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Development of the Estimation System
for Agricultural Water Demand
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Abstract

To estimate agricultural water demand, many factors such as weather, crops, soil,
cultivation method, crop coefficient and cultivation area, etc. must be considered. But it is
not easy to estimate water demand in consideration of these factors, which are variable
according to growth stage and regional environment. This study provides estimation system
for agricultural water demand(ESAD) in order to estimate water demand easily and
accurately, and arranges all factors needed for water demand estimation. This study
identifies the application of estimation system for agricultural water demand with the data
observed in the other studies, and analyzes nationwide agricultural water demand. The
results are as follows.

1) The practice of different rice cultivation in the paddy field resulted in different water
demands. Water depth and infiltration ratio in paddy are the most important factors to
estimate water demand. The water depths in paddy simulated by ESAD is very similar to
the observed ones.

2) Water demand of upland crops varies with the crops, soil, etc.. Effective rainfall
estimated by daily routing of soil moisture varies according to the crops, soil, and effective
soil zone(root depth). As crop root become grown, effective rainfall and an amount of
irrigation water has been increased.

3) The current unit water demand of upland crops applied as 500mm or 550mm to
estimate water demand does not reflect the differences caused by the crops, regional
surrounding, weather condition, etc. Results from ESAD for the estimation of water
demand of upland crops show that ESAD can simulate the actual field conditions
reasonably because it simulates the actual irrigation practices with the daily routing of soil

moisture.
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Meteorology
data

Daily routing for water depth I
of paddy field l

Effective rainfall

LPenman Cultivation management water

Water requirement in depth
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N Unit water Net irrigation water
requirement requirement

Infiltration

i

Facilities management water

Frequency of 10yr. Frequengy of 10yr.
Water demand for l Gross irrigation water ‘Water demand for
irr. field requirement non-irr. field

Fig. 1 Flow chart for the estimation of water demand for paddy field
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Fig. 2 Flow chart for the estimation of water demand for upland field
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Table 1 Calculation example of SMp,, & SMy;,
for upland soil
Root. | Thick- wc | mp | SMmax | SMomax
Period { depth (r;lers,ns) }(?:]rgt)a (%) | (%) (mm=) (mrzl)
(mm) | 7 (B) | (C) (}{J;B (EQ(EA
180 0-1801 22.0 | 135 39.6 243
Jun, E| 200 20 1181-2001 20.7 | 127 41 2.5
Totat - - 437 268
180 0-1804 220 | 135 396 243
Jun, M| 220 40 (181-220] 20.7 | 127 8.3 51
Total - - 479 294
180 0-180) 220 | 135 396 243
70 |181-250) 207 | 127 144 89
Jun, L} 300
50 1251-300{ 225 [ 135 113 6.7
Total - - 65.3 399
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Table 2 Ranges of maximum root depth and soil
water depletion fraction

Cro Max, |Depletion Cro Max. | Depletion
P Root{m) | Fraction P Root(m) | Fraction

Cabbage | 05-0.8 0.45 Carrots | 0.5-1.0 0.35
Celery 03-05 | 0.20 Garlic | 03-05 0.30
Lettuce | 03-05 | 030 | Onions | 03-06 | 030
Radish 0.3-0.5 0.3 Pepper | 05-1.0 0.30
Tomato | 0.7-1.5 { 040 |[Cucumberj 0.7-1.2 0.50
Melon 08-15 | 040 Potato | 04-06 | 035
SweetPotato| 1.0-1.5 [ 065 | Spinach | 0.3-05 0.20
Bean 06-08 | 050 | Sesame | 1.0-15 0.60
Barley 1.0-15 0.55 Alfalfa | 1.0-20 0.55
Apple 1.0-20 | 050 Grapes | 1.0-2.0 0.35

28 : Crop evapotranspiration, I & D Paper 56,
FAO, 1998
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Table 3 Irrigation efficiency for upland field

Irrigation
Application &

efficiency (A)

Conveyance

lassificati
Classification efficiency (B)

efficiency
(AXB)

Sprinkler 80 ~ 90% | 90 ~ 95% |70 ~ 85(%)
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g

3 wAE B BdEae] BANA ook 8

® ol M3 EGFRANARF(SM) B
HAANTER(SM,) o 28 Agtgc F9E

E‘%ﬂ)ﬂ V%EJHL} EYo 2 FF(infiltra- tion)
gk B¢ ARE £ EYS AFAsAL 2
o9 222 FF (percolation) B, "}‘?* &5 %ol
cFgo] P £ UT dolig AW FEFF
< ZFge] X8 F de FHA ‘C*"—F 2
o] ZF9ge] XY F e YERY A™ &
¢-FE& ITYgel XFEY F e dF Zoh

