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* - MODEL FOR -
* - SCENARIO IV -
* - -
* - Filename: SCEN3 GAMS -
b A e el L U Sy S —————
¥ e ——— e - Indexes ———==—=—————————==—- ;
SET T time periods /1 * 40/;
SET TFIRST(T) first period;
TFIRST(T) = YESS(ORD(T) EQ 1);
SET TLAST(T) last period;
TLAST(T) = YESS(ORD(T) EQ CARD(T));
SET I activities using mangrove in natural state
/FISHERY, FORESTRY/;
¥ mme——— Parameters for shrimp farming --=—---—=——————-———- ;
SCALARS
LI initial amount of converted mangrove /30/
RT rotation time in shrimp mariculture /0.4858/
WF final individual weigth /1.45E~5/
wo initial individual weigth /1.00E-9/
N number of stocked shrimp pl /120000/
R stock intrinsic growth rate /26/
M instantaneous mortality rate /0.052/
c variable cost US$ per 1000 ton /2.99E6/
D fixed cost US$ per 1000 hectare /41667.00/
CONV convers.cost US$ per 1000 hectare /240385.00/
o) market price US$ per 1000 ton /6.60E6/
RHO interest rate /0.100/;
SCALAR -
Q harvest (ton per hectare) in shrimp mariculture;
Q = (WO*WF*N*EXP (-M*RT)) / _
(WO+ (WF-W0) *EXP (-R*RT) ) ;
* ——-~-— Parameter for natural functions of mangroves —-—~-~=--- ;
SCALAR .
VF per-hectare benefits nat. funct. /300000/
MAN initial mangrove area (1000 ha) /160/;
* —e——— Parameters for terminal value equation =—-—-————-—- 7
SCALAR
TM coefficient for mangrove areas /600000/
TL coefficient for converted mangrove areas /250000/;
* ————— Parameters for fishery and forestry ---—-——--—- H
PARAMETER
K1(I) minimum carrying capacity /FISHERY 0.015

FORESTRY 0.0015/
R1(I) stock intrinsic growth rate JFISHERY 0.320
FORESTRY 0.300/

Al(I) catchability coefficient JFISHERY 0.000045
FORESTRY 0.00004/
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TERMV(T) terminal value equation;
VALUE .. V =E= SUM(T,ALPHA(T)*(
((P-C)*Q*(1/((1+RHO)**RT)) - (D*L(T)) )
* (L(T)/RT) = (CONV*(CR(T)**2))
+ (VF*(MAN-L(T))) ) + TMV(T))

+ SUM((I,T), ALPHA(T)* (
(2*U1(I) + Q1(I,T)) * (Q1(I,T) /V1(I))
*0.5 - C1(I)*(Q1(I,T)/(A1(I)*X1(I,T)))
=D1(I)*((Q1l(I,T)/(A1(I)*X1(I,T)))**2)
))i:

LAND(T+1) .. L(T+1) =E= L(T) + CR(T);
CONST(T) .. CR(T) =L= (MAN - L(T));
CARRY(I,T) .. KK(I,T) =E= K1(I) + GAMMA(I)
*( (MAN-L(T))**2);
TERMV (TLAST) .. TMV(TLAST) =E= ALPHA(TLAST) * (TM
* (MAN - CR(TLAST))
+ (TL-TM) * (L(TLAST) + CR(TLAST)));
STATE1(I,T+1) .. X1(I,T+l) =E= (X1(I,T)-Q1(I,T))
+ R1(I)*(X1(I,T)-Q1(I,T))
= (R1(I)/RK(I,T))* ( (X1(I,T)
-Q1(I,T))**2);
CONST1(I,T) .. Q1(I,T) =L= X1(I,T);

* ——— bound for variables ----—- ;
L.LO(T) = 1i;
L.UP(T) = MAN-1li;
CR.LO(T) = O;
X1.LO(I,T) = 1E-5;
X1.UP(I,T) = Ki(I);
Q1.LO(I,T) = 1E-5;
KK.LO(I,T) = K1(I);
KK.UP(I,T) = Ki(I);
* —~——= jnitial values for variables ----- ;

L.FX(TFIRST) = LI;

* X1.FX(I,TFIRST) = XOAl(I);
X1.FX(I,TFIRST) = KI(I);
KK.L(I,T) = KI(I);

