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(13:30~13:35) PR ek WEREZ

JER & (EA TR

(13:35~14:05)
1. /R LR OBHKRE I DU T — 21 7 F OSSR T & kR S —
SLRTRF R PR AR ofR5E - AT « AUEE
() R ZER AL St R —
(14:05~14:35)
2. JEPERERICIUT DAES NDHEHE D 2Bl ke
K ESTRE RSB EIRREIISeRE  offilii 28
PRSI PAEIRB S KERE - SEIE - MR - IS
R ESTREAM BN THFZERT s RNE1E

(14:35~14:50) << K BEo>>

JER  TAE (B RF)

(14:50~15:20)
3. AE /RT A—H NI X DHEREL A 7T A > DO RV IEEORIH
PR TP oA, « RHAK
() RS A Copfger ozt - R - Pz
(15:20~15:50)
4. KHEHEKIZ X D 2R R E ORI R B3 D58
R KRB EMBIAIUR Y « BB TP RI o/ PRI - AREIRE
FR R R AP AR R R P E R S

(15:50~16:00) << R B O>>

(16:00~17:000  [#5hila#E]
5. EEEKRIRR OFSREIR 2 & AKFRSE, B3 /KRFORFZE 5T
O E2ATERE 2AT T2 R 9ERT okl

(17:05~17:30) RE#HFS o 4 ks
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VEf - 22—t (RAT TAh5ERT)

(9:30~9:55)
6. ViAUGTOME T v A MR- OESEREE~OFEM BIEH O R « 5250k & iR H I ERT
% - BRERARAT
B R FR PG/ EMBRERIFIITERE ofo AR HD,
BUR I EMBREER /bR
(9:55~10:20)
7. Wise-use of shallow aquifer to control the growth of farm products
(EH N KO R L 2 EEY) OA=F )
Graduate School of Agriculture, Kyoto University
oRyota Kuwano, Koichi Unami, Masayuki Fujihara
(10:20~10:45)
8. HEEhOTENZERE S D BUK TOKHERE
TR FR TR o®IEE - FHH— - e
FRRFRREL EBT

(10:45~11:00) << K B O>>

JER - BRI (RAT TEPIESEAT)

(11:00~11:25)
9. Optimality of rainfed agriculture in the sense of stochastic control
(FEEHIE D EIRIZIS T D ROK D )
Graduate School of Agriculture, Kyoto University
oErfaneh Sharifi, Koichi Unami, Masayuki Fujihara
School of Agriculture, College of Basic and Applied Science, University of Ghana
Macarius Yangyuoru

(11:25~11:50)
10. NSRRI TG IROE D & TR
7 B R RFBEE A AR oA K « A R 3vL
IR BRI AR SARIF « KPR
e B kB R e o 2 — L

(11:50) PASZ O Miak MEREC



JNELE U R O K EE Sl DU T
— U A DR &K R AT —

wosE BT OUE OB REsr—T

AL B A A R,
O - T E s

=

T036-8561 SARHI SCHTAT3
T980-0014 fili& i HHEX AN 2-15-1

=
B

AN LR D —D>Th 5 2m 7 A OZEMEEEE L)k T & 2RO FE I BT 2 S5k & B4k O B )1 ¢ 92kt L
Tz, ZTORE, KR dom B0 1Y A OUEKEEE &OGEPKIER O BIFR 2 Rk gL, kK E2 R < LT — kAl
DALY 5 2 ENbhrolz. v v AOREEREIIRED 20 FOMEICHY 325 84em-s'CEHE) Th o7 F,
40 cm-st BOFR TR bHEVMEE R L, WEKRES) &R IET 2 BATHEN S S Z LoV S iz, v e v AREKT S
TRIHBREE & WEPKEERE & OBIMREZBI ST Lz, v m v ARl T E D IRAOEE, 80~110cm-sTREETTH Y, 2

HERE AL T DMETHD Z EBbhroTz.

F—J— K ovud, ZAZIF R, EEEE, RRTE, 70— FHlE

1. [ZC&HIC

FFEFE O 1 5 & B~ O 2 (R4 & B 72 i
JIBEBHEEM I IXAERRE SN TWD. LaL, AL
FEWTHIBETONERAEO 04 - vX Y Lotz
AN U RIS T 2 OB R FH IR BRI BT IR L
THY, BRI X 2 EEHESILETHD. Z0)
BIZIE, T/ NE U RIER OB EE S & fF 5 M3
N5, N OWFKEEICOWTIE, 1D - &4 (2000)
\Z& B F w4 (Salangichhys icrodon) iE{kH EE 27K M
FOEZ RS L7z K a3 7 (Misgurnus anguillicaudatus) -
778 (Carassius sp.) OFHGEIEIZBIT 5 I Mk,
2005) 2B DHODEIKE LTh7R0.

ZOX DT, RS (2013) 1F/NELE LIRIEL O S
H i 4 (Leucopsarion petersi) DIFHKAEIICEIT 2 %E
BRAATV, REITdh - I lEk e s 5o lE ik =g g e %
LM LTWD. va vAlE, —AEORE S %Kik
TAEL, BORII ANLEINOZDOW LT 58
oW EfE T o 5 (kJF, 1986). &RA) 5em TH%
Bl7eghta, IRETIZIVER H D, BARTIIEEED HEE
REETEL A LTEY, WO FHgkCREINT 2 2
EVFNBIVTWN D, A I GRS, TSR 2\
JICIIKE EEERAETH D08, Sl Tl B4 230
JNOBEOBEAL SIfEREN DR o TE L &R,
RS OMBAEEMICEE SN TWD, £, BEE
T2 N 2= R)ITIE, WH25K 2.4km £ Tl E
T5HEEbhLTWAAIE, 1986).

UL L7 B, FIE R G Lo KEEFRE C 5 2 25,
WPk © & BRFVEH e EOFPENZR SN TEY, 6
fRAT DM ERH D, AREIL, ZNHOREEH L)

T 5y a U OWEREREZITV, FEERIICHRE! -
EREMAT-HLDOTHD.

2. FANIKZ R Uik RER

2.1 EREBLUEREELERAE
KRERTITRS (2013) OEREFUS AL IS b
v (EKEE) 2RV, B B R)IKE EEEK S
W7 4=/ RCOFHMFEEZRER Lz, ER LRI
1%, BRI 7 BTN B BEELE 23 < ki) 1 o
NTyaUdORBEENRLZIIO—D>ThL. KRG
FTET 2 54 550m B om)IEANTH 5. Eirix
2013 4F & 2014 AR CTENEN S HHRAIO e U A
W EREICENREE S I THE 25 BElfTo 72
(Table 1, 2 /). EB B ICITRE EWJIKIESHHIE L
7.

