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Abstract: Precision farming aims to manage production inputs over many small management zones rather than on large zones.
It is difficult to manage inputs a extremely fine scales, especiadly in the case of the rice irrigation system. However,
site-specific irrigation management can potentially improve the overall water management in comparison to irrigated areas of
hundreds of hectares. A critica element of the irrigation scheduling and management is the accurate estimation of irrigation
supplies and its proper alocation for the irrigation offtake structures based on the actual planted areas. All irrigation
scheduling procedures consist of monitoring indicators that determine the need for irrigation. The final decision depends on
the irrigation criterion, strategy and goal. Irrigation scheduling is the decision of when and how much water to apply to afield.
The amount of water applied is determined by using a criterion to determine irrigation need and a strategy to prescribe how
much water to apply in any situation. The right amount of daily irrigation supply and monitoring at the right time within the
discrete irrigation unit is essential to improve the irrigation water management of a scheme. This paper presents the GIS
capability to achieve the god in the view of irrigation strategy and goa with special reference to precision farming of rice.
The GIS-based water management model was developed for the scheduling daily irrigation water deliveries and regular
monitoring of irrigation delivery performance. The “Scheduling” program computes the right amount of irrigation deliveries
based on crop water requirements. The “Monitoring” program gives information on the uniformity of water distribution and
the shortfall or excess. The displayed results allow the manager to view maps, tables and graphs in a comprehensible form to
ease decision making that where the irrigation amount will be delivered as the season progresses. GIS was used as a useful
tool to assist the irrigation water management program in the context of precision farming.
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1 Introduction

Irrigation management of the scheme has usually
been used with the optimum crop production and efficient
use of water resources. Precison farming ams to
achieve maximum vyield with optimum utilization of
resources and its proper management. In the rice
irrigation system, allocation of the right amount of water

to the field is very difficult. Because many factors such
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as canal system, hydraulic units, rice field condition, field
off-takes, inflow, and farmers attitude affect timely
irrigation and its proper distribution in the scheme.
Besides, the rice irrigation schemes have large volume of
spatially distributed data covering climatological,
hydrological, agricultural and administrative information
concerning water management. Therefore, it is essentia
that information from all interacting factors must be
incorporated.

Good water management means the applying the
precise amount of water at the right time and the right
place and its proper performance evauation. Many
computer-aided tools have aready been developed with
the aim to improve water management of irrigation

projects. However, overal irrigation efficiency of
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paddy schemes is less than 50% and lowers in the wet
season than in the dry seasont.  The irrigation
management should be based on measured field values?.
A detailed monitoring of irrigation supply by individua
irrigation compartment and block should be carried out to
evaluate compliance with water allocations’™.  Effective
utilization of available water resources for irrigation
supplies and impartial water allocation with suitable
water management practice are the key factors for
increasing rice production”. Therefore, a coordinated
approach at different levels of the irrigation system is
required for improving water management of the rice
system.

A GISis asystem of hardware and software used for
storage, retrieval, mapping and analysis of spatialy
referenced data?®. It creates a link between spatial data
related descriptive information. This
emergence technology has the integrating capability of all

and their

gpatial and temporal data and information sources to

complement practical managerial decisions. The

capability of GIS makes it appropriate for
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decision-making'®. It is currently being used as an
information and decision-making tool through simple or
complex operation for the management of spatia
The numerical-statistical information and

its graphical representation in the real world system are

information.

needed for the timely irrigation deliveries and monitoring
in improving water management of the scheme. GIS
user-interface for rice irrigation can provide the
appropriate information systems and improve the decision
making process through simple or complex operation for
the management of spatial information in rice irrigation.
This paper presents the strength of GIS user-interface
technique to improve the decision-making in the daily
operation and management activities of irrigation water
alocation for precision farming of rice.

