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Extended abstract

Introduction

Water scarcity and drought have become among humanity’s major concerns
in recent years. In many low rainfall areas of Iran, people have long sought
ways to manage water resources for their survival through various solutions
throughout history. South Khorasan Province, and especially Khusf County,
is one of Iran’s regions where residents have long sought methods for the
optimal use and management of their limited water resources due to its
location in arid and desert areas. Over the past centuries, inhabitants of this
region have attempted to identify surface water flow paths and design
guiding channels to convey water to storage structures, such as dams and
reservoirs—facilities that play a crucial role in sustaining and supporting
settlement under dry climatic conditions. Considering the use of surface
water flows produced by rainfall in this region, it appears that topography
can be regarded as a contributing factor in the siting of these structures
alongside other factors. In this context, controlling and managing surface
water in the region is an important issue that can be understood not only by
studying the engineering and technologies of past societies, but also by
helping to address today’s water shortage crisis and, ultimately, promote
sustainable development. Therefore, this study seeks to identify and analyze
methods of controlling and managing rainfall-generated surface water in the
Khusf region using GIS analysis and relying on topographic factors.
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The placement of ab-anbars on steeper slopes ensured that water reached them at a

higher speed with less sediment deposition, while bandsars were constructed on
gentler slopes where the slower flow facilitated water accumulation and reduced
sedimentation. Moreover, the concentration of most of these structures along
western and southwestern surface flow routes enhanced their accessibility to
running water.

Materials and Methods

In the first stage, historical data were collected from previous reports and existing
maps to determine the possible distribution areas of reservoirs and dams. Next,
satellite images and the capabilities of Google Earth Pro were used. This stage
enabled more accurate identification of potential locations and delineation of the
target areas. In the third step, a field visit was conducted to verify the accuracy of
the collected data. During this stage, the precise locations of the reservoirs and
dams were recorded using a Garmin eTrex 10 handheld GPS device. In the final
step, the collected data were entered into ArcGIS Pro. Using this software,
topographic and analytical maps of the distribution of reservoirs and dams were
produced, and different information layers (geographical location, topography,
slope, slope aspect, etc.) were overlaid.

Results and Discussion

Based on field and surface surveys of the region, 59 water reservoirs were
identified and recorded in 2014. Water reservoirs are key water-storage structures
that have played a fundamental role in providing drinking and sanitation water
resources in the region for a long ago. These structures are usually fed by two main
sources: qanats and natural rainfall (Jahan-Tigh and Jahan-Tigh, 2018). Khusf
County is one of the areas that, given its climate, has relied on these structures to
meet its residents’ water needs. The water in these reservoirs in Khusf is mainly
supplied by winter and spring rainfall. Rainwater reaches these reservoirs through
channels built by local people on the slopes of surrounding mountains and along
runoff paths created by rainfall. These structures are used to provide drinking water
for people and livestock. According to archaeological surveys carried out in the
Khusf region in 2014, 98 dams were identified and recorded. A dam, also called an
earthen dam, is a structure designed to capture runoff from rainfall. This type of
structure is mainly built in desert areas such as the provinces of Razavi and South
Khorasan. A dam consists of several short embankments constructed in succession
on the ground to contain runoff from rainfall. These structures are usually built at
the foot of a mountain (areas where rainwater flows after a storm) and on relatively
flat land. After the rainwater is directed onto the plain, it is collected inside the dam
and allowed to gradually infiltrate the ground, preparing the soil for cultivation.
After that, crops such as wheat, barley, watermelon, and melon are grown on these
lands (Sharifinia and Mozaffari, 2014; Arab Khodari et al., 2019). In addition to
creating a suitable agricultural bed, this structure also provides fertile, high-quality
soil by trapping sediments from floods.

Among the topographic factors evaluated in this study, elevation appears to be a
determining factor, especially regarding surface water management. Although
these structures, including dams and reservoirs, are located at high altitudes, dams
are situated at higher elevations than reservoirs and are usually positioned
downstream of alluvial fans (Figure 6). Placing dams on alluvial fans allows for the
collection of floodwaters and the accumulation of fine sediments, creating fertile
soil (Kamali & Arab, 2017). The fact that dams are at higher elevations than
reservoirs gives them earlier access to flowing water in high-water channels. Given
the region’s topography and arid climate, reservoirs located at higher elevations
offer greater opportunities to utilize running water, particularly during low-rainfall
seasons, because less water must be expended to achieve greater reach. At the same
time, considering the agricultural use of the reservoirs, it seems reasonable to
locate them at higher elevations and at a suitable distance from residential areas,
since, based on the field survey, most reservoirs were found close to settlements
and at lower elevations (Figures 7—-8). Furthermore, the routes of the water supply
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channels to the reservoirs also differ from those to the dams. In surface water
supply systems, slope is an important factor because the degree of slope affects
water velocity and accumulation. Steep slopes produce fast flows, while flooding
usually occurs on gentle slopes (Nguyen et al., 2020; Wang & Liu, 2024; Gomez &
Kavzoglu, 2005). Accordingly, most reservoirs are situated on sloping terrain,
whereas dams are sited on flatter land. In fact, dams are located in areas with a
lower slope than the average slope of the study area (Figure 9). The placement of
dams on flat, low-slope land allows them to store water more effectively,
particularly given their primary purpose of collecting water for agriculture. By
contrast, locating reservoirs on steeper slopes would enable them to fill more
quickly due to faster flows, since they do not require extensive water storage.

Conclusion

Based on the results obtained, it appears that the residents of Khusf, informed
about the potential and topography of the area, took measures to create and site
water structures such as dams and reservoirs. Accordingly, most water structures
are located on highlands and along rainwater catchment channels. In addition, the
inhabitants placed them differently and with separate water supply channels,
reflecting the distinct uses of reservoirs and dams. Dams were constructed away
from residential centers, at higher elevations and near alluvial cones, while
reservoirs were built at lower elevations and closer to settlements. The placement
of reservoirs on steeper slopes than dams indicates that the residents considered the
different functions of these two structures. On steeper slopes, water reached the
reservoirs at a higher speed and with less sedimentation. Conversely, dams were
built on gentler slopes where lower water velocity allowed water to accumulate and
some sedimentation to occur. Given the general slope of the region, most structures
were oriented toward the west and southwest, following the slope and direction of
flow. Overall, it can be stated that the residents of the Khusf region were able to
manage and engineer surface water to meet their needs by creating channels and
structures. Accordingly, the waterworks in the Khusf region were designed and
engineered to meet residents’ water needs with minimal energy loss and relying
solely on atmospheric precipitation. Considering the current global water shortage
crisis and concerns about the environment and sustainable development, this water-
supply system could perhaps be applied—after a detailed statistical and
multidisciplinary study—at least within the agricultural sector in some parts of

Iran.
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