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1 MREEE

X
TR XA R AL A B R X, WU B T A
17.37 Ji hm*, REEAKRE X2 —. EXMHEE
NERGPESGEX, Jbmmik, HARKMFERN TR
PR IX B — e RR M. Hal, XS mLE
K EENE T, oy ANRK P RV HE AR 45 & i an A 7Y
KR TRE . BEXHOBAGERAR, JEHEANAE HARNR AR,
FEDX YRR bR A I IEAE, T AEAKEK, g
B FHSR IR TN K 077 T8 SR 7K B IR 7K AR FE R
b AR R AR ARV TE B L, B KR O
AR, FEEVGIE A EHEK DL AL

TE VT DX A (1) 47 0 324 R 4832 B — AN A X 3 0 ) 2
YRR X AT IS, AL 3001177 B AR RS A, o
TIEX = FRIKEEHBE 1.0 km &b BFFC X S
J91.16 km?, JKH 5 80.3%, HHIE L 13.3%, 19iE 5
Et 2.5%, EHY L 3.9%. FRXILEEE, dbiaR
RNETER, RIGAF AN S BEUKRER, #F78X K8
T AVATEN X S b S SV HE o B 9 X IR B SR A5
Sanl 1 TR o 2021—2022 45 7K 7 AR T AR 5 7K H G
95%. 2021 T REAE REm, A W D2 B () 5 K
TR, B R R A . T 2 R A BT
WWMEY 25— 5, HiX 2 MBI R K2R A
A, 45> Bk A . 2 a KARA & W R AEY 25
W2 1, HAEY REOR A AR X ARl 2021 48
12022 FFIKFELE B AR 508 116 #1124 d.

1.1

Ju LI A
Typical pond
HASREH
L Typical paddy field
e L
Regional boundary
b
Bucket ditch
_ =TE
The 3" main canal
e RGEE
Ditch exit
200

400 m

B1 ARRTEEALL A E
Schematic diagram of the study region and typical

Fig.1
point layout

12021 #2022 FFEkFEE BHIRIEM AR
Table 1 Reproductive stages and crop coefficient of rice in 2021 and 2022

EHM 2021 2022 EVI R %
Reproductive stages H 1] Date KA Days/d 3 Date F ¥ Days/d Crop coefficient

61 FH A Soaking - - 05-10—05-21 12 1

iR # 1 Returning green 05-23—06-11 20 05-22—06-03 13 1
4y BERT Y] Early tillering 06-12—07-11 30 06-04—07-03 30 121
4385 ) Late tillering 07-12—07-26 15 07-04—07-19 16 0.79
Vi3I Booting and earing 07-27—08-24 29 07-20—08-18 30 1.57
FL#Y Milk ripening 08-25—09-04 11 08-19—08-29 11 1.37
% 24  Ripening 09-05—09-15 11 08-30—09-10 12 0.88

1.2 REHERBERE
1.2.1 BT RKIZE

TERFFEIX IR EL 4 Bl RUKFEH, EHEF R I m
OKARDIMS:, AR R CE & 7 e Beds, B/ il
SEHE T, A et B FH H] R KR
1.2.2 ¥3EK

TERFFC X N30 I i a5 AN L RV YEHE, 7R i HE
FIR KA I, FHAE IR E & ) e 2%, 1B/
SRR ST, 4 iRt R HE KA
1.2.3 JAduis

TE 8 H AR BRI, FF7E T8 E 7
B, IB/NIHCFEIE J7, Fee ot RIKAL,  FR4E K
Prme gk, THAEH DR,
1.2.4 A 4380

BF 2 X WY i i = IR A BB S AL X B 4 km &b

W E 1 HOBO RG3 #i~F X HIC WS IC# A EH, 03
NS, R S R A I 7R H (R KA 55 T v 0 B AR
AR, OSRIR/NTSR AR . KU W E601 28K
TR AIE AT DX BT 1) A AR T R B 3
1.2.5 R RIEIE NN

WF 90 X BB E WK Sk [ =22, i e s UK 2=
SRR EXEE DANMASES 3. EREH A .
FH T AN [R] F B /KRS 48 Fh s ) R0 SR 22 57, DRI
FUIX A R KGOS AR [F], 9 7 G 1 7E PG FH R
TR HE KRR, RARE SR A
2~3d BEEBKAE B, AN (A2 BB A R bE
W, FHHRRETIEERE. =T R B RUE
WK KPR OALE ] (58 2) . 2021 SRR 75 22 Rl Y
TEESRTEREK, T 2022 FEIR 5 MR T 2 AU A (R IR
TEREK
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T2 2021 £ 2022 FHARXERER
Table 2 Irrigation in the study region in 2021 and 2022

Hor TR WEWEN R HEW K &
Year Irrigation time Irrigation objects Irrigation amount/m?
2021 T AR JKH, HEE 77 661

B W JKH. YR

JrBERTIA i

2022 LR KH YEHE 130 590

FLEIH i

U i

1.3 KEFEITE
1.3.1 W9 &% K3 -F47 % DRAINMOD 424! & 38

FH [i) 7K P~ 78 3 Ak HH 7K 7 2 DRAINMOD 455 2 3
TS, AR KRG VE X A B F i 2 UL, ) K
R T o v

Iz = AVi + D+ Erc + Dg — Py (1

X I, AW AIERE, m; AV, NMEEMKEZL, m?,
A5 H E]ANIZE 7K 2 DA _F 4k Py 1 7K A28 A AN - 38R T (1)
KEZA, m?; Dy AWAIHEKE, m®, BN HH
FRUK T B B 7= A= Y b e A2 50 A0 B T DA 7= A ) v
KE, m?; E, . NAERZEMEE, m’ D, NHENERESBR
H, m* Py NFEWE, m’.

