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Abstract: Central Zagros region in Iran is a major hotspot of carbon storage and sequestration
which has experienced severe land cover change in recent decades that has led to carbon emission.
In this research, using temporal Landsat images, land cover maps were produced and used in
Land Change Modeler to predict land cover changes in 2020, 2030, 2040 and 2050 using Multilayer
Perceptron Neural Network and Markov Chain techniques. Next, resultant maps were used as inputs
to Ecosystem Services Modeler. The Intergovernmental Panel on Climate Change (IPCC) report data
was used to extract carbon data. Results show that between 1989-2013 about half of forests have been
destroyed. Prediction results show that by 2050 about 75% of existing forests will be lost and between
2013-2020 about 157,000 Mg carbon and by 2050 about 565,000 Mg carbon will be lost with more than
US$1.9 million to 2020 and AU$3.2 million by 2050 economic compensation.

Keywords: ecosystem services; carbon storage and sequestration; remote sensing; GIS; Lorestan
province

1. Introduction

Ecosystem services include all the benefits that humans gain from ecosystems [1-5]
and are aimed at establishing a link to human well-being in four categories of service:
regulating, provisioning, cultural and supporting. Regulating services consists of the
benefits of natural ecosystem regulation processes such as climate setting, land cover
change, etc. [3]. Ecosystems with the additional and removal function of greenhouse gases
(GHGS), as CO; from the atmosphere, play an important role in climate regulation as
an ecosystem service [6]. In fact, carbon storage of forests, rangelands and other land
ecosystems is four times more than the atmosphere (3060 Giga Tons vs. 760 GTs) [7].
Furthermore, concentration of carbon in plants and soil over time, will lead to excess
carbon sequestration every year. Domestic carbon storage is one of the main ecosystem
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services, and studies have shown that the value of one tone of cinnamon is equal to the
amount of damage that is avoided by preventing the release of one ton of carbon into the
atmosphere [8,9]. In addition, carbon inventory is an important indicator of the land’s
potential capacity for carbon storage. Changes in carbon storage may have direct and
indirect effects and consequences on socio-economic well-being of human and natural
environment [10].

Sustainable land management involves using the land within its capability to ensure
the productivity and economic potential of the land is maintained, whilst its ecological
function, is not diminished. Where economic, social and environmental factors are consid-
ered simultaneously by land managers, the long-term sustainability of the health, resilience
and productivity of a property is more likely to be assured. Human activities in terms of
land cover change have substantially altered global land cover, so that land cover change
is around four times greater in extent than previously estimated from long-term land
change assessments [11]. The area used for livestock grazing from 234 million hectares in
1700 reached 3429 million hectares in 2000, accounting for 25% of the Earth’s surface [12].
Land cover change has affected the capability of ecosystems to deliver services. Among
ecosystems, forests provide the largest number of ecosystem services. Also, most biodiver-
sity is seen in forest ecosystems. One of the most important services of forest ecosystems
is the absorption and stabilization of carbon dioxide and its use in the process of photo-
synthesis. Zagros forests, which stretch from northwest to southeast of Iran, are one of the
strategic regions in Iran. These forests account for more than 33% of the annual rainfall
and are the headwater of about half of rivers and springs, which provide 50 billion m® of
water per year as the main source of water supply in the central dry plateau of Iran [13].
Regarding the intensification of global warming in recent years, forests, as the largest source
of GHG emissions, especially CO,, play a basic role in regulating global temperature, and
the destruction of forest cover in the crisis escalation. Based on the Intergovernmental
Panel on Climate Change (IPCC), 20% of the whole carbon dioxide produced in the world
comes from deforestation and forest degradation [6]. Integrating the concept of ecosystem
services into land cover management issues, selecting areas for protection and ecosystem
services compensation requires information about the spatial distribution of services.

