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Abstract— The development of irrigation canals is one of the
optimal ways to increase food production. These efforts could
assist farmers in using water to increase the production of
agricultural products, especially rice. The purpose of the
discussion of this paper is to determine the classification of areas
that are necessary or not in the development of irrigation canals
based on Web-GIS technology. The Decision Tree Algorithm
C4.5 method is used in the spatial data modelling process based
on land type, rice productivity, water availability, water
demand, and rainfall parameters. The results of spatial data
modelling with the Decision Tree Algorithm C4.5 method get an
accuracy value of 83%, which states that this method is
recommended for further research with the same data
behaviour. The benefits of this research can be used as a
policymaker to determine the priority of irrigation canal
development based on the danger of drought level with a high
category.

Keywords—spatial data modelling, irrigation canal
development, decision tree, C4.5 method, Web-GIS

. INTRODUCTION

East Java is one of the rice barns and acts as a national food
buffer, being in the first position from 2001 to 2015 with an
increase in production of 0.52%, an average of 10,460,278
tons per year [1]. Rice production in 2020 is expected to reach
55.16 million tons of GKG, up from 54.60 million tons in
2019, an increase of 556.51 thousand tons or 1.02 per cent
[2][3]. Agricultural production in developing countries such
as Indonesia will increase by 1.4% for 2015-2030 [4]. Rice is
the one of staple food for Indonesian. The government must
seek to improve food security, especially by increasing
production. Food security cannot be separated from the nature
of food commodity production, but it is seasonal and
fluctuating due to climate/weather’s easy influence on it [2].
The production behaviour, which is strongly influenced by the
climate, significantly affects the national food availability.
Drought will become a disaster that routinely occurs when the
dry season comes. Hydrometeorological disasters, one of
which is drought. In this condition, Indonesia is located in a
tropical climate with two seasons, namely summer and rainy
season, characterized by changes in weather, temperature and
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direction. According to BPBD (Regional Disaster
Management Agency), drought is a potential disaster threat
[5] [6]. One condition that must be taken seriously is in terms
of efforts to maintain the quality of agricultural products and
meet water requirements for other activities. Thus, innovation
is needed in water management during the dry season, one of
which is the development of irrigation canals, as drought
mitigation [7]. Irrigation has a vital role for the nation and the
State of the Republic of Indonesia, following the mandate of
the 1945 Indonesian Constitution, article 5 paragraph 2 [8].
The purpose of irrigation in an area is to regulate and support
agriculture and distribute water sources technically and
systematically to areas of need [8].

The development of irrigation canals is one of the optimal
ways to increase food production. The case studies in this
paper are the districts, Lamongan and Tuban. The condition of
agricultural land in Bojonegoro, East Java, currently only
relies on reservoirs and river flows. Therefore, water
conditions are not able to provide maximum water supply, so
irrigation needs serious attention. [9]. Village reservoirs with
small water reservoirs are located in Lamongan; their
utilization cannot meet the needs in agricultural locations
because the volume of water decreases every year and some
have experienced siltation which causes sediment [10].
Meanwhile, there is a lot of damage to irrigation canals in
Tuban; uneven distribution of water and suboptimal
cropping patterns are the main factors, so that not all areas
can be planted. Therefore, speedy maintenance and repairs
are needed to meet food production targets [11]. The cause
of all these cases is the inefficient fulfilment of water needs
for agriculture, irrigation channels that have not met the
needs of the area. During the dry season, many water
sources dry up, so they cannot irrigate rice fields. For
optimal plant growth to increase high productivity, it is
essential to improve irrigation canals based on spatial data
modelling..

GIS spatial data modelling is data modelling by
performing geospatial analysis based on the model used or
proposed to assess the accuracy of the model. [12][13]. GIS
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software integrates spatial data sets to visualize spatial
information-based decision making [14].

