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Estimation on Consumptive Characteristic of
Irrigation Water for Paddy Fields Using Water
Balance Theorem
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ABSTRACT

In the article, the water balance theorem was used for evaluating the consumptive
characteristic of irrigation water on paddy fields, which in the condition of crop irrigated
during the long-term period. The irrigation area of Huludum main canal was selected as

an research region, and the each water records and hydrologic data in 2001-2005 was
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used to analyze. The results show that water requirement (WR) of paddy fields in the first
and second crop periods were 1,593 and 1,381 (mm/crop period-ha) respectively. With
considering the conveyance loss, the irrigation water requirement was intake from rivers
were raised to 2,570 and 2,227 (mm/crop period-ha) in the first and second crop periods.

The 5 years average of effective rainfall was conducted to analyzed as 293 and 242
mm in the first and second crop periods, and the usage ratio were respectively showed as
63% and 41%. The result revel the significance that effective rainfall played a subsidiary
for irrigation in the first crop period. The study used the water balance theorem was
conducted to analyze evaluate the consumptive characteristic of irrigation water in a large
scale paddy region, and the results show the main consumption of water is to recharge the
groundwater in paddy field system, and the the ratio was 48.80%. Return flow, evapotran-
spiration and effective rainfall were the subsequent in order, and the contributions were
respectively showed as 20.45%, 19.92%, and 10.83%. Return flow was consists of visible
return flow and invisible return flow, and the ratio between them in the first crop period
and second crop period were respectively 1.85:1, and 3.13:1.
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SR R AR) 2 3efE - 41(20)z0F -

G, =P, =axP

A G E/KHRE T KR ¢ o BEMBRE
(0~1) ; P, BEEEBR °

FH 7 7 EH R0V 1 5 EH IS B 7 X 17 0 2
+o BEFERENCEFEREETERES > &
G ET 20-40 em JE7EE ELRK AR AR
[& (Hardpan) 5§ 22 JE£ Je&f (Plow sole) iz -5 et (21
RF5E > 1999) ¢ T E2E(1998)F8 Hi /K fe FH ek
N B S A2 R ELE (Puddled layer) J¢
i e H Y ~ (LR E B SRR RS R
B BB SRR AN [E] FH IR R R R
frfeett THIRER > BUREIRME A R - HL
[ s s 7 2 B o T 0D A B AR R Ak o
FE[E A (Sharman and De Datta, 1985; Wopereis
et al., 1992, 1994; Bounman et al., 1994 ; BIRF
&5 1999 ; [HTHAHE > 1999) 5 Sharma and De Datta
(1985) : Tuong et al. (199G HGEF AL H K H
(Puddled rice field)i# 8t F /K 2 B IR E A K H H)
& > B oK HECEF A Er K L 2K T8
%8 (Hydraulic conductivity) » A 22875 BLi# 100-
200 {% ; Ferguson, (1970); Sanchez (1973); Wickham
and Singh (1978) : P {H#%%£(1998) : Kukal and
Aggarwal (2002558 HH I K AERERERE K 16
JEME BRI T2 (2000):5 HH Rl 4RI
[e 77 2 B g s - BRIEAE(1999)3
Bate A R R B IS G IS 3.68 15 : fififd

W(2003) A Bk ERIEAERAS 5 3.6 15 -

K B # A4 # E AE f  B i R B
VG K & SR KA 2 He o IR
FBIER o B R EE - Bl Ak
2 V5 3 2 R B R T (M B R B 2 B SR I
PRETUTT » # LI BIE G EABINE o -
Bouwer (1978)8t$5 i F 78 73t fg (7 7E A 11 7k
{EEREOA AT E T AR - (H—R51 LUK H
VEL R Fea B R oK R EAE - T
BlRE P EABRE  ERTRT - B
(1962)5 | F # m /K& 1955~1957 43 Baks SR
T E <% K BREREE A BT 0.06
&%~ W FFFE 1~3% ~ 3~8% ~ 8~15%I[i » H [t
{7 53 B F FFES 0.08 ~ 0.1 ~ 0.12 25 ;e T fEpff
FEHUOE(1997) DL SAWAH 6 20 E 2= A i 5 T
{'F o 8 o R = VR AGR A T > T AB LR
T1.2~77% > HEk 23~28.8 £ TIERK ~ Eift L H
B MRRD(1998) LUK BEEABRHE(L i BN
ERHITABIR LIRS 51 « PEBRER(1999)F5 HE FH L 1Y
Vesg - TG - JERIBHE Z RO E SR o [
IR R IE 0% ~ 2% ~ 3.75% » JERF AR
BIREEEBRELERS 1:9 - 1:6 - 1:4 o THL
SE(1999) DA e R ZR A B HH A 451 > 288 B P 1
20 om R LK R EIRIRE DT - A
I o (HAK TS RS — BRI R EHEE B
R s B hE R I RS R K e M T &
MR > 1999)  BREHESE(2000)F8 B E SR 28
B K A B L ER T BB E
(1 2-10 {5 - {HRB L FIREE 92 iEE TR RS ~ 7K
K& B )i T K sy S AN - 56 -
MSCRREE R o K HERELERE » ABI LIS E
FUMEAET - A B8 A 5 1 ) B R K e
i BABREEEAEABRE > EHEEY
WEFEFERE - A mBinE gigm : AfE5s
AR IR R DB g /ie - REFET
7 A A I g C AT I R AR R - 7 U
R RBEHR AU R (1999 FIERBR AR > EANE]
YRR TR EIEMBIRILA] o > #5580
TREUIREE 0% ~ 2% ~ 3.75%(6E (4 T2 o fEE% 0.90
0.86 ~ 0.80 ; AT ZEAFULRRFR(1999)i okt SRS T
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BRI > HERRH S B R IR AR 0 402D
2 CH FH [ B B 6 15 0-3.75%) » ARSI RS
eI a0 & 35 P S AT K FH Hb R 7k i 2 A
(22) R I P B IR AR 28 > AT DUHEAS
W K B o

o =-0.0035%-0.0154S + 0.9

................... @1)

B=l-a e 22)

