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Scenario-Based Spatial Analyds gh WategDistribution System Performance
in an Irrigation Network Usin Entropy—PCA Integrated Performance

Index, Case study®lrrigatioNN rk of Jarghuyeh, Mahyar
"

ABSTRACT

ce-water distribution systems in irrigation networks, particularly under water shortage and
ity, requires a framework capable of jointly analyzing performance variations across spatial,
scenario-based, and ndicator dimensions. However, in many operational assessments, the integration of performance
indicators e i ication of critical irrigation units are often carried out with limited attention to spatial heterogeneity
and chang ter-shortage severity. This study aims to develop and apply a spatial and scenario-based multi-criteria
assessment ork for integrating operational performance indicators in the Jarghuyeh—Mahyar irrigation network. For
this purpose, e performance of 675 independent irrigation units was evaluated based on adequacy, dependability, and
efficiency indicators under eight operational scenarios, including normal conditions and seven water-shortage levels. After
directional harmonization and normalization of the indicators, their weights were calculated using the objective Entropy and
Principal Component Analysis methods, and an Integrated Performance Index was determined for each unit and scenario. The
results showed that the Entropy method was more sensitive to increasing water shortage; the weight of the adequacy indicator
increased from 0.44 under the normal scenario to 0.95 under the unprecedented water-shortage scenario, whereas the PCA
weights showed more limited variations. The mean IPI decreased from 62.83 to 8.64 under the Entropy method, while it
changed from 61.13 to 54.52 under PCA. Spatial zoning also indicated that, under severe scenarios, the Entropy method
represented the expansion of the critical class more explicitly, whereas PCA reflected this expansion in a more moderated
manner. The proposed framework can be used to identify critical units, prioritize management interventions, and support
operational decision-making in irrigation networks.

reduced water-supply

Keywords: Irrigation network; Surface-water distribution; Integrated Performance Index; Spatial assessment; Water
shortage; Entropy; Principal Component Analysis



Extended English Abstract

Background and Objectives
Surface-water distribution systems in irrigation networks play a central role in delivering

allocated water to agricultural users, particularly in arid and semi-arid regions where water
shortage is a persistent operational constraint. Under such conditions, evaluating the
performance of an irrigation network only at the system scale or by using a single indicator
may provide an incomplete picture of the actual operational situation. The performance of
water delivery systems is inherently multidimensional and may vary substantially from one
irrigation unit to another. Therefore, a comprehensive assessment framework should be able to

i3 conditions
etworks where

weak areas, and the gradual transition of irrigation units fro
under increasing water shortage. This limitation is particularl
surface-water supply at the diversion point is highly variabl
downstream units may be affected by both hydrg®fic and

framework for evaluating the operational per the Jarghuyeh—Mahyar irrigation
network. The proposed framework integrat ey performance indicators, namely
adequacy, dependability, and efficiency, using twogbjective weighting methods: Entropy and
Principal Component Analysis. The figgl output of tH@ framework is an Integrated Performance
Index, which allows irrigation units t® begranked classified under different water-supply
a transparent and repeatable basis for identifying
critical units, detectir“spatial patterns erformance decline, and supporting operational
decision-making.under waggr-short ditions.

Materials and

irrigation untts
the system to

ed across the service area of the network. To evaluate the response of
ent levels of water-supply limitation, eight operational scenarios were
consideva e scenarios included normal conditions and seven water-shortage levels,
represent gradual intensification of supply reduction from very low to unprecedented
shortage conditions. For each irrigation unit and each scenario, three operational performance
indicators were calculated: adequacy, dependability, and efficiency. Adequacy was used to
represent the degree to which the water requirement or expected delivery was satisfied.
Dependability reflected the stability of water delivery over time, while efficiency represented
the effectiveness of water delivery in relation to the supplied volume. Since the indicators had
different meanings and directions, they were first harmonized and normalized so that higher
values consistently represented better performance. Two objective weighting approaches were
then applied. The Entropy method assigned weights according to the degree of information
dispersion contained in each indicator. In this method, an indicator with greater discriminatory