Previous research discussed the optimization of land
development based on irrigation areas to determine
development priorities using geospatial Multi-Criteria
Decision Analysis (GIS-MCDA) with the Analytical
Hierarchy Process (AHP), Knowledge and data-based criteria
and sub-criteria have an important role in geographic-based
decision making [15]. Multi-Criteria Evaluation (MCE) is
used to evaluate the land suitability for the irrigation canal
development as an effort to plan sustainable agricultural
systems [12]. The zoning of the water resource utilization area
for irrigation development using the AHP method, the final
result is that three aspects that become criteria have the same
level of importance, namely with a weight of 33.3%. Planning,
institutions, and participation are prerequisites in the aspect of
water supply with equal importance [16]. Fuzzy analytical
hierarchical process (FAHP) multi-criteria decision making
technique based on GIS is used for land suitability analysis in
rice cultivation, FAHP in this study can increase the accuracy
of the criteria weights [17]. This research has actually been
widely used, but there has never been a study using the
Decision Tree Algorithm C4.5 method, however, this
algorithm has been used for research on the subject of spatial
analysis for soybean land suitability [18].

The Decision Tree method classifies priority areas in the
development of irrigation canals using the parameters of rice
productivity, rainfall, water availability, land types, and water
requirements. The parameter data is taken from a 5-year range,
namely 2015-2019, from the East Java Agriculture and Food
Crops Service, East Java Provincial Public Works Service.
The results of this study can be used as drought mitigation in
Bojonegoro, Tuban, and Lamongan regencies with a high
level of drought hazard. The use of Decision Tree Algorithm
C4.5 in this study proves the statement in previous research[
19] which states that the decision tree will produce the best
decisions if it is optimized based on examining coexisting
factors multi-criteria parameters. Expert heuristics on the
impacts of various irrigation techniques are represented by the
decision tree[20], wherewith the decision tree, it will be easy
to model the behaviour of farmers in improving the
sustainable management of irrigation areas [21].

The classification results have two classes: the yes class if
it has dry land, less rainfall, less and sufficient water needs,
insufficient and sufficient water availability, and sufficient
and very good rice productivity, then carry out irrigation
development. If the data is other than that, it has a class that
does not develop irrigation canals. The accuracy value in the
C4.5 algorithm method reaches 83%.

Il. SPATIAL DATASETS

A spatial dataset consists of two components: spatial data
and attribute data. Establishing knowledge-based criteria and
sub-criteria in decision-making based on a geospatial multi-
criteria decision-making framework. [15]. This parameter
refers to the previous research in Table I.

Depending on their physical form and ecosystem, the
parameters of land types can be divided into two, namely
wetland and dry land [8]; the data source refers to the land type
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of the 2018 physical for, Department of Agriculture and Food
Security, East Java Province. The rainfall parameter is the
amount of rainwater during a specific period and can be
calculated in millimetres (mm) above horizontal ground level
[9]; data source refers to rainfall data in the last ten years in
East Java Province taken from Central Bureau of Statistics of
East Java Province.

TABLE I. SPATIAL DATASETS

Parameters Range Category
Land type \I/Dvri/t
Rainfall (R) 50 < CH <130 Deficient
(millimeter) CH > 130 Good
W < 40.000 Deficient
Water needs (W) 40.000 <W<80.000 |  Adequate
(discharge per liter) W S 80.000 Very good
A <40 Deficient
Water availability (A) 40<A<S0 Adequate
(discharge per liter) More than
A 250 enough
. L P <60 Adequate
Rice productivity (P)
(quintals per hectare) 60PS>P (;090 Veglo(OB((on g

The required water parameter is the volume of water
needed to meet the very low water needs, beneficial for plants
by considering the amount of water provided by nature
through rain and soil-water[10]. The data were taken from the
minimum service standard value for the reliability of the water
needs of the irrigation area under the authority of the Province
in 2017/2018 Public Works Department of East Java
Province. Parameters of water availability come from
rainwater  (atmospheric), where surface water and
groundwater will partially evaporate according to the climate
[10]. The data were taken from the minimum service standard
value for the reliability of the irrigation area's water needs
under the Province's authority in the 2017/2018 Public Works
Department of East Java Province. Rice production is the yield
of rice in an area of land where per unit productivity can be
measured in units of tons per hectare (tons/ha) [11], refers to
rice productivity data according to the 2018 area sample
framework of the East Java Province Agriculture and Food
Security Service.

