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ABSTRACT: Thirty-four percent (34.40%) of irrigation areas in Indonesia are under the authority of the central government,
17.89% under the authority of the provincial government and 47.71% are under the authority of the District/Municipality
government. Various efforts have been made by the government to improve the performance of surface water irrigation systems
that cover 78% of the total irrigation area, however, the performance did not improve significantly. One of the cause is due to the
damage of national surface water canals that affect the performance of the irrigation system. The purpose of this study was to analyze
the factors that influence the institutional performance of the irrigation system in the spatial dimension in the semi-arid region of
Timor Island, East Nusa Tenggara. The spatial approach of the Geographically Weighted Regression (GWR) method was chosen
as an alternative approach in the analysis of irrigation system performance because it considers the variability of hydrogeological
characteristics and the performance of different irrigation systems in each irrigation area based on their authority. The results of this
study indicated that the total cropping intensity had a significant effectand decreased the performance of the irrigation system. The
higher rice productivity and the maintenance frequency of the main system (headworks and canals) would improve the performance
of the irrigation system. Meanwhile, the lower damage rate of the main system would improve the performance of the irrigation
system. Irrigation area under the authority of district/municipality had a lower/worse irrigation system performance than those under
the authority of provincial and central governments.
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1. INTRODUCTION

The total irrigation area of Indonesia covered 9.136.027 ha with 78.21% of surface water irrigation, 3.82% of the area was in the
East Nusa Tenggara (NTT) province. Of the total irrigation area, 406 irrigation area accounted for 3.142.532 ha (34.40%) under the
authority of the central government of the Republic of Indonesia, and 3.4% were in the NTT province. 1.296 of the irrigation area
covered 1,634,467 ha (17.89%) under the authority of the provincial government, 3.69% in the NTT province and 54.589 irrigation
area with 4.359.028 ha (47.71%) under the authority of the district government, 4.33 % are in the NTT province (Data of The
Ministry of Public Works and

Housing/PUPR). The irrigation area produced rice with an average productivity of 5.24 tons/ha with low productivity category. The
low productivity is caused by the damage of surface water irrigation canals under the authority of the central government covering
primary, secondary and waster irrigation canals. The irrigation canals condition in 2010 compared to rehabilitated canals in 2015
showed a very significant change; categorized good for irrigation canals under the authority of the central government, moderate
for irrigation canals under the authority of the provincial government. However, the irrigation area of the district/municipality
authority occurred anomalies, where good irrigation canals decreased from 48% to 40.95% and damaged irrigation canals increased
from 52% to 59.05% (Ministry of Public Works and Housing/PUPR). This condition is an indication that the performance of the
irrigation system has decreased.

The performance of irrigation systems as a unified system is a very complex aspect, which includes the availability of
irrigation water, irrigation areas, irrigation infrastructure (head works and canals), human resources, irrigation institutions
(distribution of irrigation area authority), management, supporting facilities of irrigation, financing, technology, participation of
farmers / water user's association (WUA). These components interrelated each other to provide, regulate, dispose of excess water in
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supporting agricultural activities and maintain productivity increases. Thus, many indicators effect the performance of irrigation
systems.

Various indicators are used to assess the performance of irrigation systems such as availability/discharge of water and
adequacy of irrigation water, [1,2,3,4,5,6,7], regularity, accuracy, distribution of irrigation water [8,1,9,10,11], and effectiveness of
irrigation water [9, 10]. Water availability may increase crop intensity [12,9,3,13,14] and productivity [Kalu et al. in 5,9,10,15,6],
which affected the performance index of the irrigation systems.

Infrastructure of Irrigation including headworks and irrigation canals (primary, secondary, drainage) supports the irrigation
systems, as tappers and distributors to carry irrigation water into irrigated land which is reflected by the efficiency of irrigation water
[1,9,11,5,]. Meanwhile, sustainability of infrastructure usage is dependent on maintenance capabilities [16], the quantity of
maintenance [9], financing of operations and other maintenance indicators impact on the performance of irrigation systems.
Likewise, maintenance also requires the participation of P3A (WUA) [17, Bhatta et al. in 18,19,20] to maintain and improve
irrigation efficiency. The performance of a good irrigation system is also related to institutional aspects; the regulation of the division
of authority in irrigation areas which includes the district, provincial and central government authority areas for managing the
irrigation system as stated in the PUPR role number 14/PRT/M/2015 concerning Criteria and Determination of Irrigation Area
Status. The importance of institutional aspects in assessing the performance of irrigation systems has been reported in previous
studies, [21,2,3,22,23,24,25,26,27].

