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Table 2: The used criteria and values in marine
aquaculture model.
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Figure 1: Study area (Coastal Area of Mazandaran
Province)
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Table 1: The location of each farm in the
Mazandaran province coastal
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Figure 2: The final output of marine aquaculture model run at 1 year period for two scenarios of
Expansion and current situation and Business as Usual (BAU).
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Table 3: Production and NPV at 1 year period for Rainbow trout species in the Development Scenario
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Figure 3: Production and NPV at 1 year period for Rainbow trout species in the second part of the model. A) The
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Figure 5: Sensitivity analysis for farm 7 (Expansion
scenario -Rainbow trout)
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growth

ac)0 Sy 50 NPV g udgi (yfime 59 Lod @l 3l :F Jgur

Sy S 330 (koS ¢y ST 38) o Yoo dgi by b
Table The effect of temperature changes in the
production and NPV on a farm with a production
capacity of 200 tons (Rainbow trout) in a cycle.

(ol Gylad S K (fhIcdiog ey (g o) NV

T3 18y YARTT TVEA
1# Wi la:al TeoAFA
i e N ad! YyOF

YFA



Ol el gale alae

Al 5loley 55 0555 T 51 g el 03¥ (Lo 59, VF7
Ol g 0l e S Ol sles a5 095 o plonil (oo atin
olRl s a4 phale 5 HelisS b 0y90 S e Job
Ol ey aaales CBlop 2led (59 4 5095 pendlie £ 5
dmlne 59, WY 0ga> Vae 50 )3 ped JSew sl 0)90
| 00
Db e ped iSu yo Jaw sla! ool Y S
JeSo o 50 iy 0,90 dlass (gosis las ()Y IS
Sloyg3 i sled (i e 4 S5; 503 bl ool
90 Jlo SO 50 il e Azl jo g allls (5 5elisS a,
Llo cde a4 5y 0,5 Bblin Jg ol asls JolS ol 090
Jbo oo lple 5 S SYsb 0l 090 ¢S sles o
cy 4 (@ g (@) IS gl by JSew 90l eS
S b )5 (o SS) Ay e goazmsgles
Ju v Sley o3k, (F kM) sy o 50 (Yo L)
20 S5, 5es8 bl 5 NPV 5 adss (e 05 sals-
35 Gble g Olog Ggakee e A5)1 a5 10 Sty
Ol Ogebes Yoo B3l 4 5 VO S 2 3 S
el 00 dwle
O 5 Sy Gl p Lo il oy psbie
AF) Gglite gles aw b obyo sy Jee NPV
Cowd a4l b o )T 1l (O, Kmle a0 YA NP
los alais 4y o, B loo S2al38 L F S jloges 4o ool
(azpd VAVP) oleS 5y VI3 ol ln anee
VF Glos jo S S50 4.0l aalgs SoligS ul, 0,90 Jobo
Vosles o ey VIV Ll 0l JSe o sk a0
dloe 59, V10 b pln 4z )0 VA slos 39 59, VYT a0
i ol alie @l 58 TUsar @ls ol ond
Load) pgd 0)90 oy Sae Jobo T gur ;o aasee plis
ol o slisS o > ol gl sles Gl & 4xg
G A Gy Ceo 5l Ol Gloo yo S STl ol edle
2 50 9z7ge E)lie wbie SRl g )35 J>lgw )0
30 ol oldlae wims o plas |y (55 SYeb ol 0,90
OleS 555, VIR (ole 0d)y Glime 2 Les 58l (st
»5b6 (1299) Stigebrandt gasdlas o .ol oads abul
Ay F8 Ol p a3 YA N AY A& F el slabes
£ Lo Gl b oS ol plts S S, VI3 ale
V¥4

(Silwde 5l Jols Olasls b 3l lawbl jolaie o
Slp Gilodse 5l ol sel Caws @ bt o (sl lio
Sade b (LINS) oSS Jolgu o &ly ¥V oo)lads ac)ie
28 (Gl 235l (b ol ploxl ae 50 Gl yo (a3lg wdgs
WS ain 8,5 Ojee acyie cpl IVVATIVIVO &)U
SIS sb 4 a8 wile Jad il Tl cule ol o5
039 e s ce By 5 dds pleS (eSS, Y15
039 e 5 )5 YO B 00 o silule, el o ol
Bp)S0re Gmonids Jygn Soo ydaxg b oy JB
515 9 a3 2 x> 4 a2 g5 ol oo Dgliie 0,56l
GNP e T ggame IV U8 aisS sl el
399 s Gl el NPV Jlaie 5 azils Lalls cols
by S 99 )0 e o Sy plegi oedee B F
Sy5ly Ak 5o o pladl Slowlono ¥ Jpar 3 a8l
P50 aS aes e sl cole ol e aladss gile Joe g
250 5 Cdls melss ad, S ¥V wlg ol Jlo
Slade a5 atsls el adg o5 A B YO ul, (go,90
399 5 0)93 2 ;5 plogi (ygelee Yoo ol 5 Jol> NPV
ol 5 Sl 00,5 3T Jlo S yo e ekes 0
Sade Bl bl b ooals (Bpme Jow a5 aao o Ll
el LSS L a5 wladgs

