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Abstract

Reducing emissions from deforestation and forest degradation (REDD+) is way key

to reduce the emission of greenhouse gases (GHGs) while also protecting vulnerable

forest ecosystems. The purpose of this study was to recognize suitable areas for

REDD+ Programme projects and calculate the reduction in CO2 emissions through

the prevention of forest cover degradation in the Central Hyrcanian forests. For this

purpose, the cover changes of the Central Hyrcanian forests were assessed using

LANDSAT satellite images. Applying the voluntary carbon standard (VCS) methodol-

ogy and the calibration period 1984–2014 (30 years), forest cover changes were pre-

dicted. The results showed that under the business-as-usual scenario, 155,698 ha of

Central Hyrcanian forests will be declined by 2044. In general, the REDD+ Pro-

gramme project implementation will prevent the release of 1,209,231 tCO2e. Based

on the social cost of carbon (SCC) approach, the REDD+ Programme project imple-

mentation can save 12,092,310 US$. In addition, this approach can be used for the

project design document (PDD) of the forest development mechanism.
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1 | INTRODUCTION

Deforestation and forest degradation are recognized as critical envi-

ronmental issues that contribute significantly to global greenhouse

gases (GHGs) emissions (Fujisaki et al., 2020; Mattsson et al., 2012;

Sheng et al., 2016). The United Nations Framework Convention on

Climate Change (UNFCCC) introduced an international management

mechanism to confront climate change, namely Reducing Emissions

from Deforestation and Forest Degradation (REDD+) (Maraseni

et al., 2020; Sheng, 2020; Srinivasarao et al., 2022). In recent years,

REDD+ projects have been considered as a worldwide policy to avoid

deforestation in developing countries (Atela et al., 2014; Lin

et al., 2014; Maraseni et al., 2014; Wei et al., 2020). REDD+ projects

are planned to increase carbon sequestration and forest conservation

(Ji & Ranjan, 2019; Kassi et al., 2021) in areas facing extreme land use

changes (Atela et al., 2014; Han et al., 2020). Furthermore, REDD+

initiatives would prohibit activities such as forest conversion to agri-

cultural areas, indiscriminate tree removal, and any other human

involvement in the environment.

To identify suitable regions for REDD+ projects, the most impor-

tant criteria are substantial carbon stocks in the forest ecosystem,

high deforestation rates, and the ability of the region to conserve the

ecosystems (Salvini et al., 2016). Thus, choosing a method for site

selection for REDD+ is very challenging because the economic and

social issues and some activities of the governmental and nongovern-

mental sectors are affected by the projects (Satyal et al., 2020).
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There are concerns about the success of REDD+ projects: how

they would prevent forest degradation and deforestation, the impact

of REDD+ projects on biodiversity protection and ecosystem ser-

vices, and the effect of REDD+ projects on local people's living cir-

cumstances (Githiru & Njambuya, 2019). The strategic environmental

assessment (SEA) can be applied to assess the environmental impacts

of REDD+ policies. For strategic environmental evaluation, the rapid

impact assessment matrix (RIAM) might be employed. RIAM is a tech-

nique for determining the possible effect of environmental initiatives

and has been used in similar previous studies (Brandolini et al., 2018;

El Gohary & Armanious, 2017; Mao et al., 2018). So far, RIAM has not

been used for the SEA of the REDD+ projects. In this study, the SEA

of REDD+ projects was considered as an innovative way to support

decision-makers.

Forest cover change modelling has been investigated in many

research studies with the aim of identifying areas facing deforestation.

For instance, forest cover change was examined by Ty et al. (2011) in

the Oddar Meanchey Province of Cambodia. The results showed that

REDD+ projects will prevent 8,592,501.7 tons of CO2 emissions

between 2008 and 2038. A study in the Mantadia conducted by East-

man (2015a) showed that a REDD+ project can successfully reduce

carbon emissions. Implementation of a REDD+ project in the Juma's

protected area in Brazil indicated that the REDD+ project is effective

in avoiding carbon emissions in the future (Yanai et al., 2012). Lin

et al. (2014) identified the suitable regions for REDD+ projects by the

weighted linear combination (WLC) procedure. They used five criteria:

forest carbon, biodiversity, poverty alleviation, deforestation threat,

and opportunity cost. Although many studies have been conducted

on deforestation modelling, only Lin et al. (2014) applied the multi-

criteria evaluation (MCE) approach to identifying suitable areas for

REDD+. Most of these studies provide a brief overview of each pro-

ject, and a series of process and experience-oriented ‘lessons
learned’. However, considering the enormous number of developing

REDD+ initiatives in forest zones, data remains relatively scarce.

Therefore, this study tried to fill these gaps and examined the ordered

weighted average (OWA) procedure for the identification of suitable

areas for REDD+ projects. The purpose of this study is to identify

suitable areas for REDD+ projects and calculate the reduction in CO2

emissions through the prevention of forest cover degradation in the

Central Hyrcanian forests. Then a technique is suggested that con-

siders locals' involvement in all phases of measuring, reporting, and

verification. Locals can really learn how to assess carbon stocks or

emissions in the context of REDD+. When locals' contribution to the

REDD+ monitoring and validation components, as well as any result-

ing benefits, are taken into consideration, more difficulties appear. As

a result, policy-makers, planners, and researchers should emphasize

the use of interdisciplinary research to solve the many complicated

difficulties associated with the implementation of REDD+ pro-

grammes. The subject of this study is important for climate change

analysis. Using results and methodologies from the literature, this

analysis indicates that REDD+ programmes can cut carbon emissions.

In fact, the calibration period of 1984–2000, applied to predict forest

cover change in 2014, showed that deforestation modelling had high

accuracy and also, the scenario with equal weight for all criteria has

the best result for identifying suitable areas for REDD+ projects. Iran

has a high biodiversity of plant and animal species due to diverse cli-

matic conditions. Many of these species are endangered, so forest

and rangeland conservation projects aimed at controlling the risk of

extinction of rare species are on the agenda of the Iranian Govern-

ment, and various projects are underway to this end (Roudgarmi &

Mahdiraji, 2020). For instance, the natural environment conservation

project on Qeshm Island and Anzali wetland ecological management

project in Gilan Province are examples of such projects.

In fact, achieving the goals and effective and successful results of

REDD+ projects in Iran requires effective policy-making, accurate and

transparent project design, and step-by-step monitoring during pro-

ject implementation. Factors such as sovereignty, capacity, and rights

to occupy land, justice, transparency, indigenous people's rights and

knowledge, and increasing local and institutional capacities have been

some of the most important reasons for the failure of these projects

in Iran (Parsamehr et al., 2019; Shooshtari & Gholamalifard, 2015). In

addition, initiatives like REDD+ may improve the standard of living

for people who depend on forests by reducing poverty, increasing

income through payments made in exchange for carbon credits, and

providing extra advantages like better land tenure or carbon owner-

ship (Bayrak & Marafa, 2016). The extent of central Hyrcanian forest

has significantly decreased as a result of major land use changes in the

Province of Mazandaran in recent decades. The forest cover

decreased by about 4008 ha and 3635 ha during 1984–2000 and

2000–2014, respectively. With reference to rising deforestation in

Central Hyrcanian forests and their critical role in climate change miti-

gation, land cover changes and the impact of REDD+ projects on low-

ering greenhouse gases (GHG) emissions may be evaluated and

projected using the methods presented. Furthermore, the REDD+

data can be utilized to complete the Country's Project Design Docu-

ment (PDD) for the Clean Development Mechanism (CDM). REDD+

projects are mainly handed over to the public and semi-private sec-

tors. Therefore, some of these projects are research-based projects

supported by research institutions, and some others are

governmental-based and no private sector is involved in the imple-

mentation of these projects (Parsamehr et al., 2019).

