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Fig 3- Changes in the cultivated area of pistachio orchards in Anar County during the period
of 19R7-2020
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Fig 4- Changes in the cultivated area of pistachio orchards in Sirjan County during the period of 1987-
2020
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Table. 2- Changes in the pistachio garden area in Rafsenjan county during the period of 1987-2020 by
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Table 3- Changes in the pistachio garden area in Sirjan county during the period of 1987-
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Table 5 - Decision tree classification accuracy evaluation parameters
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l])etection of changes in the area under cultivation of pistachio orchards in th+

period 1987-1920 using remote sensing case study of Rafsanjan, Sirjan and
Anar counties.

Abstract:

The purpose of the study was to investigate the changes in pistachio cultivation in the three districts of Rafsenjan,
Anar, and sirjan from the spatial planning perspective between 1987 and 2020. To achieve this goal, the Google Earth
Engine system was used. And the radiometric and atmospheric images of the TM 5 Landsat and OLI Landsat 8 were
used. Two conditions were used to separate pistachio gardens and other agricultural lands. The land with ndvi is equal
to or higher 0.2 and lower elevation from 2000 m as pistachio garden and the land with ndvi is equal to or higher 0.2
and height of over 2000 meters were identified as other garden and agricultural land. By applying the conditions
mentioned in the classification of the decision tree, the area of pistachio gardens and other agricultural lands of Anar,
Rafsanjan and Sirjan were obtained over a 36 -year period. A review of the changes in the cultivation of pistachio
gardens in all three counties showed that the development of agricultural orchards in the area under study and during
the period (1987-2020) has been an increasing trend. This increase was 57.4 percent for Rafsanjan County, 55 % for
Sirjan County, and about 37.3 percent for Anar County. The amount of cultivation of pistachio gardens in Rafsanjan
County, in 1987 was 38,667 hectares, which increased to 69,704 hectares in 2020. In other words, about 31,000
hectares, equivalent to 55.4 percent of pistachio gardens in the above county, have increased. The trend line of land
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surface vegetation changes was obtained by using Modis satellite images. Modis' satellite images were available from
2000 to 2020 for all three counties. The time series graphs of the above images confirmed the increase in pistachio
orchards in all three counties.

Keywords: detection, changes, cultivated area, pistachio, remote sensing, Kerman province, 1987-2020
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ll)etection\ of changes in the area under cultivation of pistachio orchards in the

period 1987-1920 using remote sensing( case study Rafsanjan, Sirjan and Anar

counties).

Statement of the Problem:

Kerman province pistachios are in fragile conditions due to geographical and climatic conditions in terms of water
resources. And this requires monitoring of changes in pistachio cultivation in the major pistachio areas of Kerman. The
tree classification is highly accurate in the cover of the land cover as well as the land use. So far, the changes in pistachio
cultivation area in Rafsanjan, Anar and Sirjan Counties have not been monitored in a long period. Therefore, this research
has been done to identify the changes in pistachio orchards in the main pistachio farming areas of the province. So that it
can provide an illustrated image of changes in pistachio cultivation in Kerman province And from this point of view, it
can provide the attention of any more officials and experts to managing the water and soil resources of the region.

Purpose:

This study aims to detect changes in area of pistachio tree cultivation in the three districts of Rafsenjan, Anar, and Sirjan
from the spatial planning perspective between 1987 and 2020. So that it can provide an illustrated image of changes in
pistachio cultivation in Kerman province And from this point of view, it is possible to pay the attention of any more
officials and experts to manage the water and soil resources of the region.

