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Abstract

In large and inaccessible natural areas, ground surveys and close assessment of landscape health becomes
difficult or even impossible. In these circumstances, remote sensing data provide an inexpensive solution.
The first step in assessing landscape health through remote sensing data is selection of indicators that can be
derived from this imagery. Landscape health can be directly assessed using Fourier transform on satellite
imagery or indirectly through image classification and then measurement of relevant landscape metrics on
the classified maps. In this study, in addition to the discrete landscape metrics of land use, the Fourier
transform method through frequency assessment of the images were used to assess the health status of the
landscape in part of the Golestan Province. Through multi-temporal analysis, images of different times
were also compared to study the change in the health status of the landscape. The results of discrete metrics
and continuous Fourier approaches were similar. Fragmentation, heterogeneity and complexity at the
landscape level as well as vegetation level increased during the period 1984 to 2016, leading to lower
landscape integrity and connectivity. The health of the landscape appears to have declined due to increased
non-uniformity of landuse types. The continuous approach in this study, namely the Fourier analysis also
confirmed the changes and the decreasing trends in landscape health for the studied time period. Therefore,
we conclude that both discrete and continuous Fourier methods can be used in landscape health assessment
of the study area.
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Introduction

Usually, the first step in assessing the health of the landscape is to choose appropriate indicators. There are
many ways to check the health status of the landscape. Choosing indicators is difficult and varies from case
to case. But by reviewing the case studies of others, you can gain experience (Jorgensen, et al., 2005.
Ecological indicators are quantities that they are closely related to the complex characteristics of the
ecosystem, including its health. But often they cannot be measured directly. However, measuring these
indicators simplifies the work of health assessment and reveals different aspects of ecosystem functioning
(Turnhout, et al., 2007).

Normally, to quantify the structure of the landscape, two approaches of spots, passage and substrate (PMM
model) and continuous measures approach (GM model) are used. Due to the fact that when classifying
satellite images, part of the continuous information is lost (Cooley & Tukey, 2022), In the current research,
the "Fourier transform™ method and the frequency characteristics of the images, in a free and open-source
environment (Grohmann, 2024), were used to check the health condition of the land surface along with the
land surface parameters. In addition to revealing changes, it also preserves continuous information. In
conducting this research, the most appropriate health indicators that can be extracted from satellite images
have been determined. With multi-temporal analysis, the images of different times are compared to
determine the changes in the appearance of the land and, as a result, the changes in the indicators related to
the health of the appearance of the land and the trend of its changes. The main goal of this research is to
objectively reveal the changes in the appearance of the land and examine its relationship with the health of
the appearance of the land. Examining the integrity and connection in the image of the land is one of the
important indicators of examining the health of the image of the land and their temporal changes are
included in the present study. The Fourier analysis of satellite images is performed for the first time in Iran
to check the health of the landscape.

Methodology

The area studied in this research is the sub-basins of Qarasu, Nekarud and Gorganrood watersheds, including
the cities of Gorgan, Kordkoy and Bandar Gaz in Golestan province (Figure 1). The area is about 300
thousand hectares and its climate is moderate. The average annual temperature is 17 degrees Celsius and the
average annual rainfall is 600 to 750 mm. The area includes mountains, forests, steppes and plains,
seashores, meadows and agricultural land.

The data used in this study are the land use maps of 1984 and 2016, were studied in order to compare
different indicators of the landscape. These maps are taken from the planning of Golestan province (Salman
Mahini et al., 2015), and Landsat satellite images were used in their preparation. In addition to examining
the discrete measurements on these classified maps, in the continuous section, the images of the TM and OLI
sensors of the Landsat satellite in 1984 and 2016 were used directly and without classification (Table 1).

In this research, satellite images were classified by supervised method and maximum probability As a result,
eight classes including city, forest, water, agriculture, pasture, bare land, road and waterway were obtained.
To evaluate the correctness of the classification of user classes separately, the correctness parameters of user
and producer were calculated separately. For this purpose, the determination of ground reality points on
Google Earth images of 2016 and on the virtual color image of 1984 was used. Comparison of control points
and user map classes and as a result of validation of the images, provides an acceptable Kappa coefficient,
Table (2).