The Central Hyrcanian forests of northern Iran, located near the

Caspian Sea, are part of Iran's natural resources under the protection

and supervision of the Iranian Forests and Natural Resources Organi-

zation. Some of these forests have been used by the villagers due to

their proximity to their villages. Some of these resources have chan-

ged their land use to agricultural purposes. For this reason, in order to

protect this national heritage, REDD+ projects have been started in

this area.

One of the factors contributing to GHG emissions in emerging

nations is land cover change. Iran is one of the countries facing the

challenge of land use changes, especially deforestation. The Central

Hyrcanian forests serve as a good case for the implementation of the

REDD+ projects. They are one of the important resources for carbon

sequestration in the world. In recent decades, they were faced with

excessive deforestation and forest degradation, the decline in the
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extension of these forests has been mentioned. For example, the Cen-

tral Hyrcanian forests lost 162,867 ha of their forest cover from 1984

to 2010. In the coastal areas, 33,487 ha of the Central Hyrcanian for-

ests were reduced between 1988 and 2010 (Gholamalifard

et al., 2012). The REDD+ project can be a good solution to deal with

deforestation in the Central Hyrcanian forests. The primary objectives

of this study are to select appropriate sites for REDD+ projects and

to estimate the amount of carbon that REDD+ would save at each of

the selected sites.

This study demonstrates how to apply a spatial targeting tech-

nique for REDD+ initiatives in Iran that accounts for land opportunity

cost, deforestation risk, and variation in Central Hyrcanian forest car-

bon. This study identifies suitable areas for REDD+ projects that

focus on reducing deforestation, rather than the original motivation

for REDD+. Furthermore, by identifying locations with the potential

for biodiversity conservation, poverty alleviation, and carbon emission

reduction, the goal reflects the growing expectation. LANDSAT satel-

lite images were used for this purpose to analyze changes in the Cen-

tral Hyrcanian forest cover. Future deforestation patterns are created

using historical data on land cover changes from a land change

modeller (LCM). Future deforestation trends are combined using

multi-criteria evaluation modules. We define the regions designated

as suitable REDD+ landscapes under one targeted method. As a

result, the unique combination of methods used in this study is the

work's innovation. Finally, we compare the locations of REDD+ pro-

jects in Iran and other Central Hyrcanian forests around the world

with our spatial targeting maps.

This research suggests a methodology that considers the involve-

ment of local people in all phases of measuring, reporting, and verifi-

cation. Locals can really learn how to assess carbon stocks or

emissions in the context of REDD+. When locals' contribution to the

REDD+ report and validation components, as well as any resulting

benefits, are taken into consideration, more difficulties appear. Thus,

policymakers, planners, and academics should favour the use of multi-

disciplinary research to address the various and complex issues con-

nected with the execution of REDD+ projects.

2 | MATERIALS AND METHODS

Developing countries can achieve financial advantages through REDD

+ projects. In this study, the GeOSIRIS modeller in the TERRSET soft-

ware and RIAM were used as tools for modelling the impacts of the

REDD+ policy. The TERRSET software combines the Idrisi geographic

information system (GIS) and image processing tools and suggests ver-

tical applications for modelling the Earth system. The policy set for

GeOSIRIS modeler uses a carbon payment system to motivate emis-

sion reductions and it can be implemented at various legal levels, such

as the region or county (Nahib, Turmudi, Munajati, &

Windiastuti, 2018).

Land-use/land-cover (LULC) change models are used for the sim-

ulation of future forest cover change (Mas et al., 2014; Sahoo

et al., 2018). The efficiency of LULC models depends on their

transition potential modelling (Streck, 2020). LCM is one of the most

important procedures for baseline modelling of REDD+ (Kim, 2010)

and has been used in many studies for land change modelling

(Heidarlou et al., 2019; Nahib, Turmudi, Windiastuti, et al., 2018;

Reddy et al., 2017; Roy et al., 2014).

The GIS software provides tools that can help decision-makers in

spatial analyses. These tools are very useful in modelling, predicting,

and site selection (Lin et al., 2014). MCE consists of three approaches:

Boolean, WLC, and OWA. WLC was used by Lin et al. (2014) for iden-

tifying suitable areas for REDD+ in Tanzania. The impact ofdecision

strategy space (DSS) and its scenarios have not been examined for site

selection of suitable areas for REDD+. In this study, we examined the

OWA procedure for site selection of suitable areas for REDD+ pro-

jects. As shown in Figure 1, this research consists of four stages as fol-

lows: (1) forest cover change modeling by LCM, (2) MCE and site

selection, (3) REDD+ baseline modeling based on the voluntary car-

bon standard (VCS) method, and (4) SEA of REDD+ projects using the

GeOSIRIS model and RIAM.

2.1 | Study area and data

The study area is Mazandaran Province located in northern Iran. The

Central Hyrcanian forests are located in Northern Iran. Mazandaran

Province is approximately 24,000 km2 and lies between 35� 47 and

38� 5 Northern latitudes and 50� 34 and 56� 14 Eastern longitudes

(Figure 2) (Ghorbani et al., 2015). The spatial data sources used are

presented in Table 1. The protected areas and agricultural land cover

about 20.58% and 25% of the Mazandaran Province (Mehri

et al., 2014; Mirzayi et al., 2013). All map layers were converted to

raster data according to spatial coordinates (WGS 1984/UTM zone

39 N). The pixel size for layers was considered as 30 m � 30 m. In this

study, the forest layer map of 1984 was derived from a study by Mir-

zayi et al. (2013). Furthermore, the forest layer maps of 2000 and

2014 were gathered from a study by Parsamehr et al. (2019). LAND-

SAT images - TM and ETM+ were used for generating forest cover

maps in 1984 and 2000 (Mirzayi et al., 2013; Parsamehr et al., 2019).

In addition, for the year 2014, forest images were digitized from

LANDSAT images in Google Earth (Parsamehr et al., 2019). Forest

cover maps for the three time periods are presented in Figure 3.

The data used in the research project was produced in Iran. To

evaluate the accuracy, the control points were produced on the satel-

lite image of the date in question and were visually checked. For the

date of 2014, field visits were also made and then the necessary cor-

rections were made. The data used have the necessary accuracy to

continue the analysis.