With the growing recognition of the importance of ecosystem services, there is a need
for adequate software and accurate prediction models that can provide information for
ecosystem services to decision-makers, and examine the results of land cover management
on services. One of the ecosystem services mapping software, the integrated software
ecosystem services pricing and the interaction between them, is the Ecosystem Services
Modeler, which is a vertical application within the TerrSet System. It is a spatially powerful
decision support system to evaluate ecosystem services, which is based entirely on InVEST
toolset developed by the Natural Capital Project.

The aim of this study is to investigate the stored or lost carbon over the study period
by addressing the following key questions: how much land cover change has happened
and how much will occur in the future?; how much carbon is stored or sequestered and
how much it costs?; what is the trend of land cover changes and how it affects carbon
sequestration?

2. Materials and Methods

Based on Figure 1 this study includes three main parts: the first part is land cover
change analysis and preparation for prediction, the second part is land cover change
prediction and the third part is carbon storage and sequestration using Ecosystem Services
Modeler (ESM).
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Figure 1. Flowchart of this study.
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For satellite image analysis and modeling, the softwares used in this study are as follows:

1. ERDAS IMAGINE 9.2 was used for Landsat image classification, accuracy assessment
of images classification and production of land cover maps.

2. TerrSet: In this software, two main models were used in this study as follows:

- Land Change Modeler (LCM) was used for land cover change detection, tran-
sition sub-model selection, variable selection, transition potential modelling,
change demand modelling, model validation and land cover change prediction.

- Ecosystem Services Modeler (ESM) was used for carbon storage and sequestration

calculation.

2.1. Study Area

Zagros area, with the three major regions Northern, Central and Southern, stretches
from northwest to southeast of Iran. In this research, the central Zagros region in Lorestan
province of Iran between 46°50 E to 50°1 E, and 32°40 N to 34°23 N with about 2.8 x 10° ha
is studied while 7.6 x 10° ha of this area is covered by the forest (Figure 2) [13].
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Figure 2. Study site in west of Iran.
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2.2. Land Cover Change Analysis and Preparation for Prediction

Six Landsat tiles cover the study area (Figure 3). Based on Figure 3 in this step, all
Landsat images of the study area from different sensors, such as TM, ETM* and OLI which
were downloaded for the years 1989, 2000 and 2013, respectively. Moreover, street map was
downloaded from Open Street Map (OSM) and then it was edited using Landsat images
and Google earth maps [13]. Also, carbon data were extracted from Intergovernmental
Panel on Climate Change (IPCC) data.

Path: 165
Row: 36

Path: 167 Path: 166

Path: 166
Row: 37

Path:'165
Row: 37

Legend
1 .andsat liles Kilometers
Study Areu 0 50 100 200

Figure 3. Landsat tiles in study area.

2.3. Multi-Temporal Land Cover Classification for Land Cover Change Detection

Based on Figure 1, in order to analyze land cover changes, Landsat images were
classified using maximum likelihood and object-oriented methods into nine classes: forest,
irrigated farming, scattered dry farming, dry farming, range, water, residential, bare land;
and transportation using ERDAS IMAGINE 9.2 software.

Maximum likelihood classification is a popular method for determining a known class
of distributions as the maximum for a given statistic. The root of maximum likelihood
classification can be traced back [14]. An assumption of normality is made for the training
samples. The algorithm builds the probability density functions for each category. Dur-
ing classification, all unclassified pixels are assigned membership based on the relative
likelihood (probability) of that pixel occurring within each category’s probability density
function [14,15]. Training areas were established by choosing one or more polygons for
each class. Pixels that fall within the training area were taken as the training pixels for a
particular class. In order to select a good training area for a class, the important properties
(e.g., uniformity) and how well they represent the same class throughout the whole image
were taken into consideration [16,17].

