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3-Control variables
4-State Variables
5-Motion Equation
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1- Optimal Control Theory
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1- Maximum principle
2- Hamiltonian Function



YO b 5 o cuivlo g 50 diuge J S Joo 09,8

225 s

O =) Cgmody (wein) &l Lol o5 oSl
23,5 oo
D (?:'E:I=Gf-+ﬁ'% » ﬁ<:0 (Y\)

Dr oles Jsb )3 (woins ol Lol e P ol 5 &
Ol gl il ausa daly s dls jo )3 a8l oo dwojp; O Cuad
Ale 5 S pyd ggoge Cladl 4 colis L g e atuie
aipsa (sl 095 adllas ;3 (V) ey oyl SO
:byﬁL;c ubw‘ IAVARY )154.3 ui CI)?LMAJ‘
() = ¢o(Bigeg — i) "

aipe B o Lo e il mej €W By 395 daily
gl y ey o S yio S Oj)ﬂ YU &l piY iyl
sl e

LaJse 3,905 5 Slubxe plool caa s 5y50 SleMbol 5 )Ll
oo ader 51 Layy 33 lylsl g Lnyloslss bl 5 L s )35 5
Sl glojlw g b oo b e yll o)l g (55,9l le>
ol 045 &ml)é D ul?ob)ﬂ dl;'.wl sladlaio

Cid duajp ) ol 0k 039350 0y GIS slal 5 exliul L

g3 ol fae J556 5 e taghS WWAIVOL 250 pbone
5 e yio yb by cud 5 cpl A 359l duoyd VA (Sikie

3,8 salgd oS o ofeeceeen FYY g |y o) o gwejp o
=Sy ol by (y m 00423 Wy 2)

b il S yio (ygshen YVIF 3905 0)d &) (aclo
ELE) L (oo yie s ) dovdr ©pg0 4 0 I (5 dla
(VF) 225 20502 205 )50 4 0y )3 O e
ICh,) = 5.89802 (¥v)
725 Oogme A Jhe Cadgiome (lgie 4 &S > dbilas ol pl
ft. = 0,0000000423(32611957 — 5.8981% — q,) (¥Y)
Oz 9 e O Gl d9rge slacied jl ool |
i o LB @5 (i ok 3 O glpl e
15 3y5l 0 05 g 4 dalllas 355 ailate 4l
q, = 72898000 — 39500p, (vo)
i Sl a8 wil o =+ IOVl b @b (taid 2uiS
il e dilaie ) Ol SO (92 b
3yg0 55 ool Lol jloael cund & CleMbl 4 angi b

P = 070 (g,) \lg)

-)H 9 Cl)Ml u.:\_ee .)9.\» Lﬁ)‘."ﬁ ]o).w O))sl Cuwd 4 (5‘)’.
23,5 o o553l (V) dlasly Cjoo s (VYY) doles w0 > olg
ry, eyl () = v, = (g (W)

(353 adoleo o Cuows Cunl (S digy byl G (VYY) byl
a)_é.b ujl_ee dgw ‘U‘ C.L\.w]) Cowws g Cwl u] Clpw | LSJLG&J dguw
51 oolatwl pLSin aigy (olbius] gaw (959] Cowd 4 (gly il o
Dy SY0lee dyly (13l aie Caand ol Tl (p 3l 2o
(V) a—Joleo Pym Py Sl o
@wwws)fb,\;l& Cawsd & Wt=%_€€ht:l
Lalig s (1) 5 (W) &¥sloeo L o S 3 5 cibe ol 5l oo
1B o Cawd dy ) o )lis l:lt S, Y, Siwda M5

_ = = LiR=ECRe) of ()
Py = olhe) o (M)

