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Fig.1 Flow chart of regional-scale border irrigation simulation
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Fig.2 Frequency distribution of border field length and width in
Mawan Irrigation District
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Table 1

Statistical characteristics and K-S test results of soil bulk density, organic matter and unit discharge in Mawan Trrigation District

. . 3 E Bulk density
RG] RS

TIHEHE NI Soil organic matter

LM Unit discharge

Experiment Sample &4\ &K  BE REE e BN BK E W ST =2 =P BiE hRifEZE i
time numbers Min/ Max/  Mean/ SD/ Distr. Min/ Max/ Mean/ SD/% Distr. Min/ Max/ Mean/ SD/ Distr
(gom™) (gom™) (gem™) (gom™) % % ° @Lstm™ Ls'mh LsTm™) (LsTm™) '
2012-03 100 1.15 1.63 1.38 0.36 N 036 259 1.13 0.42 N 2.84 3.25 3.12 0.47 N
2012-11 100 1.12 1.53 1.32 0.37 039 257 114 036 N 2.90 3.68 3.24 0.53
2013-03 100 1.13 1.64 1.41 0.34 N 042 254 117 041 N 2.81 3.39 3.16 0.66 N
e NAESHA, TR

Note: N is normal distribution, the same as below.
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Table 3 Statistical characteristics and K-S test results of soil
particle composition in Mawan Irrigation District
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AT Monte-Carlo 1 #5711 X 35k BERSL 5%,
XF 3 UGRER T T X I E I R AT X 3 kA
X S &, 2 TR e AL 7k FIM AE K 3%
FIY RN 68.78%. 65.23%- 67.17%, HEKIIEIFE/ 5N
63.45%- 62.14%- 63.87%, F=T ArE RN SRM
HIRE K RSB (R HEZE ) 737011 9 66.84%(8.45%)67.23%
(10.63%) « 67.59% (9.21%) Ml 63.23% (7.89%) , ¥
IKIIEIE 3 HIH 61.58% (8.69%) + 62.72% (8.36%)
AILLEH, FIM 5 SRM 2 (A FEK SRR K 51 2
[ —ERZSR, T SRM BT hriE Z 240 hnm LAA X
AR X S FH KR B TR R R, FIML (B8R
I 5 FE b FR X B K R &

R4 AT ORFERERUT VLT BRI E AR RLE S Sl
(B 8] AR 35 22 5 F JR) 7K ) P 2R o 400 -5 S e 1)
BIFERHRZE . FTPAE H, SRM HIRENR & Ak /M R 2
N 9.95%, F RAXTIRZE N 12.23%, 1 C A R 5% FIM
(O TR B B M TR 20N 14.15%, B KR 2N
16.78%. 1X 3 R 2 (A 2 L 260 1R AL IX J e 8 ok
FERIRE ST o 2 SR T v 1 E TR R AR A0 5 S {1 [ 1
PR, PR R L M AR AT R R R S
X s (AR R A R T E R

x4 ETERSSINRGETESR BBV A AREENRE
Table 4 Relative errors of measured and simulated irrigation
quota (IQ) and field water utilization coefficient (WU)

AT QI R o
Expe_:n'ment 1Q measurgd error/% WU measured error/%
time values/m FIM__ SRM values FIM _ SRM
2012-03 39450 15.46 10.76 0.86 1459 927
2012-11 36 860 1415 995 0.85 15.88 10.21
2013-03 38910 16.78 12.23 0.87 13.87 839

vk FIM 9T E VRV TY; SRM O AR S B iy,
Note: FIM is deterministic parameter irrigation model, SRM is stochastic
parameter irrigation model.