2 Study area

The Tanjong Karang Rice Irrigation Scheme shown in
Figure 1 islocated on aflat coastal plain in the Northwest
of the Selangor state in Malaysa. The total net
command area of the scheme is about 13,848 ha. The
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Figure1l Tanjung Karang riceirrigation scheme
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scheme has extended in a Northwest direction over a
length of 40 km aong the coast with a width of 5 km on
average. Riceisgrown two timesin ayear, mainly from
August to January (main/wet season) and February to
July (off/dry season).

The Bernam River is the only source for the irrigation
supplies which is diverted by Bernam River Headwork
(BRH) into the feeder cana. Then water is conveyed
into Tengi River and thence to the intake point of the
main canal a Tengi River Headwork (TRH). The
distance from BRH to TRH is about 36 km. The feeder
canal from the BRH passes towards the Southeast through
the Tanjong Karang swamp and flow into Sg. Tengi, and
thence to the Sg. Tengi Headworks.
delivered directly from the main cana to tertiary candls,

Irrigation water is

which are spaced 400 m apart along the main canal. A
standard irrigation block has a net command area of about
150-200 ha. Irrigation blocks receive water in their paddy
plots direct from two tertiary canals. The annua rice
yield is 9.5 ton/ha.

3 Methodology

3.1 Water balancemodel in arice basin

A quantitative estimation of the major components of
field water balance is essential for improving water
delivery performance. Anaysis of water balance can
give management decisions on how the scheme ought to
be operated to ensure better distribution of irrigation
water to the service areas. The components of the water
balance model for a rice field for a given period are
shown in Figure 2.

Figure2 Water balance components of amodel in arice basin

The generalized water balance equation for rice field
can be expressed as follows:
WD; =WD.;) + IR + ER —ET; — SP, - DR, (1)

Where: WD is standing water depth in the field on the
jth day, cm; WDy is standing water depth in the field on
the (j-1)" day, cm; IR is amount of irrigation water
supplied on thejth day, cm; ER, israinfall received on the
j™ day, cm; ET, iscrop evapotranspiration on | day, cm;
SP; is water lost through deep percolation and seepage on
thej™ day, cm; DR, is drainage requirement on the j" day,
cm; j isirrigation period, day.

The water balance approach was used for determining
the irrigation schedules and the depth of water to be
applied. Parameters were available and obtained from
routine measurements in the irrigation system. The
maximum water depth of 100 mm and minimum water
depth of 50 mm at which irrigation is to be given are
considered. The daily crop evapotranspiration (ET) was
determined as the product of Reference Crop
the FAO-Penman

Monteith method™ and appropriate crop coefficient

Evapotranspiration (ETp) using
values. Values for seepage and percolation (SP) were
adopted as 2 mmv/d¥.  Rainfall occurred on the previous
day will add to the water balance equation to the extent
that the field is capable of retaining the rainfall based on
the initial depth of water for the next day. At the
beginning of each irrigation period, the water depth in the
paddy field was updated using actual climatic and field
data. The components of the water balance equation
were computed on a daily basis to find the depth of water
at the end of the irrigation period. The depth of water in
the field at the end of a subsequent day is estimated using
the same water balance equation discussed above.
Finally, the depth of irrigation or drainage for the
subsequent day was estimated.

3.1.1 Effective Rainfall (ER)

Effective rainfall is that portion of rainfall over the
command area that potentialy could contribute to the
water requirements of growing rice in the field. The
rainfal for the
determined by the drainage model of International Rice

effective irrigated condition was

Research Ingtitutd”! as follows:

ER =[1-— 2N | «ge 2

17 RFHIR J' @)

Where: RF; is rainfall during j™ day, mm; DR is drainage
requirement from the paddy field during j™ day, mm.
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When the field water depth exceeds the maximum
standing water depth the excess water will be considered
asdrainage.