I1l. METHODOLOGY

The spatial data modelling of this sub-system determines
the information or data sets that the GIS can generate [22]-
[25]. The spatial data collection is used as the basis for
determining the classification of irrigation canal development
in East Java with case studies of 3 districts, namely
Lamongan, Tuban, and Bojonegoro regencies. The stages for
the spatial data modelling process for the classification of
irrigation canal development can be seen in Fig. 1.

This stage describes all the working systems, first, from
inputting all data requirements, using the C4.5 Algorithm
method [26], then calculating all of the equations from the
method, and finally the decision tree. To facilitate the
calculation of the initialization values for each parameter, the
data are classified as shown in Table I1.
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Calculating the value of Gain Ratio:
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Decision Tree in Figure 2

X2=d && X3=e && X4=g,h
&& X5=j,k && X6=m,0

Yes, Irrigation
true:
Development

Fig. 1. Flowchart of spatial data modelling using C4.5 algorithm method

TABLE Il. PARAMETERS CATEGORY L
Parameters Initialization

Irrigation X Yes a
development ! No b
Wet c

Land type ) Dry d 2
. Deficient e
Rainfall X3 Good :
Deficient g
Water needs X Adequate h
Very good i
Deficient j
an\i,i\:Z:)ei:it Xs | Adequate K
y Good [

Rice Adequate m 3.
productivity Xs Good n

Very good 0 4.

Referring to Fig. 1, the flowchart of the C4.5 algorithm
method can be carried out in several stages, as follows:
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. No, Irrigation
Development

Calculate the entropy(s) value for the root node (all
data) against the class composition. (p;|s) the
proportion of i-th class in all training data X1, X2, which
is processed at node s. (p;| s) is obtained from the
number of all data rows with the class i table divided
by the number of rows of all data.

Calculate the gain value used for choosing the test
attribute on each node in (S, X,) tree. X»: land type, Xs:
rainfall, X4: water needs, Xs: water availability, Xe: rice
productivity, |S| is the total cases in S, and Sy
entropy(s) used for the sample having the value of the
class. Perform calculations to all attributes with the
highest gain information picked as the test attribute of
a node.

Calculate the splitinfo (S, X;). S; is the number of
samples in attribute I, and S is the set of all cases.
Calculate the gainRatio used for calculating the most
widely used criteria for selecting features as solvers in
the C4.5 algorithm stating the gain ratio value for the



A-th feature. S is case set, A: attribute, D sum of values
of splitinfo.

5. Form the decision tree with the highest gainRatio value
as the branch node. After calculating the C4.5
algorithm, check the condition where if Xaq: is dry land
type, Xae:less rainfall, Xaq and Xan: less water demand
and sufficient, Xsj, Xsk is insufficient and sufficient
water availability and Xem, Xeo: rice productivity is
sufficient and very good, so carry out irrigation
development. If the data is other than that, then do not
carry out irrigation development.

The C4.5 algorithm is one of the classification algorithms
in data mining that uses a decision tree [12]. The decision tree
is a tree used as a reasoning procedure to get answers to
problems that have been entered. The decision tree is a
powerful classification method that converts big facts into
decision trees and represents a rule.

The C4.5 algorithm uses entropy(s), gain, split info and
gain ratio calculations to select attributes to be nodes [26] [27].
The first step to calculate entropy(s) can be seen (1). Where, S
variable is set of cases, n variable is the number of S partition,
and p; variable is the sum of the proportions of the i-th case
set.