2 G035 2l o ] s & 1S o ol (VA) oo
S oads el of gyl il asle e 3 () aiae )]
5 R =gy n 2l opins & (alld (93959l (sl 0
e & gly 98 el iRl @i g o ) i lols
(VA) adal 13 e 350l gt 3529 (s e (liom] s (9]
ol Jo 5l 48 @l h lplis 5,5 e el py = pyy )5
e 45 9 anlgs o ) de ol gaw 9o Jol>
ol )3 At Cead 5] Casd & sl (P, 252 3ol
Cwd & 3l dga 00 oliul (V) 9 (VY) &Yoo I (p7) gdaw
(0 i grlans 185)] gy (Sl e cdingy Cuosd g 00 g5 (139l
Sl o5 o oy ) gzl Glise 5 aoi ol Ceodd
SYalns i jl o)) die Gl 4o 0pin L)) e
bl e Cand 4 ) el yios
fip = (R = E(Re) = G¢) (%)

P = (4 7 (ed) (e — eChed] + ¥R = LR () ()

iS5 3 (V) adaly 5 sl (0Y) slas o (V1) alay,
soms (18) alasly .l 005 ol (5) 5 (1Y) (1Y) &¥okeo
O Cad dlge s (V) dlatly g (ooj05 ol 0 s Sl s
..\:5@ RS I

5 Somle aste Sl Candy g I adgl o &7 Lo

4 oyiw o aSuiloj U Il sl B* < By, 5 P Iy

53 Al odlatul (p 3ol mie oy Py sl Cunsy

it amls olitl (61T )90 50 0 el quie blyd

e ) Cannd 9 ply (e Bus @l b ( B bilyd (392 5185 clp -

Al ad Cuxsg pite o S



WA bl Vo ylouds YO «(550liS drasgi g bl 4yt Y17

s 01 aias Ol asly pa (ol JUy Py = 1200
9 dalllas 350 ddlate (ieyj o oy 45 35 0 sasulo
oyl v 5 13b o PP Py o BT W By« cul )
3508k wibe yie Tg m 1290Q/FQL 2l o5 0j
9% 0 g)] (b ol ol a8 )18 L] gy o
R LN R U
aigi i JSob o len i 02 sl Laly) 4 g L

P o
H = (712155 — 0.000025w, dw — 16.76(1356 — kJlq — 12006} +
w(32611957 - 5.898A% — ¢, ) \a%)

5 Crihod @l A Aty dy5cie 4 p3Y sl Laulys sl L
SRS L g 3950 035 Cyume oy ablil o ainii bonss
o oVolao 13 b33 25 g bcuad 4 byrje Sledbl 55 5 Ly,
L)) asags sl jpme dagl > 9 23 4yl bl ool s
(VA) adasly o Jools 0y 5l il lja0 g Cansd coyiun e
ol ) olej Jobo 53 (i 0y o gl dizge e
:AmDLsa
I, = 0,193t 129030 (YA)
 ly 5 o el Sty slaciasd Sl 35 (14) e,
sl anshy loj Jobo 53 2l (Swejn
Py 80 8=0 2 ¢¢0=0 COOER ¢7e5]
t [0.0821+0. 00000000836

(")

e

T

Jl:'.) LA
17
i

(AR}

1A

AR}

AR

VEIVE il 3oy dizjo bawgio (50 5 oy ()l sladizjo
el aShl s do g el cawd 4 O (aso yio g el JUy
by aw 1 YL e WAL dgas lawgie jobody pudcoxe Cubd
25 oty Tog £l 5l sy ya il 4 m sl Sl
Dy o ddgl
e(fte) m 167601350 — .} (¥%)

(e ey 5> el 08l sl Slre g o yteS
5 (31,18 o 5l e yod 4uY &S ela)l) il o yio VYAV
Ol 0 &Sl 4 dn g bl e WWAYE dilaie ol )3 agl pdaws
Uity piels g Gleie 4 0ad dpial ML dalllas
by (solid)l§ Clwle Gibo el o 485" )5 )3 (g5)5Li8
Ol asly o dsm o= B bl OB 5 Ol o)l 4
WWor dgds (5yliS oy 40 Bpas (gly OB oud dbuns
o b aly ol b 03] (e58 Of oty gl by
by Lgy 4 dogi b oolatwl 3)50 Jo35 Fy3 5 VWAV adlles ol po
A5 a3,S e ) aoyd B ol laciesd