Efforts to reduce the damage rate of irrigation canals have been carried out by the government, however, this enable to reduce
the damage of irrigation canals, especially the irrigation canals under the authority of district/municipality government. This
condition might be caused by the efforts to reduce the damage which are considered the same without considering hydrogeology,
climate or spatial aspects. According to the study of [22,23] differences in hydrogeological factors between locations/regions can
explain the institutional variation between regions and the spatial distribution of water, thus, the performance of irrigation
institutional systems in areas with abundant water should be different from areas with insufficient water. Therefore, the use of
geographical disaggregation techniques is possible to find out the factors that effect the performance of irrigation systems at the
lowest level and expected to provide a broad conclusion of the variation in irrigation system performance based on the characteristics
of the dry area and the institutional authority of each irrigation area.

The importance of spatial analysis is based on Tobler's first law on geography in

[28] that everything is related to each other where something close has a greater effect than that is far away. Spatial analysis by [29]
is also used to overcome issues in the difficult use of global methods in showing spatial heterogeneity with limited interpretation
and issues that not show regional effect. Therefore, the results of an accurate analysis of the performance of the irrigation system
must include the spatial aspects in the analysis to describe the irrigation area in a specific location. Various studies have shown the
utility of Geographically Weighted Regression (GWR) analysis, to investigate various types of scientific fieldssuch as: climatology
problems [30], ecological inference problems [31], urban poverty [32], environmental justice [33], the relationship of population
density with house value [34], the relationship between vegetation and climate [35], relationship between agricultural productivity,
cropping intensity and relative irrigation impacts [14], yields of maize and soybean plants with irrigated lands [36], factors that
effect the efficiency of irrigation water use [37] and unemployment rate [38].

The objective of this study was to analyze the factors that effect the performance of site-specific irrigation systems in irrigated
areas under the authority of district/municipality, provinces and the central government of the Republic of Indonesia in the dry
regions of Timor Island with GWR method. This research is expected to give consideration in policy making by local governments
in the dry regions of Timor Island in handling irrigation systemm performance by considering the location of irrigation areas
characteristics so that efforts to handle the irrigation system performance become more effective and efficient.

2. MATERIALS AND METHODS

This study used secondary data from 345 irrigated areas on Timor Island NTT, covering 6 districts/cities, namely Kupang
municipality, Kupang District, Timor Tengah Selatan (TTS) District, Timor Tengah Utara (TTU) District, Belu District, and Malaka
District. The dependent variable used is the performance index of irrigation systems from 345 irrigated areas (Table 1). The study
used global regression analysis with estimation of ordinary least square (OLS), dependency test using Moran’s test and GWR for
spatial model analysis.
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Table 1. Independent Variabel

Variable

Operational Definition

X1 lrrigation area Total irrigation area (hectare)
Xz  Cropping intensity Total cropping intensity (%)
X3 Productivity Productivity of rice (ton per hectare)
X4 Condition of headworks Damage rate of headworks (%)
Xs  Condition of primary canals Damage rate of primary canals (%)
Xs  Condition of secondary canals Damage rate of secondary canals (%)
X7  Condition of drainage system Damage rate of drainage system (%)
Xg  Participation of WUA Participation rate of WUA in maintenance
primary and seconday canals (%)

X9  Supporting facilities for O & Availability of supporting facilities for O & M (%)

M (operational and

maintenance)
Xio Labor forO & M Ratio of labor for O & M towards total irrigation area
Xi11  Maintenance frequency of Maintenance frequency of main system (times per year)

main system
X12 O & M cost O & M cost (million Rp per year)
X1z Rehabilitation cost Rehabilitation cost (million Rp)
DKyx  Institutional authority of Dummy variable authority of irrigation area

irrigation system 1 = District/Municipality
0 = others of Dummy variable authority of irrigation area
DKprov  Institutional authority of 1 = Provincial
irrigation system 0 = others

OLS Multiple Linear Regression Analysis with the model:

Yi=Bo + P1Xet BaXot+PaXa+PaXat+PsXs+PeXe+P7X7+PeX8+PoXo+ProX 10t P11 X11+B12X121+P13X 13+ B1aDKiict+ B1isDKprov +

@)

Equation model 1 was estimated using OLS, classic assumption test, then the spatial effect test includes Moran's test and spatial
heterogeneity test.