power among irrigation units receives a higher weight. Principal Component Analysis was used
as a second weighting approach to account for the variance structure and interrelationships
among the indicators. By using both methods, the study was able to compare a more sensitivity-
oriented weighting scheme with a more balanced, structure-based weighting scheme. After
weighting, the normalized indicators were aggregated into an Integrated Performance Index for
each irrigation unit under each scenario. The IPI values were then classified into four
performance classes: stable or desirable, transitional, non-conforming, and critical. This
classification made it possible to interpret the numerical results in a management-oriented
manner. In addition, spatial zoning maps were prepared to illustrate how performance classes
were distributed across the network and how critical areas expanded as water shortage became
more severe.

Results
The results showed that the Entropy and PCA methods produc t but

complementary interpretations of network performance. In tg Entropy-basef@aasggssment, the
relative importance of the adequacy indicator increased sharpl water shofiage intensified.
The weight of adequacy increased from 0.4445 under the nor

pendability and efficiency
ere water-supply limitation,
their ability to receive sufficient

This result suggests that PCA retained the joint cont@bution of all three indicators and reduced
the dominance of a single indicator Uifder extreme @bnditions. Therefore, while Entropy was
more responsive to adequacy loss and #7en stress, PCA provided a more moderated
representatlon of multidimension perfor ce. The Integrated Performance Index confirmed
methods. Based on the Entropy method, the mean

comparlson them an |
of scenarios
severe shortage

tained from PCA changed from 61.13 to 54.52 over the same range
r variation does not indicate that the network performed better under
itions; rather, it reflects the different weighting logic of PCA, which
maintai uence of dependability and efficiency alongside adequacy. The spatial
classifimof IP1 values provided further insight into the operational behavior of the
network. Under normal conditions, only a very limited number of irrigation units were
classified as critical. However, as the shortage level increased, the critical class expanded
substantially, especially in the Entropy-based results. The medium shortage scenario appeared
to be a key transition point, after which critical performance became much more widespread
across the network. Under the most severe scenarios, the Entropy method represented a broad
expansion of critical conditions, whereas PCA showed a more gradual and moderated shift
from transitional and non-conforming classes toward critical performance. The spatial zoning
results also demonstrated that performance decline was not randomly distributed across the
network. Certain areas were repeatedly classified as weak or critical across different scenarios,
while other units maintained relatively better performance. This spatial heterogeneity indicates



that the network cannot be effectively managed through uniform operational interventions.
Instead, management actions should be spatially prioritized according to the location, severity,
and persistence of performance deficiencies.

Conclusion
This study showed that a spatial and scenario-based multi-criteria framework can provide a

more comprehensive understanding of irrigation network performance under water-shortage
conditions. By integrating adequacy, dependability, and efficiency into an Integrated
Performance Index, the proposed framework made it possible to evaluate each irrigation unit
individually and to identify how performance classes changed under different operational
scenarios. The comparison between Entropy and PCA highlighted the importa f using
more than one objective weighting method. Entropy was more effective in reve rapid
performance deterioration caused by reduced adequacy, and therefore can beC®gsidered liseful

e_othef hand,
provided a more balanced interpretation of performance by i f indicators.
The combined use of both methods can help managers distingish betweer@units requiring
immediate intervention and units showing gradual or multich
management perspective, the results indicate that ggedium wate rtage conditions should be
regarded as an operational warning thres i —Mahyar irrigation network.

spatial zoning of IPI can support the prioritizati
schedules, control of water offtakes, and allocatio
most vulnerable areas. Overall, the p rk offers a transparent, data-driven, and
management-oriented tool for evalu ater delivery performance in irrigation
networks. It can assist irrigatiom manage@d in identifying critical units, monitoring spatial

leld inspections, adjustment of delivery
f limited management resources to the

limitation. FutUil® Weplicat of thisTTramework can be strengthened by incorporating more
detailed field obs®Nvat]
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