XA o BIEABIRELH] B EEBIRELH] ;S
FEVEIR I L (%) -

2.5 OEF7KHERD

R KE RIS - FKERART S
VEEASUE - BIEERK AT G B R BT KR >
it /KAE /KB R 2 R HI A B L 5 Zulu er al.
(1996) & FH 7K W S i B e A i A6 =R Al H A
Kaliyada i[5 g8 A EER K LA Tayatilaka
et al. (2003 F Itakura (1995) LR 5 =X 0 A 410
FEHEFT RS R IR A MR 2 e — 0 TR LT
-~ Anuradhapura 3] [ 5 58 8 % A7 (Thirappane
Tank Cascade system, TCS) {3 7k Bz B fth B
TR SHHIRHRL ©

RS HRET Z 7k HH A i K 3 o AV R K
FEAE B AR AR - R K
KR VR » KRS KRS E R 2
TR & > ELRE FE R K B A R 2R KR
T TR P BWUKIRE NIFERMEHE -

AL s 7 AR+ 2 T A i VR P K 2 B DK
L £ = /K HH S AR ZH DR — RE Wk
R o DRI 38 20 R /K e YR A ot R 2 2 LUt
FEEWE AR Z BHEER K ~ FH /K A 2 AR A
B A is) - B HEERIEAK - L
AR R RE A SR > B ~ |
BERROBIRE

BH R kA B E B R R & - AR
FEAIR > B EHEEEHOK R 5 0 B A R 2
A PERN B2 I RS 20(13)~(14)2K > 1530
g K HIlEE s ) i B i A g R K & - 3T
BAAN23) R Bt (12) NI e R AR E A4

2Rk
RE =B =P—P,=BXP eeoooeeerrrer.. (23)
U RF; /KRG R K & 5 Py B ARE

2.6 XHBMWE

BRI K A BT R RS -
A HARME RS - HARRE AT
MHlERE ~ EVEEREREERGE T ~ KRS
W2 T5i ~ BRBEORHIES 1 RS 11 S Rimi e &
AT - RHEREE LS - ESOKERE]
GRS - SEEKNEE M TRE - HERat R
JT ~ FEMARYIE R EGEHE ~ MERREE
WA G ~ MESAARES - DLE AR
FZ ML B ITETRE S o REEHA(1988)
FR IR b I A K B S - AR R
RIEYIF K B HE SR &R/ ME - ERENE
/INIAFRES B KB B 2 R - P R R
GRAMNE « [z HEENEADZAEHER
Bilwi M - AR AR R LBREDN
I RAERNE - IR GRS E
e R S N o KR T RS b
ZIBIE » NGRS A S S mm » HEDEARS
HIE AR EZAR  HEERERWNE -

PR (1989) : Tsai er al. (2005)#& Hi/KFH#1E
R THEES R AR s T e e T R B T R
HE 2 EBRE B2 H R » RERDEEESH
JKET IR TR I HBR A RN Bl VR e S R B
PRBERRRIL T LUk D ik sk 2 1t > FS AR
A F EH PRI ZK P B R4 1 DARC & 788 I R ot NN
IRDL » I —F BETEIE e o R A2
MR o KPS Z BT < Bl—XFEW TR
(mm) - JH=HE Y K > HRZKEER 2 HRN R ER
R0 0 B Y Bl H LK R d, 2 Tt » HIER
R > BIERATAIE 4 -

ER=Yxd; <TR

© ER FyHRNE ~ TR [BEENE  d R0
st E R K ~ Y B B -

Hrfr

{0
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&4

KBEMWEBLEERICKPIRIER)

e F 4 M@ & TR (mm) B ke M Y (day) B A 2 @& ER (mm)
TR<5 RBTK 0
. 5<TR<9 1 6
9<TR<30 1+ (TR - 9)/6 (1+(TR-9)/6) x d, < TR
30< TR 1+(30-9)/6 (1+(30 - 9)/6) x d, < TR
ITR<S5 BT 0
NE 5<XTR<9 1 6
9<XTR<30 1+ (ZTR - 9)/6 ((1 +(STR - 9)/6) x d,] IN<TR
30<XTR 1+[(30-9)/6] + N [(1 +[(30 - 9)/6] + N) xd,] /N<TR

4 HREE-EPHELER

2.7 HRE

AR ST LA F i T 0 A1 N P 2 1 St [
4) » Bl 2 R KR &+ ERa (R - R
[HFERY 6,207.96 ha » i 8 R I i 5 B i
-~ PYHE ~ KHE - SR S R LIRSS - (FY)
DAFA e K iE B - Ak AaRkhs 77 =B 2 Baml
[ ¢ fH[F](De Datta, 1981; Pandey and Velasco,
1999) » ZJEEE X BKEMEHEE SO
B SE E A - FEUKIR F B E KR
K BRI U I 5 B0 FH /K 2R T
R E E OB SR T B 2 & HET S
WK B EATARATEC K ¢ LR+ EEE R DL 2006 4
FUHIE RS > I EDE LA
&80 4,133.32 ha J7 2,074.64 ha » 2R3
5 RMEmKIBAR L £y 38% ~ R I E R
0.6135% : —HA{E fe —HITEA AR R H B 55
110 K7 95 K o

= fERE

3.1 BYERIRXKEEDI

ARSC LI BB E IR 2001~2005 S HA 2
FEBEF KGO8 A TR R T R RS 2 B
AR F K AL - A LU AT /K FHER B
A 2 £ BEK STIE BRI B 2 3 FE /K & R Ll 53
W o MKER GV L 28 F K B R BB UK R 8%
HUR H B T A (ha) FIK BLAME 5 K3k 6 Al
o A SREUR CHAE A AR AT KRS
20.44 mm/day > WA —HAPE » —HAPEZ EFREY
Ik AN ek E - B K AR K B R
GBS —HAVERARTE R R kT - R
5 F BT TE RS /K 20.70 mm/day W50 TR
FIEE(H 20.44 mm/day 7 FHE A IRH(E
BN T A K 7 A 9 S8 B o S R 8 A Uk
B FEREBEUR 5 ARG THAR 2 —HAVERE K S
B 2,041~2,314 (mnV/HA{E -ha) » RE(EE 2,145
(mm/H{E ha) » KIERS HIME 1,864~2,036 (mm/
{1 ha) > FLEIMEARS 1,942 (mm/HA{E -ha) » £ R H
WrEBE 15 HIERER - iR 7 RHERG
(199N#FEE /K FEEE B F /K L HE (3R DL > BiUR
A Bk B E V8L P K S A DU S R 1 T
Z FIKFEHE o

T

A
8

3.2 SIRKEF KRS
3.2.1 EYIHRk &

AR Bl /K FI] 2 (2008)HEL EL8 20 Jig SRR
ZVEOIHK R - AR PR RB & TR RS
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x5 HEHIIEREERIEDMER

