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Rainwater harvesting is an appropriate option for storing surface runoff
for subsequent use during periods with limited access to water. The most
important step in the application of rainwater harvesting systems (RWH)
is the selection of suitable areas. By identifying suitable sites for this
purpose, time and cost can be saved. In this research, a multivariate
regression model and GIS were used to select suitable sites for rainwater
harvesting in the Tajarre watershed. The layers considered for this
purpose included crown cover, litter, rock and stones, soil, curve number,
rainfall, slope, and depth of field as independent variables, and infiltration
as the dependent variable. The values of these variables were calculated
in average for each of the 27 sub-basins, based on the maps. Additionally,
the stepwise method was used to investigate the relationship between
these variables and assign weights to each of the effective layers of the
multivariate regression. The results showed that the linear multivariate
regression model, with an explanation coefficient of 0.993, was able to
estimate the penetration factor values accurately. In terms of importance,
the curve number variable had a coefficient of -2.433, the depth of soil
had a coefficient of 0.3488, and the rubble and gravel percentage had a
coefficient of 0.057. These factors were found to be the most significant,
while other factors were deemed insignificant. A comparison of the map
resulting from the multivariate regression site selection in this research
with some recommended criteria from various other studies showed that
the predicted classes fit well with the recommended areas in the central
and upstream parts of the basin. In the eastern and southeastern part of the
basin, the predicted classes overlapped well with the recommended areas
based on these criteria.
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Introduction

Due to various reasons such as population increase, droughts, and decrease in rainfall, the
progress of industry and its adverse effects on water resources, today's man is seriously
facing the problem of water shortage. One of the major causes of water wastage in Iran is
runoff. Additionally, the lack of rainfall and subsequent water scarcity pose significant
challenges in arid and semi-arid areas, where intense rainfall quickly becomes inaccessible.
Moreover, high temperatures and evaporation rates during the hot season contribute to a
serious water shortage for most plants. Therefore, it is necessary to optimize the use of
uncontrolled runoff and surface water sources instead of indiscriminate withdrawals from
underground water sources. This can be achieved by identifying suitable locations for
collecting rainwater.

Methods and Material
This research was conducted in three stages. In the first stage, information layers were

prepared to be entered into the geographic information system. The information layers used
included maps of soil hydrological groups, slope, soil depth, rainfall, land cover, and
infiltration factor. The map of soil hydrological groups was created using soil map
information, which included soil texture and soil type, following the guidelines set by the
American Soil Protection Organization (1988). The map of soil depth layers was derived
from the map of land unit components, which provided information on soil depth. To prepare
the rainfall map, the relationship between rainfall and the elevation of neighboring stations
(Abyaneh, Badroud Forestry, Natanz, Kashan, Rabat Turk, Aran, Natanz, and Mimeh) was
investigated. A linear relationship between them was established, which was found to be
statistically significant (R2=0.85). Subsequently, using the rainfall gradient and the digital
elevation model of the study area, the annual rainfall changes in this area were calculated.
Other maps were also created according to the relevant instructions in the Elvis software
environment for the entire basin, and then the values of all layers in each of the sub-basins
were calculated as a weighted average .In the second stage, information analysis was carried
out using a regression model, and in the third stage, the importance coefficients of each layer
were entered to prioritize the information layers and determine the location for rainwater
collection .In the regression analysis, an analysis of variance table, detection coefficients,
relationship coefficients, and the significance of coefficients were determined. In this
section, the data obtained from the information layers were entered into a multivariable linear
regression model to determine the importance of the layers and sub-layers based on the
model's coefficients. The independent variables included crown cover, litter, stones and
gravel, bare soil, curve number, rainfall, slope, and soil depth, while the dependent variable
was infiltration factor. Quality control and validation of the model were conducted through
a goodness of fit test based on the standard deviation and the method of running the
regression model. Multivariable regression models have tests and conditions to determine
the quality and capability of the model, and the corresponding tests were applied to validate
the model based on its specific use.
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Results and Discussion

Layers such as crown cover, litter, rocks and stones, soil, curve number, rainfall, slope, and
depth of field were considered as independent variables, while infiltration was considered as
the dependent variable. Then, based on the maps, the average values for each of the 27 sub-
basins were calculated. Additionally, to investigate the relationship between these variables
and their weighting, the stepwise method was used with the effective layers in a multi-
variable regression. The results showed that the linear multivariate regression model, with
an explanatory coefficient of 0.993, was able to estimate penetration factor values well. In
terms of importance, the curve number variables had a coefficient of -2.433, depth of soil
had a coefficient of 0.3488, and rubble and gravel percentage had a coefficient of 0.057,
making them the most significant factors, while other factors were not significant.

Conclusion

In general, the results of this research show that the multivariate linear regression method
can be effectively used to identify areas prone to collecting rainwater in situ. Additionally,
within the watershed area, the curve number layers, soil depth, and the percentage of rock
and gravel are found to be highly important compared to other information layers.
Furthermore, a significant portion of the Tejareh watershed is classified as having high or
very high suitability for collecting rainwater in situ. This indicates that the mentioned basin
is susceptible to implementing such plans .For future research, it is recommended to include
additional layers such as the percentage of different plant covers (e.g., canopy cover, collar
cover, and foliage cover), as well as temperature and evaporation and transpiration
information, in order to locate suitable areas for rainwater collection in situ. These layers can
be obtained from the digital model of the area's elevation, along with other cover parameters
like canopy percentage, cover height, and root depth, as well as various morphological
characteristics of the sub-basins and soil properties like organic matter percentage and soil
hydraulic conductivity. Moreover, it is suggested to employ modern data mining methods
and algorithms like support vector machine, decision tree, random forest, etc., to weigh the
layers and compare the results with multivariate linear regression. One of the challenges
faced during this research was the lack of statistical data in the Tejara watershed, thus it
would be beneficial to conduct similar research in larger watersheds that have measuring
stations with sufficient statistical data.
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