AT TS X A AT K AR — ANk, RIVKH R4,
F 4 AN 78 B R KRR B BB AR R 9T XK R 58
Ho R IKIEIR . AV, e H A e S KRR i e X 35
okt D s R EAKE Y Hooghout & iE it 30
A R BUKE Y Kirkham A 0iHE, FF R e g f S
IKZE k; Ep 8T Penman-Monteith 24 3 & 5 MAEY) R
(£ D W5, BT XA AE K Z R SRR N,
Dy AT ZWEANT o A5y A KR AT, 3T 5 [X % B2
7K HH T AR 48 B A AR B

PSR SR R EE AT 4, 7 B R RTEMR 25 e I 251 T
S FE ) 1 SR ADURS 152 1 2 5 3 A 1
SKFE k. HIEEE S, Al Kitkham FUKIRE S, S, Cif
THIZIMER R, TAHX 2 §T) DRAINMOD #5741
WHEZ, . (RS HE0U R AW e g 1,
HeK R4 S50 SEHU &, HEAKVAER S 58 A0 (] BE 23 731
0.5, 0.9 F1 56 mo ABFFALT H R kAL S, BIHAT,
ST R EE, RUEEKEN ), BERERA, FER
o RIULBRL 200 2 DB BE: 25— P BORR 98 R B
() &5 B H [A) S K AL, 3G B AN A7 E R IR ) 1) 2R 5 &
S, 235~ 3.5 cm/h AT 4 cm. B THF5E X /K% H 25 3
ATH HEAIVE T, ASFEAEE BRI HE R KA B TRRAE, H
TCRAE AR 1) B shERE DI RE, A T BE SR LT S
FH TE) 7K A O, 38 B B AR A2 1) R 2 I N A 2R i N
fE A, AR BRSO R 7K R R S FH R M R K SRR 3
ATVLPC V52, DLk S 4 FH R) #E 7K 5 . DRAINMOD 5 A
— M Ik bl A TR K R IR — AL £ SRR SEZ w45 SR
XREARUHATI IR 208, RS EMIRE . P2
P38 248 0o} Al 2 RN R RPN IR
1.3.2 3R ALGAKEFH

NG, SERE SRR, bk

IS TEEWE /K CLOL ] A L VEEIE, 75 5 R IR TE A h A
ol v B R T A R K B P L A
Inp=AVp—Pp—Icp+Erp+Dgp+Ipg (2)
o Iy AETESR KR, BRI AE SR, FME
FoRVGIE KA R YEIE, AR E KA 7V TE, m?s
AV, R E KB, m® P, NHIEENE, m
Iep NIREANKE, REREKAGTFIENKE, m* Ep
NIEEK R KB, m’ Dy NFEIEBINE, m* [y N
RS R, MWIEEREEHE KR, m. HTHR
XA R, BT HABEKEFKEENZ, D, il
BE RSP 7 RN R A IS
T SEH T R, B X IR A LR 57 1, S EK
& 95575 m?. K FTIX P T HERE AL B — N K TEE . AR
i 5 AN REE )R H B KR & B A B KER HLEY
5 N 7T X S HE R B KR, BT3B RS H &K
&, WERARHEKELE 2.

100

90 "
LR
Pumpping irrigation .

R BIEREEM
Seepage calibration

s

2052?-05-23 2021-06-22 2021-07-22 2021-08-21 2022-05-13
H¥iDate
A2 MEEFRAEKTLN
Fig.2 Change of water storage of pond system

Pp 381 B Ry 0T S A AT X85 HE K T AR T AT 2
Eqp I E601 28 A2 500 AT 7T X 33 187K T T AR AT A 1 4
HRBPIIHAR); Dy NEKEZMWIRIMEE, HEI 9
HATCRER . e BB AN AKRATE R KN B (181 2),
F IR RE A D BN R AR BN BN R, R
DL STUHEIE H B KR, WA RS IR R8T,
WO ERIAEE RG0S T R 5L W ROEIE RS H &
AKE A HIBIRK & e Log A Lop 3L XS 5 A S AL G IE
KR HE, R EEATAS A RHE ATIRIE A K 5 % H B &
7K LA A0 3H 3 2 295 ) 2% K i R R A R Kb K B
1.3.3 AEAGNKEFH

ZNKREB G, JHIE S WA K T
RO R 3, 75 S R v T il e ok T A IV T K
AT SR

Ipg = AVp+Pp+Dr+Dsp+ Qs — Erp—Dg—Ipp—Dsp

(3)

I L AVETENRE R, MIGTEHIE 2 H A K&, m?;
AV, NIHTEE K EZRNE, m* P, HHERERE, m’
O, NERRBURE, m*s Ep NHEKEZAKE, m* D,
NHARH K E, mY Dy, NIHTERZESRE. Kt
XA TEM Ay — AR, BIVTE RS, T iliE

80

70

B R G TR KA

Water storage of ponds system/(10° m?)

KR
Canal supply

60
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e 73 e PR E X 7K P -3 - VA 3 2R 8 7K A PRI B [ V=1 7K 5 R A PR 2 A 109

TR X 2.5%, “FRIRE RN 0.5 m, F/KEZK
TYHE, BEZEam A AR, KAy, o]
BT Py M Epy HEINE S HE R G O, A
MR I N B /K S8 22 N EAK K&,
TR X BN, Rl R, Ui K (5,
ERRIKBEREZWAT. HTWIERG & FHHATE
2020 - X S50 W 225 /K VR AT RIEIGET, BRI Dy, 7T 208
it

1.4 [EVAKRETFNIEFRITE

(5] VA 7K F5 E [X 7 - 3t DR JRE R 8 o0 N 7= A i Hb R A2 0
SR R AR U R A T LA S DA K &P
[l U5 7K B A2 R0 B [ U K e e B SR R 4. [0S
7K 52 ) % B[R] )5 K B A R 6 TR A K & B AE,
ST A K B R R I E B R bR . AR oy
=] 9 7K 25 5 A F 3 B i JE a1, K (VA 7K 43 A 3 HE [R] )5
IKFNEE R K, ol vh B HE . Ve R S A [ K
SRR,

TEVEE K P NI, BRIEANARE =T, A8
TEEK . JEHEE 7K B R 25 A0 i N\ /K B 2
TEE SR Z AT FERK & JEEREK Ry tHH K
LN

MITER KR )y >0 B, B

R _Ppi+lppi=(Ppit+Ippi) | (PpitIppi + Icpi + Vi) (Eri + D pi)
FPi=

n;
A AT [ <0 T, “w
Rov = Ppi— Ppi/ (Ppi + Icpi + Vi) (Eqi + Dg pi = Ipp;) (5)

FPi Py
A Repy NEB i NMAEE WK EIE RN K &8 HIME, m*
Po AR i N E IR SR, md Iy NP ME
BHIRAERKE, m; Lo NER i NMER MK RIEN S
&, m’ Vy NE I NMEFIWIRMIEEE KE, m; Ej,
N TN EF B KSR, m’ Dy, N i MEF
MRS RAE, m* n N i AN EE N RE.