Moran’s test (autocorrelation test) with the hypothesis:
Ho: 1 =0 (there is no autocorrelation between locations)
H: : 1 =0 (there is autocorrelation between locations)

Autocorrelation occurs between locations when ‘ Zhitung. ‘ >Zol2

I -El

Zhitung = T/
\ var(l)

~N(0,1) (2
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Where [ is the Moran Index coefficient, E (1) is the expected value of the Moran Index, and var (1) is the variance of the
Moran Index. Hypothesis HO will reject the initial hypothesis when the value | Zvalue| > Z (a / 2) or reject HO if the p-value <a.
Identification of spatial patterns using index value criterial; {> E (I) suggests clustered pattern and {<E (1) has a diffuse pattern. E
(1) is the expected value of | with (f)=-1/(n
- 1) [39].

Breusch-Pagan heterogeneity test with the hypothesis:
Ho: 012= 622 = .... = 6n2 = 62 (Homoskedasticity)

Hi : at least one 6i? o2 (Spatial heteroskedasticity)
Statistics test is as follows:

BP =1 fTA(ATA) AT ~ 52 @)

b | =

With f vector elements is:

4
Where:

ei = error of the OLS method for the i-th observation,

A = matrix with n *®*Dwith a standard vector for each observation

The conclusion of reject Howhen BP >y, orp-value< o.

If the results of the spatial heterogeneity test in the OLS model show spatial heterogeneity, then alternative GWR modeling is
needed; the GWR model is a global regression model that is converted into a weighted regression model. Each model parameter
value is calculated at each geographic location point so that each geographic location point has different regression parameter values
[29]. The basic formula for the GWR model is:

4
Yy = fU (lll sV, )+ iﬂk (ll.l sV )‘\-lf\ =+ =
Kol

®)

k=1
Vi : observation value for the response variable of i-th irrigation area

(i=12,...,345
Xik : observation value for the k predictor variable in i-th irrigation area

(i=1,2,345)
(ui,vi) : coordinate point (latitude,longitude) of i-th irrigation area (for water resources)
Bo (ui,vi) : GWR intercept
B (ui,vi) : k regression coefficient for i-th irrigation area
& - errors assumed to be identical, independent, and normally distributed with zero averages and constant variances of 2

The GWR model requires a weighting matrix (W) that shows the distance between locations; this research used kernel's standard
weight. The method used to select the optimum bandwidth is cross-validation (CV) method;

cv =3[y, — 5.}
1]

(6)
Where:
y':i (b) : The estimated value of the regression model without i-th observation i : i-th location
b : bandwith
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3. RESULTS

The OLS model estimation shows 15 variables which allegedly effect the performance of irrigation systems, Total irrigation area,
Total cropping intensity, the productivity of rice, damage rate of primary canals, damage rate of secondary canals, damage rate of
the drainage system, participation rate of WUA in maintenance primary and secondary canals, availability of supporting facilities
for Operation and maintenance (O & M), ratio of labor for O & M towards total irrigation area, maintenance frequency of main
system (headwork and canals), O & M cost, Rehabilitation cost, Dummy variable of irrigation system institution for
district/municipality. There are 7 (seven) variables significantly affect the performance of the irrigation system, indicated by the p-
value <0.01 and <0.05 with a determination coefficient (R?) of 0.5831; suggested 58.31 % variation in irrigation system performance
is able to be explained by variables in the model (Table 2).