] 3 P A (%) . s
I ARk | % DB freny 5E EX: il % @ A (ha)
.5 Y B4 50.52 37.12 12.36 I 87.00
= T X% 48.03 4331 8.66 EEA 595.00
T 60.63 33.47 5.90 L 164.86
| L4 55.93 37.62 6.45 VI E 377.08
KA Bl X4 52.64 38.95 8.41 S 316.17
LESE 1 54.72 37.71 7.57 Bt 353.91
XAt X4 56.28 33.19 10.53 EVIE + 138.15
mIRE L4 49.99 42.98 7.03 e 648.33
BT Jbd X 5 59.02 37.34 3.64 At 259.45
T 50.38 4421 5.41 Bt 312.61
P LEL 54.05 37.97 7.98 BV X 557.00
Ttk 5225 43.36 439 P 165.00
EhFZom 60.53 34.27 5.20 g 29.00
& &, PRI B AR 50.76 42.73 6.51 S 346.00
FART o4 56.06 4175 2.19 P 78.00
RPIEH 45.01 47.72 727 EE 611.00
& 7 4 50.21 40.85 8.94 I 542.00
R KE 51.53 4158 6.89 Et 297.30
b 5B RKE 55.38 40.68 3.94 75 97.50
AT HAAKE 48.03 41.60 10.37 EE 24.00
FEAKE 55.97 39.97 4.06 g 208.60
&6 FFENIEEMRERISHENEERKE(2001-2005 &)
o 2001 2002 2003 2004 2005 SEFYHE
IR 7
i B E 18.56 19.34 19.34 19.25 21.03 19.50
I 23.38 16.92 16.70 15.52 20.55 18.61
e Wi E 19.62 20.88 20.10 20.17 2143 20.44
TR 2345 22.00 19.67 17.48 20.93 20.70
oK EEBEAKDE—BES 110 X 1 ZIHEE 95 X o B45 & mm/Hi4E ha o
30
i A --O- FBRRAE
- N py o — D E AR
i; 20 | / gﬁ\A 4! \A'g\@
: oo U BusBR, o [ Baseg
‘fﬁ 15+ J Nke; 2 \\Q\
b 09 By AQ
2 10} o A \ ‘oo,
= O-g A'A Q\
5 LA B Aﬁ/&ﬁ_é-é
0 L L L L L L L
1 2 3 4 5 6 7 8 9 10 11 12
Month

Bs5 PHELIIEREUBESYRKERLB(mm/day)
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x7 PHEERMEERIBENIEERKEMETIER(2001-2005 F)

B3 o 2001 2002 2003 2004 2005 583448
™ Mt E 2,041 2,127 2,127 2,118 2,314 2,145
B K 2,572 1,861 1,837 1,707 2,260 2,047
— ;‘g B E 1,864 1,984 1,910 1,916 2,036 1,942
TR 2,227 2,090 1,868 1,660 1,989 1,967
3 REEBA KR MR 110 K : B4R 95 K o ¥45 & mn/# 4% ha o
=8 HERIERZREHED
TAEsE I % KB A% P(mm/day) | #EA% P, (mm/day) | & &A% P, (mm/day)
" R H 4 8.80 7.83 0.97
= T E 8.80 7.83 0.97
T 11.50 10.23 1.27
EDEY ) 11.50 10.23 1.27
KA Al X 8 8.80 7.83 0.97
e & 8.80 7.83 0.97
KAt X 4 11.50 10.23 1.27
wiRE X4 8.80 7.83 0.97
piA EERT 11.50 10.23 1.27
RF R 8.80 7.83 0.97
B4 11.50 10.23 1.27
T4 11.50 10.23 1.27
FaEZm 11.50 10.23 1.27
& i, ARSI B LE 8.80 7.83 0.97
FART 54 11.50 10.23 1.27
F SRR 8.80 7.83 0.97
LR 3 8.80 7.83 0.97
i R KE 8.80 7.83 0.97
X & A RKE 11.50 10.23 1.27
& B THARKE 8.80 7.83 0.97
ZHERKE 11.50 10.23 1.27

(HIBGHRR 467490)f5 1999-2003 4 HA ] k5 i
&~ HEEmE ~ HRRIRE - B -2 AR5
ZRRBERRBEER  RO16)HX~(17)H
2 #efly 1~12 Az 25 EFRKE ET, 53315
3.26~3.67~4.33~4.60~4.83~5.08~4.954.52
420 ~ 3.84 ~ 3.76 ~ 3.42 mm/day : 1~12 F{3IE
VIZEFEBE ET.0p T EAG R ARG 3.03 ~ 3.38
433~4.60~5.46~5.74~5.00 ~ 5.02 ~ 4.66 ~ 4.72 ~
4.63 ~ 3.18 mm/day : —HAVE R —Hi{EZ ET,,. 53
AES 526 (mm/HH{E-ha) iz 459 (mm/HA{E ha)
322 KHAEB=E

BB RE R 2 KHBREEE AU

72 5 RIYIVEEL 2 3Rk LEFIfE AR (18)~(19) = ~
# 3 ETTKH A BEHESS > FS BT ER R K
H ABZAR 9.70 mm/day : JH— 4 /58 5 7 5
S = 0.6135%ML & (21) ~ QFAGE » HRIHIGE
BRI o = 0.8894 ~ #E A2 LE] B =
0.1106 : fff 72 & R E B P = 8.63
mm/day ~ P, = 1.07 mm/day » fiHA{FEZ/KHEBR
AR 1,067 (mm/HH{F -ha)fz 922 (mm/HAfE-
ha) > FFFFEIE P9 5% 8 IREE TR A AT SRR 8 s ©
3.2.3 HETEKE

B 52 1 42 4% S R A K Fes o2 Rk
WR &% H ET,., 3% 8 Z/KH A P EIFE »
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20 4

15.16

—_
w

13.08

W
1

Water requirement, WR (mm/day)
S

14.70

14.36 14.33

] 14.03
12.73
15.44
14.30 14.72 14.42

12.88

Month

6 IHEEZEEBEFTKE VR B

SN A 2% 811 T A M R DA 7 2R T B 2 R I P P
TAKE WR FIEME 6 > WR fx K e/ IME
SRIEEA S 6 AR 1 H » WRyw = 15.44 mm/day -
WRin =12.73 mm/day o ASCAKE B —HATE &
T 2 AR RHBEIESHEZ WR» —I
TR —HAME A 1,593 (mm/HA{E ha) fz 1,381
(mm/HA{E ha) > |t AR I 1E 2 H R FE K
& MIERUK R : BHFEREE A K& DIR LIAKI&
2 FAfilKIB R L = 38%ELRIA{EZ WR AR
(AETHE > A5 R R —HA{E.2 DIR
53R 2,570 (mm/H8 {E -ha) B2 2,227 (mm/ HH
{F-ha) > MHAMER AR 1 R 7> RBEEERE
At KRR EHERERR
324 KHEHEHWNE