In general, the GeOSIRIS model was applied to evaluate the

impact of the REDD+ project on reducing emissions within each

county. In this study, the GeOSIRIS showed which county could bene-

fit from more carbon credits due to the prevention of deforestation

(see Supplementary Information, Table S11). In fact, the GeOSIRIS

model helps create a rewards and penalties system for each adminis-

trative level. Administrative levels that perform better will be

PARSAMEHR ET AL. 2765
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encouraged by carbon credits and will have a greater incentive to

reduce carbon emissions.

2.2 | Forest cover changes modelling by LCM

The change analysis tab in LCM was used for change detection. We

examined forest cover changes during 1984, 2000, and 2014. In addi-

tion, the spatial trend maps of deforestation for 1984–2000 and

2000–2014 were evaluated (Eastman, 2015b). The multi-layer per-

ceptron (MLP) neural network method was used for transition poten-

tial modelling from forest to nonforest conversion (Eastman

et al., 2005). MLP can model a nonlinear relationship between the var-

iables (Kim, 2010). The driver variables used in the MLP model were

prepared by Parsamehr et al. (2019) (Figure S1). The relationship

between forest cover changes as the dependent variable and the

driver variables was tested by Cramer's V (see Supplementary Infor-

mation, Table S1) (Kim, 2010). The test shows a statistical relationship

between the dependent variable and driving variables. If it is closer to

one, there is a stronger relationship (Kumar et al., 2014).

The accuracy rate and skill statistic were considered for validation

testing of the MLP model. The accuracy rate demonstrates that the

MLP, after iterations of training the network with appropriate accu-

racy, is capable of correctly predicting validation pixels. There are

chance predictions in the validation test. For example, if one transition

is modelled, then there are two answers to predict each pixel: change

or persistence. There will be a 50% chance of a correct answer for a

change. By increasing the number of transitions, the possibility of a

chance response will be reduced. The skill statistic was introduced to

solve this problem. It ranges from �1.0 to +1.0. The model with a skill

of 0 indicates a random chance. A skill of +1.0 indicates a perfect pre-

diction. A model with a negative skill indicates that it is performing

worse than chance (for more information refer to Eastman, 2015b).

The calibration period of 1984–2000 was applied to predict for-

est cover change in 2014. The likelihood of forest cover transition to

non-forest cover was calculated using the Markov chain

(Eastman, 2015a). For model assessment, statistics of relative operat-

ing characteristic (ROC), hit/false alarm rate (Eastman, 2015b), and fig-

ure of merit (FOM) (Kim, 2010) were used. The ROC can compare a

transition potential image with an actual change image. If the ROC

value is 1, it indicates perfect agreement, and if it is 0.5, it indicates a

chance agreement (Eastman, 2015a). FOM has a value from 0 to

100 percent (closer values to 100 indicate perfect prediction). FOM

was calculated from Equation (1) (Kim, 2010) where A refers to pixels

F IGURE 1 Flowchart of the
procedure used in this research.
[Colour figure can be viewed at
wileyonlinelibrary.com]

F IGURE 2 Study area
(Central Hyrcanian forests).
[Colour figure can be viewed at
wileyonlinelibrary.com]
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whose persistence has been predicted by the model, but they did not

persist (losses); B refers to pixels whose change has been predicted by

the model, and they did change (hits); and C refers to pixels whose

change has been predicted by the model, but they did persist (false

alarms) (Kim, 2010; Kiourtis et al., 2018). In addition, if the Hit/False

alarms rate is about 25%, the model has good performance

(Eastman, 2015b). After verifying the accuracy of the model, the for-

est cover change prediction was done using the calibration period of

1984–2014 (30 years). The transition potential map for the year 2044

was considered as an input for MCE. A ROC equal to 0.975, hits/false

alarms rate equal to 77%, and a FOM equal to 26.8% were obtained

for the MLP model. FOM was calculated as follows:

FOM¼ 395:351
567:033þ395:351þ510:412

� �
¼0:268�100¼26:8%

ð1Þ

2.3 | Multi-criteria evaluation

Multi-criteria evaluation (MCE) is utilized as a method to compare dif-

ferent scenarios and help decision-makers choose the best alternative

(Lin et al., 2014). To select a suitable area for a REDD+ project, a

WLC and an OWA were applied to the multi-criteria evaluation

embedded in TerrSet (Lin, 2012). The International Union for the Con-

servation of Nature's Red List and the biodiversity hotspot concept

are two methods for quantifying biodiversity richness. We should

choose the distance to the protected area since, according to some

research (such as Lin et al., 2014), it indicates both the presence of

biodiversity and the desire to preserve it. Information related to pro-

tected areas is obtained from the Department of Environment of Iran.

It is assumed that protected areas have high biodiversity (the larger

the area of these areas, the greater the biodiversity) because the habi-

tat of different species of animals and plants is diverse and not limited.

Accordingly, and given the previous studies (e.g., Carter et al., 2017;

Matheus, 2018), it is assumed that distance from protected areas can

be considered as a criterion in locating REDD+ projects. In this study,

the multi-criteria evaluation (MCE) approach has been defined based

on the studies by Lin et al. (2014) and Parsamehr et al. (2019). The cri-

teria used in MCE included carbon stocks map defined by Kapos et al.

(2008), distance from the protected areas, deforestation threat (out-

put of the MLP model), and opportunity cost map defined by Naidoo

and Iwamura (2007). The carbon layer refers to the terrestrial carbon

stocks (tC/ha). The distance from the protected areas relates to biodi-

versity protection. The opportunity cost represents that the agricul-

tural land has neglected economic benefits once forest conservation

is implemented. In order to compare the criteria, they were standard-

ized by the fuzzy membership functions (Table S2) (Eastman, 2015a).

This study used the pair-wise comparison function to set up the

multi-criteria evaluation module to weigh the criteria (Saaty, 1990). To

assess the suitability of areas for REDD+, three scenarios have been

defined (Table S3). Then, the zonal land suitability (ZLS) method was

used to select the REDD+ project site [Equation (2)]

(Eastman, 2015b). In Equation (2), zonal land suitability is Sz1, local

appropriateness of the pixels i related to the zone z is (Li)z, and the

number of pixels in zones of z is nz.

Sz ¼
P

L ið Þz
nz

ð2Þ

In this study, the weights justification is retrieved from Lin

et al. (2014). The OWA is the same as the WLC method, but it con-

siders two types of weight: (1) the factor weight regulates the rela-

tive share of the special criterion, and (2) the order weight

regulates the aggregation of the weighted criteria (Gorsevski et al.,

2012). The OWA procedure represents a range of risk situations

between AND and OR operators (Malczewski, 2006). The risk situa-

tions in the DSS are defined by risk and trade-off (see Supplemen-

tary Information, Figure S2). The degree of the weights' dispersion

controls the trade-off level which represents the compensation

measurement. Risk and trade-off are calculated by Equations (2),

(3), and (4) (Jiang & Eastman, 2000). The total number of criteria is

n, the order of criteria is i, and the weight for the criteria of the ith

order is Wr.

