F3HE ue A WEl
apel o] Az oolmm E RHloX= ALk viA#o R, 317]¥ equation modelo]
A £20]9J(P_Net_Profi)y& 217+ s=0]9]S o] g},
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228 B 32 AL A T G AT B e A
. Y W A S AN AL D A 275308 K21 A B

@ Azt 77064 TS SRR ol AAEE BE S @ oleld ASle d7How
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(2% 817 (29 o1t 374 AWIN WA B AL % sl e Ae 2 A
A wse] $g 49 Avolth g 275308 wlelel AAE YRS W, F YU G

825,900 ¢, 4 w&7IAL = vl 2 ?Mj<19914°l/u}ﬂ>0ﬂ*1 AU

Az B2 dgAAE oA A7 2590L 1,534,6594 Yo7 FAEE A7k $o]e)e
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1: F Death & Harvested 2V 3: R Net Profit
1 800

2 2550 |
3 1000000 4
/ [

2

2 \/
VA

1950 | 1
3 1000000
2010.00 2012.50 2015.00 2017.50 2020.00

Page 1 Years

WN =

N

Base run case : harvest amount, price, & annual net cash-flow

[T 9] A Sg3t Algle] =t2k(1), 71A#eK(2), |t £0(2i(3)

4% @A AZF grolQ o] AArtA| 9] o g Aol B EA o A= 37,375,000 Ao
2 =ZEI olF AYd Aol <& 1> AAE] e, FolAe oA wAlG
Hgol mEE 2L 9] ®srh A A Eo] Stk o]ak&o] WES 7Sk 2 ASlY] A
A Zd, S A AP E gEF 3~4009] ER P4

ofbge] ol A A EAA AW FAE AAE BrkrA sl drpv
WA E H2ESITE <iF 2>& ZpAWstES AR 20%, 10%, AT 74
~10%, —20%% © WsAIZS W] 25 BAE F7HEEe] W EE & Aotk 7}
AWs7E A4 3 A wrh o] Ag A 237 fsFo] o AXHEA Eoout
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WS FRANE AL & S ek et Angow TN mehise] iUt
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VG Azl Fo sl F40] glojA wig- Al Hrolth mety £ HZo
A AR DREE AR 374 o] U B4 o] AnE dia 7t 49 bshs e
A FFERT +50% ~ —50%5 S7HAA 53] AAEAT
A F-ole AR Do wsle] gg Axge] Agesh Alase] vk M3
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2BE] I #EAARE] WEE o] A71A L, i@%ﬂ FYAARE] FoR ol
Foj gl FRAH R W) glong AAA %
& AH 2% AAY] FE7bsEF 770.63 v
F-2)0] AAE vle} 2k o] A9 mEIH R AA BEAARe] Wk A, A9
SNV eF S A0 FEAASE AAsuR sy 2 A ARGl WskE of
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i

(22 g-1) ML [(MALHEE (,)o| Hisjof| CHEt A|AE OlZtE
AAANHE 100%
= 150 12 0
d29| g5} 0% o (Baserun) 5% 50%
X[HLEE d1 0.37 0.39 0.43 0.52 0.93
SAE e 9.89x10-4 7.93x10—4 5.91x10—-4 3.70x10—4 0.35X10-4
MA| FEMHL P 642.2 770.6 963.3 1,284.3 1,926.5
T (2/ok2)) 1991.41 1991.42 1991.43 1991.44 1991.45
A7t SRS
= 2) 708,684 708,691 708,699 708,707 708,711
ATEIYA| 5 4
KA FX| (4 ) 57,525 37,455 37,373 37,287 37,270
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