009 Jd Ojse j0 aS aeo g lis axwg (g9 liw
Shestinul 5 ghasle Jolgw ;o 39290 slamid plos
o Sl colis (15 i e B o Jamilly ST
ol ialidl 3 VPP sgu 4 1) ol olie olgT oo 455
Osekes 5P+ s oz il ol 5l Jols sgus oS
Sgr dlez> Jlu V Sae Job o legs

VI3 oo 5o Sl et ¥ Jgaz 50 a5 pshailen
53 oad 3)ly 0y sla el )l s g Lo 4 azgi b (LS (S
eple Sl 0590 b JSew Ve 50 ST 0 Sl o Joe
ibela; gloj 5l a3 plej Do) w090 o Jobo il
VS 00 2l 0 4 oy B YIRE ele ax
axgi boys0 G loy Do el 0uls e 35 (p S 5LS
oyl Yearo a5 ol Syl Jlo Jsb o oo glis 4,
Pl Gl 5 5l )0 FeS slod 4y azgi L as) 0)90
sy 0ye0 ol )3 ) as i yo Jle jsb 4y g walss
ciley @l Ois & o) B Gl LD g5lele, ploj



"'u‘..’lT'.J‘A LS)JJ;‘LS:):‘T MJS‘ KA PRES (SJL-HJ..\.A LS-’J:‘)‘S U.QJ_\.A

OLSes 5 ulids B~

sy 4 S 2l Goonil Joe ol oo
Al dad a5l adg oyl e Sleele g s
L Jowe opl yo cole oy a5 ol opl ac,50 50 51 (NPV)
slayall) (Sej 5 (L) (ame slayell 4 azy
3l ol el cnlplo 39 oo (3l e allyy) jobo 4 (o
55 sl (e by 533 (b Jee ol sl
PTIRAPES

u‘)&oib 9 GUEI’I’y Ja..uy oolaiul 3,90 (5)5).»6).'] JJA
-Bao GlBe S Gisn el e, (TIY 5Y 1Y)
male sl 2l Gasne el nlale 285 )8
ez 31 il sl NPV) alls Jlus 35, 5 oy s
2 odle e oalitl Ll o 3 oS S5, VI3 eale
SINPV g adgs e 0,910 5l wé a0 Sladllas cpl yo ]
slaJoe plo 5l eolatul b o obys 69! Jae @b
CeisS g ol S Giledde 4 plessST Sleas
S92 Snnsil 48,50 2 DIl b)) pslate 4 el
B S| r:)y aS Cewl onds wa QS’LJ)Q W}ﬂ
wieersS| Jolss i) sl 5 Sk 50 ol oiy] bl
Slopere 9 g Gl Sl WpS 15wy p 3500
A e el g el GleptenwssT o oL
Sleas g iz ple b ol Jobs 5 bls)l (285
Gl Ky s g anza Ll Sby)l coge pitacmsS]
ol 3! oo 30 5 dgd ge dmesl> g Cenilaone 4 Sleas
(VY e 5 GUEITY) cusls sl ol jon 4y i
3351 5 olatdl (Gl ) e & S e (55955 cnlnle
Sleas ple 2Ly Gosnenl Jae il 4 Wy
55 458,53 3 ]

Sl Joe 505 byme anllas ol 5l Lol an
5 g Ol 0yl sshite 4 (2byd 658! pessS]
& sl A 5 ol obys spsnsil &)l NPV
P sl s Jo e jo (S5, GYIUB (R
& 5o 655 (nl Ghan 9 odsh bl e el g ol il
ol 5l dele NPV sl 5 golal o)) & o>
S8 ) s ) o sla Sayll el gl 5 s