37 HE m] = 7K F A ) P 4 0 3 el A K R T £
K, T8 SCAYESERRE B o5 K R A 3fe AR U 7K
&, HEr.

MVRERKE 1 >0 B, H X

Ropg= — i Lp 6)
e Ipgi+ Dgpi+ E7; 1 "

MVETE R KR Ipp<<0 B, A

PR '—'Rppl‘ (7)
Ipg, + Dspi+ Eri — Ippi 1;

I Rpppy FER 1 26 YT 8 42 ] ) 7 2R B H 3
fE, s Loy A5 i DNMERHIGEEMRER HIOE, m;
TR 0] Y1 7K Fig A1 2 R B i ™ A ) 3t R A2 i e
Pt NTIE AT & DAL P K B fEVATE A 7K 73 i B
SARGREREIVEY - WL DAV S - e =R DAL TRIER S IR
Ho WIERIHK Ry TN
_ Ppi+Di+ Dspi+ Qysi = Erpi — Ippi

Rppri =

RFDI'_ . (8)
K Ry WA i DMAEE WIAE RNAKE HE2ME, m?; Py
NE N EFREERENESE, ' D, NS i NMER

IR RS R, m*s O, N i MEBHIFERRBIR

&, m* Ep A i NMEE BIAEKZE K SR
V)38 (9] )9 7K = SR 2R VA TE [ UK o B SR A
[R5 4, 8 R VE TE S E B 5 i 7K & B B g R LA TR
K&, THEAWT:
MVHTERKE [y >0 B,

I DRi

1
IDRi+DBi+ETDi+1DPi'n_i'RFDi 9
%mﬁ%mibﬁ?m,ﬁl
DR
Repri = m‘a'ﬂ’nx 10)
T Repre N i A4 E IR 5 E 5 2R K & H 3 1H,
m’; g N i NMEFEEME LR, m Dy NE
iNMEBBMEEH KRS, m?

2 HBRESH

2.1 KHEKEHEERES
2.1.1 DRAINMOD A& & R4t R

JKH R G K & T i 2SS R anfE 3 fios, DRAI-
NMOD 5 BT ey R 7K A7 $1 VR AR 5 S e 347 L,
AL VEHE SRR — (HHEEARKE S IR ZE,
2021 =3 T b AT HE T AR K S R R RO FUE TR,
AT e AR R R s B RS HEK BT R, PR FE AR
THEEER (FR3) R, HUF 7K G SR AR L E W
ZRUN, MR KER R ERAHINRZETE 10% £4, P
RZEAESHE/NT 3 om, FRSEIMEAISSIERSF (R*>0.92),
FWFEET DRAINMOD 45 4 f) FH [8] 7K &7 o S
o 0
90 10
80 20
70 30
60 40
50 50
40 60
30 70
20 80

10 90
0 100

Rrpri =

Fee W B R

Precipitation and irrigation amount/mm
MR KSR
Groundwater depth/cm

1 11 21 31 41 51 61 71 81 91 101 111
45 K EDays after transplanting/d
a.2021

iR AR R
Groundwater depth/cm

o WY A R
Precipitation and irrigation amount/mm

0 100
1 11 21 31 41 51 61 71 81 91 101111121
¥ #% 5 K Days after transplanting/d
b. 2022

m— [ [ % Precipitation and irrigation amount
— SEHL R K Measured groundwater level
- FEALH R 7K Simulated groundwater level

B3 2021-2022 4F W ja] 3T AKILIR 52 0] L A4 sk R kAR
Fig.3 Comparison of simulated and measured field groundwater
depth in 2021 and 2022
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%<3 DRAINMOD &8 Rl R KRR M BEIFMN
Table 3 Performance evaluation of DRAINMOD model for

FT4 2021 #2022 FKARGEREFH KT BERYE

Table 4 Average daily water flux in different reproductive stages

simulation of groundwater depth of paddy field system in 2021 and 2022 m
i AERRZ R 2l SN A 2 W ZEL Ff} Year 4 F W Reproductive stages Py I Er Dy
v Relative Average Average absolute  Determination IR 1571 2863 3049 2065
car error/% deviation/cm deviation/cm coefficient Sy BERTIA 2182 1921 1816 2054
2021 11.8 -2 38 0.941 2001 rEEE I 3744 3192 2386 2746
2022 8.3 -1 4.0 0.934 AT 2135 7441 4713 4737
FLE 34 338 2282 768
. s TR 0 0 228 212
2.1.2 KW ELGHKH,EBFE T 1317 4881 2471 761
=R R KA AR, 97 52 FE 2 R 787 6794 2718 4000
T FRAALR ., HORT A 2 e JE 67 2Ts 4o
HAH BMERAT IR, H MA@ S 4 E R H Kl 2022 SYBEJE 3051 1336 2592 1667
v Yt QEIEEY !
B BB DR O B R B e DK K A i 3 ane omm o
HEHBME L 4, 2021 FFEE RN ER KN, & HE 77 620 356 217

TR R B i K. BE S MY A, T AR
W A RS ECH BRI iREF S, S35
ZAEE A R AR RO, RIS R D H A) KA 3 e 5
BOZAEE BHEKEIE R IR SRR 2 2L 20 1 2 R
IR, AR A EMHKEZHEC, 5 HAH R K
R o 2022 4F, IRFF MM EME 2 i oK. T
6], FHETFEAHEK, Hb R 7K BV B R A, H T AR
KISV R, R HEK EERT 4 N EE ASRK. 7 BERT
N ERA SEHEAKEZ, HA WK
(63 mm) JERHIERARNR, R HKER K.