ANDness¼ 1= n�1ð Þð Þ
X

n� ið ÞWorder ið ÞORness¼1–ANDness ð3Þ

TABLE 1 Spatial data sources

Data Source

Updated global map of

terrestrial carbon stocks

Kapos et al. (2008)

Global above and below-

ground living biomass

carbon density

Ruesch & Gibbs (2008)

Global soil organic carbon

Global map of opportunity

cost

Naidoo & Iwamura (2007)

Land cover map of 1984 Mirzayi et al. (2013)

Forest cover maps of 2000

and 2014

Parsamehr et al. (2019)

Digital elevation model

(DEM)

NASA's Earth Observation System

Data and Information System

(EOSDIS)

Village points National Cartographic Center of Iran

(http://www.ncc.org.ir)

Village boundaries National Cartographic Center of Iran

(http://www.ncc.org.ir)

Roads National Cartographic Center of Iran

(http://www.ncc.org.ir)

Rivers National Cartographic Center of Iran

(http://www.ncc.org.ir)

Protected areas Environmental Protection Agency of

Iran (2015)

Residential areas of 1984 Mirzayi et al. (2013)
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 1099145x, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ldr.4628 by T

hirion Paul - D
ge, W

iley O
nline L

ibrary on [16/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.ncc.org.ir
http://www.ncc.org.ir
http://www.ncc.org.ir
http://www.ncc.org.ir


Trade�off¼1�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n
P

Worder i�1=nð Þ2
n�1

s
ð4Þ

ANDness is from 0 to 1, and values closer to 1 indicate that the

risk is low. ORness is from 0 to 1, and values closer to 1 indicate that

the risk is high (Jiang & Eastman, 2000). Order weights control the

degree of trade-off. The trade-off closer to 1 indicates full compensa-

tion between the criteria (Gorsevski et al., 2012). After selecting the

best option from defined scenarios in Table S3, the impact of order

weight was examined for it (see Supplementary Information,

Table S4).

2.4 | REDD+ baseline modelling based on the
voluntary carbon standard (VCS) method

In this study, the VCS method offered by Bio Carbon Fund (BIOCF)

was used for the implementation of a REDD+ project for each site

(Pedroni et al., 2008). LCM module was used for a REDD+ implemen-

tation using the TerrSet software (Eastman, 2015a).

Each site as a reference area was divided into two geographical

areas: project and leakage areas. Forest protection is considered in

the project area. The leakage area is located around the project area

and deforestation activities will probably be transferred to this area.

In fact, the leakage area is likely to experience the consequences of

the protection of the project area (Pedroni et al., 2008). For REDD+

baseline modelling, the calibration period of 1984–2014 (30 years)

was considered, and forest cover change was predicted for 2044. The

amount of carbon average in forest and nonforest areas for site selec-

tion was estimated using the global map of terrestrial carbon stocks

by Kapos et al. (2008) (Table S9). The business-as-usual approach will

not alter in the current circumstances; rather, the existing situation

indicates developments without REDD+ (Pedroni et al., 2008). In this

study, lowering tCO2e emissions over the next 30 years and 5 years

was explored (Eastman, 2015a).

Six carbon resources provided in the VCS methodology include

above-ground carbon, below-ground carbon, dead wood, harvested

wood products, litter, and soil organic carbon. They are considered for

the calculation of CO2 emissions caused by deforestation. Further-

more, non-CO2 emissions such as CH4 and N2O caused by forest fires

are calculated (Pedroni et al., 2008). In this study, these parameters

were ignored because there was no suitable data for non-CO2

emissions.

Based on the business-as-usual scenario, the reduction in forest

area and carbon stocks was calculated for the next 30 years (for every

5 years) in the project and leakage area using the following equations

(Pedroni et al., 2008):

deforested area hað Þf g�
average carbon density

in forest area tCOe2=ha
� �

8<
:

9=
;

¼ CO2 emissions from forest area

under business�as�usual scenario

( ) ð5Þ

non_forest area hað Þf g�
average carbon density

in non_forest area tCOe2=ha
� �

8<
:

9=
;

¼
sequestrated carbon in the

non�forest area under business�as�usual scenario

( ) ð6Þ

CO2 emissions from forest area

under business�as�usual scenario

( )

�
sequestrated carbon in the

non�forest area under business�as�usual scenario

( )

¼
totalCO2 emissions

from project and leakage area

C�Baselineð Þ

8>><
>>:

9>>=
>>;

ð7Þ

The expected outcomes of the REDD+ project were determined by

leakage and success rates. These rates determine how much carbon

emission is expected to be reduced during the project implementation

(Pedroni et al., 2008). In this study, the REDD+ project information in

the Mantadia National Park was used to determine the rates of leak-

age and success (Table S5) (Eastman, 2015a). The reduction of carbon

stocks due to the implementation of the REDD+ project (relocation

of deforestation activities) within the leakage region is defined as

leakage. An increase in CO2 emissions that occurs due to leakage was

calculated using Equation (8). In Equation (9), the actual carbon saved

within the project area can be calculated using the success rate. Then

Equation (10) estimates actual CO2 emissions under the REDD+ pro-

ject (Pedroni et al., 2008).

F IGURE 3 Forest cover
maps. (a) 1984, (b) 2000, (c) 2014.
[Colour figure can be viewed at
wileyonlinelibrary.com]
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totalCO2 emissions from project area

under business�as�usual scenario

( )
�fleakage rateg

¼
CO2 emissionsdue to Leakage

C�Leakageð Þ

( ) ð8Þ

totalCO2 emissions from project area

under business�as�usual scenario

( )
�fsuccess rateg

¼
actual carbon saved

within the project areabyREDDþ

( ) ð9Þ

totalCO2 emissions from project area

under business�as�usual scenario

( )

�
actual carbon saved

within the project areabyREDDþ

( )

¼
actual carbon emissions

under REDDþproject

C�Actualð Þ

8>><
>>:

9>>=
>>;

ð10Þ

The amount of carbon saved by the REDD+ project (C-REDD+)

over the next 30 years was calculated using Equation 11. The output

of REDD+ baseline modeling is a file named Project Design Docu-

ment (PDD). It indicates carbon stocks change in the project and leak-

age area during the implementation of the project (Pedroni

et al., 2008).