AEIF b, BT 7 UV ABOR B SA T
TR O PN IIE 5.0cm - & & 3.0cm, £ & 230cm
TRD (2013) O/ 7LD 150em £< Lz, 731 7
HEOFE S EMEOHEL, v v A OBEKIC KA Ao W
mCTHD ARED, 2000; /5, 2012). /=, Zhb
DR TN AT DAL U KL T3S 5.
FRRAEE L, Fig.1 ISR T X 9 ICAKkk: & 3G D B 2 |
JKFE (& 35cm + & & 30cm + £ & 30cm ¢ & & 55cm), /¥
A7, TULRITAKR—R, EME =7 2 »)
THERIN TV D, Bk & a T138RA O FITKFEC
BN TS, <A T OIREIC HER & OB E D
0, BERATDI ALY KA 71345 HRILTWD
(Fig.1). %7z, Fig2 IIEBIEEOEFEZRLIZBDT
H5b.
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T
EENE %5.0cm « @& X3.0emD FE W 7 7 U v R K ¥

7 THRA 1 K FEANRMERR R L v RN A /
[ i e 7 BERIEE )
- \7
B : 1 n: On [m] |:i'”|:|
! T
B I“x """ BECH  (280cm) cTmmmm-ooos -|
161148

(HA W : 2mmx2mm)

71~

Ocm 100cm

Ha i

Fig.l FEERILE O

Fig.2 EBRIEEORFR

BT, Figl DX 9 ICA X > R B S,
RIS B AV 2mm O G N & A7 X EN T
Wk TED L IR TWB. iJIIKIE, Fig.l iZRd &
NN A & EEK TR o 7 TR R K S, 4ok
HC—EARMITIREF LR D, S T RIRICEE R ST
WD 7 X7 AR —ADOMH AN B HOTHANI~E T
THYAT LIRS TND.

2.2 EEBAK

W E OPIE T, 3 THEZTHTRRREIC L Clykd
DKM EFERHP—E L L, RET HENIREIL 20~60
em-s R 2ARE LC o v 7 TR Ls. WKk IERRI,
vuyAOEH (RD, 2013) LFEEE HOEEHHE
FEHESETHLN UOENICTHENE 5 2 7.

Tk, A 1RTOMA S T AN, A
MZF DWAIUTEN L B I EFRA~KZIZ LD DD % A,
oo T—RITHAFERB L. A& FRA T oK
RER—TEIZ 72 o TR CRER EHIBr L, # OREEN S5
BT, ERassdiErYn (WR& Ciahiz) &

Table 1 ZEBR A & B

R L7 gttt AR
(rmyA) Ey

5= M= =1
FEBRA R % VP | sp KR AR
W k& Rig
20134 (&) (cmsh  (C)
3 43 05 03 28 O
. 6 45 05 03 37 1
5H12H  WEh 8 43 05 04 42 4 10.1 11.9
8 43 05 04 57 1
B 25
10 43 05 04 44 2

5H13A Wn 13 43 05 03 53 3 115 113

5 45 04 04 60 O
B 28
14 43 05 04 32 2
sHuap @y o 4205 04431, s
44 05 05 51 0
1 44 04 03 63 0
B 21
2 43 05 04 32 1
5H18H MWL 10 45 05 04 48 0 151 182
2 39 04 04 63 0
B 14
2 43 05 04 39 0
5H19H £V 1442 04 04 48 1 114 135
3 43 05 04 51 1
1 40 04 04 64 0
it 20
2 41 05 04 30 0
5H20H &V 11 45 05 04 40 0 118 146

23 44 05 05 57 0
36
& F@t 144 43 05 04
) S.D AR 2=

oM TR & LTz,

B A DO EE DR ED =012, BB A 7D L
5 ERFICFT P H N EF AT AT (SONY : HDR—CX170,
HDR—CX80) #ZhZMakE L T, 2 Koot fakao
WEKATE 2 IR - 8 L 7=, 72, B2k - hE -
IRE - RIS ITBER OB D A LA & & E L CliEkgico~
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Table 2 VKPR FEBROFEHR B & EERSAT

FH L7 e EREFE R
v T ¥ Y o
ﬂ( ﬁgﬁ ﬁgl%l‘ {ZMJE *)]/H;qﬂﬁ DX/:E{E
20134 (&) (cm)

AR IR

FBWAR K K

(cm-s™) (C)

SHI9H &V 3 45 05 04 30
5200 40V 16 43 05 03 30

80-105 11.8 124
80-115 125 153

il 19 44 05 04

20144

5H19H T 37 42 04 04
5H20H mnwsy 15 42 04 03

30-50 120-150 16.4 19.1
30-50 90-150 15.1 195

7t 52 42 04 04

aEt 7

A TH O TR - HWE L. EBRICH LT
1[ERY ok & L, g 1 EZEiiaEd T s
[FISEH| L 7=,

WEKBR R B9 2 K, BB/ S 7 B b
40cm O Hi I EhERGTER (o 0 5mm, & —E
DFE X :2.5cm, ACM250) Z dKErm o> 0B B Y £+
i, vu U AOlFKENE & PEFHEREH R Y TV Z A L
CHRE L7z, FEBROTIEL, FIEIEA 5 2 FREE TR
RERZ L R TINBRAL, EOHIALRTRAE
R 7 EimE U, A L~ L a7 5 L [H
FRICRETCH AICHHE L =2y 7 2B &, kF il
B v ORE RO PEE 2 FH 7. KRR TR D720
DR EFOR LB Ok abfy (R 5, 2013) 225, 80~
150 cm-st & L7z, #EERfudpik Lz X 5o a0 7o
R CEA - E U, U7 EARIT 1 RIBR Y Ok & LT,

BRETCHEFFOMHE OR S1X 25cm TH Y, SA TN
DOWE FIEEZ RS 2. L - T, BRFER O
B & A TN O W) R O BIR & T~ 5 720,
20~150 cm-s* OHiPH THEE OBRIEOFIHICHB W THE
Wb L D HIE & MO ECOMBERNE 21T /2.

3. & (o)

FEBRIC AW, FEBRGTH H9 300m FHo
M) CEHESNTY et EfAvz, FEBRICEEL T
K FZBR TR AL Table 1 (SRTEHAMERE X 0 £ < %
Tk SET PR 2R & OERZEN B o 7o, WEKEEIC
B9 5 EBRCEBICEH L7 v A3 144 B, Wk
£ 43cm TH 5 (Table 1). WEUKRFA RSB 5 FER
TIETLRE, FHIERE 43cm THD (Table 2).