Land cover change detection was carried out using Land Change Modeler (LCM) in
TerrSet Software by using the land cover maps of 1989 and 2000 as T1 and T2, respectively
which produced T1-T2 land cover change map and 2000 and 2013 as T2 and T3, respectively
which produced T2-T3 land cover change map.
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2.4. Accuracy Assessment

Accuracy assessment of classified land cover maps was carried out using ground
control points (GCP) in ERDAS IMAGINE 9.2 software. Based on Equation (1) [18], the
optimum number of GCP was determined as 196 points for each Landsat tile. The study
area is covered by 6 Landsat tiles (Figure 1). A summation of 1176 points were checked for
each time point and the accuracy assessment measures of KIA (Kappa Index of Agreement),
kappa and classification accuracy are shown in Table 1.

N = Z2%pq/E? ey

where:

N: number of GCP

Z: standard score for suitable of confidence level (e.g., 1.96 for 95% and 2.58 for 99% confidence)
P: required accuracy

g 1-p

E: acceptable error (e.g., 0.01 for £ 10%)

Table 1. Accuracy assessment of land cover classification.

Time LC Class KIA Kappa Overall Accuracy

Dry Farming 0.8526

Forest 0.9591

Irrigated Farming 1.0000

1989 Scattered Dry Farming 1.0000
Range 0.9575 0.9693 97.96%

Water 1.0000

Bare Land 1.0000

Residential 1.0000

Transportation 1.0000

Dry Farming 1.0000

Forest 1.0000

Irrigated Farming 0.8370

2000 Scattered Dry Farming 1.0000
Range 0.9797 0.9754 98.47%

Water 1.0000

Bare Land 1.0000

Residential 1.0000

Transportation 1.0000

Dry Farming 1.0000

Forest 0.9740

Irrigated Farming 0.8946

2013 Scattered Dry Farming 1.0000
Range 0.9798 0.9765 98.47%

Water 1.0000

Bare Land 1.0000

Residential 1.0000

Transportation 1.0000
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2.5. Transition Sub-Model Selection

Based on the most important and frequent land cover changes in 1989-2000 and 2000—
2013, transition from all other classes to forest selected as deforestation sub-model [13].
Transition potential modelling was done in LCM in TerrSet software.

2.6. Variable Selection

Based on Table 2, variable selection was performed using the literature review and
Cramer’s correlation coefficient in LCM in TerrSet software. Cramer is a statistical coeffi-
cient that shows chi-square values between 0-1 while 1 shows the most agreement between
two variables. In this section, Explanatory power test module of LCM is used to select the
suitable variables based on Equation (2) [19].

2 2

t: number of columns-1 or number of rows-1
n: number of rows
x: number of columns

where:

Table 2. Variables selected by Cramer’s value.

Variable Name Description Cramer’s V. p Value
Dist_Small_Towns Euclidean Distance from small towns 0.2540 0.0000
Dist_Med_Size_Towns Euclidean Distance from medium size towns 0.1387 0.0000
Dist_Forests Euclidean Distance from forests 0.4572 0.0000

Dist Water Euclidean Distance from rivers and 01621 0.0000
water resources

Euclidean Distance from

Dist_Roads transportation network 0.2612 0.0000

DEM Digital Elevation Model 0.1669 0.0000

Slope Slope bypercent 0.2272 0.0000

EV_Likelihood_Protected Area Evidence likelihood of change at 0.0365 0.0000
protected areas.

EV_Likelihood_District Evidence likelihood of change at 0.4057 0.0000

districts level.
EV_Likelihood_Commune Evidence likelihood of change at commune 0.3229 0.0000

level (5th national division level).

2.7. Transition Potential Modelling

Transition potential modelling, which determines the potential of each cell of a land
cover class for conversion to another, requires the selection of a suitable approach and
definition of transition sub-model. Transition potential modelling is a base for land cover
change simulation [13]. In this study, a Multilayer Perceptron Neural network, which
includes three main layers of input, hidden and output, is used for transition potential
modelling based on two sub-models: (1) deforestation and (2) residential development was
performed using LCM in TerrSet software. Deforestation refers to changes from forest to
all other land cover classes, and residential development refers to changes from all other
classes to residential.