Table 2. The results of the global regression model (all variables and stepwise methods)

Variable Stepwise Method
. Performance of P Performance of
Independent variable .. -
Irrigation system Value Irrigation P Value
system
constants 39.9100 0.0000 46.9052  0.0000
X1 Total irrigation area -0.0007 0.8077
X,  Total cropping intensity -0.0367 0.0020 -0.0399 0.0004
X3 Rice productivity 4.9370 0.0000 5.2689 0.0000
Xa Damage rate of headwork -0.0854 0.0257 -0.0768 0.0372
X Damage rate of primary 0.0635 0.1904 0.0673 0.1513
canals
Xs Damage rate of secondary canals -0.3578 0.0000 -0.3590 0.0000
X Damage rate of drainage system 0.1015 0.0253 0.0792 0.0440
Xs Participation rate of WUA -0.0220 0.4779
Xo Availability of supporting facilities 0.0513 0.1816
forO&M

X10 Ratio of labor for O & M towards -90.9400 0.4564
total irrigation area

X11 Maintenance frequency of main 0.8296  0.0000 0.8006 0.0000
system (headwork and canals)

X12 O & M cost 0.0059 0.5401

X3 Rehabilitation cost 0.0009 0.5886

DKwk Dummy variable for authority of -13.2400 0.0329 -19.7930 0.0000

irrigation area
district/ municipality

DKprov Dummy  variable for 6.0870  0.4217

authority of irrigation area

province
Total irrigation area (D.I) 345 345
R2 0.5831 0.5785
! Assumption accepted - ad

!residual assumption: a. normal distribution, b. homogeneous, c. independent, d. not multicollinearity

594 “Corresponding Author: Ida Nurwiana Volume 04 Issue 06 June 2021
Available at: ijcsrr.org
Page No0.-590-609


https://doi.org/10.47191/ijcsrr/V4-i6-15
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review

ISSN: 2581-8341 ( IL\.’J
Volume 04 Issue 06 June 2021 ' g "

DOI: 10.47191/ijcsrr/V4-i6-15, Impact Factor: 5.825
IJCSRR @ 2021 WWW.ijCsrr.org

Residual assumptions test on 15 variables showed a high risk of multicollinearity between the variable of total irrigation area (X1)
and operating and maintenance costs (Xi2) with autocorrelation between observational data, residual heteroscedasticity with an
abnormal distribution. The failure of these assumptions indicated the need for an alternative model, namely the regression of the
stepwise method as shown in Table 2.

The stepwise OLS model estimation shows 7 out of 8 variables significantly effect the performance of irrigation systems, namely:
total cropping intensity, the productivity of rice, damage rate of head works, damage rate of primary canals, damage rate of
secondary canals, damage rate of the drainage system, maintenance frequency of main system (irrigation building and canals),
dummy variable of irrigation system institution for district/municipality. These variables have significant positive and negative
effects on the performance of irrigation systems, indicated by the p-value <0.01 and <0.05 with a coefficient of determination (R?)
0f0.79315 (Table 2). The results of the residual assumption in the stepwise model regression indicated the existence autocorrelation
between the observed variables and heteroscedasticity, this proofed spatial aspects cannot be ignored in assessing factors effecting
the performance of irrigation systems in each irrigation system. It is also proven by the spatial test which shows heteroscedasticity
and spatial autocorrelation with the Moran's index value of 0.321550029. The standard weight used Fixed Kernel with the Gaussian
Kernel. The bandwidth value obtained was 0.2817266 on cross-validation 15540.23. The stepwise model regression is used as an
analysis of the GWR model as shown in Table 3 (The estimation results of the GWR parameter model on factors that effect the
performance of irrigation system).

