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Objective: Reducing Emissions from Deforestation and Forest Degradation (REDD) is a
climate change mitigation strategy that is used to reduce the intensity of deforestation and
greenhouse gas emissions in developing countries. In recent decades, severe land use
changes have caused a significant reduction in the Hyrcanian forests located in
Mazandaran province. To this end, the aim of this study is to investigate land use changes
and predict them for the year 2052 using a Markov chain and the REDD project to reduce
carbon dioxide emissions for the cities of Noshahr and Chalus.

Methods: Using images from the TM and ETM+ sensors of the Landsat satellite, a land
use map was prepared in three time periods corresponding to the years 1990, 2001, and
2022. The maximum likelihood method was used to classify the images from the
supervised classification. From the error matrix, the kappa coefficient in this assessment
was obtained as 0.83 for 1990, 0.81 for 2001, and 0.92 for 2022.

Results: The results show that forest cover will decrease in 2052. In contrast, the area of
rangeland, city, wasteland, agriculture and wetland will increase. Based on the goals of the
REDD project, the amount of carbon dioxide emissions was calculated until 2052. If the
REDD project is not implemented, a large area of forest cover will be destroyed in the
region and more carbon dioxide will be emitted. The amount of carbon dioxide in the
project implementation area in 2022 is 49681 tons and will reach 806732 tons by 2052. By
implementing the REDD project in the region, this amount of gas can be increased to
402321 tons and the emission of 404411 tons of carbon dioxide into the upper atmosphere
can be prevented.

Conclusions: Examining changes using satellite imagery can help managers and planners
make more informed decisions.
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Introduction

One of the functions of forest lands is to preserve the amount of stored carbon. With the
implementation of REDD projects, activities such as the conversion of forest areas and areas
into agricultural or residential land, arbitrary cutting of trees and any important factors that
cause the degradation and change of use of forest lands in the project implementation area
will be prevented. The success of REDD projects in protecting and maintaining forest cover
can increase carbon sequestration in the regions and areas under the implementation of the
project. In fact, REDD projects have been proposed with the aim of increasing carbon
sequestration in areas with severe land use changes and deforestation activities) Atela et al.,
2014) and has an irreplaceable role in regulating and protecting the atmosphere, water and
soil, reducing the concentration of greenhouse gases and increasing and maintaining the
stability of the climate (Weishou et al., 2011). The purpose of this study is to show and
quantify the role of forests in reducing CO2 emissions. By summarizing the mentioned cases,
we can raise these questions: How effective is the protection of Hyrkan forests in Mazandaran
province in reducing CO2 emissions?

Methods

The area investigated in this study is Nowshahr and Chalus cities. These cities are located
around 50°55' to 51°27' east longitude and 36°9' to 36°41' north latitude. TM and ETM+
sensors of Landsat 5 and 7 were used to conduct the research. Landsat TM5 sensor image
related to 1989/10/12, Landsat TM5 sensor image related to 2000/9/26 and Landsat ETM7+
sensor image related to 2021/10/19 (for all three images: Path and row No:165-34).

The main steps of the research include two main parts. The first part includes the modeling of
land cover changes in the LCM environment, and the second part is the modeling of the
REDD baseline based on the optional carbon standard method. Before any analysis and
processing, the data were checked for geometric and radiometric errors. The data was
downloaded at the L1T level, but in order to ensure no errors, by displaying each band as well
as different color combinations on the computer screen and by enlarging different parts of
these images, the all three times were checked for radiometric errors such as striping. To
check the geometric condition of the images and ensure the suitability of the geometry of the
images, the layers of roads and waterways were extracted from 1:25000 digital maps and
placed on the satellite images. Maximum likelihood Supervised classification method was
used to prepare land cover maps. The first step in performing a supervised classification is to
define the areas that will be used as training samples for each class (Eastman, 2006).
Detecting land use changes is an essential tool for environmental analysis, planning and
management. The land change modeler is a software for creating sustainable ecological
development, which is designed and built to recognize the urgent and increasing problem of
land changes and the analytical needs of preserving biodiversity, and is an auxiliary tool in the
IDRISI Terrset software system. Accuracy estimation is very important for understanding the
obtained results and using these results for decision making. The most common accuracy
estimation parameters include total accuracy and kappa coefficient (Lu et al., 2004).