The selection of indicators was an important step in conducting this research by reviewing the sources
mentioned in this research and the preliminary examination of the images has been done. In this regard,
indicators were selected that can be extracted from satellite images. Therefore, the indicators selected for this
study were: Fragmentation, complexity, heterogeneity, integration and communication in the landscape.
These indicators are used in a discrete approach with land surface measures, including the number and
density of spots, the largest spot index, edge density, shape index, aggregation index and distance to the
nearest neighbor or Euclidean average, and in a continuous approach with frequency characteristics. Fourier
transform results were studied. In the continuous approach section, the Fourier transform was performed on
the images of 1984 and 2016, once at the land surface level and once at the vegetation layer level. In fact, the
satellite images were processed by Fourier transformation and as a result, the spatial information was
converted into the frequency domain in the Idrisi software to extract continuous indicators.
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In the discrete approach section, discontinuous indicators have been extracted from the two user maps
related to the images of 1984 and 2016 in the Fragstats software (McGarigal & Marks, 1995). In both
approaches, processing and interpretation have been done once at the level of the land surface and once at
the level of the vegetation layer. By examining the surface features of the land and using the frequency
information obtained from the Fourier transform, changes and heterogeneity and complexity were revealed.

Data analysis

At this stage, Statistica software was used for further investigations. For this purpose, frequency maps were
obtained after performing Fourier transformation on satellite images. Frequencies were entered into the
Statistica software in the form of numbers using the STATIDRIS command and there the compression
function was drawn for the output Fourier numbers. Then, the resulting curves were checked. The result of
the investigation is given in the results section.

Results and Discussion

In this section, the results of surveying land surface metrics and frequency information extracted from
Fourier transform on satellite images belonging to two time periods, at two levels of land surface and
vegetation layer are presented.

Findings of the discrete approach (metrics): The results of revealing changes in the landscape of the land
with measurements obtained by using the numbers obtained from Fragstats software at two levels, the land
surface and the vegetation layer in the studied time period are shown in Table (3).

Findings of continuous approach (Fourier transform): The results of detecting land surface changes by
processing satellite images with Fourier transform are shown in two levels of land surface in Figure (4) and
at the level of vegetation layer in the studied time period in Figure (5).

Next, statistical analysis was performed on the Fourier frequency (Figures 4 and 5). To be an introduction to
quantitative methods the result of which is shown in figures (6 and 7). In these figures, the values of the
Fourier numbers shown on the x-axis are in the curve of 1984, it is less in both land surface and vegetation
levels. This shows in 1984, the landscape and vegetation were more homogeneous than in 2016. On the
contrary, in 2016, the fragmentation of the landscape and vegetation has increased more than in 1984. Which
shows the decline in health and integrity of the land. Also, at the level of vegetation, the peak of the density
function curve in 1984 is higher than in 2016 which shows in 1984, the appearance of the landscape was
more homogeneous than in 2016. The results of index changes with two discrete and continuous approaches
at the level of landscape and vegetation are presented in table (4). It should be noted that the correlation
index was concluded indirectly by analyzing four other indices.

The changes of the landscape in the time periods of 1984 to 2016 were investigated and compared using
measurements and Fourier transformation. The results of both approaches in the mentioned time period show
an increasing trend in the fragmentation, heterogeneity and complexity of the landscape. On the other hand,
cohesion and integration as well as communication in the face of the land and as a result its health has started
to decline. This case has also been considered in the research of Rocchini et al. (2013). The results of this
research show that the numerical values of the measures of number of spots, density of spots, density of
edges, shape index and nearest neighbor distance have increased and the index Accumulation and the largest
stain is reduced. This increase and decrease means that fragmentation, heterogeneity and complexity have
increased in the landscape of the land. As a result, the cohesion, integration and communication in the
landscape and also in the vegetation layer has been degraded. An increase in the shape index and edge
density is a sign of increasing irregularity and complexity in the landscape. McGrigal et al. (2009) also
confirmed these cases. The increase in edge density in addition to the increase in fragmentation and
complexity is an indicator of heterogeneity in the landscape of the land. This increase actually shows the
decrease in communication and integration, which indicates the disintegration and decrease of continuity in
the image of the land. The increase in neighborhood factors such as the distance to the nearest neighbor, in
addition to fragmentation, also shows a decrease in communication in the landscape of the land (Hilty et al.,
2006).