C�baseline within project areaf g� C�Actualf g� C�Leakagef g
¼ CREDDþf g

ð11Þ

The reduction of CO2 emissions has economic benefits. The cur-

rent carbon market price per metric or an equal amount of CO2 per

ton leads to economic valuation (World Bank, 2017). Because of poli-

cies, subsidies, and other legislative influences, carbon prices often

change. That is why the social carbon cost (SCC) may be a better car-

bon price estimate. The SCC estimates the benefit to society by elimi-

nating the damage caused by each extra metric ton of CO2 released

into the atmosphere (Bell, 2011; Nordhaus, 2011). In this research,

economic benefits from the reduction of CO2 emissions were esti-

mated using Equation (12):

C�REDDþ�US$10per tonCO2 equivalent ð12Þ

2.5 | Strategy environmental assessment of the
REDD+ project

A SEA is a methodical procedure for assessing the environmental con-

sequences of a proposed policy, strategy, or programme. It is appro-

priate for the early assessment of cumulative impacts, as well as

economic and societal factors. A successful SEA also requires public

participation. In comparison to an environmental impact assessment

(EIA), a SEA provides strategic recommendations and allows for better

control of interactions and cumulative effects (Tamasang &

Ngwome, 2018). The environmental consequences of the REDD+

projects were investigated using the RIAM. Pastakia and Jensen

(1998) introduced the RIAM matrix and its concepts (Table S6). The

evaluation criteria of A and B were defined based on Pastakia and

Jensen's (1998) study, which: (1) the criteria (A) are metrics relevant

to the condition that the score obtained can be changed individually,

and (2) the criteria (B) are metrics valuable to the situation, but incapa-

ble of changing the score acquired individually. The criteria (A) are

impact (A1) and magnitude (A2). The criteria (B) are permanence (B1),

reversibility (B2), and cumulatively (B3). Eventually, the final score or

environmental score (ES) is calculated by the following equations

(Table S7):

A1ð Þ� A2ð Þ¼AT ð13Þ

B1ð Þþ B2ð Þþ B3ð Þ¼BT ð14Þ

ATð Þ� BTð Þ¼ES ð15Þ

In this research, the GeOSIRIS modeller was used for modelling

the impact of the REDD+ policy in Mazandaran Province. The GeO-

SIRIS model predicts the changes in deforestation rate, carbon emis-

sions, agricultural income, and carbon payments when a REDD+

paradigm has been implemented (Nahib, Turmudi, Munajati, &

Windiastuti, 2018). The GeOSIRIS step flowchart is shown in the Sup-

plementary Information (Figure S3). In GeOSIRIS, the relationship

between deforestation and other spatial variables is calculated using a

regression model (Nahib, Turmudi, Munajati, & Windiastuti, 2018).

The deforestation image as one input should represent deforestation

that has occurred in recent years (for further study about GeOSIRIS

refer to Nahib, Turmudi, Munajati, & Windiastuti, 2018).

In RIAM, four categories of environmental components are

defined as physical/chemical (PC), biological/ecological (BE), sociologi-

cal/cultural (SC), and economic/operational (EO). In this study, the

components used in the creation of the RIAM matrix are listed in the

Supplementary Information (Table S8). Furthermore, some GeOSIRIS

outputs were applied as components in the RIAM matrix. The opti-

mum location with the fewest negative consequences was chosen.

Although there is widespread support for REDD+ at the moment,

several concerns remain unsolved, including funding to maintain the

process and providing adequate socioeconomic incentives to reduce

deforestation. Other essential criteria in these initiatives include defin-

ing reliable deforestation baselines, the technical challenges of moni-

toring and approving changes in forest cover, and worries about

inadequate governance and illicit logging (Samndong et al., 2018). The

most crucial socioeconomic elements of REDD+ projects include

respect for landowners' rights, land occupation, involvement of com-

munities' dependent on forests, sustainable forest management, pres-

ervation of forests as intact ecosystems, preservation of biodiversity,

and environmental services in carbon-rich ecosystems (Adekugbe

et al., 2020).
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Considering the nature and priority of the site selection, our cri-

teria have been selected based on a relevant study by Lin et al. (2014)

to develop the study framework. In general, the purpose of this study

was to determine and identify suitable areas for REDD+ projects.

Other factors (such as socio-economic concerns) should be examined

after finding appropriate regions through future studies. The first

strategy, efficient targeting, focuses on regions with high forest car-

bon content, high deforestation risk, and low opportunity cost,

according to Lin et al.'s study (Lin et al., 2014). In addition to criteria

for efficient targeting, the second strategy (co-benefits targeting) tar-

gets regions with high biodiversity and high poverty rates. Based on

the targeted strategies, the suitability maps show regions that are

highly, moderately, and poorly suitable for the development of future

REDD+ initiatives. Therefore, in this study, larger areas were selected

as the main site, so that officials can also review smaller sites during

the implementation phase. Another goal of this study was to identify

the primary REDD+ project locations in the Hyrcanian forests. To

assist policy-makers in making judgments, after selecting the areas,

we decided to utilize the SEA tool to demonstrate what the good and

negative benefits would be if these projects were executed.

3 | RESULTS AND DISCUSSION

3.1 | Forest cover changes modelling

According to the results, the reduction in forest cover in Mazandaran

province was about 102,192 and 86,415 ha between 1984–2000 and

2000–2014, respectively (Figure 4), which is also confirmed by Parsa-

mehr et al. (2019). In recent decades, due to severe land use changes

in Mazandaran province, deforestation activities have increased. The

spatial trends in Figure 4 indicate that the intensity of deforestation in

the east of Mazandaran province was higher. In these areas, agricul-

tural activities, residential development, rural populations, and mining

have a considerable impact on the reduction of forests. This finding is

also shown and confirmed by Joorabian Shooshtari et al. (2012).

In this study, the elevation and distance from the roads have a

maximum (Cramer's V value = 0.50) and minimum (Cramer's V

value = 0.11) correlation in association with the changes in forest

cover (Table S1). Pirbavaghar et al. (2003) concluded that the most

deforestation in the Central Hyrcanian forests occurred at high alti-

tudes. They stated that the rural populations in upper altitudes are

responsible for deforestation. A few studies referred to a direct rela-

tionship between elevation and deforestation (Bagheri &

Shataee, 2010; Mas et al., 2004). Deforestation at high altitudes has

occurred in the Central Hyrcan forests due to a lack of control by land

conservation organizations. Patterns of change in landscapes, heavily

influenced by human activity, may be complicated, making them

exceedingly challenging to understand. The ability to map trends with

a best-fit polynomial trend surface to the patterns of change is pro-

vided by spatial trends.

The prediction map of 2014 is presented in Supplementary Infor-

mation (Figure S4). Furthermore, the accuracy rate and skill measure

for the transition potential modelling were obtained as 83.12% and

0.6624, respectively, which indicated that MLP had a good perfor-

mance in the validation test. The FOM obtained in this study indicates

the high accuracy of the model compared to other studies. The map

of changes between 2014 and 2044 is presented in Figure 5. The

F IGURE 4 Change analysis.
(a) change analysis between 1984
and 2000, (b) change analysis
between 2000 and 2014 [adapted
from Parsamehr et al. (2019)],
(c) spatial trend of 1984–2000,
(d) spatial trend of 2000–2014.
[Colour figure can be viewed at
wileyonlinelibrary.com]

F IGURE 5 Change analysis between 2014 and 2044. [Colour
figure can be viewed at wileyonlinelibrary.com]
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change prediction for 2044 showed that based on a historical sce-

nario, 155,698 ha of forest cover will be lost by 2044. Kim (2010)

reported that the FOM was equivalent to 8% in analyzing the defores-

tation models for REDD+ projects. Vieilledent et al. (2013) reported

that the FOM held a range of 10–23% in their case-study in

Madagascar.

3.2 | Multi-criteria evaluation

The suitability of the region for REDD+ based on scenarios defined in

the Supplementary Information (Table S3) is presented in Figure 6.