Table 3. The result of parameter estimation using GWR model on factor affecting the performance of irrigation system in dry region
of Timor Island

Variable Min Average Max
Constant 34.5894 48.6279 66.3445
Xz Total cropping intensity -0.06747 -0.02259 0.05713
X3 Rice productivity 2.23803 3.86402 7.73645
Xa Damage rate of headwork -0.16754 -0.04031 0.25034
Xs Damage rate of primary canals -0.20254 0.00038 0.22134
X Damage rate of secondary canals -0.51311 -0.19981 0.21652
X7 Damage rate of drainage system -0.27266 0.05443 0.27567
X1 Malntenancie frequency of -maln s_ysFem_ 0.55260 10110 373113
DKk Dummy _varlable_f(_)r al_Jthorlty of irrigation 297355 -18.6856 -13.3468
area district/ municipality
Total irrigation area 345
R2 0.79315
AIC 2221.75
“Assumption accepted a,b

“residual assumption: a. normal distribution, b. homogeneous, c. independent, d. not multicollinearity

GWR Estimation model on the factors that effect the performance of the irrigation system shows that the independent
variable response varies in each irrigation area region. These results proved that spatial aspects cannot be ignored due to the presence
of hydrogeological characteristics between the irrigation areas/between regions. Therefore, in assessing the problems of irrigation
systems, it is necessary to pay attention to the hydrogeological variability between the regions/locations of irrigation areas [23]. The
variability is not only the physical factors of climate, water, infrastructure, but also the variability of the community in the farming
system that adapt to the surrounding natural conditions. The dry climate affects the irrigation system as a whole, including the
performance of the irrigation system.
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Table 4 shows that the total cropping intensity variable had a significant effect on reducing the performance of the irrigation
system, so that no one irrigation area is in accordance with the hypothesis. Meanwhile, the productivity of rice significantly improved
the performance of irrigation systems both for irrigation areas of district/municipality, provincial and central government
institutional authority. The irrigation infrastructure especially the damage rate of secondary irrigation canals had the most negative
effect on the performance of the irrigation system with 73.62 percent; the higher damage rate of secondary irrigation canals might
reduce the performance of irrigation systems. Furthermore, damage of the headwork of which 42.32 percent of the irrigation area
had a significant negative effect on the performance of the irrigation system. Moreover, the damage rate of drainage canals with
28.70 percent and 21.16 percent for that in primary irrigation canals had a significant negative effect on the performance of irrigation
systems. Buildings and irrigation canals were a problem for the territory of Timor Island in particular and NTT in general, with a
dry climate, conditions for maintaining irrigation infrastructure, triggering the rate of damage to irrigation infrastructure faster than
the rate of rehabilitation. While the frequency of maintenance 33.91 percent of the irrigation area had a significant and positive
effect on the performance of the irrigation system and 100 percent of the irrigation area of the district/municipality had a significant
and negative effect on the performance of the irrigation system. This means that the irrigation under the authority of the
district/municipalityhad a lower /worse the performance of the irrigation system compared to the irrigation area of the provincial
and central government authority. The spatial diversity of each variable and each irrigation area based on their authority in detail
described as follows;

Table 4. The number of significant variable coefficients based on the hypothesis according to the authority of irrigation area district/
municipality, province, and central governments

Institutional authority of irrigation system Total
District/ Province Central Irrig. %
Variable Municipality Goverment area
total”
% total” % total” %
Total cropping intensity ¥ - - - -
Rice productivity? 321 100 14 100 10 100 345 100
Damage rate of headwork? 138 42.99 5 35.71 3 30 146 | 42.32
- %
Damage rate of primary canals 70 2181 1 714 5 20 73 2116
2)
Damage rate of secondary canals 242 7539 6 42 86 6 60 254 73.62
- )

Damage rate of drainage system 88 2741 7 50.00 4 40 99 28.70
Mai fi f mai

aintenance frequency of main 4y 3458 | 5 | 3571 | 1 10 | 117
system?) 33.91
Dummy variable for
authority of irrigation area district 321 100 14 100 10 100 345 100
municipality ?
Total irrigation area 321 14 10 345

Source: Estimation result. 2020

Jsignificantly different at 0.01 and 0.05 level

D Total and percentage of irrigation areas with positive coefficients
2) Total and percentage of irrigation areas with negative coefficients

