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ARTICLE INFO ABSTRACT

. . Rainwater harvesting systems in many parts of the world, especially in arid and
Article type: semi-arid regions, are considered a practical method to minimize drought risk.
Research Paper Rainwater harvesting from insulated surfaces is a simple, low-cost approach that

can complement other water sources, especially in areas where water is scarce.
Several factors determine the reliability of rainwater harvesting systems, and
structures designed in accordance with local climatic patterns improve operational
reliability. This study was conducted at the Ismail Abad Agricultural Research
Station in Qazvin Province to assess the feasibility of meeting part of the water

Article history requirement of the Damask rose farm by capturing rainfall. In this research, the
S ad- rational method was used to determine the roof's maximum flow rate. Also, the
Received: 28 March 2026 water requirement of the Damask rose farm was estimated using CROPWAT
Revised: 24 July 2026 software and based on 10-year statistics from the Ismail Abad Meteorological
] Station. The results indicate that the total amount of rain collected from insulation
Accepted: 26 July 2026 surfaces is 7734 m2, 2606 m3 y, and this amount of water extracted from

insulation surfaces in the form of suitable storage will provide about 20% of the 4
ha of the Damask rose farm. Also, the amount of water extracted from the water
requirement of an 8300 m? Damask rose by the amount of water used in the field
by the hydro module. This volume of harvested water represents the maximum
potential of rainwater catchment areas to meet the water needs of the farm. In
general, rainwater harvesting systems require accurate calculations of the harvested
Keywords: runoff volume and the water storage tank volume due to the implementation of
L _ irainwater harvesting operations in a relatively small area. Estimating the volume of
Optimization of water consumption, iwater storage tanks in rainwater harvesting systems can be related to the annual
CROPWAT, water resources, water!rainfall, the temporal pattern of rainfall, the dimensions of the rainwater catchment
requirement, Qazvin areas (especially the area of the roofs), the water needs of the plants, and the
temporal pattern of water consumption in the farm.
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EXTENDED ABSTRACT

Introduction: Rainwater harvesting is an accessible, affordable, and environmentally friendly solution to
address the growing limitations in freshwater availability worldwide. Considered one of the oldest strategies for
water storage in dry regions, this practice has regained increasing attention among researchers in recent years.
Rainwater harvesting (RWH) systems have been a fundamental aspect of human water management since
ancient times, with origins tracing back to 5,000 BC in the Indus Valley. Today, one way to conserve the
country's groundwater resources is to harness rainwater. In this regard, to investigate the appropriate technology
for collecting rainwater from insulated surfaces and its feasibility, the present study was conducted at the Ismail
Abad Agricultural Research Station in Qazvin Province.

Methodology: Given the severe limitation of available water resources for green space irrigation, this study
investigated the potential of rainwater harvesting from impervious surfaces in the study area to meet part of the
water demand of a 4-ha Damask rose farm. Meteorological data were used to estimate the farm’s water
requirement by calculating potential and actual evapotranspiration using CROPWAT software. Effective rainfall
was also estimated using the USDA method in the software. Furthermore, the Rational Method was employed to
determine the maximum roof runoff flow rate. To estimate the runoff coefficient using empirical methods, it is
particularly important to use rainfall data that are proportional to the basin survey duration. In watersheds, peak
flood discharge occurs during the concentration time. However, because small basins have short concentration
times, the cumulative rainfall is also low over these short periods. Using such methods in small watersheds can
yield a runoff amount of zero or a meaningless result. Therefore, for basins with a short survey time, 6-hour
rainfall and its distribution across partial time intervals, consistent with the shower pattern, have been used to
derive the runoff height and calculate the flood hydrograph. To estimate the annual runoff volume, the total area
of all warehouse roofs located within the research center was first measured. Subsequently, using the available
monthly rainfall data and the runoff coefficient, the runoff volume generated from the roofs of all buildings in
the research center was calculated.