According to the pixel values, the suitability ranges from 0 to

255 where numbers closer to 255 indicate good conditions to imple-

ment the REDD+ project. Furthermore, the suitability value was clas-

sified into three categories: high, medium, and low (Figure 6). In our

study, the defined ZLS was focused on the discovery of sites with a

total area of 810 ha and minimum suitability of 180 (ha). The results

of site selection and site priority based on higher suitability are shown

in Figure 7.

The figure indicates that four sites were found for the WLC-1

scenario in which all the criteria had the same weight as the variable.

In the WLC-2 scenario, maximum weight was given to the

deforestation threat. The least weight was also given to the distance

from protected areas and the opportunity cost. In this study, the

opportunity cost means that areas with the potential for agricultural

activities (high opportunity cost) can be ignored during REDD+ pro-

ject implementation. They were hence considered undesirable for

fuzzy operation and the rest of the regions (approximately 75% of

Mazandaran Province) were desirable for the REDD+ project. One of

the goals of REDD+ projects is to conserve biodiversity. In other

words, the suitability for REDD+ projects is reduced by increasing the

distance from protected areas.

If the REDD+ project is planned to be located in low-opportunity

areas (unqualified for agricultural development), fewer problems will

be created for farmers and indigenous people. The protection of bio-

diversity in the Central Hyrcanian forests is critical and unfavourable.

Alborz mountains are located in the province of Mazandaran and

there are many endemic species of animals and plants in these areas.

Special attention should therefore be given to the conservation of

habitats in these regions. In the WLC-1 scenario, equal weights were

given to all the criteria and four sites with the desired conditions were

found. In this scenario, the impact of the criteria was considered to

reduce the risk of the REDD+ project implementation. As shown by

Akter et al. (2018), REDD+ is a beneficial project because it can pre-

vent serious land use changes. The four sites offered in the WLC-1

F IGURE 6 Suitability images of
WLC scenarios: (a) WLC-1,
(b) WLC-2, (c) WLC-3, (d) suitability
level for WLC-1, (e) suitability level
for WLC-2, (f) suitability level for
WLC-3. [Colour figure can be
viewed at wileyonlinelibrary.com]

F IGURE 7 Site selection
using defined ZLS method for
(a) WLC-1, (b) WLC-3, adapted
from Parsamehr et al. (2019).
[Colour figure can be viewed at
wileyonlinelibrary.com]
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scenario were selected to conduct the REDD+ project, according to

the items mentioned earlier. After selecting the WLC-1 scenario as

the best choice, the OWA procedure was examined. This study inves-

tigated the effect of risk and trade-off in DSS. Images showing the

suitability have been obtained based on order weights defined in the

supplementary material (Table S4 and Figure 8).

Scenario (a) generates a risk-averse strategy. The ANDness value

in scenario (a) is equal to 1 which means the solution corresponds to

the AND logic while the ORness value is 0, indicating that the solution

is not consistent with OR logic. The trade-off degree for scenario

(a) was 0 which indicates no compensation between the criteria. Sce-

nario (b) gains a low level of risk and increases suitable areas for

REDD+ projects compared with scenario (a). There are some trade-

offs in scenario (b) which is situated between scenarios (a) and (c).

Scenarios (c) and (d) are situated in the middle of DSS. They have an

average level of risk. In scenario (c), the order weights are equal and

there is a full compensation between the criteria, while in scenario (d),

some trade-offs are admissible. The comparisons of suitability images

between scenarios (c) and (d) demonstrate that (d) generates great

regions for REDD+ projects. Scenario (e) is situated between scenar-

ios (c) and (f). There is a high level of risk and some trade-offs in sce-

nario (e). Scenario (f) has the highest risk degree, and its trade-off is

equal to 0. The ORness value in scenario (f) is equal to 1 which means

the solution corresponds with the OR logic. Scenario (f) suggests

almost the entire Mazandaran province for REDD+ projects. In this

study, as in other studies (e.g., Malczewski, 2006; Valente &

Vettorazzi, 2008; Ferretti & Pomarico, 2013; Junior & Rohm, 2014),

there was a trend of increasing suitability from scenario AND to OR.

Using the ZLS method defined in this study, site selection was

done for OWA scenarios. For scenarios (a) and (b), no site was found.

The risk-averse scenarios demonstrate the minimum suitable regions

because, for aggregation (final suitability), all the criteria must have a

high value of suitability. For scenarios (e) and (f), the sites with a high

spatial extent were achieved. Risk-taking scenarios suggest large suit-

able regions because the high value of suitability in one criterion

determines a region as the best. Comparing scenarios (c) and (d), bet-

ter sites were found for (c). The suitability maps for scenarios (c) and

(WLC-1) are similar because in scenario (c), the trade-off degree is

1 which causes full compensation between the criteria. It should be

noted that the WLC method is considered as one of the scenarios of

the OWA if the order weights for all the criteria are equal.

The geographical situation of sites offered for REDD+ projects is

demonstrated in Figure 9. Site #1 with an area of 38,247 ha is located

in Nowshahr and Chalus Counties, Site #2 with an area of 52,263 ha

is located in Tonekabon County, Site #3 with an area of 20,085 ha is

located in Sari County, and Site #4 with an area of 56,972 ha is

located in Nowshahr and Nur Counties. Based on a report released by

the Environmental Protection Agency (EPA) of Iran, these sites are

facing deforestation, construction of access roads, overgrazing, timber

smuggling, and drastic land use changes. In addition, as shown by the

EPA of Iran (2015), the sites of REDD+ have natural landscapes,

dense forests, and areas with high biodiversity value.

3.3 | Consistency ratio

The chance that the ratings were chosen at random is shown by the

CR value. Good consistency is shown by values lower than 0.10. A

consistency index matrix will be shown when values are more than

0.10, at points where the weightings matrix should be reevaluated.

The consistency matrix depicts how the individual evaluations

would have to be altered to be entirely consistent with the right fit

weightings obtained. Thus, it is needed to examine this matrix to find

the pairwise comparison with the greatest variance if the total consis-

tency ratio is larger than 0.1. The most erratic rating is this one. How-

ever, there are several methods to compare each pair in the matrix.

There are ratings like A to C and C to B that allow the same sort of

comparison in addition to a straight evaluation of variable A to vari-

able B. The deviation mentioned for this more erratic rating shows

what would need to be adjusted for it to be in line with the weightings

F IGURE 8 Suitability images of
OWA: (a) AND scenario, (b) MIDAND
scenario, (c) AVG scenario, (d) MED
scenario, (e) MIDOR scenario, (f) OR
scenario. [Colour figure can be
viewed at wileyonlinelibrary.com]
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that provide the greatest match. We need to slide two points down

the scale, for instance, if it displayed a �2. For instance, this would be

the same as lowering the rating from 5 to 3, or similarly, from 1/3 to

1/5. As a result, the scale locations are where the variances are stated.

Since fractional places are permitted, the new rating would need to be

1/(3.2), or 1.8 spots higher on the scale, if the deviation was +1.8 and

the previous weighting was 1/5.