3.1. Total cropping intensity
The total cropping intensity had a significant effect and a negative relationship to the performance of the irrigation system.
Table 4 shows that there is no irrigation area with a positive effect on the performance of the irrigation system as the hypothesis
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proposed. Figure 1 shows the significance of the total cropping intensity variable on the performance of the irrigation system with
a negative relationship. This means that the intensity of cropping increases the performance of the irrigation system. Timor Island
is a dry region with limited water availability. An increase in crop intensity from the initial design of irrigation area planning can
disrupt the whole irrigation system. ldeally the total cropping intensity is 300 percent with the 'rice-rice-secondary crop' or
'ricesecondary crop-secondary crop' cropping pattern, but in reality it can not be realized, as the availability of water and the ability
of farmers. On the other hand, water is found to be sufficient but the limited labor, so the irrigated land cannot be planted entirely.
Therefore, the increase in total cropping intensity for dry areas, in the case of water factors is an obstacle, will disrupt theperformance
of the irrigation system. This condition may be the cause of negative relations between variables.
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Figure 1. (1a), (1b) Total cropping intensity and the significance of relationship between total cropping intensity and the
performance of irrigation system
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Figure 1 shows the total cropping intensity significantly and negatively effects the performance of the irrigation system.
Grouping in the middlenamely TTS, TTU, part of Malaka and part of Kupang municipality, covering 50.78 percent of
district/municipality irrigation area. 35.71 percent of the irrigation area under the authority of the provincial institution and 30
percent of the irrigation area under the authority of the central government of Republic of Indonesia. This finding contrasts with the
results of [13] study in the Shina-Hamusit Ethiopia irrigation area which suggested that planting intensity had a positive relationship
effecting the performance of the irrigation system and causing the sustainability of irrigated land. In addition, the results of the [14]
study also showed a positive relationship with the performance of the irrigation system. Furthermore, the increase in crop intensity
was possible realized by the improvement of better irrigation facilities. Gwarda [38] in the irrigation area of Barugbug. Karawang
Regency and Subang, concluded that one of the factors that effect the performance of irrigation systems is the total cropping intensity
and crop productivity.

3.2. Productivity of rice

Rice productivity is the final product which is expected to always increase with the presence of irrigation. The results of this
study indicated that rice productivity in all irrigated areas under the authority of districts/cities, provinces, central governments have
a positive and significant relationship to the performance of irrigation systems (Figure 2). This means that the increase in rice
productivity had an effecton improving the performance of irrigation systems. This result is in line with [Kalu et al. in 5,15,40,41].
Balderama et al. [6] in the Philippines, concluded that agricultural and economic productivity based on output per unit of irrigation
area is one of three indicators (operating services system. agricultural and economic productivity. and finance) that determine the
performance of irrigation systems. While [36] concluded that the diversity of crop productivity in each location was different due
to differences in irrigation systems and also related to rainfall intensity. Although rice productivity in Timor Island is relatively low
compared to potential yields, the community continues to grow rice to meet food needs and sometimes sold to meet other needs,
instead of consuming more corn.
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Figure 2 (2a), (2b) Productivity of rice and the significance of relationship between productivity of rice and the performance of
irrigation system

3.3. Damage rate of headworks

The results of the study showed that the damage rate of headworks had a significant effect and a negative relationship with
the performance of the irrigation system (Figure 3). This means that the lower the damage level the headwork, the better the
performance of the irrigation system. Irrigation areas in Kupang District and TTS District, covering 42.99 percent of the irrigation
area of the district/municipality authority. 35.71 percent of the irrigation area of the provincial authority and 30 percent of the
irrigation area of the central government authority. Although irrigation in NTT has been developed for a long time,headwork are
relatively limited with the damage rate of irrigation infrastructure faster than that of rehabilitation. This is caused by dry climatic
conditions which caused the water structures to break quickly, siltation, sedimentation, and lead to disruption of water distribution.
The condition is also supported by limited maintenance frequency.
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Figure 3. (3a), (3b) The damage rate of headwork and the significance of relationship between damage rate of headwork and the
performance of irrigation system

3.4. Damage rate of primary canals

The primary canal is one of the carrier buildings with a function of flowing water to secondary and tertiary canals. Primary
canals are designed to be stronger than other irrigation canals, however, although primary irrigation canals are not along secondary
irrigation canals the damage such as seepage, leakage along the primary canal are the most common. Therefore, the monitoring
operation of irrigation water is needed to measure the distribution of irrigation water to find out the existence of shortages, seepage,
and leakage which are the indication of damage caused disruption on the water distribution system. The success of the irrigation
water distribution system is whether water is provided in accordance with the target of predetermined, adequate, reliable, efficient,
and fair [1].