Results and Discussion: The results of the analysis of the crop water requirement and the volume of harvested
rainwater in the study area indicated that only during the period from October to March did the amount of
collected rainwater exceed the water demand of the Damask rose plantation. Therefore, the excess rainwater
collected during these months should be stored for use during the remaining months of the year. The findings
also showed that the direct use of harvested runoff is not an effective strategy in the study area because the
rainfall season does not coincide with the water-demand period for Damask rose. Consequently, rainwater must
be stored in a storage pond or reservoir for later use. However, this solution substantially increases
implementation costs due to the construction of the storage facility, which is considered one of the main barriers
to the widespread adoption of rainwater harvesting systems in the agricultural sector. In general, the total annual
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rainfall volume in a semi-arid climate is 2606 m?. If this water is collected from insulating surfaces and properly
stored, it will provide about 20% of the water requirement for the Damask rose farm. According to the hydro
module for water use at the Damask rose farm, water collected from insulating surfaces (if appropriate) will
meet the water requirements of an 8300 m? field. This volume of water has high potential to supply non-potable
water for service spaces and in urban areas with dielectric levels, such as roofs. In the present study, an 1800 m?
reservoir was required within a confined space. Constructing a secure storage tank in a limited space would be
costly. Another problem, due to the lack of widespread development of rainwater intake systems, is technical
issues and mismatches between some structures and the goals of rainwater harvesting.

Conclusion: In the present study, the construction of a storage reservoir with an area of approximately 1,800 m?2
was required within a limited paved area. Building such a reservoir solely to supply part of the crop water
requirement would involve considerable costs. In general, the efficiency and economic feasibility of a storage
reservoir depend on several factors, including the annual rainfall amount, rainfall distribution pattern, the size of
the catchment area (particularly the roof area), appropriate reservoir capacity design, the temporal pattern of
water demand, and the construction and implementation costs of the storage facility. Rainwater intake systems
can be considered compatible with rain-fed conditions as well as with arid and semi-arid regions. Rainwater
harvesting systems are a sustainable approach to managing freshwater resources, especially in areas with limited
water supply. In this regard, the reliability analysis of these systems is very important, and it is essential to
determine their effectiveness in meeting water demand in different situations. This highlights the importance of
geographical considerations in the design of rainwater harvesting systems. Because system reliability varies
across conditions, it is necessary to use appropriate rainwater harvesting systems that account for the region's
specific climatic conditions, water demand, and use patterns. It is important to note that the accumulation of
water from the intake surface as an independent water resource in urban areas is fundamentally different from
other rainfall-gathering systems, and these differences affect the management and implementation of projects.
This type of system is designed based on the collection of a given volume of water, which, if not properly
managed, would not be a good option for water supply. For this reason, implementing rainwater collection
operations, due to the high volume of work in a relatively small area, requires specific management compared
with other projects, while the cost of maintenance and restoration is low.
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Table 1- Area and land use (insulating surfaces) within the study area

No. Functional Unit Building Area (m?)
1 Sports Complex 1245
2 Medicinal Plant Cultivation 168
3 Medicinal Plant Processing Unit 113
4 Administrative Building 1058
5 Cultural Building 279
6 Vehicle Parking and Maintenance Facility 290
7 Laboratory 799
8 Dining Facility 613
9 Research Building 740
10 Dormitory 784
11 Prayer Hall 258
12 Educational Building 786
13 Machinery Storage Building 157
14 Mechanical Workshop 2 225
15 Mechanical Workshop 1 219
Total — 7734
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Table 2- Estimated water requirement and water volume of Damask rose farm

[ Downloaded from jircsair on 2026-09-20 ]

Monthly Crop Daily Crop Water Farm Total Required Farm Total Monthly
Month Reqvl:/iigerrr\ent Requirement Hydromodule Discharge Demand Water
(mm month™) (mm day™) (Ls™ha™) (Ls™) (m?)
April 19.40 0.63 0.07 0.29 776.00
May 59.70 1.93 0.22 0.89 2388.00
June 59.60 1.92 0.22 0.89 2384.00
July 60.10 1.94 0.22 0.90 2404.00
August 62.90 2.03 0.23 0.94 2516.00
September 52.10 1.68 0.19 0.78 2084.00
October 0.00 0.00 0.00 0.00 0.00
November 0.00 0.00 0.00 0.00 0.00
December 0.00 0.00 0.00 0.00 0.00
January 0.00 0.00 0.00 0.00 0.00
February 0.00 0.00 0.00 0.00 0.00
March 0.00 0.00 0.00 0.00 0.00
Total Annual Irrigation Water Consumption of the 4-ha Damask Rose Farm (m3) 12552.00