3.1.2 Crop Evapotranspiration (ET) and Seepage-
Percolation (SP)

Determination of irrigation demands relies on
estimates of actual evapotranspiration.  The crop
evapotranspiration is the product of the reference
evapotranspiration and crop coefficients which is (ET; =
EToxKy).

experimentally determined inl®.  FAO Penman-Monteith

The crop coefficient (Ko vaues were

method™ was used to compute daily Reference Crop

Evapotranspiration (ETo).
3.1.3 Crop water demand and recommended irrigation
supply

Water demand estimation is the primary

considerations for planning and design of the irrigation
scheduling of ascheme.  For therice irrigation systems

in Malaysia, typical design presaturation and
supplementary modules are 2.31 L/s’ha (20 mm/d) and
1.16 L/s/ha (10 mmv/d), respectively. The total water
reguirement for rice production is about 1,000-1,500 mm
depending on the variability among rice granaries.
The water requirement for pre-saturation is theoretically
150-200 mm but can be increases as for longer duration.
A huge amount of water is supplied to inundate fields for
presaturation before planting of the crop. The required
irrigation water during the normal irrigation period shall
be allocated on the basis of the Equation (3):
(ETy), xK.+3SP -ER
IE

Where: GIR; is gross irrigation water requirement, mm/d,

GIR = 3)

(ETy); is reference crop evapotranspiration, mm/d; SP; is
seepage-percolation loss, mnVd; ER; is effective rainfall,
mm/d; K. iscrop coefficient; IE is irrigation efficiency of
60% at tertiary level®.

If part of the water requirement is met by utilization
of rainfall during crop growing period, then the net
irrigation requirement on a particular day is determined
as:

IR, =WD, -WD,_,, + ET, + P, —ER, 4

3.2 Cumulative Relative Water Supply (CRWS)
It is defined as the cumulated value of the ratio of

supply to the demand computed over short intervals of
time starting from a particular time of the season. It can
be expressed as follows:

n (IR +ER,
CRWS =>'| 21— ()
S|\ ET +<P

The Relative Water Supply (RWS) helps to identify
acute access or shortage while the CRWS gives the
integrated value. It keeps track of water delivery of a
sub-system. The CRWS can lead itself to identify where
the irrigation supply is inadequate or inequitable or both
in an irrigation system. It can help to identify the
necessary remedial measures to rectify the situation.

3.3 Ponding Water Index (PWI)

The index can measure the state of irrigation delivery
performance for the successive periods of the irrigation
Ponding Water Index (PW) indicates shortage
or excess of water with respect to the desired water depth

season.

in the field during a crop growing period®.

Well-watered condition for PP"WI = 0 and critical condition

for PWM = -1.0. An over or under irrigation will be

shown when the values of PWI will be greater than or less

than zero.

WD, - Dd,
Dd,

PWI = (6)

Where: WD) is standing water depth on j-th day; Dd; is
maximum desired water depth on j-th day.
34 GlSuser-interface development

The methodological workflow of designing GIS
user-interface for rice irrigation water management
shown in Figure 3 illustrates the components and
operation strategies.  The MapBasic Programming
Language was used for developing the user-interface and
Maplnfo for visualizing outputs.

3.5 Menu structure of GISuser-interface

On ectivation, the main menu for “Rice Irrigation”
appears directly within the Menu Bar of Maplnfo
window.

The two modules namely “Scheduling” and
“Monitoring” as shown in Figure 4 are available for
selection of any of the two modules. A dialog window
appears by clicking on this menu item, which activates

drop-down menus. The user needs to input the
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appropriate values and options for viewing the results.

=< Start program from MapBasic professional <
{} ﬁ/ Create menu "rice irrigation” and menu items within mapInfo menu bar /; {}
r L4
Module I schenuling | »  Module I monitoring
gl y |

If false

\\ Dialog window ,.r/

L Choose options and input into edit boxes
I 1 i

Hydro-climatological data

/ View results on dialog window and terminate dialog box /

!