SRM HEAUEAL T 3 /N5 Y (8] 7K FH 3R BORE 0 12
ZVLEIN 8.39%~10.21%, 11 FIM fH B ZKFIH &2 %5040
THRZETEEA 13.87%~15.88%. X 201 % RIS 40
() 28 S A 4 R ol AT LR 7 92 B 0 o b A1ty X S e
FEKREL . 2 FSBRL T A RME 5 SEME Rl iR 22, a]
A8 A2 D] A A 0T o P e - R M 2 ) AR S P 48 4 Ak
H, SECREKEE SR ERE mBoL R T, B0k
FH THI B T2 o o 22 RS 56 R BONEAL AR B, 5 50 H T il
TEARE %6 52 5 bR G LA BTt 22, AT 52008 % H (8] 7K )
F R BT T 5

B 3 a7 REBLE AR R BN IR S K
(SRM) 55542 78 2 8] A BRI 0. 1l LA
FEH, BRSBTS K R B A AR i T
LAY TP Sk R B RV, (R BLHE 5 SCE AR
RoMaHES RN —80E. LECPES KR RME
i SR i 2R AP RN IR 22, AT RE A2 R AR AL
IF ) B A AR O . EHTETRE R R R R =
(AR S NIBYEE BV K S R 2 AL AT S 80
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Fig.3 Cumulative probability distribution of measured and
simulated soil moisture in root zone after irrigation
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Simulation and validation for regional border irrigation considering
spatial variability of irrigation parameters

Dong Qin‘ge’?, Xu Di**, Zhang Shaohui®, Bai Meijian®, Li Yinong®
(1. Institute of Water and Soil Conservation, Northwest A&F University, Yangling 712100, China, 2. Institute of Water and Soil
Conservation, CAS & MWR, Yangling 712100, China, 3. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: The performance evaluation of regional scale border irrigation plays an important role in the improvement of
surface irrigation management level, but the existing models present the shortcomings such as less accurately capturing the
spatial variability of regional scale irrigation parameters. So the exiting models cannot be effectively applied to analyze the
performance of regional scale border irrigation system. To solve this problem, the border surface-subsurface flow model was
applied to describe the surface and subsurface water flow. The conservative complete hydrodynamic equation and the Richards
equation were applied to describe the surface water flow and subsurface water flow in border irrigation, respectively. The
finite-volume approach was applied to spatially discretize these governing equations to obtain good mass conservation ability.
The Picard iteration approach was introduced to obtain the linearization of this nonlinear algebraic system. The mass
conservation component of surface flow model and subsurface flow model were iteratively coupled at the same time step to
obtain the convergence value of surface flow depth, and then the momentum conservation component of surface flow model
was externally coupled based on the convergence value of both the surface flow depth and infiltration rate to update the surface
flow velocity. Solutions were numerically computed using an improved hybrid numerical method for surface flow model and a
proposed numerical solution method with high-order accuracy for subsurface flow model. Monte-Carlo sampling method was
used to accurately capture the spatial variability of regional scale irrigation parameters and generate a large number of border
irrigation parameters samples, which were input to border surface-subsurface model, respectively. Consequently, the border
surface-subsurface water flow processes of regional scale could be accurately simulated. Three times border irrigation
experiments at regional scale were performed to validate the proposed model in Mawan Irrigation District, located in
Dongying City, Shandong Province. Soil samples were collected at 4 depths from the top, middle, and bottom of the border
field to analyze soil bulk density, soil particle size distribution, and soil moisture. The soil hydraulic parameters were
transformed from the abovementioned soil properties using the Rosetta model. The relative elevation values of the border
bottom were observed using a water level gauge. The surface flow depth was measured using water depth measuring devices,
which were placed at every observation point before the irrigation was initiated. The surface flow depth was used to estimate
Manning’s roughness coefficient. And unit discharge, border length, and border width were observed in March 2012,
November 2012, and March 2013. The validation results showed that the proposed model could well simulate regional scale
border irrigation processes, and presented very good modeling accuracy. Specifically, the relative errors between the measured
and simulated values by the proposed stochastic parameter irrigation model were 9.95%-12.23% and 8.39%-10.21% for
irrigation quota and field water utilization coefficient, respectively. By contrast, the relative errors of irrigation quota and field
water utilization coefficient based on the existing deterministic parameter irrigation models were 14.15%-16.78% and
13.87%-15.88%, respectively. Additionally, the cumulative probability distribution trends of average soil moisture after
irrigation between the measured and simulated values present the satisfactory performance. Thus, the proposed model
overcomes the shortcomings of existing models and provides a useful numerical analysis tool for the management and design
of regional scale border irrigation system.

Keywords: irrigation; Monte-Carlo method; soils; parameters; spatial variability; irrigation performance; numerical simulation