(Vo)) o) 5en g BOyd cldlas .ol oo ial33l 56 0,
S oo 9l 1) 3550 cnl 5 (VYA sobley omuis

a0 V¥ gloo j0 a5 veo o plis 58 Flgue mls
boad, JSew o 0 YIJE ale adg oliee of Kl
5150y oleg psalee ¥o¥ Lol NPV 4 o S5Ls VARYY
e Los 4200 ¥ ial3él L a5 sl o 45 ol el o0
i3l olegs Jlsm Yo OAFA NPV 5 o S6ls VESY s
Lyl NPV g adg pliee azyo F Gl b 5 5 b oo
il sde] s 4 logi Jlsm ¥V -OFF 4 o S5LS VYFF
S g Ol SolieS wby slaoyes yo aSil s
255 0 )lal oale dilig; ye 9 Sye 5 4 (i on 29 wale>
5 S Jdo 4 ale 6y Slawy 0l 090 yialS L aS
8wl caws lailyg, e

Sl JIUT jolate 4 00,5 ol 45 jslailen oLk 5o
Ilcise by, b INVEST 18l 51 (Jao b
Vosae)ie sln Ul Gl (o755l o8 9o 3 oolin]
IS Jloged s 53 VI8 (30 slite 4 (S5 J>lges)
olaws loged 2 40 (60508 Hamme el ol ool ioled O
Ol s N Ol ) 0)90 Sl (B8 jemme 5 Loyl ST
aS sas oo olis (W) loges aib o (NPV) alls Lab
STz bl v ¥ ((p80) Voac i jo S slaws
@ b sleaed Jb Ve LSSl ee8y Jlenal G iy
Jaie () Sleges jo adei lis s s elais] o>
S 10+ laie L NPV (@) Hloged ;o g o5 Feoo¥eo
29 b opolie ol aS cnl oogs J1ST o s glhls Y
Canbad pas by Sl 03g Gl Joo 12 ) 2l
B 8l cos ) ole s (B g WD) wd; sloally o
AR o0

3750 5x9ns 3l Bl IS ly 2byd ransil e
YU ale aiy 5wl 12l haisle Jolaw o
5 S g pedslio £ ol Glos 4 az g5 b (LS (155,
sl O3s & Oy B b o al) (lale ailys, e
NPV) alls e 355] 5 adgs liee 5 9 g3loos
Joe gzl 5l Jol> s 0305 acule as)50 2 gl
O YVAS o i plad (ogn Jlad & jgo 10 aS vao oo L
olosi e VVOA NPV (0 1 (LS 05, sYIU3E
IRWARTAPESILINV RYUREN RV PR = PO L

Yoo



Ol el gale alae

1858 g iS5
09,5 Wiyl ewbil)l5 abplly Sl i ol )
(Sl ol o) wdlb s wyde ooy Rl cangjlasre
oaSiily WVotio oolad 5l aliwg oy a5 (VYFYYYY
Copde g oydeceny ol ol psle 5 bl
Bl b zmen g olaisle XS S o)l p i
Sprday Suz p3Y sl en Suled &5 gy edige
oyl 1y 10,08 5 polons JLaS cizitls Jige |, dalllas o

&b

A B pan Co pie 5 ilejle IVAY gz GFlw b
odige plla aslilad (gy0las s e O
FO o)led eadjles Jlo . anb lie 5 55,0laS
FA-YY oo

sl WA w9705y 95 gt G pb ol Al
bl 2 ghssle sl (dolo g (S5 Copilis
e (ESI) oo o Conles a3ls
N 2l b ojle g joln (olgw Ml o Solen
Fo-v4 oo

S Coge (giludnds Sho,  slandie AYAD wp L
Slxio ) ojleds (Bl (g p —(sole aslidlal
YY-£Y

B )0 (53963l Arwyl ol ezl adill
- B, oS0 I VAT Golnl 5o (2l e
wdigs S8 L gl g Gaod a>ly e g
ige oS b SlLasl asly (il Tl jolin
TIY pgs sl g Jol il olilon olile psliwe
i

s il a8 bl 5 OMd IFAY ol oI5 MK
g Coglae (Sl Sl 3 e o fenily
AT DY g3 a], 55 csolazdl sl
AasY

ol Ghon e sleal, IYAR Lo (goblee (ki
s Lhalng O 5e 0 ol (eSS, VI3
AxasVED

Yo

el slamgng 5 s lan dbolay dox 5l oo e
D gu “3-""%1 LS';T Sldlas Glo Q—l

obasdl 4z g5 (4,155

20 Ol 5255, $YTU38 (b Goygp (e gi G9)15) F Jgux
(5 Vee slaeyz0

el sl dsane

[ ol b 5 =
Ya.. & e lie
i o s Llf Yheees e do

ol slaasa wesane

oo oolasw! kuylgy J>

69061 Jo 33 39290 bulgy Jo (50956 3l gliges ¥ Jgaz
by

b, J>

Weyy =(aWf ,  efeur) s w,_
s s =(@Wisyy )+ Werys Ao 4038

5o [ iem Weyy = (0/035 x (0/2)%**7 x 2/718085/070/9%)) 4 0/2 = 0/2550 02880
o | s Wiy = (07035 x (0/2550)%/7 x 2/718388X9/90)) 4 0/2550 = 0/3196 | 1%
''''' BSw, = (0/035 X (0/3196)%/%7 x 2/718¢5/52:9/%9)) 4 0/3196 = 0/3948 | ***