2.8. Change Demand Modelling

To predict land cover changes, Land Change Modeler (LCM) was used. This model,
using Markov chain, can predict the possible future change from a land cover class to
another under customized scenarios [2,13,20] using TerrSet software. Markov chain is a
proper tool for land cover changes prediction, which simplifies the description of land cover
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changes. This model has the capabilities of explaining and determining the land cover
changes [13,21]. In this study, Markov chain has been used in preparing the “probability
prediction matrix” in TerrSet software.

2.9. Model Validation

Considering the importance of model validation, a Kappa coefficient was carried out
using LCM in TerrSet software to determine model accuracy and persistence based on a
comparison of derived land cover maps using Landsat image classification and change
simulation in 2013 (as T3).

2.10. Land Cover Change Prediction

Based on the results of model validation, if model accuracy is more than 85% there
is a good situation and if it is less, model should be repeated [13]. At last, when model
validation gave suitable results, land cover maps of 2000 and 2013 (as T, and T3) were
defined as input maps and land cover change prediction will occur in the future in 2020,
2030, 2040 and 2050.

2.11. Carbon Storage and Sequestration Calculation Using ESM

Currently, the amount of carbon stored in terrestrial ecosystems is four times more
than the atmosphere, and they play a very important role in moderating climate change
due to the changes in carbon levels. However, changing land cover because of timber
harvesting, fire or deforestation may change the amount of carbon stored in a landscape.
Thus, land management methods are necessary to preserve terrestrial carbon resources [22].

Four primary sources of carbon storage determine the amount of carbon stored in a
terrestrial parcel: aboveground biomass, underground biomass, soil organic matter and
dead organic matter [23]. Each of these sources contains different sections that store a
certain amount of carbon. Stems, stumps, branches, bark, seeds and foliage of plants are
known as aboveground biomass (living biomass top of the soil surface). Live biomass of
underground roots is the source of underground biomass. Also, soil organic matter, as the
largest carbon pool on land, is composed of biomass of micro-organisms, fresh and partially
decomposed residues and humus. Dead or particulate organic matter is also composed of
leaf litter and other organic matter mixed with soil [22].

A simplified carbon cycle is used in ESM in TerrSet software to estimate the amount
of carbon stored in an area, and to calculate the total amount of destroyed biomass in a
forested area [22]. To estimate carbon storage and sequestration, ESM needs land cover
maps in raster (*.rst) and the table of carbon pools in *.csv file and they should match with
column code of each other [4,22].

In order to explain the difference between stored carbon and precipitated carbon,
the definitions of these concepts are explained as follows. Stored carbon is the amount
of carbon that is stored in the short term in each carbon pool, while sequestered carbon
indicates the amount of long-term stored carbon in each pool [22]. In order to map the
amount of carbon stored in the study area, it is necessary to estimate the amount of carbon
stored in four main carbon pools for all land cover classes. In this regard, if possible,
elevation classes’ data, human disturbances and landscape dynamic data can be used [22].

At the end of processes, three maps were produced as listed below:

Sequestered Carbon (Mg): The total amount of carbon sequestered per land parcel.
The amount of it is based on the difference between the amount of carbon between Ty
(present) and T, (future) at land cover level. The resulting map shows the amount of carbon
sequestration in which the positive values indicate carbon sequestration and negative
values indicate released carbon to the atmosphere.

The value of Currently Stored Carbon: The value of stored carbon represents the
market price of carbon in the carbon market in US dollars, which determines the total value
of carbon stored in the landscape based on the current land cover.
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The value of Sequestered Carbon: The value of sequestered carbon shows the economic
value of the amount of carbon sequestered per pixel of the T; (current) to T, (future) land
cover scenario in US dollars or other currencies, while positive values representing the
sequestration gain and the negative values indicates the cost of carbon emissions.

The ESM model can estimate the amount of net changes in carbon stock using the
current and future land cover maps, which determine the amount of carbon storage and
emissions. In this process, the total amount of sequestered carbon during the study period
and its economic value will be determined [22].