ALV R TR 2 IR 8E T AN
s HERARAEER 2AUNE > WE
AR} M IR R 2001~2005 AR - (K85 4
P S RENER 2N REBAUNE ER B
M E UR» LIGHE HE KW EBERE - 55T
B A S H 2 BEHE - BERINER 9 5 7
FERER 1,785 mmiyr » FEHUNERLE 791
mm/yr > HH L 10 H~4 HRGKEE & H
AR 0 Y 76~92% » EKHAGS H~9 A)IK >
{8 42~68%  WIATE 2 BRNRETE AR 10> 45
FRET— N & TR £ 463 (mm/f{F-ha) »
KA —HA{E 593 (mm/H{E-ha) » (H—HA{E 2 B RK
W& 293 (mo/HATE ha) @ —EATERY 242 (mm/

1 ha) » HFERB—AEEERRNZET > BN
HZ% ~ HFEN & HEE(RERT &6 BN R E &
HE o B IAVERER AR K - HERE
BOE A 00 2 v o R 22 1) 2 9 =R A g
RGN EENBLR  (HEESN & LR
DR [ W AR 2 B RN =R R 2843 RS 63% e
41% fE s B ORI R 2 R R R I E R =B
& A IC R SR N R AR - BN EAIN
B E K H AR (N &) » @i SR
i DU 5 AR K o
325 Rk EAE

I3E TR/ R R BT KRR R 2 & - R
[ 2 IR S i /K B O S 18 5 YR S /K T 7 3 B T R
EAH LBRERSR T A seE 2 ik iBA L =
38% A [ E AT B ER 2 25 (E - EFR R A
Vi €i= P2l Prpicininbaiit hEl b X NS DN = 1523:F 8
EHIFRHEFRKE WR (EEIFFRIHR 2 k%
& o fi/K R B A E AR FIE b K i 2K 8
&~ maiEmBRE o KEAFEL ET, X
Z o AHE ET, B188R .2 L3 315 0.3037 J
0.6927 » BIRE T2 EWER P, HIEABR P
SHAIES 0.6234 J 0.0693 o fy A K 826 B AL E
A5 11 > FEATERK AR AR 454 (mm/H
F-ha) Jz 586 (mm/H{E ha) o
3.2.6 JKHfiEM T KE

7K FE A v Bl 7K B =2 T K P R ()
B R B KR T SR R o #H
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*9 FENIEREHNWESTEIGR(2001-2005 F)

| mERH | 1A | 24 3A | 4A SA | 6A | 7TA 8A | 9A [10A |11 A |12 A | %3t
TR 87 5 51| 236 | 221 | 181 | 612 | 257 | 565 10 2 8 | 2,233
2001 ER 60 4 49 162 144 119 167 53 140 10 2 5 914
ER/TR 69 80 96 69 65 66 27 21 25 100 100 63 65
TR 11 2 18 7 | 161 86 | 336 | 136 | 109 20 5 47 936
2002 ER 9 2 11 8 | 110 74 | 195 | 115 84 20 2 45 673
ER/TR | 81 100 61 | 121 68 85 58 84 77 | 100 44 96 81
TR 19 18 41 | 149 | 113 | 244 93 | 179 16 0 0 871
2003 ER 15 18 39 | 114 73 | 129 79 | 119 15 0 0 600
ER/TR | 81 100 95 77 65 53 85 66 97 N N 72
TR 14 77 83 9% | 177 69 | 1005 | 448 74 21 0 48 | 2,107
2004 ER 14 72 85 77 95 48 | 171 | 152 74 21 42 849
ER/TR | 96 94 | 103 82 54 70 17 34 | 100 | 100 | N 88 76
TR 13 | 189 | 258 38 | 375 | 870 | 476 | 399 | 108 13 12 29 | 2,778
2005 ER 10 | 107 | 152 43 75 | 168 99 | 173 44 13 10 29 922
ER/TR | 80 56 59 | 113 20 19 21 43 40 | 100 83 | 100 61
TR 28 58 90 | 105 | 209 | 290 | 504 | 284 | 174 13 4 26 | 1,785
T3y ER 21 40 67 81 99 | 108 | 142 | 122 71 13 3 24 791
ER/TR | 82 86 83 922 54 59 42 50 68 80 76 87 71
1 —IEkmE s E AR EE 110 & : — W KkmEmtEAAD#E 95 £ o
#2:TRAMEE ; ER A XAE ; B4 4 mm/# 4k -ha o
23 :ER/TR AHZAEFME » BI12E% o
= 10 FEF EEMEER S EEENNEMETHER(2001-2005 F)
d 2001 2002 2003 2004 2005 SEFME
B4k 7
TR 538 205 357 353 861 463
e ER 384 164 304 257 359 293
UR 155 41 54 97 502 169
ER/TR 71 80 85 73 42 63
TR 1231 311 227 642 556 593
e ER 266 257 165 295 228 242
UR 965 53 62 347 328 351
ER/TR 22 83 73 46 41 41
1 — RSB ER KRB RE 110 X : KRS ERITZAMKRAHRE 95 X o

ER/TR B A X AEF R E » $15 5% °

ALK B 9.70 mm/day - HE[[E R
{5 o = 0.8894 : WSERERL TR P, = 8.63
mm/day » HIE.Z /K HfEERL T /K& P, =8.63
mm/day EFERE H B(— IR 110 KX > —HAER
95 K Fea ] EIFANFR 12 Fs > —HAPE R — 1
VB2 K AL T /K &3 RS 949 (mm/Hi{E ha)