#2021 F1 2022 FREATXT L, BRIRE WIS, KAF
WIZE R RSB T 2021 4F, & 2022 4EiR FE A 8.
2022 £EHT 3 AN B A B AL AA AR IR OK 22, 2021
SEAR XS 3550 0 2022 4 35 1 e F2 H FR TD AR K R BE N T
2021 4, [RUbHEK SN T 2021 45, (HZE K ZEBEH
FR. HeEFH/KTBERELESNTATE (K5, 24
IREBEANZE R Z5 M B T 50%, 2058 & Hi K
BNEME R K HKIEA R DI —28 K 2515 1)
FEHEINE.

W Py ABERIE: [ AHREME: Ec AEKEBE: D MHKE. TR,
Note: Py is precipitation; I, is irrigation; E ¢ is evapotranspiration; Dy is drainage.
Same as below.

&S 2021 FF02022 FRERGRKDIBEDE
Table 5 Total water flux of paddy field system in 2021 and 2022

SEAy Ha b 4\ Input @t Output
Year Index Py I Erc Dy
2021 KE/m? 215319 382293 315540 292 249
it /% 36.03 63.97 51.92 48.08
2002 KE/m? 368 161 383036 481 306 272 803
o7t /% 49.01 50.99 63.82 36.18

2.2 BEERGUKEHEERRSH
2.2.1 3R AGKN,EF KR

B E WK il HE R 6, 2021 ST
RIS, DU ST AR AR R IE A K . il
KRB MRUCR AR T SO AR 2 BEE 1.
PBERTH. SRSV A . BRI AR BEURS,
HREFBMHEEAR. SEFHHBREMEA K.
2022 4, RIEAMKE T EAE PR H AT AR .
T EEAR TR AR Y] 2 B S SV RIEACY AR . A%
KBRS EIE R, AL AE R (650 m*), 3"
PIE PN . SAEBHRSREMZEAKR.

FT 6 2021 FF 2022 FEERGEE B BERNE

3

Table 6 Ponds system average daily water flux every day in different reproductive stages in 2021 and 2022 m
Ehr EHM R T & WIEHOKE  JHERKE KIS K &= WS RE i s
Year Reproductive stages precipitation to pond  Canal supply  Ditch supply  Evaporation from pond  Seepage from pond Pumping irrigation from pond
1B 262 0 352 352 180 811
ST BERTIA 364 0 118 285 132 399
2001 T BEfE I 624 0 357 317 136 428
AT 356 1371 204 345 155 609
FLEGH 119 0 399 324 160 75
A 0 0 207 470 151 242
V0 FH 39 220 0 -191 260 142 1920
ES ] 131 1989 77 239 138 319
S BERTHA 1116 127 374 376 159 314
2022 SEEJE 509 0 217 450 160 775
AT 504 790 217 491 149 687
FLE 13 457 337 650 151 186
HH 13 256 180 461 145 68

R 6IERW], THIERIKEIAE 2021 451 22 A
2022 “E30 A2 BERT W0 S, R WTIE & el a8 A
HEANFEK Y, FEEER, BRI A\ KRBT
0 B P AN IR TE AN R, 2 HH B0 1 A 3 D 787K
M it. 2022 EFLR, B, BEWED. BEER

K G EIHHE R K HH AT 75 #E K, E XA 3 2t 0] 3 3
HEAT T IRIEANS, BN . 2022 55 )\ 2 BEFT AR 46
HAEFWRAELET 2021 4, £ 2022 FHEERE,
5212 5thrdi R —2
HEdAFlKsEEa 8ol (7D, RiE
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2022 FEMEREFIZR KR SR, BlRE G BN, H

2022 R E T R, PEIELL 2021 HEEUK, BKERD
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£ 2021 2022 FEERGEKNBEERE
Table 7 Total water flux of pond system in 2021 and 2022

i\ Input

it Output

TR EL

Year Index FéE LS EEL VN HIERIK K B e
Precipitation Canal supply Ditch supply Evaporation Seepage Pumping irrigation

2021 KE/m? 37 150 39748 16 674 39081 17 524 55781

A7 b /% 39.70 42.48 17.82 34.77 15.59 49.63

2002 K /m? 61380 61468 3347 52113 18719 72473

7 /% 48.64 48.71 2.65 36.36 13.06 50.57

2.2.2 BAEFHEERAAREKSERI N
H12.2.1 WK, SR AR Gl i R BERT L VATESROK,

TR K e s B0 E 2. UM EF N
Ji3, AR E B IR S N A 4G &K B E

MR I R R K SRR TR K, BR IS FEWI 4G &K &b, sl /b, 49 2 % A4 B IR JEHE & K 2 4 e L H 5 T
THFERE I YRIE AN AV TE KK o PR JE 37 7K 29 SR Ui (%8,
=8 2021 2022 ERE BHIEIEEKEEMRE S
Table 8 Components and its proportion of ponds storage in different reproductive stages in 2021 and 2022
N . A& 7K & Initial storage [%FN Precipitation 1B 47K Canal supply YT K 7K Ditch supply
Year Reproductive stages K it K it KE it KE ikl
Water amount/m®> Proportion/% Water amount/m® Proportion/% Water amount/m® Proportion/% Water amount/m® Proportion/%
B ) 83 061 100
BT HIR 59 654 87.12 3763 5.49 5057 7.39
STBERTIIAR 42 036 71.93 10 341 17.69 6062 10.37
2021  BEEHAAK 34 445 57.46 16 145 26.93 9352 15.60
AT 22519 31.31 17 304 24.06 25986 36.13 6114 8.50
FLEMIK 20733 29.01 17 141 23.98 23 925 33.48 9 669 13.53
FAIR 18 063 28.11 14 934 23.24 20 844 32.44 10 406 16.20
YT 81184 100
AR 51970 96.86 1687 3.14
RE IR 46 254 63.21 3019 4.13 23015 31.45 893 1.22
2002 IYBERTIAR 30 890 41.87 24375 33.04 17 921 24.29 597 0.81
SYBEJR AR 22 870 36.17 24071 38.07 13 268 20.98 3018 4.77
PATHIARIIAR 14 485 21.07 24 817 36.10 23 405 34.05 6033 8.78
FLAHIAR 12 461 18.66 21483 32.17 24 464 36.63 8381 12.55
FAHIR 11 063 17.27 19211 29.98 24 447 38.15 9 354 14.60
2021 5, FREAIHAL, BWE BTN, FNE 2.3 AEKEHELERESH
7 b 2538 K G RN Ss . IRIE AN K E ISR T 2.3.1 HEWMKEFRRABEZITE