2.11.1. Carbon Density

The carbon density values are required for four carbon pools (C,poves Chelows Csoil
and Cgeaq)- Due to the lack of carbon data, carbon density data are obtained from the
Intergovernmental Panel on Climate Change (IPCC) report. Additionally, carbon capture
densities of carbon pools that can be used to maintain the carbon sequestration of forest
landscape in each grid are considered as constant values throughout the study period, with
the difference that the time for the change is ignored.

Therefore, in this research biomass carbon stock for each land cover class was not
calculated and, therefore, the IPCC data were used.

2.11.2. Extracting Carbon Data from IPCC Report

Intergovernmental Panel on Climate Change (IPCC) has published a report on climate
change that includes carbon data obtained from previous literature and data collection
using half-life of wood product to estimate the average decay rate. Moreover, chapter HWP
in 2006 IPCC Guidelines for National Greenhouse Gas Inventories report has introduced
applicable methods for the calculation of carbon stored in wood such as decay rate and
half-life estimation. Note that if the harvested wood is used to produce different products,
the slowest half-life should be applied [10].

3. Results
3.1. Land Cover Changes

The produced land cover maps during Landsat images classification (Figure 4) had
an accuracy of classification of more than 85% [13,24]. At this step, a map with a spatial
resolution of 20 m was produced for each time point [13]. The most concentration of Zagros
forests in study area is shown in the west, center and south.

2000

Figure 4. Land cover maps produced by Landsat image classification.

As shown in Figure 5, in 1989 about 45% of study area is covered by Zagros forest,
whereas in 2000 it has decreased to 33%. According to Table 3, from 1989 to 2000 more
than 6500 ha of Zagros forests has changed to cultivated lands (irrigated farming, scattered
dry farming and dry farming) about 460,000 ha to rangeland, about 1300 ha to water
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resources because of dams and about 100 ha to human made disturbances (residential areas
or settlements and roads). Also, in 2000-2013, forest cover has decreased to 27% while more
than 270,000 ha has changed to rangeland, about 19,500 ha to cultivated lands (irrigated
farming, dry farming), more than 800 ha to water resources, about 200 ha to human made
land covers (residential areas and transportation network).

1989

1%
‘ . 52%

= Forest

2000

1%

2013

1%

34%

<

Figure 5. Percentage of land cover classes.

53%

5%

Scattered Dry Farming mlrrigated Farming mDry Farming ~ Range mOther

Table 3. Deforestation matrix from 1989 to 2013 (unit: hectares).

Periods Irnga.t ed Scaﬂere.d Dry Dry Range Water  Residential BareLand  Transportation
Farming Farming Farming
1989-2000 Forest 1220.6 1025.32 4293.88 459,916.6 1298.44 56.12 4174 42.88
2000-2013 Forest 7536.76 - 11,990.4 272,282.64 829.52 139.56 188.64 63.48

3.2. Predicting Land Cover Change

The produced land cover maps using LCM are shown in Figure 6 that predicts land
cover maps for 2020, 2030, 2040 and 2050 and visualizes distribution of land cover changes
in the study area in the future. As shown in Figure 7 based on a historical scenario in 2020,
about 21% of study area is covered by Zagros forests while in 2030 will decrease to 16%
and by 2050 it will decrease to 12% and mostly it will be converted to rangelands. On the
other-hand conversion of forests to irrigated farming between 2013 to 2050 during these
four periods will increase constantly as between 2013-2020 more than 3000 ha, 2020-2030
more than 4500 ha, 2030-2040 more than 5300 ha and 2040-2050 more than 5600 ha of
forests will convert to irrigated farming. Moreover, dry farming is increasing constantly
while between 2013-2020 about 9%, 2020-2030 about 10%, 2030-2040 more than 11% and
2040-2050 more than 12% of study area will be covered by dry farming. Also based on
Table 4 bare land as a human disturbance is increasing constantly while between 20132020
more than 76 ha of forests will convert to bare land and to 2050 will increase to more than
600 ha.