The damage rate of primary canals had a significant and negative effect on the performance of irrigation systems (Figure 4).
This means that the reduced of the damage along with the increased performance of the irrigation system. These irrigation area
group was found in TTU. Malaka and part TTS districts, covering 21.81 percent of the district/municipality irrigation area authority.
7.14 percent of the the provincial government authority and 20 percent of the the central government’s. The results are in line with
the study of [19] which stated that the distribution of irrigation water with poor canals condition is a major factor of low irrigation
systems performance, so it is necessary to assess whether the irrigation network systems achieve targeted distribution goals.
Bunganain [42] revealed that the overall damage of irrigation canals caused water loss and led tolow efficiency of irrigation.
Likewise, the results of the study by [40] reported that the irrigation canals are priority aspect in determining the performance of
irrigation systems in addition to aspects beside crop productivity, supporting facilities, operational labor, and WUA participation.
The damage rate of primary canals had the lowest contribution to the performance of irrigation systems compared to the damage
rate of secondary canals and drainage system.
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Figure 4. (4a), (4b) The damage rate of primary canals and the significance of relationship between damage rate of primary canals
and the performance of irrigation system

3.5. Damage rate of secondary canals

Secondary canals are building carry water from primary canals to tertiary canals. Based on the farmer's point of view,
distribution of irrigation water needs to consider the timeliness, flow rate, and period or duration of irrigation water, so the role of
irrigation canals' use is important for the sustainability of irrigated land.

Secondary canals need more attention because the canal length allows the greatest water loss during distribution, it is also
one of the most important factors that cause uneven water distribution on farmers' land. The increased level of seepage loss along
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secondary canals affected the downstream farmers get the least water compared to those in the upstream due to the secondary
irrigation network. The damage rate of secondary canals is a major cause of failure in the performance of the irrigation system with

the greatest water loss. Thus, in the irrigation water distribution operating system, monitoring of water in the secondary canals
should often be done because it can be a threat to crop production.
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Figure 5. (5a), (5b) The damage rate of secondary canals and the significance of relationship between damage rate of secondary
canals and the performance of irrigation system
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The damage rate of secondary canals had a significant effect and negative relationship to the performance of irrigation
systems (Figure 5). The lower damage rate of secondary canals impacted the increasing performance of the irrigation system. These
irrigation area group are from Kupang municipality, KupangDistrict. TTS, and TTUDistrict covering 75.39 percent of the irrigation
area under district/municipality authority. 42.86 percent of irrigation areas under the authority of the provincial government and 60
percent of the irrigation area of the central government. This finding is in line with the results of research by [19,42,40]. Mangrio et
al. [7] who focused on secondary canals stated that the reliability of water supply in secondary canals was very low due to high
damage rate and lead the performance of irrigation systems to be poor performance category. The damage rate of secondary canals
has the highest contribution of irrigation infrastructure groups affecting the performance of irrigation systems.

3.6. Damage rate of drainage system

Drainage systems are intended to remove excess water in the fields and canals. Excess water in paddy fields is discharged
through drainage systems, while excess water in canals is discharged through spillway buildings. This drainage system includes
quarterly, tertiary, secondary, and primary drainage system; these canals to drainage paddy fields and to remove excess rainwater
and excess irrigation water. The excess water can also be used for other fields. The non-functioning of the drainage system can
impact the inundation of plants in paddy fields that cause rot, or excess free irrigation water without being able to be utilized at all.