1826
weein Weyy = (0/035 x (0/3948)%/*4" x 2/718(1826:0/99) 1 0/3948 = 0/4813
3o o ), o
= 2 =) Il
Pl i
Y
TPWy, = woung. donge ()
Sl P el bt
A o k) S5 2 52
0.9%08 TPW).. = 0.9908 x 165000 x 0.85 x ' 2/7 18 0/000343x332 1918
e TPW; . = 1.1004 X 125000.. x 0.85 X 2/7 18 8/009342x102 el
¥ 1
NPVp = rrw,,lru - ml
S e 50 5
et (Slay? Opolen) W T3 515
g ONPV)
y . .
A NPV, = 80074 x [16000(1 ~ N v)'"] .

| 1
7 = = 553
13841 | NPV, = 82501 x Imuou /Doy ]


http://www.civilica.com/Papers-ICOPMAS10=%D8%AF%D9%87%D9%85%DB%8C%D9%86-%D9%87%D9%85%D8%A7%DB%8C%D8%B4-%D8%A8%DB%8C%D9%86-%D8%A7%D9%84%D9%85%D9%84%D9%84%DB%8C-%D8%B3%D9%88%D8%A7%D8%AD%D9%84%D8%8C-%D8%A8%D9%86%D8%A7%D8%AF%D8%B1-%D9%88-%D8%B3%D8%A7%D8%B2%D9%87-%D9%87%D8%A7%DB%8C-%D8%AF%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C.html
http://www.civilica.com/Papers-ICOPMAS10=%D8%AF%D9%87%D9%85%DB%8C%D9%86-%D9%87%D9%85%D8%A7%DB%8C%D8%B4-%D8%A8%DB%8C%D9%86-%D8%A7%D9%84%D9%85%D9%84%D9%84%DB%8C-%D8%B3%D9%88%D8%A7%D8%AD%D9%84%D8%8C-%D8%A8%D9%86%D8%A7%D8%AF%D8%B1-%D9%88-%D8%B3%D8%A7%D8%B2%D9%87-%D9%87%D8%A7%DB%8C-%D8%AF%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C.html
http://www.civilica.com/Papers-ICOPMAS10=%D8%AF%D9%87%D9%85%DB%8C%D9%86-%D9%87%D9%85%D8%A7%DB%8C%D8%B4-%D8%A8%DB%8C%D9%86-%D8%A7%D9%84%D9%85%D9%84%D9%84%DB%8C-%D8%B3%D9%88%D8%A7%D8%AD%D9%84%D8%8C-%D8%A8%D9%86%D8%A7%D8%AF%D8%B1-%D9%88-%D8%B3%D8%A7%D8%B2%D9%87-%D9%87%D8%A7%DB%8C-%D8%AF%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C.html

"'&[T'.J‘A 6)3);‘(5:):‘1 MJS‘ KA PRES (SJL-HJM 6.3)..»)\5 U.QJA.A

OLSes 5 ulids B~

B E.B., 2012. Progress and challenges in valuing
coastal and marine ecosystem services.
Review of Environmental Economics and
Policy, 6(1): pp: 1-19. 10.1093/reep/rer017.

Beveridge, M., 2008. Cage aquaculture (Vol. 5),
3rd Edition. John Wiley and Sons, 380
pages, ISBN: 978-1-4051-0842-3.

Boyd, J. and Banzhaf, S., 2007. What are
ecosystem  services? The need for
standardized  environmental  accounting
units. Ecological Economics, 63(2) :616-
626, 10.1016/j.ecolecon.2007.01.002.

Boyd, J.W., Guy, C.S., Horton, T.B. and
Leathe, S.A., 2010. Effects of catch-and-
release angling on salmonids at elevated
water temperatures. North American Journal
of Fisheries Management, 30(4): 898-907,
10.1577/M09-107.1.

Eastman, J.R., 2015. TerrSet Manual System.
Accessed in TerrSet [18.10]. Worcester,
MA: Clark University.