Entropy(s) = Xi=; — pi * log; p; (1

The formula for calculating information gain can bee seen
in (2). Where A variable is attribute, n variable is sum of
attribute towards A, |S| variable is total cases in S,|S;]
variable is the proportion of S; towards S, and E(S;) variable
is entropy(s) used for samples that have i-th value.

|S;]

lT * Entropy (S;)

Gain (S, A) = Entropy(S) — Z 2
i=1
The next step to calculate the split info and gain ratio can
be seen in (3) and (4). The D variable is the sample data space
used for training, and the D; variable is the number of the j-th
attribute [13].

|D;j

. |
Splitinfo,(D) = — Z'jzlm *log,

|Dj|

D]

3

Gain(S,A)
Splitinfo(D)

gainRatio = 4)
The stages for making the decision tree algorithm C4.5

are as follows:

1. Calculate the value of entropy(s) by using (1). All data
are grouped into certain classes to make it easier to
calculate the initialization values for each parameter
can be seen in Table II.

2. Calculating the Gain value to show the formation of
the root node, the Gain of the A-th feature is calculated

using (2).
)+ ()

14|
G=E®S)+ ((_H
Where the S variable is set of all cases, the X, variable
is the proportion of attribute |s;| and |s,]| in S, the
|S| variable is total cases in S, and the E, variable is
entropy(s) used for samples with a class value from
one of the classes in the a-th data.
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The next step is to calculate the splitinfo value for
node selection as an attribute usimg (3).

st ) = (- (2) 100 (2) - () - 1o (2)

Where Xz, X3, X4, X5, X¢ variable are data used for
training and S; is the sum of samples at i attribute.

4. Calculating the gainRatio to determine the root node
with (4).
mRatio — Gain(S,X,)
GAmRat = e itinf o, (Xy)

The validation test in this paper uses a confusion matrix to
determine the accuracy value [28]-[30] The confusion matrix
is used to describe the evaluation of the classification by
calculating the accuracy value, Precision-Recall on all correct
prediction values divided by the entire data and computed
using (5), (6), and (7). The details of the parameters are as
follows:

a. TP: True positive prediction results are under the
actual value, which is both true.

b. TN: True negative prediction results follow the actual
value, which is both false.

c. FP: False-positive results predict correct, but the
actual result is wrong.

d. FN: False-negative results predict wrong, but the
actual result is true.

TP+TN

Accuracy = o v vrprn %)
Precision = —— ... .. (6)
TP+FP
Recall L 7
TP+FN

IVV. RESULTS AND DISCUSSIONS

The test results to determine the development of irrigation
canal based on the parameters of rice productivity, rainfall,
water availability, land type, water demand using the decision
tree method Algorithm C4.5. The process of the Decision Tree
(Fig. 2) Algorithm C4.5 method, as follows:

X1 = Irrigation Canal Development

Xz = Soil Type

X3 = Rainfall

X4 = Water Requirements

Xs = Water Availability

Xg = Rice Productivity

The dataset used in the calculation of the C4.5 algorithm
is the irrigation canal development. The irrigation canal
development dataset comprises 70 data from three districts.
The process of calculating the decision tree method is to
calculate the entropy(s), Gain, splitinfo and gainRatio values,
where the highest gainRatio value will be the first branch
node. The results of the calculation of all attributes can be seen
in Table I1l. The next step is to determine the results of the
decision tree as seen in Fig. 2.

a. Calculate the entropy(s) value using (1).

entropy(s) (X1) = (—% * log 2(%)) +(= (%) *
log 2 (%)) =1



Obtain the Gain (X2) from (2).
Gain (X2) = 1 — (52 0.749) + (5 +0.371)) = 1301
c. Calculate the splitinfo (X2) using (3).
splitinfo (X2) = (—(2) * log 2(2) + (= (%) +
log 2 (%)) =0.970
d. Calculate the gainRatio (X2) using (4)
1.301