TR A 4@ & ; ER SA KM E ; UR & AKME 5 $425 mm/ 4 ha o

Tz 820 (mm/HA{ ha) : SE5E /K KA 53
B 278 (mm/HATE-ha) Kz 365 (mm/H{E ha) : 7
EIRREAE 2 I Tk 1,227 (mnv/H{E ha)
Je 1,185 (mm/HA{E-ha) o A{[RERE /K A T
Jk#fEE 2 Xu and Mermoud (2003) L) E K H 5
il > ERFVEMBE ~ MHHE - JERFE 3 50
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F 11 FEEREKIERETEER(2001-2005 F)
FAy -
B3 2001 2002 2003 2004 2005 55 FHLE
ET, 313 86 78 37 213 145
P, 599 164 149 70 408 278
— 4k P P, 67 18 17 8 45 31
NE 665 182 166 78 453 309
L 978 268 243 114 667 454
ET, 260 218 150 86 187 180
P, 528 442 304 174 379 365
=itk P P, 59 49 34 19 42 41
AN 586 491 338 194 421 406
L 847 709 487 280 608 586
EET,BAZEMARRE L EMARB LA E s B4 mm/H4E ha o
12 FHEEYIEBMERER ENEEXEBE T KEHER(2001-2005 F)
S -
B3 2001 2002 2003 2004 2005 54348
K P, 949 949 949 949 949 949
— itk RHEP, 599 164 149 70 408 278
AN 1,548 1,113 1,098 1,019 1,357 1,227
K P, 820 820 820 820 820 820
=k REP, 528 442 304 174 379 365
3t 1,348 1,262 1,124 994 1,199 1,185
3% 1 845 & mm/H1F ha o
= 13 B EE eV EBIEE (T EE0RE R K DGR (2001-2005 TF)
S 2001 2002 2003 2004 2005 545348
IR 7
Al 530 0 0 0 0 106
— 4k UR 155 41 54 97 502 169
3t 685 41 54 97 502 276
Al 363 106 0 0 0 94
=4k UR 965 53 62 347 328 351
NEE 1328 159 62 347 328 445
L UR G E»ed R DAL GACRENA S H =3 mm/ ¥ ha o
atbE o HOF ks R AR E T gL TKARiREE -

[& BRI - TR L EK D E TR
B~ ABHESFKCZHIVE LR - HFRNE T
SRR /K (R AR - AP BRI
EHHEFIE N BB - B LR
J7 RATKE K S E G E  HRI RS
BilwE - FiE Tk R R ERS 5 R
Tt DR R R B R el £ T 0F - RO et
R KRB LRI /g - EA B e R

3.2.7 JKHEfRA R

7K FH X 7 B 2 (G B > A S B A B 7 e
MK I FEETE - B MR K B R i A
PR o ERERE LT [V AL (EBEHOKECEAIPRE
AT EAKER) M BENE 2 BANE UR FRIES
3 5 g K TR A R K FE R T i R
VIS GTEWA 1Y Ci=PN i AR S e
13 Kz 3% 14 AR K R, 5 Wk (G BR R - BA
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x 14 PFEERWHFRIENEEEERKEGIGR

wd 2001 2002 2003 2004 2005 5EFE
IR R
K@ P, 118 118 118 118 118 118
— M1k R P, 67 18 17 8 45 31
N 184 136 134 125 163 149
Kxw P, 102 102 102 102 102 102
=% B P, 59 49 34 19 42 41
N 160 151 135 121 144 142
3 0 BA%2 A mm/H4E -ha o
F 15 FHEREEMEER SN EEREERKIEGHER
ad 2001 2002 2003 2004 2005 5E T8
4k 7
o 38 67 7K 685 41 54 97 502 276
— itk (ER O] 184 136 134 125 163 149
WK 869 177 188 222 665 424
oA 3 67 K 1,328 159 62 347 328 445
=1k 18 87 K 160 151 135 121 144 142
4 Bk 1,489 310 197 468 472 587

30 BALA mm/fE - ha o

AR AR 276 (mm/H{E ha) 445
(mmV/i{E-ha) : I EERK FE PR 2RI RS 142 (mny/
HA1E-ha) iz 142 (mm/H{E -ha) » AR FElE X HIRET
K AR LR A R - T DL e 2=
FROR - B KO A R R Rk 2 3 1
#* 15 BURAIIRGEER K &3 515 424 (moy/j
{-ha) Jz 587(mm/H{F ha) °

3.3 KEKWZFE D

AR FER IS 2001-2005 H 2 K H
PGS HEURTEER 2 BT AR 16 AKIC P )
(BT AR F I RS — A » H el &
WEREREN TR REERT KR L + AL FRHES
B RRCEIIE R R R A ST
VIR E ET ~ HUTOKAER G~ ARNE
ER ~ EF/KE RF, 55 4 THSH : HEBYUKH %
e — WIE 2 3 B e 3t A 0 A 2 o0 T S
2,510 (mm/HA{E -ha) iz 2,470 (mm/EA{E ha) » FEH
PR S 7P g DAL SR ) SRR U R B

40 (mm/HI{E-ha) » LRI 4.67% - [LER K ER
& P 7K e S 7 i T B 0 R K R ST e R AR
R IR SRS BET E R A 53 - 2R AT
WG LIgE B LR KRB LR R
BT M BER R PR AT - IS SR8 — I
TERH R OUERSR - i8R
AR 2,560 (mm/HA{E -ha) k. 2,473 (mm/Hf
{E-ha) » SRENEIHRRAZ RS 87 (mm/f{F ha) -
FERIRY 5.18% o FRaTdiK FARAVE KR » A&
SCEERE SR F K IR A2 17 - S B e H
EAE T AR 5,070 (mm/%E-ha) Kz 4,944
(mm/ £ -ha) » SRR Z R 126 (mny/
--ha) » LA 4.91% o
A5 73 TR e S P 2 K B %
K2 BB - DL B /K H R U1 v Ve PR
o R R EANEFER IS I L - 5 R A% 18
Ffir > Huk HER BT » DUEs k&
R BRAFERTE - K 48.80% » HELBIEL Ji et al.
(2007)2 rprI B A [ (B S E R RAR DL - 3%

