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Land subsidence is one of the environmental hazards that humanity has faced in recent
Received: decades due to excessive extraction of groundwater resources in alluvial areas. This
%7/09_/2%24 od form: phenomenon, like other hazards (earthquakes, droughts, floods, storms, landslides, etc.),
ro0d e erm: is considered an obstacle to socio-economic and civil development. The Neyshabur Plain
Accepted: is one of the most important plains in Khorasan Razavi Province in terms of agriculture
01/11/2024 and population density, which is located in the northeast of Iran with an arid and semi-
Publisher online: arid climate. In this study, Sentinel 1A satellite images were used in a 5-year period
21/12/2024 (2017 to 2022) to monitor the rate of subsidence within the city of Neyshabur. The main

objective of the present study is to investigate the effects of land subsidence awareness
on responsible tourism within the city of Neyshabur. The results of radar interferometry
studies showed that 18 cm of subsidence occurred in the study area during a 5-year
period. Data from piezometric wells in the area were used to determine the cause of land
subsidence, and their changes were examined during the period 1370-1398. The
registered subsidence rates for each period were 4 cm for 2017-2018 (1395-1396), about
6 cm for the period 2018-2019 (1396-1397), 5 cm for the period 2019-2020 (1397-1398),
2 cm for the period 2020-2021 (1398-1399), and 1 cm for the period 2021-2022 (1399-
1400). The results of the study showed that there is a close relationship between the
decline in groundwater levels and areas with land subsidence in the city of Neyshabur,
which has affected responsible tourism. Especially in the northern part of the city, which
has the highest groundwater level decline of 36.78 meters and is also in a high
subsidence risk zone. According to the analysis of the results obtained in SPSS and
Smart Pls software, all factor loading scores were higher than 0.5, Cronbach's alpha for
Keywords: both main values was confirmed and more than 0.7, and the AVE coefficients were also
interferometry, subsidence obtained more than 0.5, and validity and reliability were confirmed. Finally, the effect of

. - " awareness of subsidence on responsible tourism was confirmed, indicating that
responsible t_ourlsm, awareness of Neyshabur subsidence, as an environmental challenge, has affected tourists'
Neyshabur city,

tourism decisions.
groundwater level drop.
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Extended Abstract

Introduction

The study of land subsidence in Iran has a history of more than 35 years, and this problem is increasingly
apparent in many regions of the country due to the indiscriminate extraction of underground water resources.
And identifying the amount of subsidence and estimating its rate will play a significant role in the management
and control of this phenomenon (AmighPay et al,2010). On the other hand, land subsidence is one of the
environmental hazards of our country, which has long-term destructive effects on cities, facilities,
communication lines, and agricultural lands (Abedini & Saraei,2023). The tourism industry is one of the
industries in which the competition is intense and organizations are always trying to find solutions and
characteristics of success in this industry. Sustainability using new technologies and tools has attracted the
attention of many experts in the field of tourism for years (Connell, 2000). Responsible tourism is related to
sustainable tourism and includes three areas: the impact of tourism on the environ,ment, balanced distribution
of economic benefits, reduction of negative social and cultural effects(Spenceley, 2008).

aims to focus on responsible tourism activities to reduce the negative effects of mass tourism on the
environment. He also adds that responsible tourism seeks to explain the problem of global warming, social
inequality and depletion of natural resources. This research has investigated the subsidence rate of Neyshabur
city according to the latest updated information and the effect of advertisement of subsidence on responsible
tourism.

Study Area

The city of Neyshabur is located in the north of the fertile plain of Neyshabur, in the center of Khorasan
Razavi, at latitude 36 degrees and 20 minutes and longitude 58 degrees and 79 minutes from the prime
meridian, and its average altitude above sea level is about 1220 meters. Of course, the lowest altitude of the city
in its southern part is 1168 meters and the highest altitude in the extreme northwest of the city is 1275 meters
above sea level. The highest point of Neyshabur is Shirbad Peak with an altitude of 3339 meters, 25 kilometers
northeast of the city, and Binalud Peak with an altitude of 3211 meters, 20 kilometers north, in the Binalud
Mountain Range. This city is also located approximately 15 kilometers south of the Binaloud Heights, the
surrounding lands do not have any particular elevation or lowland, and the general direction of the city's slope
is from north to south and northeast to southwest, and given the height difference of about 100 meters in the
distance of 8500 meters from north to south of the city, its center has a slope of more than 1 percent (Taheri,
2005). In terms of climate, long, dry, hot summers and cold, short winters are the climatic characteristics of the
region. Given the large height difference (about 2100 meters) between the city center and the mountains of the
region, special climatic conditions prevail in this city. The city's plain location and being affected by the
climatic conditions of the central desert of Iran have caused this region to have a cold to temperate semi-arid
climate, based on classification using standard methods such as Amberger, Dumartin, Conrad, and Siliannif
(Taheri, 2005).