3.4 | Results of REDD+ baseline modelling

The outputs of the run of the REDD+ projects are reported in Supple-

mentary Information (Table S10) which indicates that the most and

least baseline deforestation in the project area will respectively occur

in sites #4 and #3. Furthermore, the maximum tCO2e emissions from

the project area (C-baseline) and the maximum C-leakage belong to

site #4. The results of tCO2e emissions under REDD+ project imple-

mentation and business-as-usual scenario are presented in Supple-

mentary Information (Table S10). Figure 10 shows the saved carbon

(C-REDD+) by REDD+ projects for each site.

Figure 10 shows that the maximum and minimum C-REDD+

belong to site #4 and site #3. Under the business-as-usual scenario,

1,733,610.1 tCO2e will be emitted within four sites offered during

2014–2044, while with REDD+ project implementation, the emis-

sions will reach about 524,379.1 tCO2e. Therefore, REDD+ projects

can prevent the release of 1,209,231 tCO2e over the next 30 years

(2014–2044). It should be noted that the amount of C-REDD+ is dif-

ferent in other studies and is related to the geographical extent and

F IGURE 9 Geographical
situation of sites selected for
REDD+ projects. [Colour figure
can be viewed at
wileyonlinelibrary.com]

F IGURE 10 Carbon saved by the REDD+ project in each site (C-REDD+). [Colour figure can be viewed at wileyonlinelibrary.com]
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carbon stocks. In this study, C-REDD+ results indicate that REDD+

projects can earn $US12,092,310 based on the social cost of carbon

(SCC). The economic benefits of reducing carbon emissions will be

effective for government decisions on climate change policies. Thus,

decision-makers should focus in particular on reducing carbon emis-

sions. They can use carbon credits as a tool for political motivations in

connection with the implementation of Clean Development Mecha-

nism projects, as shown by Busch et al. (2012).

The VCS method was used for the implementation of the REDD+

project in Mantadia National Park. The results showed that under the

REDD+ scenario, the release of 44,355,616 tCO2e will be prevented.

Using the VCS method, the amount of C-REDD+ was estimated for a

case study in Nigeria. Under the business-as-usual scenario,

354,408.26 tCO2e would be stored in this area, while REDD+ pro-

jects are able to save 1,606,147.09 tCO2e by 2040. Furthermore, in a

case study in Indonesia, a REDD+ project was implemented using the

VCS method and the results indicate that the REDD+ project will pre-

vent the emission of 18,868,706 tCO2e into the atmosphere by 2045.

The results of various studies indicated that the REDD+ projects suc-

cessfully had significant effects on the reduction of carbon emissions

in developing countries. The present study confirmed the perfor-

mance of REDD+ as a strategy to reduce deforestation and carbon

emissions. These findings are in line with the findings of, Bununu et al.

(2016), and Nahib and Suwarno (2018), and are confirmed by them.

3.5 | Strategic environmental assessment of the
REDD+ project

This study examined some of the policy implications of the REDD+

framework, based on an assessment with GeOSIRIS model for the

counties where the four selected sites are located. The GeOSIRIS

results are presented in the Supplementary Information (Table S11).

Output 1 in Supplementary material (Table S11) indicates how much

forest cover was reduced between 2010 and 2014. Most deforesta-

tion has occurred in Sari County, which has a high potential for REDD

+ implementation. Output 2 in Supplementary Material (Table S11)

shows the modelled deforestation under the REDD+ scenario during

the period 2010–2014, which demonstrates a significant potential

impact of REDD+ in Sari County and the highest absolute reduction

in deforestation. Based on the simulation of deforestation by the

GeOSIRIS model, Tonekabon County has the largest relative change

in the deforestation rate under the REDD+ scenario (see output 3 in

Supplementary Material, Table S11). Output 4 in Supplementary Infor-

mation (Table S11) shows emissions under the business-as-usual sce-

nario between 2010 and 2014 in each county, and output 5 shows

the predicted emissions by REDD+. For example, the emission with-

out REDD+ in Sari County was 844,229 tCO2e from 2010 to 2014,

while the emissions with REDD+ were estimated at about 551,752

tCO2e. In fact, the REDD+ project could have saved 292,477 tCO2e

in Sari County from 2010 to 2014 (see output 6 in Supplementary

Material, Table S11). Output 7 in Supplementary material (Table S11)

indicates the gross carbon benefit from choosing a REDD+ project.

RIAM analysis matrices for the four sites offered are presented in

Supplementary Material (Table S12, S13, S14, and S15). The REDD+

project has a very positive impact on all aspects of physical/chemical

(PC) and biological/ecological (BE) components mentioned in the Sup-

plementary Material (Table S8). REDD+ projects are appropriate for

emissions reduction, protection of forest lands, reforestation, prevent-

ing deforestation, and soil conservation. In addition, the implementa-

tion of a REDD+ project will improve the status of biodiversity

conservation in the region. The REDD+ project has positive and nega-

tive effects on the sociological/cultural (SC) components mentioned

in Supplementary Material (Table S8). The protection of forests has

impacts on the livelihoods of the rural community. On the one hand,

this protection can affect the livelihood of rural communities by limit-

ing activities such as animal husbandry and agriculture. On the other

hand, the implementation of the REDD+ project helps create jobs in

connection with the implementation of these projects and thus can

reduce poverty. In other words, by carrying out the project, the vil-

lagers can be hired for project-related businesses such as forestry, and

the project's profits can be shared among them. This is in line with

Corbera and Schroeder's findings in 2010. In addition, small-scale local

activities like the gathering of fuelwood, the manufacturing of char-

coal, and the grazing of animals have a significant impact on the local

forest degradation in Iran and are among its main drivers. As a result,

the REDD+ project's implementers may see reducing poverty as one

of their objectives. More REDD+ initiatives are situated in high or

medium-suitable regions, which consider the co-benefits of biodiver-

sity and poverty reduction.

REDD+ projects will improve the level of socio-cultural develop-

ment in Mazandaran Province. In fact, some of the counties in Mazan-

daran Province are less developed and should benefit from the

rewards of REDD+ projects. REDD+ project has positive and nega-

tive impacts on the economic/operational (EO) components men-

tioned in Supplementary Information (Table S8). In general,

international financial incentives can be fairly distributed between

local people but require an appropriate turnover system. It must be

determined to what extent the profits obtained by REDD+ are able to

provide the needs of indigenous people. It should be noted that the

implementation of REDD+ will prevent cutting down trees, wood

smuggling, the development of agricultural lands, and firewood har-

vesting. Finally, REDD+ has a negative impact on the economically

active population because it will prevent many of the common activi-

ties in rural areas. Furthermore, governmental, and international orga-

nizations related to climate change mitigation are considered as a

sponsor for REDD+ because there are costs associated with field

research and project implementation.

Based on the SEA results, the priorities of the sites for the

REDD+ projects are demonstrated in Table 2. The SEA results

showed that site #1 obtained the highest final environmental score

(ES) which was equal to 515 and was considered as the first priority

for REDD+ projects and site #3 obtained the least ES (Table 2). In

addition, the scores obtained for the sites in each environmental

category are represented in Table 2. Finally, a summary of RIAM

analysis is shown in Figure 11.
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Site #1 is located in the Central Alborz Protected Area and

includes natural landscapes and dense forests. In this site, forest cover

decreased by about 4069 ha from 1984 to 2014. There are many vil-

lages within site #1, and animal husbandry and agriculture are the

most important activities of the villagers. Table 2 shows that site #1

obtained a good score in the PC category and REDD+ will help pre-

serve biodiversity on this site. In total, site #1, compared to other

sites, has the lowest negative impact on SC and EO components

(Table 2).