4. WEEDEEAE

WG BE DELBRFIEIT OWTIE, > u v F 0831 7
T RFEE L, TS E B RS OMERALE 2 DR & T
b M E A2 112 70 o 7 iR CalEbk U7 R & 2 oo
DMK &2 L 7=, £72, = OWEkIFRINIC—5I

RETE 2R L TR T 288 bH 72D T, 2ok
ODFPK BRI & VKRR & HE U7z, KR 13 2 D5
WHEIZ v 7 A OWEKITEBIR 2 B & A T2 %d 5§ 28N
REFEH 22 TRD T2

BEPK IR TGRSOV TIE, v 1 w7 A A3AiE C & 95k
WY v QR ROFEEZFH Lz, 20 & & Oftatfa
DFPIIR O YL % WK BRI ST A & E % L7z

5 RERHRLEEE

EBRIFFORKUIBN E 21320 T, W)IZKIEX 101~
16.4°C (Tablel, 2 &) Th 5.

5.1 ERNRRMEL WARAFTREDETE

R UFEBLICEmEGEE K LD TRy A0
B ARk OFH A RRFH & Lie, ARWrm ik & ([
U8 79 TSR B H S O FEBAE & 7 1R -2 s A
EDRBRENTNDHDOT (5, 2013), EBR LT &
DOFERFRES > 2 7 A O KRBT Ry % 2 LW o
FECBR U 7= W7 -3 | JES i 305 D e e AT & Wi 22
VO 2 T U CRF|WHEZ R D7, & FEHA OFH)
BNRETHIL 28~64 cm-sT ORI TH S (Table1
).

WEPK BRI BB (2 DV T, e i B 2 v B oD i v 1
)i E Al 2 R AR RE & OBIMREN S RO T, |
WO IFIEIC L VRO EEZ F L, WEKBRR O
HEE L.

5.2 BEGKERE & lEikEERE, THEEEICOLT

WEDKGHFE L WK O BRI DWW T, 144 RO
KT 43cm THo=DT, 2N 5OEKEEZER 4om &
ERRLTEEDRL., £, TNETNENRERESL
10cm st BIZKSy L TEER L 7=,

Fig.3 1, WEpkEE & BEpk e i O BER & i x4k TR L7z
HOTHD., KITITRSG (2013) OFEERMEH R L.

WEVKIRE & WEPKIERI X = 2 28~64 cm+s?, 0.5~
157s OFAFH T, A TOR IS H72 2 FEKERBE T H BEE
R LIZESRD D, ki (1) X FAR -
MR, 1973) TrREh, vuud (5, 2013) (2o
Tika=82cm st k=026 NELNTVER, 2D LD
IR E 72BN 20O CHEK IR O 5 0E AR IE & &
O TR/NERECTHIEE L, BIELT-.

Vit*=a (1)

VoBEGGOEE (em-s™), t: WEKERD (s), a:1s [HEF
e T X BFHE (em-s™Y), k:EHK (0<k<1)

1) Ko aBICkEER/NAFETRDD L, a=
82cm-s?, k=024 L7200, ARE K ERMENMTNEL e o
7= (Fig.3 ZR).

ZEHEE I, 1~5 FOMIFEGE T & 2 B KGR BE & 3%
ENTW5 (Blaxster, 1967). 772, JRE S (2009) %
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Fig.3 EPNLEIKIEIE & kiR R o B AR

T 5 &9 ICRBEBRE OB RN A 1 VLT Tl
RRCHEK T 8E (GRD, 2002) HdHHZ D, T2
TIL 5 FPLAN Coettilierk U 7o ekl i 4 28l ¥ & 8 7%
L7z.

Table 3 1%, AFFHE% 10 cm-s T IZK 4y L T—%I2%8
HEATE) L2 ER O 28 i & kR 2 R L2 b O TH
%. Table 31T L 912y 1 v DK JeEEEE T, K
FEO 20 F0OEEICHYT 5 84 ems* Tho72. £7=,
30~60 cm-s* B OWHESIBNCZEHEEEL 2D L 40
cm-st B OWH TR b HEV 92em s (@7 ; 20cm-s?)
DEERLTZ. ZOZ LlE, vavtFRn—xililExkd 5
BRI, WEKRES) & R RICHIET D BIFRENH D Z L &
REL TN,

5.3 dEkiEHE

FOGE PR EE O B 72 &R ATRYIZ IO e o B EEAS
50cm CThIVFALRM ETx 5 L b HEIN TS (R
D, 2002). L7=23- T, Vs & ki & OBfR b A&
EHEFIIEEABERNO S ThHE. £2T, JIRET
SRS E 11072 5 £ Tk L2 T, EFHENL
b KW IZEREE & RFBHEH & OBERZ 7= (Fig4
ZH). MPOANA—HEERFREL R LTV,

B2 & FEDK BRI, A PHRIBFHICK L TEH D&
DHLNDHDOD, WHEA 30 cm-stHE b 60 cm-stH
~EINT 5 &, vr v A OlEKEEEEILF) 150cm 2> & 20cm
~NEEL o T D, BHERE GRS, 2013) Tid 3o
TOE S ORI I OFED LI & D Wk IR L o
TRITMARE TN o 1o, RERTITREOHME & b i
WETKIEBEIZE L 72 D 2 e b oz, £, KICiTZt
BE T —RUCHIEE L7z & & Ok ISR L7z,

Table 3 Z&iEiE & vk ReH

wNfese  BEKIEEE 21 AWK R R
TR Sy fmrE EH WA EH WA
(cm=s™) (cm) (cm=sh) (s)
35 102 57 75 14 24 10
45 91 50 92 20 1.9 1.0
55 41 59 79 13 15 15
62 17 12 81 7 1.4 07
S 84 17
250 NA 7O ERE
200 |
E \
(3] i
~ 150 \
) L
[Tad
==Y \
% 100 \
£ N
S0 AE#TH ~
0 1 1 } E ]

REFRE (cm/s)

Fig.4 & PNk B & Pk e o0 B4R

KIHUEE A3 1 1272 5 F ClEvk L7z & & ofFEfIC ik L
TN DO, —KUZRTHET 5 DK FEEE O a1 [F]
UTHhD. EHEFHENREH 40 cm-sT BDOHIK T
90cm D EEREEAE — KUK T 5 Z bbb, e A0
X o/ Nl ARG TIE, BN O WO 5
B b 40 emest LT OFGE IR 2 R CTE 5 &
ITRPLETHD EEbS.