< Qutput bisualization by graphs, maps & tables »  Print output
End program

Figure3 Schematic diagram of the working flow

Decision making

#~ Maplnfo Professional - [Text,Spillway, Hworks,... B20_22MS Map]
E_Ela Edt Tools Map | Ricelmigation Objects Query Table Options Window Help

D|a] @] 1 [g  Schedina > o[ @ w2

Monitoring  » Imgation Delivery Performance
About About Mordtoring
Exit Ext

Figure4 Menu items of a user-interface technique

3.5.1 Scheduling irrigation delivery expected rainfall are to be entered into the CheckBoxes.
A dialog window shown in Figure 5 appears on selecting themenu *“Scheduling”. Evaporation and
selecting the menu “Scheduling”.  Evaporation and

Scheduling Program for lrrigation Supply: Tanjung Karang Scheme

expected rainfall are to be entered into the CheckBoxes. Selec! Season Mep Lopers Enter Start and End Dale MMDDYYYY)
% Comparment
. . L @ Main Seasan [2002/03 il Stat Day: [0813/2002
Inputting data into the relevant boxes and clicking “OK”

€ QifSessen ooz —— o ' EndDey 32002
button will compute and display the targeted irrigation
supplies for the Constant Head Orifices (CHO's) for the

selected compartment.

Hame of CHO 2 Enter Daily Values of Parameters -

WD &t the begining of a Period, cm ‘Wi I?
Desion Waler Depth, cr Do l?—‘

. Evaporation, cm EP;: IDEE
The two modules namely *“Scheduling” and Seepage Percolation, o s [oa0
“Monitoring” as shown in Figure 4 are available for i e [12
Imgation Ethciency (%], Es: |?‘SUU
selection of any of the two modules. A dialog window Evpected Rainfal, e L T —
appears by clicking on this menu item, which activates e AT
. Pasir Pargang .:.
drop-down menus. The user needs to input the amngio [ec ]
. . . . Bagan Terap
appropriate values and options for viewing the results. ¥ Iiigation Waler Distbufion System Cancel

3.5.2 Scheduling irrigation delivery
A dialog window shown in Figure 5 appears on Figure5 Dialog window for scheduling irrigation supply
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Inputting data into the relevant boxes and clicking “OK”
button will compute and display the targeted irrigation
supplies for the Constant Head Orifices (CHO's) for the
selected compartment.
3.5.3 Monitoring daily irrigation water distribution

On selecting this module, a dialog window is
activated as shown in Figure 6. Data are entered into the
EditBox and options pertaining to the output display
selected before clicking “OK”.
compartment will be computed and displayed in the form

Output for a particular

of maps, tables and graphs.

Monitoring of Irvigation Delivery Performance: Sawah Sempadan Irvigation Compart... B3

Select Seazon Map Layers Enter Start and End Date [MMDDY ) -
(o
@ MainSesson  [2002/03 - SR StatDay [0BA3/2003
Block,

™ Off Season 2 I
2002 . EndDay  [08/13/2003

Name of Careatment |- Entter the Vakues of Parameters

I Sawah Sempadan 'I
‘water Depth a the Bagining of a Period, cm  Wdj1: |7
Select Black Imngation Suppled durng the Period, cumec Qdj; |0.46
Blocks 20- 22 = Design Wates Depth, cm Ddi |7
Blocks 23 - 24
[ Blocks 20 - 22 Daly Avg. Rainfal duiing the Period, cm RFj; |0.35
Blocks 16-19
Blocks 12-15 Daly Average Evaporation, cm EP} [0.55
Blocks 3-11 . .
Elockz -8 Daly Average Seepage-Percolation, cm 5P [0.30
Blockal .3 Ciop Coefficient, ke [1.20
™ Inigation D elvery Perf
Maaton Celvery FENAMANCS | jrigation System Eficiency (%] Es: [750
¥ Spatial Delivery Performance
¥ Gensiating Decision-Making of Iigation D efvaiies Cares! |

Figure6 Dialog window for monitoring irrigation system

4 Resultsand discussion

The system is entirely designed for rice irrigation.
The system was applied to an irrigation system in
Malaysia, where distribution of water to farmers and
water delivery service are inherently poor.