Material and Methods

Radar interferometric studies in this research were done by 6 sentinel images and with the help of ENVI 5.3
software. In order to reduce the noise and increase the temporal correlation of interferograms as much as
possible, it has been tried to use a pair of radar images with a time interval of 1 year. Combining radar data
from ascending and descending orbits can also be used to improve digital earth models by obtaining
displacements in different directions and using interferometry. Also, in this research, in order to calculate
subsidence, single-view sentinel images with (SLC) format with polarization (VV) have been used to calculate
displacement rate gradients. Also, a survey method through a questionnaire has been used. The questionnaire of
this research is online. In this research, descriptive statistical methods (frequency distribution table, mean and
standard deviation) and inferential methods were used for data analysis. In the inferential statistics section, in
order to analyze the data and generalize the results, structural equations have been used with the help of SPSS
26 and smart pls software.

Result and Discussion

The amount of subsidence recorded for each period is 4 cm for 2017-2018, 6 cm for 2018-2019, 5 cm for 2019-
2020 and 2 cm for the period of 2020-2021 and for the period of 2021-2022, 1 cm was obtained. Figure (2) is
related to the year 2017 to 2018, where the maximum subsidence of the region is 4 cm in 1 year, in the studied
area in the northern limits of the city. According to the results, we move towards the center of the city, the
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amount of land subsidence decreases, and the amount of land subsidence increases again in the south and west
of the city. In the time period from 70 to 74, the minimum and maximum water level drop in the studied area
was 23.71 and 50.29 meters, and as can be seen, it occurred in the northeast and central regions. The amount of
water drop in the year 1996-2000 was more than the previous period and covered a larger area, the maximum
amount of water level drop was 54.78 meters and continued from the north to the center. The lowest amount of
water drop was in the southeast of the city and its amount reached 27.44 meters, and the amount of subsidence
in this area was lower than in the north of Neishabur Plain.

According to the results obtained in the period of 2014-2015, the drop in the water level of the underground
aquifers of Neyshabur Plain has increased. Its minimum and maximum are 32.15 and 60.70 meters. The water
level drop in 85-89 has an increasing trend and it is mostly located in the northern part of the city and its
amount is 66.80 meters. In the period of 1990-1994, the minimum amount of water drop in the well increased
and the maximum amount of drop decreased and reached 43.61 and 63.64 meters, but the critical range
increased compared to the previous period, and a greater amount of drop occurred in the city center. In the
period of 1995-1999, the highest and lowest water levels have increased and reached 78.36 meters, which
means an increase in the water level of the well. Also, to verify the reliability of the questionnaire used in this
research, Cronbach's alpha coefficient was used. According to the calculation of 0.812 for Cronbach's alpha,
the reliability of the questionnaire has also been confirmed. Considering the KMO value (greater than 0.7) and
the significance value of Bartlett's test (sig<0.05), it can be said that the data is suitable for performing factor
analysis and has the required conditions.

Conclusion

According to the obtained results, the highest amount of subsidence has occurred in the north and east areas
and the center of Neishabur city. The water levels of the wells have reached their maximum reduction in the
period from 1991 to 2019. The amount of water level drop in this period was at least 23.71 meters and at most
78.36 meters, and it occurred mostly in the northern and central regions, which was affected by the decrease in
rainfall, drought in The region and the excessive pressure on the underground water resources in these years.
The comparison between the analyzes extracted from the data of the well points and satellite images also shows
the relationship between the drop of the underground water level and the subsidence of the land in the studied
area. Especially in the areas of the northern city of Neishabur, which has the highest drop in the underground
water level and is in the zone of high risk of subsidence, in the period of 2017-2018, the maximum subsidence
was 6 cm and the maximum drop in the water level was 78.36 meters in the period 2015-2018. According to
the analysis of the results obtained in SPSS and Smart Pls software, all factor loading scores were higher than
0.5, Cronbach's alpha was higher than 0.7 for both main values, and AVE coefficients were higher than 0.5.
Validity and reliability were confirmed. And finally, the impact of awareness of subsidence on responsible
tourism was confirmed. In general, the results of this research show that the awareness of the subsidence of
Neyshabur, as an environmental challenge, has influenced the tourism decisions of tourists. Informed tourists
have shown a greater desire to choose responsible tourism options.

Key words: interferometry, subsidence, responsible tourism, Neyshabur city, groundwater level drop.
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