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Abstract

AFm & Ve - Al (2014) Tl MEBYICEEN - R o ik (H) BIRfFRRO R 5
KEREZRAT HHEEIT, N—F ¥/ U —F —Z I & LT Hulg o AKH A 470
i35 2 & T, KROZEBDOLEOREICEUKE HOHIR, EIRCERERORER L, H
A HIE TIEAT D AL W R & 2 ine 2 5] & H 9 KFRI I E——Husc R S5 R (inter-
regional conjunctive use) ZH#E/RT 5, FFHICAR TIL, B8 LR WA b v 7 ADKER %
A3 o4l e KB 57 v —RDOKERZ A9 25 IEICKIT 5 A by 7 RX 7 0o —HRl
sk P E RS R 2 0 ZEEIEREC A by VR ABHEEEDNE U DB A 1 = X L% W
LT D, fam e LTI, B0 HRFHEE DS AT L EEROERR & R KT 555
B, 7R —OEBIEDOETA My 7 OBUKEEZHRE L, &KL L THIAWREZRKDZE
a2z 5L (leveling) MTOILDKER, KEKDOBEN TERWHUKH TH -
THLEEMEENERN T2, F 12, A by 7 BNEK R OME OB E) 2 H5r9- 2 15 E
RTCTHRER RO 7 0 —OZEB ZWINT 5 Z L ORSTE LTTHRA by 7 ks
T D, FHIT, SENRERREM TG ETH, BUKBEHO—H%d 7 v —
IS BHET DMERA X — 22 0T, #2FrEFEO L = LA Ul s BT 5,

In Sato and Nakayama (2014) and this paper, we present the theory of inter-
regional conjunctive use of water resources, -- a market-based scheme of water use,
which, through the transactions of virtual water, coordinates the real water uses in

more than one distant region or country with different forms of water, so that it can
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generate various functions that would not be obtained if they were isolated, such as
the buffering of water variations, the reduction of withdrawal costs, and the
preservation of resources or ecosystems. In particular, this paper deals with the
stock-flow type inter-regional conjunctive use, where one region has stock water
resource and the other has flow one. First, we find that, even if water itself cannot
be moved between the regions, the system-wide benefit would be stabilized as a
result of the social planner’s “levelling” motion, which reduces fluctuations of the
total available water by controlling stock withdrawal according to flow variations.
Second, the planner preserves certain amount of water as a precautionary stock to
absorb future flow variations, where the stock playing a role of mediating the
intertemporal transfer of value. Third, decentralized decisions can duplicate the
social planner’s solutions by introducing a compensation scheme where the flow

region shares a part of the stock withdrawal costs.

JEL classification: F18, Q18, Q25
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production, virtual water, green water
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3.1 HEAFE

Wz, 2 WM OBy FET VBT D lsEER A2 & 25, 72720, LF TR, #
REHEE D — ADRITE T ALY | FHEL Y — LW TUIREI TR E 5, sED 1
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T ERTZ LICER SN, A Ry 7 BKEROFAIZIE, PO Ny 7 &S, &
Z DM DOKOFMEWS DEIRIISC T, LT TERBSNDEADBN N 6D LT 5,

St
CWS,S,) = f c(2)dz, VWS €[0,5,] (3.1)

Se—w¢

c(IES 1B S, — WS E THRUKT 2B TOBRM /2 X b v 7 KUET6HiE L7 BA7 B
KB 2R BT, IEMPAONTHLET D, Lo T, A by 70T 5L
bz, B BUKE FIZENT 20— E T, 2o, BIIREIRELRLEN—ETHD,
BALBUKE DN A by 7 O & &S IZEMNT 200, BlIE A by 7oL e
ICHEFARREAME T L, 2055, kA BIFIZh 0B HE RN L 720, L0k s
SHBAHEXORN L THMBEL 2120 T RMAEEIND, 7o, WIREILD L~ T
%, —OOHIKIEOREBIZIE U T, B2 fKE 2 BT 5 72 o OKIEFRA g & 03 b
L h, 6T, HEBEROBLEN BT, HTFKMOK FIZ X - T, #lEE FomKE
~OWFKRORATR EOH BN T 2 2L 6B 2 65, —FH T, (WM T3
VMRETH &5, B2, BALHT- Y OEEHeERMEREE & IR TT 20 X9 ke
DOEETX, BALE BB REBEOMIZ D Z B2 bND, 2E L, Kk s —4
ICESS DO LED, L OEATHIE TR, MIELZEHME L TEY (Burt (1964a,
1964b), Tsur and Graham-Tomasi (1991), Provencher and Burt (1993)7: &) . Afa b
ZOWREERANDZ L LT D,