4.1 Recommended irrigation supply

The interactive dialog window computes irrigation
deliveries for command areas under each CHO of a
selected block/compartment. The recommended daily
irrigation supply can be viewed instantly for each
hydraulic unit (CHO) of the selected compartment. The
thematic bar chart and map together with browse through
window for targeted discharges is displayed upon
clicking the CheckBox “Irrigation Water Distribution
System” in the dialog window shown in Figure 4. The
thematic bar chart visualizes irrigation deliveries for each
CHO in the Sawah Sempadan compartment together with
targeted blocks, canals, CHO and tracks of water
distribution from Bernam River Headworks through the
feeder canal to the paddy fields as shown in Figure 7.
The significance of the thematic map is to visualize how
much and where irrigation is to be supplied through the
irrigation networks to the field.

&= CHO_MCanal MCanal River... Block Map

Hame_CHO |CCA_ha II]WS_cumel: |;l
| sscHor 90.00 0.11
[|sscHoz 180.00 022
| sscHoz 190.00 023
[J|sscHos 220,00 027
[|sscHos 230,00 028
|| sscHos 22500 028
[|sscHoz? 19500 024
L []| sscHoa 180.00 022
| sscHog 197.00 024
|:| SSCHO10 185.00 023
|:| SSCHO11 187.00 0.23
[|sscHo12 24500 03
[|sscHo13 145.00 018 Tf
ol ¥
-
\
/

2 E
EE Sawas Browser =] B3
Name_BIucllCCA_ha I[IWS_cumec ﬂ
| sst 90.00 0110417
D 552 370.00 0.453935
l:l 583 450.00 0552083
[|ss4 420,00 0515278
l:l 555 37700 0462523
D S56 37200 0456389
| ss7 390.00 0475472 | &
7| _rJJ
A
Legend x|
Irrigation Supply, cumec m
Sawah Sempadan
g, 0.3
SSCHO1
Bl DWS_cumec o
e _>_IJ

Figure7 Thematic bar chart showing recommended irrigation supply
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4.2 Monitoringirrigation delivery performances

A daily monitoring is essential to characterize the
irrigation delivery performance and to improve the water
management as the season progresses. The color-coded
maps and graphs are displayed instantly when users select
the CheckBox(s) “lrrigation Delivery Performances’,
“Spatial Delivery  Performance”
Decision-Making of Irrigation Déliveries’ from the

and “Generating

dialog window shown in Figure 6. It views computed

results together with detailed information for a given day.

The thematic bar chart displayed in Figure 8 represents
the spatial variation of RWS and different parameters such
as Irrigation Requirements (IR)), Rainfall (RF;), Effective
Rainfall (ER), Drainage Requirement (DR) and Total
Water Depth (TWD; = IR + ER)) for the different blocks.
It gives an idea of how much water delivered with respect
to the Maximum Desired Water Depth (Dy) in the field.
The Browse Window, shown in the Figure 9 build the
database on daily irrigation water deliveries.

Irrigation Delivery Performance -
Sawah Sempadan
3.4

DR_cm
ER_cm
RF_cm
IR_cm
TWD_cm
RWS

OODEmEm
|

W

<

Figure8 Daily spatial variation of RWS, IR, RF, ER, DR and TWD

#8 Maplnfo Professional - [BlockS Browser]

E‘_: File Edit Tools Browse Hicelmigation Objects Query Table Options  Window Help