The damage rate of drainage system had a significant and negative effect on the performance of the irrigation system (Figure
6); the lower the damage rate, the better the performance of the irrigation system. This irrigation area group was found in TTU
District. Belu District. Malaka District and parts of the TTS District covering 27.41 percent of the irrigation area of the District /
Municipality authority. 50 percent of the irrigation area of the provincial authority and 40 percent of the irrigation under the authority
of the central government. These results in line with [40], physical aspects of canals are priority aspects in determining the
performance of irrigation systems in addition to aspects of crop productivity, supporting facilities, operational labor, and WUA
participation.
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Figure 6. (6a), (6b) The damage rate of drainage system and the significance of relationship between damage rate of drainage
system and the performance of irrigation system

3.7. Maintenance frequency of main system

The continuity of the irrigation system requires maintenance of irrigation main system continuously with operating funds.
Maintenance of buildings and canals is ideally continuous with frequency according to the standard of operation and maintenance
to ensure the sustainability of irrigation infrastructure. The results revealed that the frequency of maintenance of main system
(buildings and canalsO had a significant and positive effect on the performance of irrigation systems (Figure 7); indicating that the
increase in the frequency of maintenance of the main system had an effect on improving the performance of irrigation systems.

The irrigation areas clustered in the TTS District, parts of Kupang District and TTU District, covering 34.58 percent of the
irrigation area of the District / Municipality authority. 35.71 percent of the irrigation area of the provincial authority and 10 percent
under the authority of the central government. TTS District is an area with an altitude of about 900 asl with a dry climate, hilly area,
and the damage rate of infrastructure tends to be more quickly. These conditions caused decline performance of the irrigation system.
The results of this study are in line with the research of [43], delayed canal maintenance will result in more damage and cause low
canals performance. In addition, the results of the study of [24,44] stated that insufficient or poor maintenance of the canals caused
high damage rate of the canals and low irrigation system performance. The same study of poor maintenance and the ineffective
control of irrigation practices has damaged many irrigation systems [45]. Frey and Rusch in [46] stated that the frequency of
maintenance-monitoring in irrigation operations is crucial because it greatly affected the performance of irrigation systems.
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Figure 7. (7a), (7b) Maintenance frequency of main system (headwork and canals) and significance of relationship between
maintenance frequency of main system and the performance of irrigation system

3.8. Authority of irrigation area district/municipality

Institutional division of irrigation areas' authority, namely the authority of district/ municipality, showed significant and
negative effect on the performance of irrigation systems. The negative relationship means that the irrigation area of the
district/municipality authority shows a lower/worse performance of the irrigation system compared to other irrigation areas'
authority (provincial and central government), all other things being equal (Figure 8). The entire irrigation area of the
district/municipality authority (six district/municipality of Timor Island) significantly effectd the performance of irrigation systems.
The results of this study on the performance of irrigation systems suggested the possible reduction of irrigation areas under the
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district/municipality authority by rules rearrangement of the standard criteria for the irrigation area under the authority of the district/
municipality, so that the performance of the irrigation system is better.

Indriastuti and Muktiali [47] stated that institutional aspects are very important, as the condition of adequate resources does
not guarantee the overall success of resource management when the institutional aspects are still weak. Lansing [48,49,50] revealed
that irrigation systems not only consisted of resources (water sources) and physical infrastructure (headworks and canals) but also
actors who manage resources (farmers and irrigation labor) and government authority that regulate the actions and interactions of

actors (irrigation system institution). An efficient irrigation system institution, reflected by the performance of a good irrigation
system and vice versa.
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Figure 8. (8a), (8b) Authority of irrigation area district/municipality and significance of the relationship between authority of
irrigation area district/municipality and the performance of irrigation system.
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4. CONCLUSIONS

The results of this study indicated that total cropping intensity had a significant effect and decreases the performance of irrigation
area irrigation systems under the authority of district/municipality, province, and central governments. The higher rice productivity
and the maintenance frequency of the main system (buildings and canals) would improve the performance of the irrigation system.
The lower damage rate of headwork, primary canals, secondary canals, and drainage system would improve the performance of the
irrigation system. The irrigation area under the district/municipality authority had a lower irrigation system performance compared
to those under the authority of provincial and central governments.

This research is expected to be considered by the District/Municipality governments in Timor Island. NTT Province and
Central government of the Republic of Indonesia in making policies on the handling of the performance of irrigation systems by
adjusting the hydrogeological characteristics of dry areas so that policies become more effective and efficient. Policy can be realized
in the different form of standard performance of irrigation systems regulation for dry region/insufficient water and wet region/excess
water areas, and by rearrangement of standard total areas for irrigation region under the authority of the district/ municipality to
increase the performance of irrigation system authorized by district/municipality.
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