T, R EBRCN & ERCR IR & . WIESRK & T
FESRTMBEIH TR 2, REENKEZ, JEE K%
CUNTERTE. BAIR, YIGEKE. W E. EiEth
KB RFVAE KK E 20 S 28.11% 23.24%. 32.44%
H116.20%, BIEEANAFHHIFEWEFE TVIHEKEDR
71.89%.

2022 4, PRI E I & LOAE S BE S 2 BT 23 e
B, ZJEBRAES, S BERTIHAR 5 BE 5 I .
TIE RIK & S b LU BERT IR D, RUEIE R A kb s
WIEFTE. EAMK, PIIREKE. BWNE. REHK
R VA 8 SR K 543 Bl 17.27% 29.98%. 38.15% Al
14.60%, BPEEAE G IAVEHENEFE T Y& KER 82.73%.

gitr2afgE R, RIBAKEEL T IS R H 2
7 bl K AR 73, VAT SR K B A A2 o b A /)N R 2H R
BGr, R IEE AN R D I E RN, S R R A TE R
IKANTE, BEIEAK Mo e E T ik

ZRE 22 WAL, BOAAAE R E R, BN IEE
SROK TP E, IR TERNKBCA MR . SRR PR RAE DA &
B NG BN 520 1) IR TE KA — i R 1R 2 3 o 3.

HEWKM =T REEENE, B TREIUK, ¥
WA A RS, RIS @ SR A BTN
U HE K TE, O SRR K k. TR
FH 8] 75 2% R L 42 . R B A HH [l Kk 35 0%, AR HE B 78 IX
KR R, AT 43 2 Rl ol KR R 50 o
0.817 1 0.694. 2 a HIf] B £y 20 150 F1 38 445 m’,
ERABEME N 17762 F130765m® (£ 9).,

RO 2021 702022 FEMRKERKE LG
Table 9 Terminal water flow in the study area in 2021 and 2022

R 47 Index 2021 2022
= TRy =
Total irrig;tir)rj%f;%n{\ 37£§1annel/m3 77661 130 590
o DA
Irriggaitjﬁ)irllif%ol\ré;cfds./mJ 39748 61468
1 YNOA YE 24
Chaniiillglz:lfzgf fj}?ai;e/m3 8891 13750
Irrigatifl)t}oliﬂ;:j(;ji(y?;eld/m3 20150 38 445
it I VE. Z 45
Chali%e{\lillciji ijf?aie/m3 8871 16925
Y Z AR A B
Total charfe/l%liy;f:; icharge/m3 17762 30675
F A E IR K 2l H A WK 10, #hFEYEEK
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P 2.2.1 FMERKE, HEBIRE 221 8RE,
ANFEEER . 2 a ¥ H R HEK S A R A B K s
/N, 2021 4F HH EHEK B i KB R A FEBR T AR, N
4737 m?, 2022 SFRELESBERI I, 4990 m?, BN

FERT. 2021 AR HAEIIAN 2022 45 3R T T4 K B K
THEHDKE, REVRABIRAMEE R, 2021 FIRE
Wi 2022 5 BERTIIAN 70 B Ja WIS A HEK RO, RY
WAIRIATE R Y BONTEM 8 2 AR IR Bl o

w10 2021 702022 BB RGZE KT BERYE
Table 10 Ditch system average daily water flux every day in reproductive stages in 2021 and 2022 m?

EEM HH [A]HEZK BRBFINS WS i S HEK N AT
Reproductive Paddy Channel leakage . Ponds Pumping irrigation Drainage . Supply
Year . Precipitation . . Evaproation
stages drainage recharge seepage from ditch of ditch ponds
R 2065 0 127 180 1254 682 84 352
Sy BERT I 2054 0 177 132 2105 47 92 118
2021 Sy BEE I 2746 0 303 136 2665 65 99 357
AT 4737 612 173 155 5492 288 102 -204
FLAHA 768 0 3 160 87 359 85 399
A 212 0 0 151 15 9 132 207
VA 761 0 107 142 1057 68 75 -191
R 4000 934 64 138 4891 94 74 77
53 BERT I 4990 28 542 159 4848 1147 99 -374
2022 57 BEJE 1667 0 247 160 1184 556 118 217
AT 944 529 245 149 1326 186 139 217
FLAHA 397 102 7 151 93 45 182 337
L] 217 57 6 145 97 14 135 180
2.3.2 IKHEE . FH ] HE K R0 2 0 2 o LG g K A N R

ARG BEE T

maEtaikrEEag®ris R 1D,
2022 4 4 HEK B G IR T 6.4%, b TE 4 E & L
T 3.88%, BIJVHET 3 ANAEFWIHEDKE M, WiE

M,
ZEE 2.3.1 M1 232 W HT, IWIEKIEIRERE DL 32
52 NS5 B 520 1) ) HE K —HE R ) is sh b 3.