2020 2030
N o R
- ~x - i\
A2 Y4
RS B \~x‘ B T \x‘
N =4 RN ol
.. ..
2040 2050
L N 2
. * \
S :-ka':‘:\ 8 T A 2
3 T PR b - 3 o 3 al

[ Legend
N

A

100

- Water Range
I 1 rigatcd Farming [l Residential [ Transportation

Scattered DF

Forest

BarcLand Dry Farming . 25 50 150 z(u':m

Figure 6. Future landcover maps.
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1%

59%
63%

1
-

2% 2%

64% 65%

= Forest mScattered Dry Farming mlrrigated Farming mDry Farming ~ Range MOther

Figure 7. Percentage of predicted land cover classes.

Table 4. Deforestation matrix from 2013 to 2050 (unit: hectares).

Irrigated Scattered D
Periods F &a Dry Yy Range Water Residential Bare Land Transportation
arming Farmi Farming
arming
2013-2020 Forest 3193.56 39.39 156,485.08 380.2 17.03 76.04 13.17
2020-2030 Forest 4562.28 15,829.56 120,661.2 528.72 38.59 152.08 76.04
2030-2040 Forest 5365.4 23,902.24 53,689.2 839.96 376.64 152.08 152.08
2040-2050 Forest 5685.36 22,457.28 14,134.2 152.08 1140.56 228.08 228.12
3.3. Model Validation
Model validation was carried out using validation module in LCM in TerrSet software.
In this section, validation is calculated using 3 classes as defined in Table 5. The result
is very similar to the ground truth images which indicates the model’s capability in land
cover changes prediction, whereas its success in change prediction is 91.89%.
Table 5. Model validation.
Validation Class Description Number of Cells Percentage
Hit Model predicted change and it changed 44,319,243 91.89
Misses Model predicted persistence and it changed 3,534,113 7.03
False Alarm Model predicted change but to the incorrect class/it persisted 531,763 1.09
Overall Error Summation of misses and false alarm 4,065,876 8.11

3.4. Carbon Storage and Sequestration in the Central Zagros Region
3.4.1. Current/Future Stored Carbon (Mg)

In this study, land cover map in 2013 is defined as the current land cover map; therefore,
current carbon is a fixed value.

3.4.2. Sequestered Carbon (Mg)

As shown in Figures 8 and 9, the most hotspots of carbon loss occur in the forests
because of human influences on natural areas and the conversion of Zagros forests to
human made land covers. On the other hand, the amount of sequestered carbon in human
disturbances as roads, residential areas, bare lands and cultivated lands is decreasing. As
shown in Table 6, from 2013-2020 more than 157,000 Mg carbon will be lost, while based on
the prediction results between 2020 to 2030 more than 326,000 Mg carbon will be released.
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From 2020 to 2030, the amount of carbon loss will be doubled, and this shows the severity
of landscape degradation and the pressure of human activities on landscape. From 2030
to 2040 about 465,000 Mg of sequestered carbon will be lost which shows more than 70%
growth of carbon relation. At last, between 2040 to 2050 about 565,000 Mg of sequestered
carbon will be lost, and this is more than 80% growth of carbon emission.

N
Coordinate System: UTM WGS 1984

Datum: World Gieodelic System NS —r - Iligh: 40432 Nz
Prime Meridian: Gireenwich o 5 100 EL— s /

Figure 8. Predicted values of stored Carbon.

Coordinate System: U'TM WGS 1984 High:0.190 \
Datum: World Geodetie Sysem [ I Kms et N2
Prime Meridian: Greenwich 0 25 50 100 150 200 -y 0142

Figure 9. Predicted values of sequestered carbon.
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Table 6. The results of carbon density change prediction.