—03—



16 FAEEEMEBVERI KBS LE DR
HAE 5 Kl XA R 2001 2002 2003 2004 2005 3544
- ER 384 164 304 257 359 293
- UR 155 41 54 97 502 169
L+ Al 2,572 1,861 1,837 1,707 2,260 2,047
BRE] 3,110 2,066 2,194 2,060 3,121 2,510
ET,,, 526 526 526 526 526 526
— M1k G, 1,548 1,113 1,098 1,019 1,357 1,227
AT ER 384 164 304 257 359 293
RF, 869 177 188 222 665 424
HREO 3,326 1,980 2,115 2,023 2,907 2,470
Rz I-0 (217) 86 78 37 214 40
-0 % 6.97 4.17 3.57 1.79 6.85 4.67
- ER 266 257 165 295 228 242
. UR 965 53 62 347 328 351
MRS
I+ Al 2,227 2,090 1,868 1,660 1,989 1,967
BAREI] 3,458 2,400 2,095 2,302 2,544 2,560
ET,,, 459 459 459 459 459 459
=04k G, 1,348 1,262 1,124 994 1,199 1,185
HiRE ER 266 257 165 295 228 242
RF, 1,489 310 197 468 472 587
HAEO 3,561 2,288 1,945 2,216 2,357 2,473
=z I-0 (103) 112 150 86 187 87
1-0 % 2.98 4.67 7.17 3.74 7.36 5.18
3 0 845 & mm/H1Eha o
x 17 FFEIERFER B KB DTIER
Kl XA B 2001 2002 2003 2004 2005 5% FE
- ER 650 21 469 551 586 535
K A UR 1,120 94 115 444 830 520
L+ Al 4,799 3,951 3,705 3,368 4,249 4,014
BRE ] 6,568 4,466 4,288 4,362 5,665 5,070
ET,p 985 985 985 985 985 985
G, 2,896 2,375 2,222 2,013 2,556 2,412
KE A B ARE ER 650 421 469 551 586 535
RF, 2,358 487 385 690 1,137 1,011
HAEO 6,888 4,268 4,060 4,239 5,264 4,944
I-0 (320) 198 228 123 401 126
-0 % 4.87 4.44 532 2.82 7.08 491

3% B45 & mm/H4F ha o

fFFELL 2004 SEFEAHA 2SR H RRABRAR B - HEEL

KR B REREAY B 43% (840 mm)HJPR/EHE TR

& o IR RESIK EE 0 KB 2
RN HE LSRR KE > §20.45% » {F

—94—

VIZEBS RS 19.92% » BN & HLHIRAK > {%
10.83% o e bt 2B iR 4L - #EBLE
Wk s I ERE— IR 2B - HErB
g — e LB m s —IITERIEER -



& 18 KERESTERX S DGR

KL XA 8 — 1 =1k #3t

ET,0p 21.29 18.56 19.92

G, 49.67 47.92 48.80

ER 11.87 9.79 10.83

RF, 17.17 23.74 20.45
PO-#5 &

L. 7k FH BT T AR R /K B S et /5 =K~ I - A

B~ K HRRER TS BN A 2R AL
B ) E R 5 a1 R
AT o WEAVER TR & B
1,593 (mm/EA{E -ha) R 1,381 (mm/HEA{E ha) : %
Z RufKIERZFIKER 2,570 (mm/H{E ha)
Fr 2,227 (mm/HA{E ha) o

- 7K FH A Rt K R 2 AT BT A A 1 o2 B S 7k
R K LS 1.85:1 K 3.13:1 s BN E
ZFIH - —HAVE 2 B RN & (293 mm) K Fil 2R
(63%) > —FATERY 242 mm (41%) » B &
FIIF K H—E i Bt 2 2 -

- 7K ST P 7 MR S 2 DR AT R S
[ 2 KB FERIE - K5 REUR RIAME R
o K RHK B RNEFERIS R EL LA > DA
W Nk E=EE > £ 48.80% » HarFIERBAK
FHVE RS A 8 N /K BRI R 2 EEE R HX
FEA 20.45%;EEFK & > B/KE IR 28
g HIFYRBRIEFFHE 19.92% A
R B EEAFIARA > {5 10.83% o

SE K

1. Alavi, G., “The Impact of Soil Moisture on
Stem Growth of Spruce Forest During a 22-year
Period,” Forest Ecology and Management, Vol.
166, pp. 17-33, 2002.

. Abrisqueta, J. M., Ruiz, A., and Franco, J. A.,
“Water Balance of Apricot Trees (Prunus arme-
niaca L. cv. Bulida) Under Drip Irrigation,”
Agricultural Water Management, Vol. 50, pp.
211-227,2001.

3.

10.

11.

12.
13.

14.

—05—

Andreu, L., Hopmans, J. W., and Schwankl,
L. J., “Spatial and Temporal Distribution of Soil
Water Balance for a Drip-Irrigated Almond
Tree,” Agricultural Water Management, Vol. 35,
pp. 123-146, 1997.

. Arora, V. K. and Gajri, P. R., “Performance of

Simplified Water Balance Models Under Maize
in a Semiarid Subtropical Environment,” Agri-
cultural Water Management, Vol. 31, pp. 51-61,
1996.

. Bastiaanssen, W. G. M. and Chandrapala, L.,

“Water Balance Variability Across Sri Lanka
for Assessing Agricultural and Environmental
Water Use,” Agricultural Water Management,
Vol. 58, pp. 171-192, 2003.

. Bouman, B. A. M., Wopereis, M. C. S., Kropff,

M. J., ten Berge, H. F. M., and Tuong, T. P.
“Water Use Efficiency of Flooded Rice Fields II.
Percolation and Seepage Losses,” Agricultural
Water Management, Vol. 26, pp. 291-304, 1994.

. Bouwer, H., Groundwater Hydrology, New York:

McGraw-Hill, 1978.

. Caro, R. and Eagleson, P. S., “Estimating Aquifer

Recharge Due to Rainfall,” Journal of Hydrology,
Vol. 53, pp. 185-211, 1981.

. Cabangon, R. J., Tuong, T. P., and Abdullah,

N. B., “Comparing Water Input and Water Pro-
ductivity of Transplanted and Direct-seeded
Rice Production Systems, Agricultural Water
Management, Vol. 57, pp. 11-31, 2002.
Doorenbos, J. and Pruitt, W. O., “Guidelines for
Predicting Crop Water Requirements,” FAO
Irrigation and Drainage Paper 24, Rome, Italy,
1973.

De Datta, S. K., ”Principles and Practices of Rice
Production,” John Wiley, New York, 1981.

FAO : http://texaset.tamu.edu/cropcoe.php
Ferguson, J. A., “Effect of Flooding Depth on
Rice Yield and Water Balance”. Arkansas Farm
Research, Vol. 19, No. 3, p. 4, 1970.

Franco, J. A., Abrisqueta, J. M., Hernanséaez, A.,


http://texaset.tamu.edu/cropcoe.php

15.

16.

17.

18.

19.

20.

21.