5.4 sHEkRA TR

Fig.5 1%, 1 U A ORI FEEIZ- OV T, BRGpEH
GO EM & BRI EE O RR 2 R LI b D TH 5.
ERETEEF DR EE A 80 cm-s1 26 150 cm-st o~ & K
SHD LEKBRIGEIIRE L RAEHMERL, [F—0
BRETOEFTOREMICB O TEEE L H > TEHL &N
Abhd. EICRERE 130 cm-st 2 B2 51ZE1E5
DENRKEL, EERZEOENPFEZICRILTVD. 130
em-st e 150 cmes T TIE ERER A LN TWS. F7-,
Fig.6 1%, Fig5 OF —# % ERETLHFT O EMEICHKT T 5
WK BRI HEHAR 0O Il & & OFE YR 20 (1 /3 —)
TRLELDTHS.

ZRH ORI, ERGTE O EE 80 ~150 cm-s
OFEIE CHEVKBR A 2~ 4 & 97 emes™t (fR7 ;
17cm-st) &72%. Lok U=y gett s s & = o g
OHEPANIZA S TNDHZ END, v vARkiF R
SFfiE, 80~110 cm st RE TH B LHEH S, 2ok
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BRATEHFORER (om - )

Fig.6 FEMLHTE RO R EME & WEPK IR E O BFR
ST 2METH D Z &bl
6. F&H

u A ORERE, WEOZERIC X BTk ERE OB
£, vaUARilEkTE HRATEIC OV TENE LR
AL, MUEREGHIBET 2 U TOMREEL Z LR TE.

(1) RE dem B O v v U A OWEKKE LTk O BY

1% R EARIE, Tk XM 2 E < LTH A
NT BRI ERNbhol. v a U A OEEEEITIKED
20 [EDMPEITARYS T % 84 cm s CEME) TH-7-. F
72, 40 cm-st AOFE TR LM VMEZ R L, BEKEES
BT DRI B D T E R I LT,

(2) WA 28 cm-s /b 62 cmes T AT S & m

7 A OWEK RN 154cm 2> 5 17em ~ & 48 < 7 D AEH| &
AL, il &EKIEREE OBMREZB BT L.

(3) v m U AMniHEEK T & 2 RAEHEIZ, 80~110

em-s R TH 0, Z2HEHEICHIYS T A E TH D 2 &

NbhhroT-.

BT AFEREAT O ICBR L, BR)IEERFMEOBEK, i
HERICIIZ R TEEEZ W20, & BRI K OMLARTK
FREF MBI SRR R B OIE KT A 1L U O KA
DIFZL DHHERTZ. T HOHERRKIC LRV EHB L ET.
ARBFFED —HBIT Tk 26 2B SCRHE FL AR e B @ ZARAIE 72 (C)
RS AT TV D,

51 - &3
Blaxter, J.H.S and Dickson, W. (1959)
theSwimming Speeds of Fish, J. Conseil Permanent International

Observations on

pour Exploration de la mer (Bureau du Conseil), 24, 472-479.
Blaxter, J.H.S (1967) : Swimming Speeds of Fish, Procedings of the

FAO Conference on Fish Behaviour in relation to Fishing Techniques
and Tactics, in Bergen, Norway, 69-100.

JRO5E, mERS, Tk B, R (E1T (2002) @ T A AN—N—
WATE IR D B R FRE—R ) ARA 2 BHE L
FBEZ M L T—, BEDLARYRMMICE, No.217:55-63.

ROSE, FERME—, R BT, L B (2006) : A1) IR Tk
ERWEAZIFT MR E DU 7 A OZREREIZONT,
B timtE, 244, 171-178.

ROSE, FEREE—, BOE1T, L W, gk sE (2007) ¢
BRI FAREHWIZAZ IF MRV EDAA BT D
ZEMER A (CRE 9 2 B R R, K TR SCAR, 51, 1285-1290.

ROSE, WARSRZ, FEAE—, ILAE (2009) : FINZBH
HIFFAXA L I T b RIT K B~ A O ZEHEE 1B
O, REERA T aRmICE, 262, 103-109.

ROSE, HHIESL, g ==, BT (2012) : #JIKE AW
e~ AMRORMOB & L EHGHEE, BERN TR
#, 278, 99-107.

R, KEEE, BT (2013) : IR Z A 72k £85I
LD vmvAoikie) & RBHOEE, RERMN LTSGR
4, .283:41-50

IEERSE, KBIE—, $ARIE#, % #(2005) : N fAE
DB ITCERFIT D 7o O/ N OBEREES), B E,
235, 59-65.

AR, PR R, SHBhE (2000) : B E O R
FOBICI T DI A O KBS, W43, 53(2), 48-56.

FAFFER—(1986) : > 1 A DARE L HIEICEE T 24158, JuR
RS, 40, 135-174.

RHGER, IR, LR, MR, i R (2009) -
WINC AR AR O ZER BT 2058 ~7 =, A
A, AT LY, X T FamtB~, TR UE B, 65(4),
296-307.

BARBE, RIE B (1973) « B ORI & VKRR ), TKE
1R, 10(1), 31-36.
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JEARGE G\ 3 T D 15 51 b ik oD 25 i e ik

Ol A5 28>, K & BGE**, M2 REE*, SIE >, R R, IGHE S>>

1. IFLC®HIC

O HEHE 1T, 023 [E O B IR )10 1 IR N2 B W TR S 0 5 LR 22 i JRIERE T H 0,
EOWRAVIC KR E R B4 KT . WHEEHERER S 78 TlE, WEEOHEREE & IR 28
TR < VEHE S VTSR A RIFWICELN D & & B ICHKFFORNITRE <ITL, 56
IZE > T ER B RTEIE 2 4 U S & TR - #EOBRBELZONELENRAET D.
B S TERL S 412 WO BEHE 1, )T R0 i B 55 D HARIZ K - THERE D & RN O B A N & —
VEBLSE DR AE D - TRV, OB B OE W X o THYIEESE & E S
BEHEIZ KRB SN TS, THOWHEEHOERBMEED 1 DX TIR~OBEHETH Y, EHi
HI 724038 TUX, WK O R BEHE DB BN > TR OHEREH & BRI L BB+ 5. i
DB ENL, HEAKKREOKETOECHENOABHOELEER L, KEED D4R ZE
MTHH MMM OENE BIESBEKRL TV D,

WEEHE OB B I T 2 F2EIC DWW T, EICHIIWEEAEZ R & L3R (Fl 213K
T - =W, 1974 ; #8=, 1992 ; =#m - K&, 1999 ; Miwa and Nagayoshi, 1999) <° P fi#
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AKEEEE EIE, BRI (Fig2) 2B 5 TMERICE > T, BB 2 50851 BEHE
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Table 1 [E AR BRI (Z 38 1T D KB