X 3.1k, GDOEHAOHEEZELIEZLOTHS, @rbbndkoic, CWSS,)
I, BUKRITO A b v 7 KHES N BEUKZE D A b v 7 KHUES, — W E TORATUKE H %
BoLlbDThd, MIKRINTND LI, FUBKEWS Th-oTh, BUKH]
DA~ 7 KD/ NZUWEE | HEFARADME S EROGHLE ) Bk & < B BT 5 BB D
BREDRD, FUKBEMIREL 225, £z, @060 5 X912, BUKHiD X kv 7K
YENRFE L THIUE, BUKENKEL RBICONBUKEIZREL 25, B.1DEWSTHK
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CWe,Se)

(c) (d)

c(S; — W5

C(W¢', Se)

S, —Wg S. z
‘ tStZ we' ‘ St wy

FEO7 o —RoAKEFIT 1 HEICw . 28 AW RNEBRT S, 7o —HoKER
DEBUEIL, W, OBEMOMERNAI > TEBT 5, £z, 2 THLEHQ.D)
TERINDIEHFOHIZNE > TNDLHD LT 25, AEFITHUICE MO 7 n—D &%
M5 ERTE, LHBORET, BlczofoEREW 12broTna, =771,
K, bbb LB OREA LR 2HBO 7 n—0R&W iIZbhr bR, #IEED
HoEa2Ez, 1HBICBEICER L7 n—Ri3b 1 5 PP/ cho b+ 5,

mEE HEGRITS € (0,1) &T5,

3.2 AREEEMENVEA

3.2.1 PASHRWS
1HEPSORLE LSS, 0EZATE & LA, 28 BICsENERT 580 K
ILRIEL, LT X2 i1cEINS,
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Sz
max U3 (W3) — c(z)dz
w; S,-ws

s.t. 0<SWs<S,

Wy #0&4 2L, PSERFICET 5 2 WH O BUKEW DRERMFEFUTO XD
ZhExbhd,

Uzsl(Wzac) > c(S; — Wie), Wi =S,
E20E, UsS W) =c(S, —WE), WS,

(3.2)

1THE»O DR LSS, 2015 & Lz 2 1 H Ol B ERE/L— L ZWEL(S,) &iE <
&L ITHIBICSENERET 2 HEMEMEIL, LToXdickEnsd,

Sz

S
max U7 (W7°) — j c(z)dz + 6 [UZS(WZaC(SZ)) — c(z)dz]
wy S1-Ww§

S2—Wy3r(S2)

s.t. SZ=51_W1520, WlsZO

Wi#0tL, £/, 1MIHETRETOA My 7 &2 EWGloTLES Z LTV ETD
& PASERFICE T S 1 B OB BUKEWLOMBERMFIILLTO L Y IckREND,

US'(WE) — c(S; — W) = Cs + Cy4 (3.32)

2lZl. Gl CIENENLUTOL I IZERSND,
Cs = 5[U5,(W2ac(52)) - C(Sz - Wzac(sz))]wzac,(sz) (3.3b)
Cq = 8[c(Sy — WE(Sy)) — c(S; — W] (3.3¢)