F 11 2021 7502022 SFIERGEKDBEDE
Table 11  Total water flux of ditch system in 2021 and 2022
Eo f5h i\ Input it Output
S, FH )R 7K KRB R EIEE e SRk R FhTEIEIE

Year Index

Paddy drainage Channel leakage recharge Precipitation Ponds seepage Pumping irrigation from ditch Drainage of ditch Evaproation Supply ponds

Jopy 292249 17762 17439 17524 288 593 28 446 11262 16 674
Gt 8472 5.15 5.06 5.08 83.66 8.25 3.26 4.83

2oy KB 272503 30678 29819 18720 282 608 51568 14496 3348
% 7750 871 8.47 532 80.28 14.65 4.12 0.95

2.4 FEBKEWIERSHR AT E RS EE ., VA REY, BT

PR FH )RRV AT SRAE ELE . Bl ANV TE Hh
BONE k. BEXTRT ERREEX OBLIR, AW U4 H— Fif
T 2K X R E R AR CE R HBGE” .
E o X VR TR K B YT 0 AT R A AT M, ORE
(BRI B E KRS, X R H K A5 1R
B & HRABERA (HED fKE, KNGS REHE
CHIE]) SEPRERAG MK E AT LLEL, BARSLBI T

HE A 7K VA 8 K A2 U SR FH K SR S I 7 v, BT
RARREK, &L TEIRAERY, S E KR4
KT HEBE KR F 200 1.0, 35 HE e E B8 AN 90 38 ol E A
T TR 1 PR MR E A H ) R KR
ZHECN 0.6943, FENHEFF/KEER P ORE. B
HCHITE] ) 3RAF 0 7K 5 R FH 1) 7K & 1 4 SR 15 10 % &=
(FR5). HEMERELRINE 12,

®12 EHRMEMERKERE
Table 12 Calculation of beginning and ending irrigation water volume review

ERIZNEF S/t BT AN [ SR K B R D
" Proportion of different water sources Volume of different water sources i . HREZEME -
Fhr ) o i oy FFRAA HXT IR
Year in beginning/% in beginning/m Paddy field Start-to-end Relative error/%
g 8 S ERERY g MaBEES S ERERY Nt . lyl i’ difference/m’ ’
Ponds Ditch Channel Ponds Ditch Channel Total actual ietm
2021 15.30 79.17 5.53 55781 288 592 20 150 364 524 382292 17 768 4.65
2022 18.42 71.81 9.77 72 473 282 607 38 445 393 526 383 036 —10 490 -2.74

2021 FEA1 2022 4F WK &P #5157 2 5 3 N 4.65%
—2.74%, 2021 FFiRZFHK, ARG BT A W I 27 H A
(O HH A EEE, KBS 28, MRSk, RS B2

VWA, “EHRWEIE" WiT, XK EE BN
S, [AlN AR WA U IXOK S RO R R, BT TTIX K
BT SBONER .
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2.5 [EFKEREIFNIERITESER RS

A2 E WG SE AN 8 B A K R E R A
13, ANEEE YRR K EMHZER R, 2021 445
BEJS . 2022 SR BERTIA . 0 BESS . PRV AR A
HK SR, [BEIE /K SR A & A5 [ H K & 7 E
Ebo 4> BE )5 12 5 18 [a] )9 /K B 2R B & B K .
52022 4L, 2021 SEA [F AR B B RH K 52 R H &
BN, S BERTIA . 43 BE Ja A 4R YT 2 A 2 A R
FE— 3. 2022 4V H I HE [R5 K B SR R 5,

I 7K B #0 2 SE B XS N Y R, 2021 A 7R R T 4
T AL B0 (H, 2022 E7E 7 BERT HIA R H . 2022 4
Sy BERTHHVAE HK & K FIRE M, [HH/KESFH
BH/NTIREM, WTREEFRNTEFHBFENERLA, A
HH (0] WG /5 oK, DR e s K, 3 20 Y T8 SR K
HeE. MWWIERNE/KEZ R HERE, 2021 43570
HHERIAR, 93.37%, 2022 FEREHAREEAE, 95.23%.
2 a TESRT PRI G BT BT, RZAEE W A R 2 AL
EFTE. 2 a fEFLBII SR/, AT RE 2 R A F 24 4

BT 76.40%. 2021 4EA1 2022 SEIFERFKE LA MEEAIPALWE], & ST HEAKDY, NHEHEZEN
R R IR NS . PR IE R HKE R ER VR TE A
13 2021 F12022 FHEIE, SHEMBEE)IKEEF AIEE
Table 13 Ponds, ditch and total reuse of return flow degree in 2021 and 2022
[EVEV/ S B )= 7K 2R [ = 7K 2 2R %
4 EH M Ponds return flow/m? Reuse of ponds return flow/m? Return flow reuse rate/%
Year Reproductive stages g MapEES i MaBES W VHIE JE¥uN
Ponds Ditch Ponds Ditch Ponds Ditch Overall
B 545 1936 329 1024 60.39 52.88 54.53
Sy BERTH 409 2153 200 1918 48.92 89.10 82.68
yBEfG 890 2730 433 2283 48.61 83.65 75.04
2021 PRI e A 290 5780 134 5397 46.38 93.37 91.12
LB 483 446 65 42 13.43 9.39 11.49
MR 188 24 53 1 28.01 4.04 25.28
A4 43.28 81.61 79.47
VA 201 1125 154 991 76.40 88.06 86.29
B 196 4985 90 4748 45.83 95.23 93.36
Sy BERTH 840 5994 216 4769 25.67 79.56 72.93
022 yBEfG 643 1740 360 993 55.94 57.06 56.75
PRI e A 593 1511 307 1073 51.77 71.00 65.58
LB 311 138 59 20 18.81 14.17 17.39
MR 173 112 17 25 10.10 22.83 15.09
Es 40.63 80.86 73.02
X e HRANE
2021 46 2022 4EHHE . Y93 2K [k 5 R o O
RIWFE 13, WA KBELFAR 2aME 2.65H 29.44% %gm
Vi N — N . w» R
VORGP EISY SEE §-E i) E SR T A L SV e
HANPBEER 2 f%. H ?‘/EJJE EE] 7K&EEE%UH% =il AN A 50.57%| | 36-36% s || ek
IR 220 2 T, O [ 0 K R P A Ak v K A7.07% g | 8028%] | 36.18%
TE— 3. 2022 LR ENE K E SR & B 2021 1% w1l s
o e v . & i R
6.45 TT 49 1, F Vit i 75 W R VB o ok HL R MR BT s ool Bose R
SE v smE Y , 23.49% 3B
2.6 FERIFHENH L