B OKEERT  KBRAE wE  THHRE  FHKE KBEARL 74— N ERIREN

it THEBd BES I Q v h B/h Vi/gh  hI/ (s-1)d
mm 1/s cm/s cm
I 0.8 2.65 1/50 0.6 23.8 0.63 63. 5 0.92 0. 095
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AE N T A= ZENTIC X D HEREE N A 7T A4 Oz )L FHEEFE ORI

Detection of Energy Loss Characteristics of Inner-Roughness Improved Pipeline
by AE Parameter Analysis

MIBRFRFE AT h, AHERK
At TP sERT hERE, Rz, PHE

1. IFLHIC

JE KRR FR O KB - KR HMEREICEA T 23 am I ERE L E VITinx T, #h b 25kl
HIeDDONRTA—=ZDOERMFIEOHENRAIRTHD 2. BEMASAT 7 TIEHEK
IKIE DARINZ e D < RhEAY 7 EEK N AR K Th 523, BEAFHIE ﬁ“‘(*&frﬁﬂ:%ﬂéénfw
BROVWONBRTH D, ST T ik OERREIEL, BHEIC KD BACKRN & 8 T & 722
WHEIZH D . EH ST, BB N O K HEL S M I %EL AE (Acoustic Emission)
BICL D ERFMAZRATND 3. BRIEOHIIEIC XY, FAKEHSG Y°KEE D, 1’
FEVE O72 & % X% O R 2 AR OBLE DGR L, AE NT A — X DML HER L
TWn5.

KT, SNHOHERFHE LT NNAL T T4 0B W THRAET B KB S
DM 2 AEIEIZ KDL, BEAKEHE AENNT A —F L OMEELELRT 5.
2. ZER-@BWAE
2.1 ETFTALNRATS5A4UBE

EFTTNANRATTABFT 7 IV NVBOAGROEEZRH W, ST AL T T4 0 OMEL
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AE B %L,m%@ﬂﬁ%fﬁé@ﬁ.mg@ﬁﬁiTﬁMC%%LkNW7%%WT
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mLET) (Casel) MG @EEFE (Case2) ThDH. EBRTIE, A 7FF4 N
WA % T Casel, Case2 DZENENTI0@EY, #2088V OET NVEREZIT- .
2. 2 KEEHOFR - M

HEKEOFEL, AT T4 ORANE D 2m BBy EE2HEL, v/ A —
ZEXOFHILZ. BRI, 7 — A6 THD. FEILFEE (A1) OKMZFH
L, i B - MRoOKX L REEZREH L. B - 21 - MRoX%2KQ), HEfk
KoBEHIZHWERE2X Q)R T.

Q=K-b-h¥2 (1)
K =1.353+ 0'?1°4+(o.14+ g;f)(wﬂ—o.ogz) )

ZIZT, Q: iE(mes), K: =i, W: KEKIE (0.8m), D: KKIELVEHE TOE
X (0.3m), h: BpAE (m) THD. WiEIL, EFOWmiE (0.052am?) THREZRLZ
BTHDH. HMEOHEIL, ERORTETFTHROASALT TITo7E.

KR THEOLNT-T — & &5 iR ® Cael AERFEY MH
" S A A L el A A ) O Case2 AERMEY M
¥ C &R, WEE L& XIRE OmEANME . S (Cmel ALRMEw R
BEREA 24T > 1. WM IEA~—Y ~— SR Case2 AERHMEY b
v YT ARAREVEHLE., 5
7 A 063 ?I bl 2 10,000 — 5-o——000
V =0.849C-R%%%.10% (3) S} _o--09"
1,000 <
COREMERKCICOWTERT S T s
. D100
LTFRERD. u .
2 L5
= 0849:0.63|0.54 (4) BY 1 / L L L L
' 0.0 05 1.0 15 2.0 25 3.0
ZIZT, VI EWNE (mls), R:&IE T (m/s)
(m), |: KA THD. XK-2 Efit v M4 (10sec) & iiiE V @ REf%
2. 3 FEMERHEWE - 5T (Casel, Case2)
T§%7KE/E\‘®§+?EIJ)§;& ﬁgﬂﬁl'ﬁ; L: AE A casel ZERMS
BRI T, A KRR o Case2 RHRMS
N . 2185 (Case 1 FFERMS)
%ET é g$‘l\$¥§ %@t’j l/ 77:7_-. . AE VIZ :/ ———-%IEK (Casez Z%RMS)

100

i, 150 kHz HL4RA & o5 2 v 7o,

AE G TIXREEZ 30dB & L 7.

3. HEBLUBE

3.1 ETINRATSAODKER MK
S Lo TR SN AKET —

10 PR i ——— gAY
A———TAT
Ay

BEFERMS (10sec)
\
k |

. 0L A a
A/ﬂ
001

MOHHEKKEEE FE LR, miEfk {

Boxmmis &l U C R s oA oo s s o s 20 . 20
NE o, XEREIX, BFEELY s (mis)
HaEAMEENAEWVWLDEEZHILD. X-3 % RMS (10sec) & ¥ V @ Bf%
3.2 AENSA—AZRHLE=XEKED (Casel, Case2)

I IV F B KT
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AHFZE T, =R AXEKORKEE AE E X0 B S 7= sk o 3 A 0 D EE L
7o FRAMFEREICIX, BAEE > NI E RMS (ESEELE) #H\iz. Mtof Rz E-2,
3 ICRT. R-2 13E S B AE By FOBFRERLELOTH Y, 10 B TEEI &
NimAE by NIORBEMBTHD. FXMND, Case 2 TEHllSN/-b v Mo BREMEIT,
Case 1 DK 36 fEmWMEA R L7-. B-31%, A RMS LHEORAKEZ R LT D TH Y,
PR RMS 13 10 B CElI SN/ RMSfE L By NIOFETHH. Case 2 DRFE RMS I
Case 1 O 24 fFmVvMEZ = L 7.

Case 1 TIE,AE & v M 72 < RMS EN LAV 2 & AR S L7z, Zauigxt L,
Case 2 Tl&, AE bt v MO RP RSN, B RMSHE G RO TH >72. AE F
A OBEID,Case 1 D R/ FHKLIT Case 2 LB L TR WZ E XL NITR - 72,

WKEFIZHE AT 2 MR OBRBIERICER T2 2 L1128, BomKMERE LM T 2
AIREMES R STz

#0.25 m/s DA, B AE L v ML R RMS & & ICHMER ETEEINR o7,
ZHICK LT, 25 mls TEmZr—2ADR7 A —4% (B AE t v &, B RMS i)
DEDBIERLTNWD Z EREREINTZ. hboEmEBET 5L, XHEE (Case 1) 1%
il 0.5mis LLEDOHAEIZE T, EAMERERON EIREFRET L0 LEEZILND.