2020 2030 2040 2050
Total Cégrrf:r{ Future 280,648,134 Mg 280,648,134 Mg 280,648,134 Mg 280,648,134 Mg
Total value of
currently /Future US$ 4,212,528,441.00 US$ 4,212,528,441.00 US$ 4,212,528,441.00 US$ 4,212,528,441.00
stored carbon
Total Scenario Carbon 280,491,082 Mg 280,321,763 Mg 280,183,500 Mg 280,083,385 Mg
Total ~157,052 M ~326,371 M 464,634 M 564,749 M
sequestrated carbon ! & ! & ! & ! &
Total value of 1,941,962.00 ~3,010,369.00 ~3,312,922.00 ~3,215,535.00

sequestrated carbon

3.4.3. Value of Currently Stored Carbon
In this study, we used US$43 as the price of carbon per metric ton [22].

3.4.4. Total Value of Sequestered Carbon

As shown in Table 6, the economic compensation of land cover changes in carbon
sequestration from 2013 to 2020 is more than US$1.9 million, while in 2020-2030 more
than US$3 million and in 2030-2040 more than US$3.3 million and in 2040-2050 more
than US$3.2 million, which shows a great economic compensation due to the relation of
sequestered carbon in the central Zagros region.

As shown in Figures 8 and 9, the comparison of land cover maps with the hotspots of
carbon storage and sequestration show that the most carbon storage and sequestration will
occur on forests and rangelands while human made land covers such as cultivated lands,
residential areas, transportation network have occupied the most carbon loss.

3.5. The Relation of Land Cover Change with Carbon Storage and Sequestration

Figure 10 shows the relation of land cover changes with carbon sequestration. To
derive these charts in each time period from 2013 to 2050, a change map is produced
and its relation with carbon sequestration is extracted. In each chart, major changes are
shown. Based on Figure 10, each change is shown with a unique value. For example,
conversion of forest to irrigated farming has occupied negative values, which represents
carbon emission. Also, conversion of rangeland to irrigated farming is shown by negative
values which means carbon emission to atmosphere. Moreover, conversion of forest and
rangeland to dry farming has a direct relation with carbon emission. There is an important
note that in all periods conversion of forest to rangeland leads to carbon emission which
represents importance of forest cover in comparison to rangeland in carbon sequestration.
Also, conversion of forest to residential areas leads to carbon emission, so that forests have
occupied the most values of carbon sequestration while conversion of forests to human
made land covers is the main cause of carbon emission.
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Figure 10. The relation of land cover changes with carbon sequestration. (Land cover change classes:
1: Forest to irrigated farming, 2: Range to irrigated farming, 3: Forest to dry farming, 4: Range to
dry farming, 5: Forest to Range, 6: Forest to Water, 7: Forest to Residential, 8: irrigated farming to
Residential, 9: Scattered dry farming to Residential, 10: Dry Farming to Residential, 11: Range to
Residential, 12: Water to Residential, 13: Forest to Bare land and 14: Forest to Transportation).

4. Discussion

Central Zagros region as a strategic environmental zone of Iran during last decade
experienced rapid land cover change while at the beginning of study period about half
of study area was covered by Zagros forests while human disturbances caused severe
deforestation in this region that affects ecosystem services. The main forces of land cover
changes consist of overgrazing, timber harvest, cut of trees, fire and human-made land
cover development such as residential areas, cultivated lands [14,25,26] and roads, which
are also evident in the results of this study. Residential areas development is a key issue
in land cover change [27], because most of the settlements at first have occurred in the
adjacent of suitable lands for cultivation. When the residential areas grow, these suitable
lands will be converted to settlement and in order to safeguard food requirement, the
surrounding lands will be converted to cultivated lands. On the other hand, most of these
lands have a poor fertilization and after a short time, cultivation in these lands won’t be
profitable, and finally these destroyed lands will be released and its result is bare land
or a poor rangeland [28] that expansion of bare lands near residential areas in this study
confirms it.