The second priority for the REDD+ project was obtained for site

#2 with an ES of 513. This site is located in Tonekabon County. The

Bleskouh Protected Area is located in the centre of this site and there

are indicator species in this region; therefore, REDD+ will have posi-

tive impacts on the biodiversity of the region (EPA of Iran, 2015). Site

#2 obtained the highest score in the PC category (Table 2). This site

lost 4261 ha of its forest cover from 1984 to 2014. Many villagers live

in this site; therefore, there will be some problems linked to protec-

tion policies. For site #2 compared with site #1 more negative impacts

are obtained in SC and EO categories (Table 2).

The third priority for the REDD+ project was obtained for site #4

with an ES score of 390. This site is located in the Central Alborz Pro-

tected Area. At this site, there were 3168 (ha) of forest cover, which

decreased during the years 1984–2014. This site is located in the

political boundaries of Nowshahr County and Nur County. In these

counties, rural and farmer populations are over 143,213 and 14,600,

respectively. Then, before implementing the REDD+ project, atten-

tion should be paid to the needs of farmers and rural people. In site

#4, compared to sites #1 and #2, more negative impacts could be

obtained in SC and EO categories (Table 2).

Finally, the last priority for REDD+ projects was obtained for site

#3 with an ES of 263. Site #3 is located in Sari County. In addition,

parts of the Dodangeh and the Chahardangeh Wildlife Refuges, the

Kyasar National Park, and the Boola Protected Area are situated in

this site. This site has the lowest amount of deforestation (equal to

1126 ha) compared to other sites (it should be noted that this site has

the smallest area among others). Based on the global biodiversity map

by Pimm et al. (2014), site #3 has mammal and bird species richness.

Table 2 shows that the highest negative score in SC and EO catego-

ries was obtained for site #3. Sari County has the highest rural popula-

tion, and over 32,000 farmers are active in this county; for this

reason, in all the forest areas, the negative effect of rural communities

is clearly visible. Therefore, the REDD+ project can have a negative

effect on the rural people's needs in this county.

Figure 11 shows the greatest difference between the sites in rela-

tion to the sociological/cultural and economic/operational sectors.

Studies related to REDD+ projects are focused on the socio-

economic issues of the indigenous communities. The SEA results indi-

cated that REDD+ projects will have positive impacts on the protec-

tion of forests and biodiversity. In the economic and social sectors,

the REDD+ projects will be faced with problems. Protecting forest

resources will have costs. Long-term profits from projects for local

people are unreasonable because their livelihoods depend on the utili-

zation of natural resources. However, REDD+ project benefits, such

as forest conservation, increasing carbon sequestration, reduction in

greenhouse gas emissions, protection of biodiversity, and distribution

of profits from carbon credits between local people, can support the

decision-making process. These findings are in line with the findings

of Jagger et al. (2010), and Mwayafu and Kisekka (2012).

TABLE 2 Summary of scores (ES was computed from Tables S12,
S13, S14, and S15)

PC BE SC EO Final ES

Site 1 462 133 �39 �41 515

Site 2 483 161 �45 �86 513

Site 4 413 182 �90 �115 390

Site 3 385 182 �101 �203 263

F IGURE 11 Summary of
RIAM analysis: (a) site #1, (b) site
#2, (c) site #3, (d) site #4 (X: range
bands of environmental score; Y:
number of components
(Table S7). [Colour figure can be
viewed at wileyonlinelibrary.com]
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4 | CONCLUSIONS

Given the extensive literature on REDD+ and the growing volume of

analyses, it is clear that our current understanding of the benefits and

drawbacks of REDD+ will be rethought within the next few years.

This review is merely the first step in the yet-to-be-written history of

a hugely promising but also dangerous approach to reorganizing the

structure of interests and stakes in forests and forest governance.

In this study, deforestation modelling had high accuracy; thus,

WLC results indicated that the scenario with equal weight for all cri-

teria had the best result for identifying suitable areas for REDD+ pro-

jects. Finally, based on the site selection results, four sites were

found. REDD+ baseline modelling showed that in the selected sites,

1,733,610.1 tCO2e will be released during 2014–2044, while the

REDD+ project implementation will prevent the release of 1,209,231

tCO2e. In addition, based on SEA results, site #1, with an environmen-

tal score of 515, has the first priority for the REDD+ project, and the

next priorities are for site #2, site #4, and site #3.

In general, this research shows deforestation hotspots and solu-

tions for climate changes mitigation in the Central Hyrcanian forests.

Furthermore, in this study, the implementation of the REDD+ pro-

jects via the OWA procedure, the application of RIAM in REDD+ pro-

jects, the application of GeOSIRIS in relation to REDD+ projects, and

the integration of MCE and RIAM in REDD+ projects for SEA are dis-

cussed. This study also suggested the decision rule to support the

complexity of decision-making in REDD+ projects. This decision rule

can be improved in environmental assessment methods and using

other multiple-criteria decision analyses such as outranking (ELECTRE,

PROMETHEE) and non-additive (TOPSIS, pareto set) methods. Evi-

dently, the ability to achieve these goals is contingent on a variety of

factors, including the proponent's geographic expertise and local gov-

ernance conditions. However, poverty, forest carbon emissions, and

biodiversity are its three main pillars. Overall, it is highly desired to

locate in areas with a high potential for biodiversity co-benefits. Pro-

jects under the REDD+ programme are more frequently found in

nations with high biodiversity indices. Last but not least, our study of

REDD+ initiatives and the areas around them indicates that they are

largely agricultural in nature and that small-scale farms are seen as

one of the biggest dangers to deforestation and degradation.

Although there are few outliers, the majority of communities do not

rely heavily on the sale of forest products for their revenue. This indi-

cates that slowing local deforestation without endangering agricul-

tural livelihoods would be a major issue for REDD+ on the ground.

In addition, small-scale local activities like the gathering of fuel-

wood, the manufacturing of charcoal, and the grazing of livestock

have a significant impact on the local forest degradation in Iran and

are one of its main drivers. As a result, the REDD+ project's imple-

menters may see reducing poverty as one of their objectives. Thus,

more REDD+ initiatives are situated in high or medium suitable

regions, which consider the co-benefits of biodiversity and poverty

reduction. Finally, this study shows how to locate and map the ideal

landscapes for REDD+ initiatives. Overall, the focus of the current

study is on deforestation. The main reason is the lack of high-

resolution satellite images for accurate extraction of forest degrada-

tion in the study area. Therefore, based on LANDSAT satellite images,

deforestation images were extracted and analyzed in this study. Nev-

ertheless, in order to investigate degradation trends, changes in NDVI

were considered and added as one of the indicators of forest

degradation.
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