4. HHYIC

AR TIX, WAREROUFLY BIE LIEHHIE DA 77 14 O E RiERE L AE

TA—ENLFt TS ERk AT, N OORBREREZLTICAIET 5.

1) ETNAARAT T4 2 MONTZFERORER, 3RE TIE@HEE I~ THRIERED &2
S, ZOZEnD, BEBEICHSTHREILEAERESM ELZEEZ LD,

2) FEBRiICBWTHRHE SRR O AE XT A =2 ZHWT, AT kR, XK
BIXEEEICHNRFE AE By NETHR 36 15, R RMS T 24 o =N 7. ik
R EDOHBENRDH D Z L5, AEXT XA —X OEAKMEREDFRIE & L T O A HEME 23 R
.
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K B#EAKIC & B 22 B R OERZ R 5%

IR Rk, BR R E R KRB A MBI AR A - BRE T HIK)
HEO B R RFERFIEEFEMEI IR BRFEEEER)
Abstract

JFR TR SNt v v sd, HERORBAEOR RIS S, 587 y #RE
T 5, JEESELOBRYENARANATON TV D2, 2288 O MR EIKRIC A 7255 S B
Thb, 95 L7=PT, KEBAKIZEFZIENS BT, BEORE~DOHIRE 2K 5 ik &
LTHENRFRO—DFZBZ b5, AWFE CTIIEEER OFEH & /NE O 2 HIKNOKEIZEBWT, =
o OMREERFT 2= OICEGEREITo7-, o, y MOBTHICET 28m 2 HEfE S35
& TCIRERN R A E L, TOREE. KHZ%Z 20cm~25cm DiE S THEACIREE IR TIE, KHEDS
DR % RIS BN C& 2 Z EAVHIH Uiz, £72. KR E HEHREORBRE EBIRT Z &
MNTET, 72770, BEFE L MSEEROBRICIIZLOEN NS R, BEFE T, ks
DOEIMZx U THREDREBISANICIRT Lizad, BIEER CIIEKIEOBMICX L COG#RED
ERITEBRA TH -T2, A P P U BELC L D BNV BT v TR ENEE L T 5 & Bb b,
P EHIIARBTH D, ERALIZY - T, ZNOOANRKE L Bbih s,

1. XC®»I

HHAKRER DS SELGE U, AREEF Tk Ao E/E 0 T O HERR ARG L L
T, BEEERR AR R Y (R e C I ARRR © BLSERR A i OVC & T A (Minyu-net(2014) BRI X 0 e
IR L, Eo, HCERAAEIC X o THERRITRED LT b, Rk, a0k < 72
STEHIXK NG NER, BEEIE RO ER S NS Z Lt b EBbns, L, FHERN/E-TL 5k
%, EREBSTREEZ KRS E R ENNMETH D, KEHEE LT, o000 HiEEE x
HZENTELN, ZOHFTREES LKE#EOKIEZ, BRI L BHREOBLEN D L CHEM T
ELEEZTND,

UL (CY MOHD T ~—H (p#2) 1306 L R CERLGE CTb 2 23 EME L 0 k-2 sl L
DU J5 )\ J5 ~BEFL ORI S 5 (Tazaki 2011) 72, KHTid Cs i3FEIT< R HIZIE S
(Shiozawa et al. 2011)% Z 2> LG S5 y #RI%. KEOREINEHEH TH 5 72 Dl S < . K
FH HiEE CIT 2SO AR B D 72 53 ATRIT e V155, L LKA ZEACKREBIZ T 7UE, KED B
FEnd y MEEZKIBICHEOTZ ENARETH D, AIEERITKEICHEEL WD LITE 4. AlE
ZERNZE < y BUIKENSEWNAE TR EIND O ROT, Ok y BRUTIKDOBEZRIDIC
D&Y 572D, KEBENEERENE < 72 0 2 OIS FEITRIBICEAD T 5,

HADKEIZ, ZOIFE A ENFERKT T, M & 13272 0 KK E BG5S 720 O KA i
ENEFEINTND, ZD7), BRTWELZZ T -ERIIH DL O, D LowE L EiFTtn
HREZEIE ST D Z ENARETH D, 7272 L, KEICHKZMET 57200 Tk 2 R T2 &
IXREEC, KEEKEZHERT 2 7-0IIRBE OB DL ETH L, D ATV EhE -
KIRFEIC L 0 RFREKITESEIZ b D (Lee et al. 2003) fufR & X CszHkHEMIC L. #tHA
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5 & fafn HHEKIC K RGN R THREIMERS 5 2 LA MIfF T 5, 7o, Csa & Lo Hirn
50 I BN D DO EMEIT D, ZOM, AKEHKIT, MEOBX ML, B0 SO A,
MORANE SR LI CTE 5, THEFRD Cs OWM~OBITEIEDMEDTHIUX, KFEHET W]
REL 72V | B OEHA~DORII—HERY 5%,

T TR AKEEAR DRI R 2 S B F A & M ER AT O Z & TS L., £z, B
THEBRZ Eh§ HBROMERSCIREORN Z1TO 2 & &5,

2. HERHER
R Je . FEEK DK HDfERRIEE ] D 72012,
Y MR A1, 4, Figl o5 T k912, x
I P il |12 3 S0 AIE A(-¢, 0), 00, 0), B, 0)13 b 5
AN BAEEEZD, HPXYWIROMNS r OFEEIC
\ bV rie TSR E V(1 >>) ERUET
‘ D, TOWE, K P ~EL HHREORS &
A X HPHRB2HA L BERLGEOHRMA a HIK
Y DDA 610 LT Y ORI 5
ZIRETY %,

Fig.1 Three radiation points sources atA, O and B 7 PRIEPHIRINCIEETOH NI S5 D
on tre plane and receiver at P T FERREITARIED S O BBk 2 Fl 2K A
T5, 20D, HA O BDI3ENLEPA

WO S HMMEDOTR ST, RO PR S AR E & ik L-54

. vi

-

elevation angle

7] 7

(1+1>~2
AP2 ' BP2) ~ Op2

L, EEITELDT,

IR

(1+1+1>_1 3
APz ' OP2 ' BP2) OP2

y EAEOIRLTRIBME LD, HIG, A PIC/E
/ TSR BT, AP 2~ & BEEE r DAL & D I

//// FRIEDOLATLLFI L. 8 0 1ZI3KAF L7,
N —J7. (r>>)EMRETE 556, Fig2llrnd
oy, A//’ £ 91, 3ARDEH AP, OP, BP %, IHIETATL
‘0 S 8 N R 20T, #iff a IZBIL T, LLFORMHY