¢

r

AFS

2 Fgsigom,
ol Agst 97 o

2o 2zazde IHEAEL HELsiEch B

91
F, A SALSs FIAde AYESF T
T2 HEAL F¥E 7A
g3 HE el e 4
ZF GRE M BFF
FRYE A ek

AA G

20 a

& AF7HA T3

@ Aol SMHEE € At wEe
AR A HA D A EFFE =

o] Tgslolor AE A%} F
JELEEREE LS

AL o

1. A2E 34

FH45 8% 44 Al2®"(Estimation System
of Agricultural Water Demand, ESAD)2 #9&
ARE, 714AE, FEFYARE 549 7IEAEE
dlojEllo] 22 F&3l daE Az wE &
459 Fo3E st 2 AlAY82 Windows9s
A FFHH AEY B et AdAHo] Y
22 $4E £ UEF MLEAT olHFE Ex
of HHF}EE AMAF/NH S ZUdPen, =
239 )gAdolZ Visual Basic 6.0% AHEE AT
AX N2He AgdY, £2% A4, AARAEE
FA4 ¥t ESADE Fig 3914 EE nleh 7o) &
FFoe] ZIBAES 7FAE, BNHE 2 B
B4R, FelF2EY 54 2 FEEY
o} DBRIEE ol431d £9EF FAFE vk

o= “

=
[<)

2. HiolefHijoj & 7=

ESAD: 714RE, 479 2 AA8 L A8
2 i ect dojeiujol s MS AccessZ &
HAow AMagod dAFEo xge] Az F
Aol Jhestty R REE AT 667 BEhe
19709 ~1998' A (2970 Q) & W42 87 714 .
7} DBl AAH itk #&FA 9 I (0§)
HolgHoz xgso] AladedM FF3
F79 ARE FRF G L5799, ’\]-
Y 2 5AE AA I} sHeEEE shute] BTzl

ko fr b o

BEAIE, S5, FAY, A 29, §UY
g FEH 4YPH PFHREE WEAE )
oz ARHel Utk WHAA ARE FUA
Aol WRE ABAF ABReAROIS B F
E9% 440 WeY EGEY TRESY 4
T8 3 WEEFFOE T4 Aok

_59_



T3E A A432 A1E 20019 19

(o |1l [“cropama JI] ["aren e ]

K Root depth Irrigationf area
By station Crop coefficient etc. Paddy & @ipland area etc.
Penman Penman-Monteith
y
Paddy field Upland field | [«

Field cgpacity

P "y

Seil grqup etc.

Y

Agricultural
water demand

Soil data l | l

Fig. 3 Flow chart of estimation system for agricultural water demand

Table 4 The item of sub model

Classification Item Relation Table
frmstartlogo Logo window
frm__MDI_YS Main menu window(MDI)
frmCalDist Calculation window Ks__Ys99.mdb Ys99.mdb
frmOut Print window Output
frmroot Data management(root depth) root
frmTypecoef Data management(Crop) typecoefi
Module 1 User define function infor_Distric, Si_gun_soil

Station, ML etc.

o
o
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ESADE 6719 €3 1709 82 #AS 3l

. Eo] AL MDI(Multi Document Interface)
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Table 5 User define function of Module 1

Name Item Function & Form
ini__data Define of initial data : FrmCalDist
Paddy__con Calculation of water demand for paddy field FrmCalDist
Trans__con Paddy water demand at transplant seedlings Paddy__con
Dry__con Paddy water demand at dry seedings Paddy__con
Water__con Paddy water demand at wet seedings Paddy__con
Penman ET for paddy field Paddy__con
Netduty Calculation of water balance by daily routing of Paddy__con
Upland__con Calculation of water demand for upland field FrmCalDist
Up__netduty Water balance of upland by soil moisture routing Upland__con
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Fig. 5 Paddy water demand at wet seeding
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Fig. 6 Paddy water demand at dry seeding

Table 6 Water demand by cultivation method

Classification Transplant | - Wet Dry
seedlings {seedlings|seedlings
Obs.(mm) 900.7 10977 | 9176
Water
C .| ESAD(mm) 886.9 10676 | 9287
onsumption
Relative Error(%) 1.53 281 1.20
I Obs.{mm) 3008 4508 | 2148
it
TEBNON | ESAD (mm) 3041 | 472 | 2343
water
Relative Error(%) 1.08 0.80 832
Obs.(mm) 599.9 6469 | 7028
Etfective I oo AD(mm) 5828 | 6204 | 6944
rainfall
Relative Error(%) 2.86 427 121
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Table 7 Comparison of observed and calculated evapotranspiration(1988~1990, Suwon)

C
fop Bean Pepper Sesame Cabbage Remark
Year
Obs,(mm) 350.0(110) 258.0(100) 201.0(90) 239.0(90) ¢ ):cultivati
1988 | ESAD(mm) 374 2784 235.9 2102 | ) ’cultivation
; period in days
Relative Error(%) 0.1 7.3 147 13.7
Obs.(mm) 150.5(50) 236.0(100) 239.0(100) 170.0(70)
1989 ESAD(mm) 155.1 258.1 255.4 159.0
Relative Error(%) 2.9 8.5 6.4 6.9
Obs.(mm) 295.0(90) 175.0(90) 215,0(80) -
1990 ESAD(mm) 288.6 2039 216.6 162.5
Relative Error(%) 2.2 17.1 0.1 -
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Fig. 7 Evapotranspiration and water demand of bean Fig. 9 Evapotranspiration and water demand of
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