Methodology:

The study area covers the three northern Counties of Kerman Province including, Rafsanjan, Anar and Sirjan. The
three Counties of, Anar, and Sirjan have an area of 23,552 km?. To achieve this goal, the Google Earth Engine system
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was used. Google Earth Engine is a web-based open source system for processing remote sensing satellite images,
which allows for all free satellite images. This system supports the types of freely used satellite data available today,
including Landste, Sentinel, Aster, Modis and so on. The NDVI (Normalized Difference Vegetation Index) was first
introduced in 1974. This index is based on the normal relationship between the infrared band near and the red band.
Plants in the red band range have high absorption, and in the near-infrared band range, they have a lot of reflection.
This index was used to separate pistachio trees from other vegetation and the garden. First, images of satellites with
atmospheric correction and radiometric Landsat 8 OLI and Landsat 5 TM Sensor were called for two 1987 and 2020
periods. the NDVI and DEM layers were extracted for all three counties. A data set, including NDVI and DEM layers,
was created for all three Counties. And with the help of this data complex, the separation of pistachio gardens from
other gardens and agricultural lands was provided in the studied Counties. Decision tree classification was used to
separate the gardens from other plant pistachio complications. Two conditions were used to separate pistachio gardens
and other agricultural lands. The land with ndvi is equal to or higher 0.2 and lower elevation from 2000 m as pistachio
garden and the land with ndvi is equal to or higher 0.2 and height of over 2000 meters were identified as other garden
and agricultural land. By applying the conditions mentioned in the classification of the decision tree, the area of
pistachio gardens and other agricultural lands of Anar, Rafsanjan and Sirjan were obtained over a 36 -year period. The
trend line of land surface vegetation changes was obtained by using Modis satellite images. Modis' satellite images
were available from 2000 to 2020 for all three counties. The time series graphs of the above images confirmed the
increase in pistachio orchards in all three counties.

Results and discussion:

The amount of cultivation of pistachio gardens in Rafsanjan County in 1987 was 38,667 hectares, which increased to
69,704 hectares in 2020. In other words, the pistachio cultivation level in Rafsanjan County has increased by about 31,000
hectares from 1987 to 2020. The amount of increased in pistachio cultivation in Sirjan County has increased from 22,787
hectares to 42,956 hectares. In other words, about 20,170 hectares, equivalent to 53 %, are added to the cultivation area
of pistachio gardens in the above County. The area under cultivation of pistachio gardens in the County of Anar increased
from 8,871 hectares in 1987 to about 23,794 in 2020. The area under cultivation of pistachio gardens in the County of
Anar has increased by about 37% from 1987 to 2020 years. Kappa coefficient value for Rafsanjan County for the years
1987 and 2020 was 0.96 and 0.92 for Anar County, 0.93, 0.82 for Sirjan County, 0.88 and 0.88 respectively. The overall
classification accuracy percentage for Rafsanjan county for both study periods is 0.97, Sirjan county in 1987 AD, 0.96
and 2020 AD, 0.91.6, and Anar county, respectively, for 1987 and 2020 AD, 0.95 and 0.94 Was obtained.

Conclusion:

A survey of levels under cultivation in all three cities showed that the development of agricultural gardens in the area
under study and during the period (1920-1987) had an increasing trend. This increase was 57.4 % for Rafsanjan County,
55 % for Sirjan County, and about 37.3 % for Anar County. The trend line of land surface vegetation changes was obtained
by using Modis satellite images. Modis' satellite images were available from 2000 to 2020 for all three counties. The time
series graphs of the above images confirmed the increase in pistachio orchards in all three counties. The major pistachio
areas in Kerman province face a major challenge. On the one hand, pistachio cultivation levels are still on the rise, and
on the other hand, existing groundwater resources have declined sharply. New reports by the National Cartography Center
show that the major plains of Kerman and Sirjan cities are at risk of subsidence and the main reason is the overwhelming
harvesting of groundwater resources. According to the National Cartography Center Sirjan County and Najaf Shahr
County, has the highest subsidence rate (17 cm) in the year. The results of this study are in one way in approving Mehrabi
(). His study found that the highest growth of pistachio gardens in the County of Anar occurred from 1366 to 1375. During
9 years, pistachio cultivation levels in the County of Anar reached 15498 hectares.

Keywords: detection, changes, cultivated area, pistachio, remote sensing, Kerman province
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