FAO, 2014. The state of world fisheries and
aquaculture.  Food and  Agriculture
Organization of the United Nations.1020-
5489, 10.1109/TGRS.2008.2002076.

Guerry, A.D., Ruckelshaus, M.H., Arkema,
K.K., Bernhardt, J.R., Guannel, G., Kim,
C.K., Marsik, M., Papenfus, M., Toft,
J.E., Verutes, G. and Wood, S.A., 2012.
Modeling benefits from nature: using
ecosystem services to inform coastal and
marine spatial planning. International
Journal of Biodiversity Science, Ecosystem
Services and Management, 8(1-2): 107-121.
10.1080/21513732.2011.647835.

Guerry, A.D., Ruckelshaus, M.H., Plummer
M.L. and Holland, D., 2013. Modeling

Marine Ecosystem Services, Encyclopedia
of Biodiversity, 5: 329-346. 10.1016/B978-
0-12-384719-5.00333-6.

Mohseni, M., Ozorio, R.O.A., Pourkazemi, M.
and Bai, S.C., 2008. Effects of dietary
I-carnitine supplements on growth and body
composition in beluga sturgeon (Huso huso)
juveniles. Journal of Applied Ichthyology,
24(6): 646-649. 10.1111/5.1439-
0426.2008.01121.x.

Moradyan, H., Karimi, H., Gandomkar, H.A.,
Sahraeian, M.R., Ertefaat, S. and Sahafi,
H.H., 2012. The effect of stocking density
on growth parameters and survival rate of
rainbow trout alevins (Oncorhynchus
mykiss). World Journal of Fish and Marine
Sciences, 4(5): 480-485.
10.5829/idosi.wjfms.2012.04.05.64143.

Sharp, R., Chaplin-Kramer, R., Wood, S,
Guerry, A., Tallis, H. and Ricketts, T.
2014.  InVEST3.1.0 User’s  Guide.
http://www.naturalcapitalproject.org/downlo
ad.html.

Stigebrandt, A., 1999. MOM (monitoring -
Ongrowing fish farms - Modelling):
turnover of energy and matter by fish: a
general model with application to salmon,
Fisken and Havet No. 5, Institute of Marine
Research, Norway. 26 P. 10.1175/1520-
0485(1999)029<0191:RTBTFI>2.0.CO;2.

Valentini, E., Filipponi, F., Nguyen Xuan, A.
and Taramelli, A., 2016. August. Marine
food  provision  ecosystem  services
assessment using EO products. In
Proceedings of ESA Living Planet
Symposium, 10.3390/su8060519. 7P.

YOY



Iranian Scientific Fisheries Journal Vol. 26, No.1

Applied introduction of ecosystem service modeling of marine aquaculture: Approach for
estimation of production and net present value (NPV)

Haghshenas E.*; Gholamalifard M.!"; Mahmoudi N.?

" m.gholamalifard@modares.ac.ir

1- Department of Environment, Faculty of Natural Resources, Tarbiat Modares University
(T.M.U.), Noor, Iran

2- Department of Fisheries, Faculty of Marine Sciences, Tarbiat Modares University, Noor,
Mazandaran, Iran

Abstract

Marine and coastal ecosystems have many benefits and different services for humans that marine
aquaculture is one of the most important of these services. Southern coast of Caspian Sea
particularly Mazandaran coast have great potential for development of marine aquaculture. Now,
there are 9 fish farms with different production capacities in Mazandaran coast. In this study, the
growth of specie of fish Rainbow trout (Oncorhynchus mykiss) was modeled using the marine
aquaculture model based on daily temperature, rate of metabolism and mortality rate. Finally
calculated the harvest weight and net present value (Net Present Value: NPV) for this this specie in
each farm was calculated by considering two scenarios: 1) Development and 2) BAU (Business as
Usual) that in each scenario equal to 2786 and 1121 tons with the NPV 11158 and 15788 million
toman in total mazandaran coast during 1 years. So production of Rainbow trout is more economic.
Results show that growth cycle fom the release (200 g) to harvest for Rainbow trout and is 2 cycle
in 1 year. Also, duration of growth cycle decreases when temperature increases such that at 14, 16
and 18 degrees Celsius wasl142, 124 and 110 days, respectively. Since aquaculture farms on the
Mazandaran coast had been grownd mostly Rainbow trout so this study is evaluated the production
and NPV for this specie. Rainbow trout is a non-native specie in South Caspianso so is necessary
that be studied effects and consequences of production the specie in this area.

Keywords: Ecosystem services, Marine aquaculture model, Net present value (NPV), Rainbow

trout, Mazandaran coasts.
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