In the other part, the analyses were done with continuous approach and Fourier transform. The reason for
choosing the new and continuous Fourier method is to check how much it is possible to investigate the
changes in the topography of the study area directly with the help of satellite images. Since in the latter
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approach, the discussion of classification is not discussed, the loss of information does not happen, and on
the other hand, it is fast and low-cost. In the section of Fourier's continuous approach, fragmentation,
heterogeneity, and complexity have increased in the studied time period from 1984 to 2016; On the other
hand, cohesion or integration and communication at the surface level of the land has a downward trend and
the change of uses is evident. According to the results of processing the Landsat images of 1984 and 2016 of
the study area with the Fourier transform algorithm, it is possible to detect changes qualitatively and
visually, which can be an introduction to quantitative and statistical methods. The fragmentation of the land
surface leads to a higher frequency and, as a result, a more complex Fourier spectrum which includes high
values (cloud spread) in the high frequency part of the frequency range. High values in the outer part are
related to high heterogeneity in the state of fragmentation. The 1984 images with less cloud extent show
higher homogeneity than the 2016 images with more cloud extent. Examining the indicators and results
shows that the fragmentation, heterogeneity and complexity of the surface of the land has been increasing
from 1984 to 2016 and the destruction process has been increasing. The results of processing the Landsat
images of 1984 and 2016 of the study area with the Fourier algorithm also show the vegetation layer level.
Like the surface of the land, the images of 1984 have high homogeneity in low values (in the high frequency
part of the spectrum). High values in the outer part are related to high heterogeneity during fragmentation.
By examining the indicators and results, it is clear that fragmentation, heterogeneity and complexity in the
level of vegetation has increased from 1984 to 2016. According to the skewed distribution of the Fourier
output density function, the values of the Fourier frequency in 1984 with the predominance of some values
show that the degree of homogeneity in the level of vegetation is high. Also, the uniformity of the values
(high heterogeneity) increased in 2016, which indicates the consequence of the fragmentation process at the
vegetation level. Spatial heterogeneity affects the quality of landscape, distribution of species and stability of
landscape. Fragmentation is intensified due to urban development and road construction. The lack of
integration and communication also shows land change.

Conclusion

Remote sensing data usually provide a suitable basis for replacing intensive field work, especially in large
and remote areas. Assessing the health of the land surface can be done in a direct way with the help of
Fourier analysis of satellite images or their classification. Since in classification, continuous information is
lost, therefore, in this research, in addition to the discrete measurements of the land surface, the continuous
Fourier transform method and as a result the frequency characteristics of the images have been used to
examine the state of health of the land surface of a part of Golestan province. Next, with multi-temporal
analysis, the images of different times were compared, and the changes in the landscape of the land were
also revealed with the two mentioned methods. The findings showed that the fragmentation, heterogeneity
and complexity in the surface of the land as well as vegetation increased in the study area between 1984 and
2016 and therefore the integrity and connection decreased. It seems that the health of the country's face has
started to decline. The continuous approach including the Fourier transformation also confirmed the changes
and downward trend of the health of the landscape in the mentioned time period and the results showed that
the health of the landscape can be determined in this way. The results of surveying the health of the
landscape of the study area with two continuous and discrete approaches and at the two levels of the
landscape and the vegetation layer are generally consistent with each other and confirm each other.
According to the results of other studies as well as this research, Fourier transform is recommended for
further studies due to the lack of need for image classification and maintaining the continuity of the land
surface as well as being quick and free.
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9. Heterogenity 11.Heterogeneous Landscape
10.Homogeneous Landscape
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