(8.32) DX, FTH-DA b v 7 KUES, OHFKE 1 HIBICWELTZTEKT D550,
KBS BIZE LTEBRAMERR 2R L TV D, ZHUTA by ZKESIZBITAA My s
BARERDY ¥ R T T4 A ThHD, HAITEFRRET TV I R{2—F—a 2 T,
EIRZBEINT 1 AT Z Ik TRONDFROFEROBIEMELR T, 5
W Z UT, BIEOBFEFHOWEBEHTH 5, KO KOGEE, 2—F—a X |k
IZA hw 27 a2 Ak (stock cost) &= A | (depthcost) @ 2 DDERIZ/FIT HIND
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(Provencher and Burt, 1993), A b v 7 2 & M, BEOEUKIZ X CREEFIH AIHE
AN I DD TDICEFD T L R BN FBROA Ny 70 bBLN51ET TH
S TABLE OBEMEZ 45T, (3.3D)2 B b X 21T, Cix. 1HHOBUKEE 1 H{L
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(WL'(Sp)) 12, TDA by 7 KUETO 2 M H OBRAMMELR (U5 (WiL(Sy) — c(S, —
WE(S,))) Z 2 BUEMEICEI 0 B0 e LTH 2 BN D, —H RBEI A k&1
BUEORUKZ 1 AL S 3 2 & CTHi %T%éi#f%otH%@ﬁm%%%hf
B.3)MHbMnd L DT, Culx. 1HHOBUKEZ 1 BAES L, 2 HOWMIA kv
7 S, BT Z LI Lo THIN TE DT T ThoBUKEHATHY | BARMIZIT 1 H
25 2B BRI TORRAEM Oy LTEZ BN,

E. B2LEV., Us W) =c(S, —WEYDr—ATiE, CliEr s, HbliL
SN 2HHOBUKEEHFKIL TV WnWed A by 7 a & MiZked, 22— —az MNis
TREaX N LTHNLS,

LT T, Hfifbo=n, 2HBICA Ny 7 22 THEWGIS Z ERRWEEOHRE
ExD, ZOHE, BEOICRELOVERMFIILLTO LY cEIND,

Us' (WL (S2)) = YaxWse(S)X LS = ¢S, — Wi (S,)) (3.42)

Uls,(Wlac(Sl)) - C(Sl - WlaC(Sl)) = ¢XW1ac(51)X_1L51_X - C(Sl - W1ac(51)) (3.4b)
= 8[c(S, — WHe(S) — c(S1 — Wi (SD)], Sy = S1 — Wik(Sy) '

(B.42)lL, S, & FThH-& L7z 2 1B Ol B IR EWL (S) M7= 52 £ L, (3.4b)

I, ENEHIREE LT 1M B o5 BRI EWE (SBT3 R E2R L TWD

3.2.2 BHIRETE
R X912, BIBEHEICB T 2&EILOVLERMITILLTO L S IcEESI NS,

auy

oy Wac(S2 W)Wl = walwsc(so w/) + w1 T = (S - wic(sa W), (3.59)

Uy

a_l/Vls (Wi (S, W#f) — ¢Sy = Wye(S) = wx[Wye(S)) + %f]){_lil_x —c(Sy = Wi (SD)

(3.5b)
=4 [C (Szc - Wz*c(SZ: VVuf)) - C(51 - Wl*C(Sl))]r S, =81 —Wic(S51)

22



3.3 FTHERMENDHDIHE

3.3.1 PASHREH
PABHREFTIC WV T, sENCIIARERMEAMFLE L2 O T Bl BUK S22 KIS
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. 7u—OERBERW Th o 2 BAOBKEEWS, LW Th o EA ORUk %
Wyt %, BPbonD oIz, 3HEDORERIEW,, <Wy, <W; &b, £, Zh
BIZEIIE LR A, HETI © Topp < €y < ey PIATHZ D, FREFMEA
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4 3.2 28 HOEUKEDIRE

(a) FRSE BRI O%5E (b) BRSE AR O OSE
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Uy
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s 6
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{(—px(1 = W W) + WS x2[1=x + ¢’ (S = Ww*(W7))}
- “«(Wr X -
'{M(l o (2W_3(+W P (s—w*w))
[ (s-wen)|
L7=-> T,

¢ (s —w(w”)) 2—y
[c'(s —wwN)]* ~ x(L =W W) + WSx1L1=x

DEx, W'W)=0k725,
(A4), (A5) L1,

¢ (s=wr (W) = —px(1 = p[w* (W) + WL
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