Slwle plsl b g osel cuwd a4y Yolee g Laslg, 51 o3kl L
e 0l aie 392y (9 (i e jlade (5L
iy cie ) 32y L » 2o T1” m 1202/84
i 3 o3l Uy s el o & 0 By mm 129731
(™) o) die o ) Ay Caad e LSlE @b g polée
Cood o dag L sl cunsay Jb) p* m 1276/84 )»

RETN
o yran
yYaE
1YaY
Y9,

1AL

AL




VIV Lzt 51 o el g 50 diuge J S Joo 0,8

514 el dn g Wby 368 Jlon] cdls 4 xie b b o
V] PP CVN IRV PN X GOSN S SRS | I SO RV P
Sloj cyguanl ol Lilial ) 5ol ae 5l edlitul x4l
otalS 05 alg i 4 o g €8] () g 0y 15
W (g 5a8 gloj 5> (ilwil Al Y gy JISI L aBly 5> il e
8l

daly 3 39290 @9 bl b &S 5, LBl g5 oo 5 cn
Lo dcilate a8 a0l —ad (6 (miicore cudd p Ol Gyuaa b
2 ol 25 (a5 e o) Cuwd 1 g O 35a (s o
Cumdy Ol oo (i ol @lie jl e ctlp b oS col Jb
SlolaBl liwly ool 53 0l ju 5yl gy Comdg 4] 39290
oo 5 (haw gloc ] oo odlitl 25 aly sho Ll e 5
50 il @lie (il Kgde )l oy Sl & ool
Jo 4 adl Wb o camlio lolidl o5 5l ey slac] sl
sl gt gl 5 oslizal (gl ol3p5ltS” Bdy )3 (f Cuod a5
oiSele e 4 0 aliie oS oty (Gl sl Coon
3lge mimy )3 295 4SS Las e eSS g Slye by
JrS sLaolRin 5 Sl blod b ailgi oo barpd (dgians
St o sloygige S8 ol 3,8 dgame 3k g (18 oS
bwg O (Sl eciby gl (—wejn) @l | ol gl
g ojyeliS

215 i ol glie & bgre CISLe Sl 4 255 L
2 aliino Oldllas pbool b 2 oo s )l 2429 HouiS bl
1> Lyl ol 5l odliil g il gy S 5 505 3blio
ol 5 oslisl 2 syt S e 39 omw O lie (slasiyaaly
23,5 Jleel milio

VAYO .o e

[TATTERE

3ol oyis o 5] camd o (Lt (1) Joges o5 jglalen
il s g9y il o o WYALIYS plyy a8 o gl lade
Oz Lol oo el (YA) datly illas ial38) g, ol o8 o
U opiw o Mo v Jlow )3 (o Jlo W 92 1y (659,
L Lal ol o YU e dgunloes MG 45 20 \YAY/AY aigy glis)|
o Logd ooy (b ojlal o 4y (L (0n 0le @te 392
YE 29> yldge0 ) dog b aduy o WWAV/YY Ll digy pdow
Ol crad e opl 3 395 Juols 4 ol b aiS o Jgb Jlo
oy (V) o903 3 oy 4555 (oo 5 (V) oo L ollas
Ll Gl (6508 4 il Coid lged 3l canl ond
el Y by tlS ) haojs ol e LS 30 il
2 Caid g 2950 yiaS o gl el dizie b o Ol el
L ooz Jlo 0 a8 o (1alS 4 £, 55 (woi ol g
o=l el e cawd 4y JUy WYE by Ol sy o ced VFe e Lo
WAYYY o O o a5 olSin (VEYY Jlo) Y8 Jlo 55 cuaid
od b ahal Ol anly pm cad) JUoy Wer ol oo e
IRPYIRVAPES (W 1A

Jrols o Sl eiunss e 31 o gl e Toleg
Pgdcs
q, = 18228886.6 — 2937.69¢ —0.22¢2 ()

5y | lgie 45 Cl o] e ySlas Sl abayl, )
0y | gl il yowa (V0] dolas 4y cogi b3S Cullypy (dnj
ol 01 s 25 o903 > ey ]

035 i 3l st S l Gl (V) Slosel 4 g L
Silwil gloj Jsb ) asie (al Bl (il (gl )5 el
Ol dihaio 5L ke e pl 4D ey 365 Ao o 4 g 0D
ol ey Jlo Y5 5 S5, ol D9 00 (el o iSols qste )b