M =T B NI 5 DX 14 20 30 3 Bk /K A2 F 9 X ok B
W CAAM AR BB K 2R U, A TG SEE R K . DL
DU SEREN 2022 61, R Tt W T8 BE K 5 HE WK 1) #E
BugE (B 4). IR, #EASKHE. JHHEM L E K
W R IK A 29.44%. 47.07% A 23.49%. H 2.1.2
ATEn, BEANIKHPIKSH 63.82% HTE KM, 36.18%
P A EE NV TE . 1 2.2.0 AT, RN SEEAE ) K 4
H 50.57% FTHEERENHE], 36.36% H 175Kk, 13.06%
Wi BRI TVIE. W 232 77K, HEANEER KDY
H 80.28% Wy i HE B HH |), 4.12% A T 28 K%, 0.95% b
Y YR, 14.65% HEE .

14.65%

B4 2022 AP R REHERAEMSEZE
Fig.4 Consumption pathway of channel irrigation water in
study area

2.7 KERBESW

LR 7K 1) 8L PR SR TE - AR B 1D 4% AN PR T TE T K
AR, KBS RE. LL 2022 NG, BT IX KA
B WKIER AR ME 5, KB KER T BEN
(368 im®), AHRBEEME (3.877 m®) . HiEHE
(727 m®) FIYEHBE (282 /i m®), Ll HEZEK
Al (481 m®») J5, HEAWEIE (272 5 m» . #HA
WBRKEA AR (6.2 1 m®) . EiEHE (6.1 77 m?)
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A TE R (0.3 77 m®), HEHE A KR T {45 0
(72 7im®» 4 FITEK 52 Hm®) Mgl (1.9 Jim®).
FERR (3.0 /i m3). HEIHEK. AL (3.1 T md) ., ¥
EBRHENEIEG, B THRAEBR. ARk (147 m®).
ANFYHESS, FRHERIX (5.2 T m® .

Pi= Ig=  En=
36.8 3.8 48.1 —
‘[ l 1p=7.2 Epm

|

1,x=28.2

Pp=Io=
5.2 62 6.1 P= O,

1 l J' T) 3I1 lf

K H Wi 1p7 _3
AV,="1.6 e
Dg=]. Ve
D212 Dis2

T Py NIRRT, 10° me; T NERIEEBEMEKE, 10°m’; Ee W
AR R, 10°m®s I, AVEMHE R, AGEEZEH ke, 10*
m*s Lo JOMEAERE B, AYESEHhHE S R AR, 100 mes Ep IEEK
MZERE, 10'm’s P, AYEEMETE, 10 m’ I, NIREAKE, RiEHE
AAMEVEERKE, 10° m?; I, VAIEROKEE, 10" m?; Dy, J9YEHES IR A
10*m?s Dy AW EHKE, 10°me; AV, HFEAE KRR, 10'm: P,
AVEREN R, 10'm® O, ARABULE, 10'm’: E, AWIEKEERE,
10°m®; D, A HAHEHAKR, 10*m?:

Note: Py is precipitation in paddy field, 10* m?;/., is Irrigation from channel to
paddy field, 10* m?;E;. is evapotranspiration in the paddy field, 10* m?; Iy, is
pumping irrigation from ditch to paddy field, 10* m3; I, is pumping irrigation
from ponds to paddy field, 10 m?; Ey, is evapotranspiration in the pond, 10* m?;
P, is precipitation in the pond, 10* m?; I, is irrigation from channel to pond, 10*
m?; Ipp is water from ditch to pond, 10* m?; Dy is seepage in the pond, 10* m?;
Dy is drainage from paddy field, 10* m*; AV, is the change of pond storage, 10*
m?; P, is precipitation in the ditch, 10* m?; 0, is channel leakage recharge, 10*
m? Epp is evapotranspiration in the ditch, 10* m3; D, is drainage of bucket ditch,
10" m?;

B5 HRRKBFREE
Fig.5 Hydrological cycle in study area

3 i

(6] Y1 7K A — ol m] P A K B IRE Y, [ K R AR
FHRERS SR K A P2, IR HEX 7K, Al kg g )
FEZH X BEAT BB PHREHE T (A 2.4%x107° km?) X356
R, ELEAEREEHKEZRA, At 51.80% 1
FEWE A, AT (HAR 1.16 km?) 71.81% ()45 5
N (F8) . RAEP ZEZHX (A 43.3 km?) HIWFA
A, R RFEAR S HE KIS T R K S BOR BE VA I
BEEUK ELI 290 90%, HLASHT 7T 45 5 80.28% Fiik, #
WTE e 7 o o IXOR R R, v T8 /KPR P R o

P IR U E K G HEWE K MAERUS R, IR RKWIIR Sy
BiH 29.44% /K5y #ENHTE, 3 NGEEREIE 1K 54
o ZRABC, ArA  BRE AR K 23.80% FT 18.86% A
T HE, AERIRS B IR, MEEE 72.10% K
AyrEEN T A, VA TEHEE K B R R K 3.44%,
Tl iz 24.46% 117K 53 W BELERIE 7L IX A T 28 R B R R St
Z M BKEACHe, AR EE R AR, %R
FEWL KA 2805 X, 2022 07T X HERE KR &
AR 0.721 BEHISTF AR B R FE 181 )H 7K 35 2 R
(b X, S FE I 7K R FH 2R 5Ok PP A2 SEE R /K 1 R FH A%
R PRI .