0 AVASR

&
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(a) without correction (raw data) (b) with correction considering decay

(%]
=

* Aug o Sep

[=%]
[a=1

= Oct 2 Nov

ca

28

28

radiation dose at E (uSv/h)
radiation dose at E (uSv/h)

ponding depth at G (cm) ponding depth at G (cm)

Fig.13 Radiation dose at E (in front of the house) vs. ponding depth at G (right side paddy field)
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Effect of electrostatic interaction on flow-induced aggregation rates of charged colloidal particles:

experiments and theoretical calculations with hydrodynamic trajectory analysis
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Wise-use of shallow aquifer to control the growth of farm products
(Bt T/KOBRLTAAIZK 2 REVDEFHIE)

1. Introduction

Irrigation during dry seasons has become prevalent
nowadays in Bangladeshi floodplains where
groundwater resources are available in shallow
unconfined aquifer, dramatically increasing
agricultural productivity while causing groundwater
depletion (Shahid and Hazarika, 2010; Rahman and
Mahbub, 2012). Wise-use of that aquifer is an
urgent prerequisite both for food security and for
protection of water resources. Kuwano et al (2012)
formulated a stochastic control problem to keep
groundwater level high enough without allowing
for benefits of irrigation. Optimal control strategies
for storage systems considering depletion of the
water resources were established for the cases of
stochastic demand (Unami et al, 2013) and for the
cases of stochastic occurrence of recharge (Unami
et al, 2014b). Sharifi et al (2014a) and Sharifi et al
(2014Db) discussed tradeoff between irrigation costs
and benefits from farm products, whose growth
may be hindered and terminated due to water stress
and drought. Unami et al (2014a) proposed
stochastic control strategies to lift groundwater
from a Bangladesh aquifer for production of
off-season fingerlings. Here, an analogous approach
as these works is applied for dry season irrigation
in Bangladeshi floodplains, considering irrigation
costs that highly depend on the depths of
groundwater table (Zahid and Ahmed, 2006). The
optimal strategies are obtained as solutions to the
Hamilton-Jacobi-Bellman (HJB) equation
governing the supremum of a performance index as
well. The finite difference method is employed to
numerically solve the HJB equation, which is a
parabolic partial differential equation.

2. Stochastic control problem
A dry season necessitating irrigation is considered

as a period [0,7] of time ¢, and groundwater is

assumed to be fully stored in the aquifer at the
initial time ¢ =0. Dynamics of the storage volume

X, of the aquifer at the time ¢ is modelled by a
stochastic differential equation

dX, = —udrt+o (X, - X, )exp(/u)dB" (1)
where u is the discharge of water lifted from the

aquifer, o _ is a volatility coefficient, Xo is the full

storage capacity of the aquifer, and B’ is a
standard Browninan motion. This model assumes
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that fluctuation of the storage volume intensifies as
the groundwater level declines and as the lifting
discharge increases. The total value of farm
products is considered as another stochastic process
Y , whose dynamics is governed by the stochastic
differential equation

dY, = au(K - Y)Y, dt+c Y,dB’ 2)
where o is the growth rate coefficient, K is the

carrying capacity, o, is another

B

Browninan motion independent of B;. The lifting

volatility

coefficient, and is another standard

discharge u is considered as the control variable,
whose decision making is based on X and Y at

the current time s .
A spatial x-y domain Q of the stochastic

processes (X,,Y,) is set as (0,X,)x(0,K). For

>t
A

the bounded domain €, the first exit time 7' is
defined as

T =min(inf {t|¢>0,(X,.Y) e Q}.T). (3)

Then, the performance index J“(s,x,y) to be
maximized is set as

JU(s,x,y) = B [ j f F(t,x, yu)dt + YT,} 4)

where E*"" represents the expectation with
respect to the probability law of the stochastic
processes starting from the point (x,y) at s, and

f s the profit rate functionin (0,7)x Q.
The control variable u is supposed to be

max

constrained in the set U =[O,u ] of admissible

control. Let L' be the partial differential operator

2
L :i—ui+ - x)’ exp(u)a—2
ox ox
> . )
% 2O

0
+ou(K — y)y— +—=
( y)yay 5 &

defined for each u. Then, the supremum @ of

2
(o
- (X

J"(s,x,y) and the optimal control " attaining it
are governed by the HIB equation
L'D+ f(s,x,y,u’)

= sup{L”(D + f(s,x,y,u)} =0

uelU

(6)

with the terminal conditionin Q at s=7T



O=y
and the boundary conditions on (0,77)x 0Q
CD(xmin) = cD(xmax) = y (D = y . (8)
As a result of analyzing the left hand side of (6), the
set U™ of candidates for u" when f(s,x,y,u)

(7

is linear with respectto u turns to be

U =oU U{u,,} 9)
where
oD od 9
Ueyy = log[g—a(K—Y)ya——éj
o (10)
+10g2—10g(cf_ (X, —x)2 0 ?j
ox

3. Computation of wise-use strategies

Demonstrative computations are conducted to solve
the HJB equation system in the idealized
computational domain with 7 =1, X, =1.0, and

K =10, setting the parameter values as o _=0.10,
c,=10,a=10, and u, =1.0. Three cases of

different profit functions, which are in fact negative
costs of pump operation, are considered as shown
in Table 1. Case 0 is for the blank case of free or
subsidized pumping. Case 1 represents the lifting
cost proportional to the discharge. Case 2 is the
realistic situation that the cost increases as the
groundwater level decreases and diverges as the
storage volume approaches to zero.

Table 1 Profit functions defining the costs of
groundwater lifting

S (s,x,y,u)
Case 0 0
Case 1 —u
Case 2 —u/x

The finite difference scheme with upwinding
for the advection terms was applied for
computation of the HIJB equation system.
Computed ® and " at the initial time s=0
for each case are shown in Figs. 1, 2, and 3. The
@ -values are monotone increasing with respect to
both x and y inall the cases. While, the optimal
control differs in each case. As reasonably inferred,
. 10 Case 0, but it

becomes equal to 0 when both x and y are

u’ is principally equal to u

small. In Case 1, the maximum y necessitating

irrigation mostly decreases with respect to x,
generating non-trivial rule curves. Restriction of
pumping in case of groundwater depletion is well
reproduced in Case 3. It is also remarked that the
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optimal control #  in the whole domain is
predominantly of bang-bang type.