Al el ol el ud wd el el el wd el

03325 0y 31 o gl ySianl Wikt o —Y 415905



1¥Qe sl Yoslods YO «(65)glisS azmwgi g obazdl aypii  YVA

&l
.ol ol lylissl (S 4y 5,8l b mlie slaidl jd Cuadd 4 las AYYe o baes] =)

& 25 sl Sl (402 ) by bt Sl VTV L g s SLa 5. el Y
g Slallae Cglre .S ytagim 4 (s slacusy (So5d550,hb Cundg g ddlllas ashl (5,35 NWAS L siej s lac] Gllhe by -
w930 ylig ol (gladlaie Ol eS8 ol e gl
938 ©l3s G Colw ol E YAV L (g)00n Canlyy (o3pnly jlls g (ghyaelyy Cogleo i8> —F
o u‘)LA.\AJ‘ .ra5.> ul> .Lm.))g)lf 9 L{bui':9) 464.5[9) slassl AYAY & Lo -0
dl_ha)Lm M)‘ L;\AJL.M))K dAL:uLL w)).:) u] C‘)"“““" ul).:l IR ul}w.nﬁ) EUd w));) dbbui L;)LMJ_\A AYAD .8 ))1 L;o.lolf =Y
uLo).{ )*ml; .\,‘.e(w oKl u] L;“”-‘\"'Q(" 05; d)”w 0dSuisly L&j
059y ~Jdyl g (B Ol;gu”L.)ST ladais O ey oxs dgung ddbaio LoST sloin] ldllas IYAY Ll s S o yolie Cymwdige —A
955 S)lig sy Al iSaj g g)lol 4 Slallles
9- Chaitra B.S., and Chandrakanth. M.G. 2005. Optimal extraction of groundwater for irrigation: synergies
from surface water bodies' intropical india. Water policy 1-17, 170057.
10-Chakravorty U., and Umetsu C. 2003. Basinwide water management: A spatial model. Journal of
Environmental Economics and Management, 45: 1-23.
11-Gemma M., and Yacov T. 2007. The Stabilization value of groundwater and conjunctive water
management under uncertainty. Review of agricultural economics, volume 29, number 3, and page 540-
548.
12-Hellegers P., Zilberman D., and Van lerland E. 2001. Dynamics of agricultural groundwater extraction.
Selected for presentation at the annual meeting of the American Agricultural Economists Association in
Chicago. August 5-8.
13-Krulce D. L., Roumasset J. A., and Wilson T. 1997. Optimal management of a renewable and replaceable
resource: The case of coastal groundwater. American Journal of Agricultural Economics 79: 1218-1228.
14-Mink J. F. 1980. State of the groundwater resources of southern Oahu. Honolulu: Honolulu Board of
Water Supply. Honolulu, HI, USA, 1981.
15-Pitafi B. A., and Roumasset J. A. 2003. Efficient groundwater pricing and watershed conservation
finance: the Honolulu case. paper prepared for presentation at the American agricultural economics
association on annual meeting, Montreal Canada, July 27-30.
16-Pitafi B. A., and Roumasset J. A. 2006. Integrated management of multiple aquifers with subsurface flow
and inter-district water transport. selected paper prepared for presentation at the American agricultural
economics association on annual meeting, California, July 23-26.
17-Pongkijvorasin S., Roumasset J., and Duarte T. 2008. Coastal groundwater management with nearshore
resource interactions. Working Paper No. 08-08. November 10, 2008.
18-Reinelt P. 2005. Seawater intrusion policy analysis with a numerical spatially heterogeneous dynamic
optimization model. Water Resources Research 41: online journal.
19-Shah F.A., Zilberman D., and Chakravorty U. 1995. Technology adoption in the presence of an
exhaustible resource: The case of groundwater extraction. American Journal Agricultural Economists
77. (May 1995). 291-299.
20-Tsur Y., and Zemel A. 1994. Uncertainty and irreversibility in groundwater resource management.
Department of Agricultural and Aplied Economics. University of Minnesota. Stuff Paper 94-13.