The REDD model in LCM to calculate the reduction of greenhouse gas emissions, which is
the result of implementing a REDD project, includes the following steps, the approach of
which is designed based on the Biocf methodology. The main stages of the research include
two parts of modeling forest cover changes in the land change modeling environment and
baseline modeling (Rajitha et al., 2010). REDD is based on the Voluntary Carbon Standard



Modeling and forecasting the risk of ... | Arekhi, Kour, Emadodin 21

(VCS) method. REDD baseline modeling is embedded in the land change modeling
environment, and with its help, it is possible to investigate future greenhouse gas emission
reduction scenarios with the land cover change modeler.

Results

The results of the radiometric quality check and geometric control of the images showed that
the images of every three years are of good quality and do not have any of the known
radiometric errors. Also, the images with the layers of roads and waterways are completely
spatially consistent and do not require geometric correction. Also, the classification of the
images using the maximum likelihood classification showed that six land use classes include
forest, range land, city, barren land, wetland and agriculture in the study area.

Based on the obtained results, the changes occurred in the period of 1989-2000, the forest
class shows a decrease of -0.84% in area, and for range land, city, barren land, and agriculture
class, respectively, 0.99, 38. 1, 0.03, 0.09 percent have increased their area. In the period of
2000-2021, about 3.7 percent decrease in the area of the forest cover was observed. Range
land class 1%, city class 0.16%, barren land 0.04% and agriculture 0.73% have increased
area. The results obtained for the accuracy test of land cover classification in 1989 show a
total accuracy of 90% and a Kappa coefficient of 0.83. For the year 2000, the total accuracy
and Kappa coefficient were 93% and 0.81, respectively. For the year 2021, the total accuracy
was 93% and the kappa coefficient was estimated at 0.81.

The avoided amount of carbon dioxide will increase from 49,535 tons in 2021 to 482,213 tons
in 2051 between the beginning of the forecast year and the last year, which shows a
significant amount compared to before the implementation of the project. Because with this
process, we will move towards reforestation and preservation of biological species and the
implementation of the policies of the Kyoto agreement, and the path will be opened for a
clean sustainable process. Figure 22, which shows the actual amount of carbon dioxide
emissions under the implementation of the REDD scenario, based on the results, this amount
will decrease in the project implementation area between 2021 and 2051. Figure 23, which
shows the amount of degradation of the forest cover under the baseline scenario, every year
the area of the forest cover in the area of project implementation and seepage will be reduced
in case of non-implementation of the REDD project, which will be 1260, 990 and 2240
hectares of forest cover, respectively in 30 years with the project implementation area,
seepage and the entire area will be destroyed under the baseline scenario. Figure 24 shows
how much carbon emissions into the atmosphere will be prevented if the project is
implemented. In the present study, between 2021 and 2051, about 2240 hectares of forest
cover will be destroyed and 927438 tons of carbon dioxide will be released, which in if the
REDD project is implemented, this amount of emission reaches 398,757 tons of carbon
dioxide, which can prevent the emission of 529,681 tons of carbon dioxide.

Conclusion

The current research has shown that in relation to the studied area, the implementation of
REDD projects can help to reduce the emission of CO2 gas into the atmosphere and finally
adjust the climate changes in the long term. Due to the severe trend of land use changes in
Mazandaran province, in the near future we will witness the negative consequences of climate
change if this trend continues. Also, Hyrcanian forests have conditions similar to the area
studied in this research. Therefore, the implementation of REDD projects can show the
contribution of Hyrcan forests as one of the world's valuable carbon reserves in reducing
greenhouse gas emissions and adjusting climate changes. Also, through the implementation of
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these projects, one can benefit from the financial benefits of reducing greenhouse gas
emissions under the Clean Development Mechanism projects.

Keywords: NDVI, REDD Project, Markov Chain, Remote Sensing, Kappa Coefficient, Carbon
Dioxide.
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