* Q1.L(I,TFIRST) = QOAl(I);
Q1.L(I,T) = Q1.LO(I,T);

MODEL SCEN3T /ALL/;
SOLVE SCEN3T USING NLP MAXIMIZING V;

DISPLAY L.L, L.M, CR.L, KK.L, Ql.L,

X1.L, X1.M;
K o o 00 e it o e o e e e e e e e e e e o . ke S
* - Accounting for net benefits at the -
* - activity level -
K o o o o i e e o = 0} " 7 e e ks e e e S o
PARAMETER

NB Present value of net benefits generated from using
mangroves in their natural state;
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LOOP (I,
NB(I) = SUM(T, ALPHA(T)* (
(2*U1(I) + Q1.L(I,T)) * (Q1.L(I,T)
/ V1(I))*0.5
-C1(I)*(Ql.L(I,T)/(A1(I)*X1.L(I,T)))
-D1(I)*((Q1.L(I,T)/(A1(I)*X1.L(I,T)))**2)
)))i

DISPLAY NB;

SCALAR
NF Present value Natural functions of mangrove areas;
NF = SUM(T, ALPHA(T)*VF*(MAN-L.L(T)));

DISPLAY NF;

SCALAR
SM P. value net benefits generated by shrimp
mariculture;
SM = SUM(T, ALPHA(T)*( ((p-C)*Q*(1/((1+RHO)**RT))
- (D*L.L(T)) )*(L.L(T)/RT)

- (CONV*(CR.L(T)**2)) ));

DISPLAY SM;






Appendix ll a. Cost and revenue structure for 19 shrimp ponds operating in Manabi, Ecuador. 1990.

[[Pond | 1 2 3 4 5 6 7 8 9 10
Size (Ha) 13.50 9.70 13.50 14.70 7.70 10.20 7.30 5.00 5.00 7.50
Harvest (Ib/ha-cicle)

Whole 1,832.15{ 2,001.86|| 2,139.41|| 1,982.93|| 2,373.51)| 1,971.27}| 2.407.40|| 2,290.80| 2,478.80ff 1,519.47
Tail 1,249.70]] 1,350.31}| 1.443.56| 1,344.69| 1,612.08]] 1.,348.63|| 1.629.18|| 1,547.00| 1.670.60]] 1,035.07
Price (S./ Ib-tails) 2,621 2,683 2,534 2,234 2,043 2,330 2,242 2,204 2,134 2,521
Total revenues {S) 3,275,511 3.623,514| 3,657,335} 3,003,441 3,293,862 3,142,235|| 3,651,966 3,409,681 3,565,111| 2,609,258
Variable costs {S/.Ha) 1,088,418l 1,283,563} 1,115,509{] 857,782|| 1,466,026{ 1,025,736| 1,285,795l 1,272,323|| 1,224,045|| 965,604
Juveniles 669,529l 663,666 641,954) 674,483) 710,831|| 496,717|| 709,083|| 590,323 647,345/ 573,604
Feed 368,889|| 570,103|| 423,704)] 132,653{] 705,195 478,922| 569,863|| 672,000 527.000| 385,333
Fertilizer 50,000 49,794 49,852 50,646 50,000 50,098 6,849 10,000 49,700 6,667
Fixed Costs (S/.Ha) 750,360|| 1,026,480|| 955,800|| 715,260]] 1,692,900/ 1,488,580| 805,600| 891,195} 1,084,800| 820,705
Price (US$/lb-tails) 3.49 3.58 3.38 2.98 2.72 3.11 2.99 2.94 2.85 3.36
Var. Costs (US$/Ib-tails) 1.16 1.27 1.03 0.85 1.21 1.01 1.05 1.10 0.98 1.24
Juveniles 0.71 0.66 0.59 0.67 0.59 0.49 0.58 0.51 0.52 0.74
Feed 0.39 0.56 0.39 0.13 0.58 0.47 0.47 0.58 0.42 0.50
Fertilizer 0.05 0.05 0.05 0.05 0.04 0.05 0.01 0.01 0.04 0.01
Fixed costs {US$/ha) 1,000.48|| 1,368.64)1 1,274.40 953.68) 2,257.20|| 1.,984.77|| 1.074.13|| 1,188.26|| 1,446.40| 1,094.27
Net Rev. {US $/Ib-tails} 1.53 1.30 1.46 1.42 0.11 0.62 1.28 1.07 1.00 1.06
750

Exchange rate

¢81
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Appendix Il c. Estimation of supply and demand curves for coastal
artisanal fisheries.