22.

and Moreno, F., “Water Balance in a Young
Almond Orchard Under Drip Irrigation With
Water of Low Quality, Agricultural Water
Management, Vol. 43, pp. 75-98, 2000.

Guerra, L. C., Bhuiyan, S. 1., Tuong, T. P., and
Barker, R., “Producing More Rice with Less
Water from Irrigated Systems,” SWIM Paper 5.
IWMI/IRRI, Colombo, Sri Lanka, pp. 24, 1998.
Huang, H. C., Liu, C. W., Chen, S. K., and Chen,
J. S., “Analysis of Percolation and Seepage
Through Paddy Bunds,” Journal of Hydrology,
Vol. 284, pp. 13-25, 2003.

Itakura, J., “Water Balance Model for Planning
Rehabilitation of a Tank Cascade Irrigation
System in Sri Lanka,” IIMI Working Paper No.
3, International Irrigation Management Institute,
Sri Lanka, ISBN: 92-9090-320-1, 1995.
Jayatilaka, C. J., Sakthivadivel, R., Shinogi, Y.,
Makin, I. W., and Witharana, P., “A Simple Water
Balance Modelling Approach for Determining
Water Availability in an Irrigation Tank Cascade
System,” Journal of Hydrology, Vol. 273, pp.
81-102, 2003.

Ji, X. B., Kang, E. S., Chen, R. S., Zhao, W. Z.,
Zhang, Z. H., and Jin, B. W., “A Mathematical
Model Simulating Water Balances in
Cropped Sandy Soil With Conventional Flood
Irrigation Applied,” Agricultural Water Man-
agement, Vol. 87, pp. 337-346, 2007.

Kassam, A., and Smith, M., “FAO Methodologies
on Crop Water Use and Crop Water Productiv-

for

ity,” Expert meeting on crop water productivity.
Paper No. CWP-M07, Rome, Italy, 2001.
Kerkides, P., Michalopoulou, H., Papaioannou,
G., and Pollatou, R., “Water Balance Estimates
Over Greece,” Agricultural Water Management,
Vol. 32, pp. 85-104, 1996.

Kukal, S. S. and Aggarwal, G. C., “Percolation
Losses of Water in Relation to Puddling Inten-
sity and Depth in a Sandy Loam Rice (Oryza

sativa) Field,” Agricultural Water Management,

23.

24.

25.

26.

27.

28.

29.

30.

31.

—96—

Vol. 57, pp. 49-59, 2002.

Malek, E., Bingham, G. E., McCurdy, G. D.,
and Hanks, R. J., “Determination of Evapotran-
spiration From an Alfalfa Crop Irrigated With
Saline Waste Water From an Electrical Power
Plant,” Irrigation Science, Vol. 13, pp. 73-80,
1992.

Mercer, J. W. and Faust, C. R., “Ground Water
Modeling: Mathematical Models,” Ground Water,
Vol. 18, No. 3, pp. 212-227, 1980.

Moret, D., Braud, I., and Arrte, J. L., “Water
Balance Simulation of a Hryland Soil During
Fallow Under Conventional and Conservation
Tillage in Semiarid Aragon, Northeast Spain,”
Soil & Tillage Research, Vol. 92, pp. 251-263,
2007.

Odhiambo, L. O. and Murty, V. V. N., “Modeling
Water Balance Components in Relation to Field
Layout in Lowland Paddy Fields. I. Model
Development,” Agricultural Water Management,
Vol. 30, pp. 185-199, 1996(a).

Odhiambo, L. O. and Murty, V. V. N., “Modeling
Water Balance Components in Relation to Field
Layout in Lowland Paddy Fields. II. Model
Application,” Agricultural Water Management,
Vol. 30, pp. 201-216, 1996(b).

Palomo, M. J., Moreno, F., Fernandez, J. E.,
Diaz-Espejo, A. and Girdn, I. F., “Determining
Water Consumption in Olive Orchards Using
the Water Balance Approach,” Agricultural
Water Management, Vol. 55, pp. 15-35, 2002.
Pandey, S. and Velasco, L., “Economics of
Direct Seeding in Asia: Patterns of Adoption
and Research Priorities,” International Rice
Research Notes, Vol. 24, No. 2, pp. 6-11, 1999.
Panigrahi, B. and Panda, S. N., “Field Test of a
Soil Water Balance Simulation Model,” Agri-
cultural Water Management, Vol. 58, pp. 223-240,
2003.

Philip, J. R., “The Theory of Infiltration: 4.
Sorptivity and Algebraic Infiltration Equations,”



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Soil Science, Vol. 84, pp. 257-264, 1957.
Philip, J. R., “The Theory of Infiltration: 7,”
Soil Science, Vol. 85, pp. 333-337, 1958.
Sanchez., P. A., “Puddling Tropical Rice Soils:
2. Effects of Water Losses,” Soil Science, Vol.
115, No. 4, pp. 303-308, 1973.

Saxton, K. E., Rawls, W. J., Romberger, J. S.,
and Papendick, R. 1., “Estimating Generalized
Soil- water Characteristics from Texture,” Soil
Science Society of America Journal, Vol. 50,
No. 4, pp.1031-1036, 1986.

Sharma, P. K. and De Datta, S. K. “Effects of
Puddling on Soil Physical Properties and
Processes,” Soil Physics and Rice, pp. 217-234,
IRRI, Philippines, 1985.

Shan, C. and Stephens, D. B., A Generalized
Solution to Ponded Infiltration, Lawrence Berke-
ley National Lab, CA, 1992.

Tsai, S. M., Chen, S. and Wang, H. Y., “A
Study on the Practical Model of Planned
Effective Rainfall for Paddy Fields in Taiwan,”

Journal of Marine Science and Technology, Vol.

13, No. 2, pp. 73-82, 2005.

Tsubo, M., Fukai, S., Tuong, T. P. and Ouk, M.,
“A Water Balance Model for Rainfed Lowland
Rice Fields Emphasising Lateral Water Move-
ment Within a Toposequenc,” Ecological Mod-
elling, Vol. 204, pp. 503-515, 2007.

Tuong, T. P., Wopereis, M. C. S., Marquez, J.
A., and Kropff, M. J., “Mechanisms and Control
of Percolation Losses in Irrigated Puddled Rice
Fields,” Soil Science Society of America
Journal-SSSAJ , Vol. 58, No. 6, pp. 1794-1803,
1994.