D|@|=| & o |wle] - EoemEE 2

[Hame_Block |CCA_ha [ET_cm |IR_cm |RF_cm [ER_cm [SP_em |RwS |DR_cm | TwD_cm
[ ss1 aoon| o41] 120] 035 o021 o0s30[1s8s] ooo| 14
|ss2 s7000| 047 072| 03s| o021| 030|121 ooo| ose3
[(|ss3 45000 o049| 205| 03s| o021| 030|288 ooo| 226
[[sse a2000( 0s50| o7a| o035 o020| oao|125) ooo| 100
|sss 7700 054| 127| 035| 021| 030|176 ooo| 148
(|sss 7200 057| 275| 035| 021| 030|340 ooo| 296
|ss7 30000 o085| o0ss| 03s| o021| o030[113] ooo| 107

Figure9 Daily spatial variation of RWS, IR, RF, ER, DR and TWD

4.2.1 Cumulative Relative Water Supply (CRWS)
CRWSisthe cumulative value of the ratio of supply to

This
performance monitoring feature can keep track of the

demand computed over daily time periods.
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on-going water delivery program by identifying whether
the supply is adequate, reliable and equitable and, if naot,
to apply necessary adjustments and management
interventions to rectify the situation. This is shown in
Figure 10. In adopting the CRWS curves, it is possible
to select an operationa range of upper and lower bound
RWS values. It has to be maintained either at RWS = 1.0
or at adlightly higher. If thereis an increasing slope of
the CRWS curve with CRWS being closer to the upper
bound it means that irrigation supply can be dlightly
curtailed in the next period. On the other hand, if the
slope is downwards and is reaching the lower bound,
supply has to be increased to maintain it within the

desired boundaries.

60 r s : .
Monitoring irrigation delivery performance

s | irrigation compartment: sawah sempadan s
—— CRWS l_,./'/

4 - —— CRWS 1.0 ,;:/:' .
—— CRWS 1.5 - e

30 F

CRWS

r/<

20

ﬁ};.. B

T e
0+ o

_/",_r/:"
e

0 Pﬁw ' 1 1 1 1
09-01 09-07 09-15 09-19 09-23 09-27 10-01 10-07 10-15

Days

Figure10 CRWSrepresenting irrigation delivery performance

4.2.2 Ponding Water Index (PW)

A weekly analysis of PW shown in Figure 11 was
plotted for the main and off seasons of 2002/03. The
graph indicates that irrigation delivery performance
obtained for the main season was poorer than for the
off-season. Irrigation deliveries showed oversupply due
to more rainfall in main season. It is evidence that
utilization of rainfall is essential for efficient water
management. Besides, it is observed in the graph that the
undersupply was identified for the 4th, 7th, 13th and 15th
weeks due to the shortage of water resources. The
extreme values on 17th to 20th weeks were obtained due
to continuing irrigation deliveries at the end of the
off-season when drainage was required.  The days on the

x-axis at zero values show the well-watered condition.

Irrigation manager can easily decide what needs to be
done for the next period to maintain the desired ponding
water depth in their service areas. Irrigation deliveries
will be considered as over supply or under supply if PW
is more or less than zero, respectively. It is to be clear
that much of water drained out from the scheme.
Irrigation manager can ssimply identify and quantify the
performance of irrigation deliveries for a given week and
what decision has to be made for the next period.

—+— Main season —&— OfT season

1.3
1.1
09
0.7
03

PWI

0.3
0.1
-0.1

-0.3

05 L e e e e
012345678 9101112131415161718192021 2223

Weeks

Figure11l Weekly PWI representing irrigation delivery
performance.

5 Conclusions

The development of up-to-date and competitive
agriculture depends on the necessity of achieving
sustainable management of available water resources for
irrigation supplies. The information from all interacting
sources is essential to assess crop water status and to
efficiently irrigate rice crop as well as for improving
water management. GIS user-interface technique linked
with water management model can greatly assist to
improve water management based on feedback of field
information. The study gives comprehensible results
aong with new data sets and can assist irrigation
managers to improve the decision-making process in the
operation and management of the irrigation system. The
system can improve the management of water allocation
systems, monitoring water distribution system in existing
schemes. This study has indicated that improvementsin
irrigation system management based on feedback of field

information can satisfy the role of the precision farming.
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