—— =1.340

gainRatio (X2) = 5970 =

TABLE I1l. CALCULATION RESULTS OF ALL ATTRIBUTES
Att. | Category ;Ot Yes | No | Entr. | Gain ?g}[g S:tlirc])
X 70 35 | 35 1
X, Wet 42 9 33 | 050 | 1.30 | 0970 | 1.34
Dry 28 26 2 0.37
X Deficient 36 29 7 0.71 | 0.30 | 0.999 | 0.31
Good 34 6 26 | 0.67
Deficient 19 14 5 0.83 | 0.60 | 1.497 | 0.04
Xs | Adequate | 35 14 | 21 | 0.97
Better 16 7 9 0.99
Deficient 28 22 6 0.75 | 0.17 151 0.11
Xs | Adequate | 29 10 | 19 | 093
Better 13 3 10 | 0.79
Deficient 16 9 7 099 | 0.05 | 1.39 0.00
Good 13 7 6 1.00
X [ veny 41 | 19 | 22 | 100
Good )

The final result of the irrigation canal development
decision tree can be seen in Fig. 2. No more nodes are
processed, then the decision tree is declared complete. The
final result of the decision tree is presented in Fig. 2.

X2
Land types

X4
Water
Requirements

Fig. 2. The decision tree for Irrigation canal development

The form of the IF-THEN rule for the decision tree (see
Fig, 2) is as follows:
e Ifthe land type is wet, then the irrigation development
is no.
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e If the land type is dry and the water availability is
deficient, then the irrigation development is yes.

e If the land type is dry and the water availability is
adequate, then the irrigation development is yes.

e If the land type is dry, the water availability is more
than enough, and the water requirements are enough,
then the irrigation development is yes.

e If the land type is dry, the water availability is more
than enough, and the water requirements are
deficient, then the irrigation development is yes.

e If the land type is dry, the water availability and
requirements are more than enough, and the rice
productivity is very good, then the irrigation
development is yes.

e If the land type is dry, the water availability and
requirements are more than enough, and the rice
productivity is adequate, then the irrigation
development is yes.

e Ifthe land type is dry, the water availability and water
requirements are more than enough, and the rice
productivity is good, and the rainfall is deficient, then
the irrigation development is yes.

e If the land type is dry, the water availability and
requirements are more than enough, the rice
productivity is good, and the rainfall is good, then the
irrigation development is no.

The Decision Tree Algorithm C4.5 method calculation
results to determine areas that require irrigation canal
development are shown in Fig.3.

ArcGIS

oo

Fig. 3. Web-GIS with yes classification for irrigation development

Meanwhile, classes that do not develop irrigation canals
can be seen in Fig. 4. There are Attribute Data of five
parameters for all regions; namely there are three districts and
have two class results, which are yes, which has a red Legend,
and one that does not have a green Legend in each District in
three districts.

There are 70 data (see Table IV) used for testing.
Confusion Matrix Calculation Test Value Method Decision
Tree Algorithm C.45 results are presented in Table V.

Based on Table V, using the C4.5 Algorithm method and
referring to (5) — (7), the accuracy values obtained, Precision
and Recall, reached 83%, 96% and 69%, respectively, of the
data that had been accumulated with real data. These results
can be used as an information reference for the development
of irrigation canals in East Java.



Fig. 4. Web-GIS with no classification for irrigation development

TABLE IV. REAL DATA RESULTS AND CALCULATIONS OF DECISION TREE
ALGORITHM C.45

Data Metode Algoritma C4.5 for
classification for irrigation
development

Data Real for classification
for irrigation development

Yes No Yes No

35 35 25 45

TABLE V. CONFUSION MATRIX CALCULATION TEST VALUE METHOD
DECISION TREE ALGORITHM C.45

Predict
True False
True 24 11
Actual False 1 34
CONCLUSION

Based on the classification analysis of irrigation canal
development results in East Java using the parameters of land
type, rainfall, rice productivity, water availability, and water
demand, it is much accurate using the Decision Tree
Algorithm C4.5 method. The accuracy value of the C4.5
method reaches 83%, Precision 96% and Recall 69%. Thus,
it can be recommended to use the analysis process of
irrigation canal development areas in the data series the
following year. It is hoped that when there is new data, further
research is more developed in carrying out automatic updates.
It is necessary to compare other similar methods such as ID3
or CART to compare the accuracy values of the methods
used, add different and more specific parameter data.
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