Wickham, T. H. and Singh, V. P., “Water Move-
ment Through Wet Soil.” In: Soils and Rice.
IRRI, Los Banos, Philippines, pp.337-357, 1978.
Wopereis, M. C. S., Wosten, J.H.M., Bouma, J.,
and Woodhead, T., “Hydraulic Resistance in
Puddled Rice Soils: Measurement and effects on

water movement,” Soil Tillage Res. 24, pp.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

—97—

199-209, 1992.

Wopereis, M. C. S., Bouman, B. A. M., Kropff,
M. J., and Maligaya, A. R. “Water Use Effi-
ciency of Flooded Rice Fields I. Validation of
the Soil-Water Balance Model SAWAH,” Agri-
cultural Water Management, Vol. 26, pp. 277-
289, 1994.

Xu, C. Y., Seibert, J., and Halldin, S., “Regional
Water Balance Modelling in the NOPEX Area:
Development and Application of Monthly
Water Balance Models,” Journal of Hydrology,
Vol. 180, pp. 211-236, 1996.

Xu, D. and Mermoud, A., “Modeling the Soil
Water Balance Based on Time-dependent Hy-
draulic Conductivity Under Different Tillage
Practices,” Agricultural Water Management,
Vol. 63, pp. 139-151, 2003.

Zulu, G., Toyota, M., and Misawa, S-i., “Char-
acteristics of Water Reuse and Its Effects on
Paddy Irrigation System Water Balance and the
Riceland Ecosystem,” Agricultural Water Man-
agement, Vol. 31, pp. 269-283, 1996.

T~ BRKER - MR T RS K
F 7 N R R  Jva G r 3h dE/t
SHFZED) o IFERE CE ARSI ZE 5
R > 1998 o

T~ BRKER - pRERE T RS K
F 7 N NG R v e G e 3t i/t
MAFEIL) ) IAENE N E S EEEKFIFSE 3
BRI > 1999 ©

T B T RSB K SR KA
5 B 2 R ARG KR WE AT O3 B T
() > P N 2N SRR R e B f <
@hfFeES - 2000 o

HR— - BEH - BUEE - T 28 EY
FTOKEMORZ SElERse ) - BETHE
Bl A28 F2H > 8-19 H 5 1996 -
TEbERREE G - [ BRG]
24-26 H » 1999 o

REEM - T RS A B R KRR
BT BEKR] - 36 B 1



52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

23-48 E » 1988 o

FREREE > T 3t & AR R A I F R 42 2 B e 4k
PERENE 292 ) - BRI > 1993 ¢
MRy > TKHEIERKE e ) - B
X R RER LR TR > 1998 ©

Mgz E ~ RER - SO ~ B - T
HEAKJEIE | 5 277 B > 1996 o

ARk o T I ERESTME S gz
BRIl o RS RKE T RR
1999 o

UEIRE o T KH K 2 R B
N K B R TR SR AT - RE AR S
1999 o

kgt ~ BRSFEL > TR R R B T e
KA ZE B R R IR > 2005 ZKARH
EEFEL KR TERSRENTAT & - 227-239 > 2005 ©
SRSCSE 0 T IR B R E s 7k
MR KRB R ) o SR TR A - 82
TS RS TG Eram S ER » 67-70 > 1993«
BRXCAE T ZEARH A 3K B IR 2 A
At BEETIZERR 55 40 8- 55 2 /] » 44~48
B 0 1994 o

BRAY] - TEIR K ERAER ST -
e 3w S o 2 KB B TRERFSERTT 1990 ©
sRAGHE - T2 s K SR K& 2
HEMGHESE ) - fH RS 2R EE T
HFERr » 1995 o

Bt ~ 2Rk T LUK E R E K FE
TAKRZMIL)  BETREER F10E
B AHE 5 15~40 B 5 1964 o

[FE7EH » DL Penman-Monteith {5 & & %
WS EZEYITAKEZTE ) o mEFIER
EAH 5 55 58 H > 53-62 E > 1998 o

PRI ~ vovist - TKHBIREEREG J 2
e o ZEEEHKF GBS > 1995
H 2K RIS & - 56~70 B » 1995 -
PR S ~ PR ~ SIS TH > T 9 s [ R
SRR Z BB T BRI 53 % 5
3 HA > 74~89 E » 2005 o

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

—08—

Bk - T EEEERIC B 2 KEHEH
MWNRICBAT 2580 » Etiase > HAIL
WHE RS > JUiHE - 1989 -

BRHEAE - T oKFEH A B2 b B B e -

BTG R B R TRERT SRR » MR

1999 o

BRHERE - 2R ~ SEE - T/KHABKT
FitE 2 BRIge ) o BEKR] - 468
48> 52~64 F » 1998 o

PR ~ BURT > Tk HBRAE < B
W BRETHEEBN F40 B F 21 1~23
H » 2000 -

BEETRETRF.O - 2R TABHA
REIRIG RSB SR ) o BRGRRERE
1997 o

BIRT ~ 5 5 - MR - SREE - FRIAE -
B vORE > T KR A REER B (R AL B -
o @ 3 U e e = e ey G
2 TRERFFE R O 7ER s > 1996 o

BIRT ~ WA T - T ZHHE K
NEBREIIMG ) o BETEEHR - F45%8
%51 H7 > 38~54 F » 1999 o

TP EARZ - T EEEAKEE KR
iR 2 iRATELERT ) > 2008 ©

R ER AR F] > T ik & B 3 Y /K R e
D BILHCEEBHKFIHI SRS
1995 o

EHMAEBETREESR 282 KEE
1 B ENEEE S ZE B K H TR
4T » 1970 -

BgfedE > TRk 2E ) - Ak
Fil » 551048 » 553 H » 155~167 B » 1962 »

A - T KFEH A K Bl K & BB 1
B BN R ER 4 R TREFIERT -
S 0 1999 o

WisHE - RE 101 £ 4 B 12 H
EIFEE - RE 101 7 B 2 B
BEZHE: RE 101 7 A24H




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005B683964DA300C0032003400300030006400700069002D0036300D005D00204F7F752890194E9B8A2D7F6E5EFA7ACB7684002000410064006F006200650020005000440046002065874EF69069752865BC9AD854C18CEA76845370524D5370523786557406300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200035002E003000204EE553CA66F49AD87248672C4F86958B555F5DF25EFA7ACB76840020005000440046002065874EF63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines true
        /GradientResolution 175
        /LineArtTextResolution 2400
        /PresetName (2400dpi)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.275 841.890]
>> setpagedevice