Biotechnical Economic Spreadsheet
Parameters Parameters Parameters

K= 0.015 c 20 incO = 40
r = 0.32 u= 250 incl = 120000
A =| 0.000045 d 0.75 perc1 = 1
gamma= 0.02 v 0.0001 perc = 1
kk =| 338.015 scale = 1000

L= 30

M = 160

p Soa Xoa S* X* Qd

1.00E-04 0 339 0 338 250
1.20E+05 13 289 12 295 238
2.40E+05 20 252 17 270 226
3.60E+05 24 224 20 253 214
4 .80E+05 26 201 22 241 202
6.00E + 05 27 183 23 232 190
7.20E+05 27 167 24 225 178
8.40E+05 27 154 25 219 166
9.60E+05 26 143 25 214 154
1.08E+06 26 133 25 211 142
1.20E+06 25 125 26 207 130
1.32E+06 25 117 26 205 118
1.44E+06 24 111 26 202 106
1.56E+06 23 105 26 200 94
1.68E+06 22 100 26 198 82
1.80E+06 22 95 26 197 70
1.92E+06 21 91 26 195 58
2.04E+06 21 87 26 194 46
2.16E+06 20 83 27 193 34
2.28E+06 19 80 27 192 22
2.40E+06 19 77 27 191 10
2.52E+06 18 74 27 190 -2
2.64E+06 18 71 27 189 -14
2.76E+06 17 69 27 188 -26
2.88E+06 17 66 27 187 -38
3.00E+06 17 64 27 187 -50
3.12E+06 16 62 27 186 -62
3.24E+06 16 60 27 186 -74




Appendix 1l d. Estimation of supply and demand curves for forestry
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in mangrove areas.

Biotechnical Economic Spreadsheet
Parameters Parameters Parameters
k1 = 0.002 c = 20 inc0 = 60
r = 0.3 RHO = 0.1 inc1 = 200
A = 0.00004 d = 0.025 inc2 = 0.5
X0 = 1 u = 5000 scale1 = 1000
L= 30 v = 0.95 SCALE = 1000
KK = 7.605.0 percl = 1
kk1 = 58.5 perc = 1
gamma = 0.45
MG = 160
P Soa Xoa S* “ X* Qd
0.00E + 00 0 8,011 #DIV/O! #DIV/O! 5,000
2.00E+02 194 6,892 172 6,980 4,810
4.00E +02 371 6,048 313 6,354 4,620
6.00E+02 471 5,388 391 5,935 4,430
8.00E +02 526 4,858 438 5,634 4,240
1.00E +03 555 4,423 469 5,407 4,050
1.20E+03 568 4,059 4390 5,230 3,860
1.40E+03 570 3,751 505 5,089 3,670
1.60E +03 566 3,486 516 4,973 3,480
1.80E+03 559 3,256 525 4,876 3,290
2.00E+03 548 3,055 532 4,794 3,100
2.20E+03 537 2,877 537 4,723 2,910
2.40E+03 524 2,718 541 4,662 2,720
2.60E+03 511 2,576 545 4,609 2,530
2.80E+03 498 2,449 548 4,562 2,340
3.00E+03 485 2,333 550 4,520 2,150
3.20E+03 473 2,228 552 4,482 1,960
3.40E+03 460 2,132 554 4,448 1,770
3.60E+03 448 2,043 555 4,418 1,580
3.80E+03 437 1,962 557 4,390 1,390
4.00E+03 426 1,887 558 4,364 1,200
4.20E+03 415 1,818 559 4,341 1,010
4.40E+03 405 1,753 560 4,320 820
4.60E +03 395 1,693 561 4,300 630
4.80E+03 385 1,637 561 4,281 440
5.00E +03 376 1,584 562 4,264 250
5.20E+03 368 1,535 563 4,248 60
5.40E+03 359 1,489 563 4,234 -130
5.60E+03 351 1,445 564 4,220 -320
5.80E+03 343 1,404 564 4,207 -510
6.00E+03 336 1,365 564 4,195 -700
6.20E+03 329 1,329 565 4,183 -890
6.40E+03 322 1,294 565 4,172 -1,080
6.60E+03 316 1,261 565 4,162 -1,270
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