However, the land cover change and its impacts on ecosystem services of the central
Zagros region Iran are not well addressed in existing literatures, despite its immense
importance for natural resources management in this region. So that, this study was an
effort to reveal the land cover history of Central Zagros region Iran since 1989 and to assess
the changes in ecosystem services caused by the land cover change, using freely available
Landsat data. Using remote sensing data is the most feasible and cost-effective way to
assess land cover change with high spatial, spectral and temporal resolution over large
areas [21]. Using a global data set of ecosystem value coefficients along with the land cover
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data gives a scope to eliminate the cost of ground data collection and getting quick and
reliable information for similar data poor area [21].

Tolessa et al. (2017) mentioned that land cover change is a major driver of ecosystem
services changes. Carbon storage and sequestration as a key ecosystem service having a direct
relation with land cover/cover. Based on results of this study, carbon storage and sequestration
is decreasing in land cover classes during study period due to a high rate of transition from
natural land covers to human-made as a result of human influences [10]; while the conversion
of forests to rangeland causes the most carbon loss in this land cover class because of large
area; this can be a good comparison between forests and rangeland which shows the capability
of forests in carbon sequestration versus rangelands because of the enlarged area coverage,
more density of plant cover and bigger assigned coefficients value therefore, a decrease in
the values of this component of ecosystem prevents a balanced flow of landscape ecosystem
services [29]. Generally, transition from natural land covers, especially forests to human made
land covers such as cultivated lands, bare land, transportation network, residential areas or
natural landcovers such as rangeland causes carbon loss. On the other hand, the conversion of
scattered dry farming to residential areas will cause carbon storage because the amount of stored
carbon in lands covered by scattered dry farming is so low while in a residential area due to the
plantation of green areas such as trees, shrubs, etc., the amount of stored carbon in comparison to
scattered dry farming is more. The amount of carbon storage and sequestration as an ecosystem
service of central Zagros region is extremely decreased because of forest degradation and the
expansion of human made land covers, which emphasizes other findings elsewhere [29-32].

Primary reason for the increase in carbon emission, is a rapid and severe deforestation
in Central Zagros region, which leads to a high commercial compensation in this region.
Total sequestered carbon is constantly decreasing because of human disturbances which
will cause ecosystem services loss and at last human health will be affected. Also, impact
on the net ecosystem service values caused by the large change in total value of sequestered
carbon shows that human activities in study area impose a high economic damage. Forest
has large contribution on total value of ES despite large change in area, because the forest
land provides higher amount of carbon storage and sequestration [21].

One of the limitations of this study is related to ESM model that lies in this hypothesis
that ESM model does not consider changes due to the self-purification and self-regulation
power of ecosystems over time and considers any changes in carbon storage due to sudden
changes in land cover. Accordingly, if there is no change in land cover during the study
period, the net carbon sequestration rate will be zero. To resolve this limitation, we have
used long time period land cover data to prevent the effects of abrupt changes in land cover.
Another limitation of this study is the lack of updated carbon data in the study area to be
used in estimations.

5. Conclusions

In this paper, using Landsat satellite images, land cover maps were produced and used
as the inputs of LCM. Land cover change prediction was carried out using Markov Chain
and Multilayer Perceptron Neural network based on two sub-models: (1) Deforestation,
(2) Residential development; then land cover change prediction was carried out for 2020,
2030, 2040 and 2050. Due to the lack of updated carbon data, we used IPCC data to extract
carbon data on four carbon pools as aboveground, belowground, soil organic matter and
dead organic matter. The predicted land cover maps and carbon data were used as the
inputs of ESM in Carbon storage and sequestration tool. The results show that Zagros
forests have occupied the most land cover changes due to human disturbances which has
led to the reduction of carbon storage and sequestration. This study simulates the results
of human activities in the central Zagros region and its consequences which will lead to
severe deforestation and at last the reduction of ecosystem services especially storage and
the sequestration of carbon. The results can be used by environmental planners to improve
and protect natural land covers, especially forests to protect the ecosystem services and
their continuity.
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