4. Conclusions

The stochastic control theory was applied to
discussing wise-use of shallow aquifer in the
context of dry seasons in Bangladeshi floodplains.
The computational approach well established the
trade-off between the growth of farm products and
the costs of lifting groundwater. The three distinct
profit functions in the demonstrative computations
do not have discontinuity with respect to the
discharge, although it is common in the real world
that the pumping cost as a function of the discharge
u has a leap at u=0. Profit functions having
different irregularities shall be considered in a
follow up study.
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1. Introduction
In sub-Saharan Africa (SSA), where subsistence
rainfed agriculture is the mainstay of the economy
agricultural water scarcity is much linked to rainfall
variability (Biazin, 2012). For food and human se-
curity, there is an urgent need in SSA for establish-
ing strategies to minimize the risk of drought in-
duced crop failure in rainfed agriculture. Indeed in
southern Ghana, farmers claiming substantial
changes in volume and reliability of rainfall and
intense sunshine (Ofori-Sarpong and Asante, 2004).
In this study alternation of dry and wet spells
is modelled using a stochastic concept to compre-
hend the drought severity. Model parameters are
identified using the sequences of alternating wet and
dry spells at a site located in the coastal savanna
agro-ecological zone of Ghana. Benefit functions
and water stress coefficients for different annual
crops are considered for evaluating farm products
when drought occurs. The set of cost functions for
potential implementation of irrigation is determined
in an inverse problem approach where the Hamil-
ton-Jacobi-Bellman (HJB) equation assuming the
optimality of rainfed agriculture is solved.
2. Stochastic control problem
Sharifi et al. (2014) formulated the stochastic con-
trol problem, which consists of the zero-reverting
Ornstein-Uhlenbeck (OU) process representing the
drought severity x and a performance index in-
cluding the cost function f(u) of the irrigation

effort u, the benefit function g(r) of the time ¢,

and the water stress coefficient ¢(z,x) . The irriga-

tion effort u is considered as the control variable.
Soil and Irrigation Research Centre at Kpong
(SIREC-Kpong), University of Ghana, which is
located at the coordinates 06 07 N 00 04 E is set as
the study site. The model parameters, a constant K
and the unit U for time (hour) are estimated from
observed sequences of alternating wet and dry spells
based on time series data of soil moisture observed
during two minor rainy seasons of 2005 (first year)
and 2006 (second year). The results of parameter
identification for individual years as well as the case
of both years combined are summarized in Table 1.
Since posteriorly perceived drought severity was
low in the first year and high in the second year, the
set of model parameters for both years is adopted.

Table 1 Model parameters identified from ob-
served data series for different period

1st year 2nd year Both years
K 3.058 1.642 1.955
U 303.9 253.7 260.3

3. Benefit function and water stress coefficient

To explore the suitability of different irrigation
strategies including rainfed, benefits of farming
under the risk of drought and water stress should be
quantified in terms of crop yields and/or their eco-
nomic values (Vico and Porporato, 2011). Here, the
benefit function g(¢) represents the virtual benefit
when growth of the crop, whose growth period is
[0,7], is terminated without experiencing any water
stress. Knowledge of crop yields under irrigated
conditions may be referred when determining
g(t) .-Without loss of generality, g(¢) is scaled so

that g(T)=1. Continuity of g(¢) is assumed as
well. After establishing g(¢) for a particular crop,
the water stress coefficient ¢(¢,x) is searched so
that the maximum @ of the performance index is
consistent with data of the actual benefit under
rainfed conditions on the boundary of the s - x
-domain G . It may be assumed that ¢(¢,x) is given

as a power function
q

X
t,x)=0(x)=|— 1

o7, x) = @(x) X (D
with an appropriate exponent ¢ , satisfying

o, tK)=1,and ¢(,0)=0.

Growths of maize (Zea mays) and okra
(Abelmoschus esculentus) were tested in the ex-
perimental farm at the study site during the period of
soil moisture measurement. It is assumed that the
benefit function g(z) for each crop is prescribed as

a smooth monotone increasing function having the

form
B e
g(t)=exp [ tan (m‘/2T)j @

where a is a shape parameter. This benefit function
g(¢t) satisfies g(0)=0 and g(T)=1. The values of
the parameters 7', o, and ¢ are estimated as 125
days, 10, and 0.4938 for maize, and, 60 days, 100,
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and greater than 0.4938 for okra, respectively. The

resulting benefit functions are depicted in Fig. 1.
0]
1.0

0.8

0.6 /

Okra Maize /
0.4
0.2 /
0.0 /
0 25 50 75 100 125
Time (day)

Fig. 1 Benefit functions for maize and okra

4. Solution of the inverse problem

Tendency for rainfed agriculture as the only practice
among the majority of farmers in the coastal savanna
agro-ecological zone of Ghana is rationalized
through examining the set F of f(u) that opti-

mizes rainfed agriculture. The HJB equation
governs the maximized performance index ® as
well as the control variable u attaining it. Analyzing
the HIB equation, it is revealed that its advection

K

0 25
1 (day)

5. Conclusions

In this study the optimality of rainfed agriculture
was studied in the context of stochastic control. The
model was introduced in order to represent the dy-
namics of the drought severity as the zero-reverting
OU process. The performance index was set to
formulate the optimal control problem, involving
cost of irrigation, loss in value of agricultural
products due to water stress, and benefit when
growth of the crop is terminated at different stages.
The inverse problem was to identify the set of cost
functions optimizing rainfed agriculture, which was
successfully defined in terms of the numerical solu-
tion to the HIB equation with vanishing optimal
control. The case study in the coastal savanna
agro-ecological zone of Ghana verified that rainfed
agriculture is compelled to be optimal and also
suggested the paradox of water stress tolerant crops
needing more irrigation.
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term ¥ = W(s,x) = —x%ﬁ bounds the increase rate
X

of f(u) inrelation to the effect of u on the drought

severity to inversely define the set F . Therefore,
the solution @ , as well as ¥ , to the termi-
nal-boundary value problem of the HIB equation
under the uncontrolled case for each of the two crops
is computed using the finite element and finite dif-
ference methods. The resulting @ and ¥ for the
cases of maize and okra (g =1) are plotted in Fig. 2.

The W —values are generally small in the case
of maize, meaning that necessity of irrigation is less.
The actual situation in the common rural areas of
SSA, where maize is one of the major staple, is
prevalence of high initiation costs and less effects of
irrigation, and thus rainfed agriculture is compelled
to be optimal. While, larger W —values are attained
if larger g —values are chosen for okra. This implies,

though paradoxical, that rainfed agriculture is not
optimal when the crop is more tolerant to water
stress.

Il

0

125 0 60

0 40
t (day)
Fig. 1 Computed ® and ¥ over the spatio temporal domain for the cases of maize (left) and okra (right).
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Current state and prediction of groundwater resources in Dalad, Inner Mongolia
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