[ DOR: 20.1001.1.24235970.1405.14.3.1.2 ]
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Table 3- Cumulative rainfall for 6 hours in the study area (mm)

Duration Return Period (years)

(min) 2 5 10 25 50 100
15 3.8 5.7 7.0 8.5 9.7 109
30 5.3 8.0 9.8 12.0 13.7 15.3
45 6.5 9.8 12.0 14.7 16.7 18.7
60 7.5 11.3 13.8 17.0 19.3 21.6
75 8.2 12.4 15.1 18.6 211 23.6
90 9.0 135 16.5 20.3 23.0 25.8
105 9.7 14.6 17.8 21.8 24.8 27.8
120 114 16.1 19.0 22.6 25.3 27.9
135 11.7 16.5 19.5 23.2 25.9 28.6
150 12.1 17.2 20.3 24.2 27.0 29.8
165 12.6 17.8 21.1 25.1 28.0 30.9
180 13.1 18.4 21.8 26.0 29.0 32.0
195 135 19.0 225 26.8 29.9 33.0
210 13.9 19.6 23.2 27.6 30.8 34.0
225 14.3 20.1 23.8 28.3 31.7 35.0
240 14.6 20.6 24.4 29.1 325 35.9
255 15.0 211 25.0 29.8 33.3 36.7
270 15.3 21.6 25.6 30.4 34.0 37.6
285 15.6 22.1 26.1 31.1 34.8 38.4
300 16.0 225 26.7 31.7 35.5 39.1
315 16.3 23.0 27.2 324 36.2 39.9
330 16.6 23.4 21.7 33.0 36.8 40.6
345 16.9 23.8 28.2 335 375 41.4
360 17.1 24.2 28.6 34.1 38.1 42.1
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Table 4- Estimated runoff values (mq) for different months due to daily rainfall with a 90% runoff coefficient

g 2 ° - — = - > g 3 5 =
— o)
Functional Unit 5 & § 5 S 3 S = S % § IS g
g < = @ S g g o <
Sports Complex 3.2 20 41 116 559 651 541 559 449 523 586 114 4193
Medicinal Plant
Cultivation 04 03 06 16 75 88 73 75 60 70 79 15 564
Medicinal Plant s > o4 11 51 59 49 51 41 48 53 10 381
Processing Unit
Adg&’i‘l'gtig“’e 28 17 35 99 475 553 460 475 382 445 498 97 3565
Cultural 07 05 09 26 125 146 121 125 101 117 131 26 940
Building
Vehicle Parking
and
Maintonance 08 05 10 27 130 152 126 130 105 122 137 27 978
Facility
Laboratory 21 13 27 75 359 418 347 359 288 336 376 7.3 2692
Dining Facility 16 1.0 20 57 275 321 266 275 221 258 289 56 2065
Eﬁﬁfg{ﬁg 19 12 25 69 332 387 322 332 267 311 348 68 2493
Dormitory 20 13 26 73 352 410 341 352 283 330 369 72 2642
Prayer Hall 07 04 09 24 116 135 112 116 93 108 121 24 868
Educational
Building 21 13 26 74 353 411 342 353 284 331 370 72 2649
Machinery
Storage 04 03 05 15 70 82 68 70 57 66 74 14 528
Building
Mechanical
Workshop2 08 04 08 21 101 118 98 101 81 95 106 21 760
Mechanical
Workshop1 08 04 07 20 98 114 95 98 79 92 103 20 737
Total 200 130 260 720 3470 4040 3360 3470 279.0 3250 3640 710 2606.0
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Figure 3— Comparison of the water requirement of the Damask rose farm, the accumulated rainwater, and the excess on-farm water

requirements
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Table 5- The amount of rainwater collected from insulation surfaces and water requirement of the Damask rose farm in different
months of the year

Total Monthly Harvested Runoff Water Surplus / (+) Deficit (—)
Month Irrigati_on Water Volume from Impervious R.elative to the Irrigation
Requirement Surfaces Water Requirement of the Damask Rose Farm
(m°) (m) (m3)
April 776 404 372
May 2388 347 -2041
June 2384 72 -2312
July 2404 26 -2378
August 2516 13 -2503
September 2084 20 -2064
October 0 71 71
November 0 364 364
December 0 325 325
January 0 279 279
February 0 347 347
March 0 336 336
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