ASCWE MR 2021 F1 2022 FFAEH MR B>, H)E
FREKAE, B IR ALK 5 Y 27 R HH 7K 23 4 N ek /2 1 5 0
AP, R O E R R B A, YA R R
(7K g DU N 3. T FEKERE N 2, WiEH
KUK N E, ARG T T8>, R IE fig K
DNREIRES, BLEF 7K 5 18 B AR R A SR B A R,
B KRR XS e, P RS RIAE AL [X K
EA R .

4 % i

AT 5T J 0 B 7 E X L R A A X A
R, WAL K SEERIVYIE 3 AR RS
B % B K PERE S @K &P A, 4§ BT
MK PGP REAE S DA K B SR R . R RWR:

1) 7K H K IEH CAHEME— 75 A 28 1 (1) 3 [7) 18 B REAE N
¥, PHEKIEI DL (b —Hh e BB RIS BRI N 32
VATE KA DL A HK—dhEE IR s s A . T B
SR YEEYI R B K EIHFE T 82.73%, IRIEMA N EK
IRNTE, 7 38.15%. JHIEANVATE K G A 52 N 35 B0 5
P,

2) T ZKIEREX, RERH “ERIEE M
WEH K IR S AR BT e, NEXEEKETH IR
HIRGE T ERUERS . R ERE. VHIE. FEIE R S A
FEWL IR 9.77% 71.81% A1 18.42%.

3) M EREXKS I ESFHEER R, LURE
FEWEK NG, FIRATTERANE 29.44% N T HE], {HIEE
FIVAE IR EAE S 270 72.10% FSEE K F T, 1Y
H 3.44% HEE R A . FERIAKESHHEEEE
BBk /N, VT8 K EE R E 2R, B

V7K SR e e Y 2 f% (80.86%) o 37 T M1 AL
Rl KR M E R A, BEXEHE “fhea N .
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Hydrological cycle for Paddy-Ponds-Ditches system and reuse of return
flow in Southern hilly irrigated areas

SHAO Peiyin', XIONG Yujiang?, YUAN Niannian?, PENG Zhengyi!, LI Yalong®*, SU Peilan?,
WEI Guangfei®, YE Lei*, LIN Xiaowei®

(1. College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Agricultural Water
Conservancy Department, Changjiang River Scientific Research Institute, Wuhan 430010, China; 3. State Key Laboratory of Water
Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China; 4. Hubei Zhanghe Hydranlic Project
Administration Bureau, Jingmen 448156, China; 5. Jiangsu Kejia Engineering Design Company, Wuxi 214000, China)

Abstract: The hydrological cycle in irrigation areas under the influence of anthropogenic activities has emerged as a
significant topic in the realm of water science research. The southern hilly irrigation area of China, characterized by its
undulating terrain and myriad ponds, presents a unique opportunity for water storage and paddy field irrigation. However, these
distinct landscape features have also given rise to a complex hydrological cycle with unclear exchange dynamics and a paucity
of quantitative calculations on the reuse of return flow. To explore the fundamental laws governing water circulation in
irrigation areas, we embarked on in-situ field trials over the 2a period (2021-2022), with the Yang-shu-dang watershed in the
Zhanghe Irrigation System of Hubei Province, China, serving as our study area. Our approach entailed monitoring the
groundwater depth of 4 typical paddy fields, the water storage levels of 5 typical ponds, as well as the flow of the bucket ditch
outlet. The complexity of the hydrological cycle in southern hilly irrigation areas necessitates the development of a novel water
balance formula for paddy fields, ponds, and ditches, respectively, that accurately captures their unique features. To this end,
we conceived of a method for reviewing the water volume of the source and sink areas in paddy field irrigation water delivery,
known as 'start-to-end comparison', which enables us to discern the locations in which reuse of return flow is taking place.
Through the evaluation of the hydrological cycle and the extent of reuse of return flow during various reproductive stages, we
obtained valuable insights into the significant ways in which human activities have disrupted the hydrological balance in
southern hilly irrigation areas. The findings of our study revealed several valuable insights. First, the relative error for the 2 a
period of paddy irrigation water amount computed by the water balance formula and the DRAINMOD model, as well as the
total irrigation water volume from ponds, ditches, and channels were 4.65% and —2.74%, respectively, implying that 'start-to-
end comparison' is a reliable and robust method that provides a new ideal for irrigation water volume simulation and review in
multi-source irrigation areas. Further analysis revealed that the proportion of channel, ditch, and pond sources in different
paddy irrigation sources were 9.77%, 71.81%, and 18.42%, respectively. Notably, due to the need for irrigation in paddy fields,
82.73% of initial pond water storage was consumed during whole reproductive stages. Moreover, canal supply, precipitation,
and ditch supply accounted for 38.15%, 29.98%, and 14.60%, respectively. It transpired that the late tillering stage featured the
highest reuse of water from the pond, with a gradual decline observed during the whole reproductive stage. While both the
amount of return flow in the ditch and the amount of reused return flow water increased initially and then decreased, the ditch
still emerged as the primary site exhibiting the reuse of return flow, with rates doubling that of ponds (80.86%). We also delved
into the consumption pathways of irrigation water after channel irrigation, where in the first distribution of channel irrigation
water accounted for only 29.44% into the paddy field. A second distribution facilitated the entrance of at least 72.10% of
channel irrigation water into the paddy field. Intriguingly, only 3.44% of the water from channel irrigation was discharged out
of the bucket ditch. The remaining 24.46% of the water lingered within the study area, with the potential for subsequent reuse.
Examination of the hydrological cycle revealed that the paddy field system was characterized primarily by the vertical
movement of irrigation-evaporative transpiration, while the pond system was characterized predominantly by the lateral
movement of channel supply-pumping irrigation, and the ditch system was characterized primarily by the lateral movement of
paddy drainage-pumping irrigation. Research showed that human activity is the main factor of effect ponds and ditch
hydrological cycle. Strategies from irrigation district managers, ‘the main for ponds, the secondary for paddy’ met the needs of
farmers and own high irrigation coefficient in southern hilly irrigated area.

Keywords: drainage; irrigation; hydrological cycle; water balance; southern hilly irrigated area; reuse of return flow
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