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Restoring degraded land has never been more 
urgent and important, with wildfires, droughts, 
floods, and other impacts of climate change ever 
more apparent. The benefits of restoring land are 
many, from improving food production to protect-
ing water supplies, providing people with new 
sources of income, and storing carbon in soil and 
trees, thereby slowing future heating. 

There is good news: land restoration is gather-
ing momentum across Latin America, where 17 
countries have committed to restoring 53 million 
hectares through Initiative 20x20, a region-wide, 
country-led venture. Several countries have pre-
pared national restoration strategies, and money 
from public and private sources is starting to flow to 
specific projects.   

How can this progress be accelerated? It is key to 
measure what matters and to allow practitioners to 
be able to manage landscape restoration projects 
effectively. This important report shows how.  

Restoration is more complex than just planting 
trees. It requires that farmers, rural communities, 
businesses, and government agencies – all of which 
have different interests – unite behind a shared 
vision of how the land should be used. Establishing 
common goals and measuring progress facilitates 
deeper collaboration among these actors. This in 
turn can improve strategies and implementation, 
helping to direct investments into activities that 
maximize results.  

The Sustainability Index for Landscape Restoration 
introduced in this report is a field-tested tool for 
measuring the impact of restoration efforts. It offers 
easy-to-use visual metrics to display biophysical 
and socioeconomic indicators that measure the 
health of a landscape. It also describes how these 
metrics have been used to convene dialogues among 
diverse stakeholders who must actively collaborate 
to restore the land. 

To test the methodology, the World Resources 
Institute worked with the Government of El Sal-
vador, the Regional Program for Research on 
Development and Environment (PRISMA), and 
the German Corporation for International Co-
operation (GIZ), to create a Sustainability Index for 
Landscape Restoration in a 1200 square kilometer 
landscape. The area is home to about 300,000 
people and includes the subtropical forests in the El 
Imposible National Park, mangrove areas in Barra 
de Santiago, and Ilamatepec, a volcanic mountain 
range with diverse natural and agricultural areas.  

This report describes how the creation of the index 
enabled diverse stakeholders to create a common 
vision for their shared landscape, based on their 
own values and priorities; it also supports their 
plans for using the index to help ensure that various 
players follow through with their commitments.  

I share the authors’ hope that the Landscape Res-
toration Index can act as a roadmap for decision-
makers in Latin America and the rest of the world 
as they design systems to track their progress. We 
also hope that by showing the benefits that El Sal-
vador is poised to realize will inspire other govern-
ments, companies, and communities to apply the 
guide to galvanize local action to restore land at the 
pace needed to slow climate change and decarbon-
ize economies.  

FOREWORD

Andrew Steer
President 
World Resources Institute
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EXECUTIVE SUMMARY
This publication presents a methodological framework for monitoring 
the impacts of landscape restoration through the construction of 
an index. The Sustainability index for Landscape Restoration (SILR) 
is a measure of the biophysical and socioeconomic impacts of 
restoration actions. The index provides a score (ranging from 0 to 1) 
for each landscape, based on the degree of compliance with the 
goals established in restoration plans or strategies with respect to 
a baseline, and its calculation can be broken down into different 
biophysical and socioeconomic components. The index was applied 
in a priority landscape in El Salvador, El Imposible-Barra de Santiago 
and Apaneca-Ilamatepec, and was implemented through the Ministry 
of Environment and Natural Resources (MARN). The results presented 
here represent an opportunity for the strategic assessment of 
restoration actions.
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Challenges in landscape monitoring
Landscape restoration involves the imple-
mentation of activities with diverse social, 
environmental and economic impacts that 
need to be measured. Through the Initiative 
20x20, 17 Latin American countries have expressed 
their ambition to restore around 53 million hecta-
res of degraded land in order to generate positive 
impacts on the sustainability of landscapes. These 
impacts need to be monitored by the governments 
of the region in order to establish the correlation 
between the activities implemented and their effects 
on the landscape and to propose corrective actions 
if needed. Given the complexity of social, envi-
ronmental, and economic factors within landscapes, 
it is necessary to design systems that allow, in a 
simple way, to evaluate and qualify the factors as a 
whole and, in turn, to provide individual informa-
tion for each factor. 

This publication presents a methodological 
framework for monitoring the impacts of 
landscape restoration through the construc-
tion of an index. The Sustainability Index for 
Landscape Restoration (SILR) is a measure of the 
biophysical and socioeconomic impacts of restora-
tion actions. The index reports a score (from 0 to 
1) for each landscape, which depends on the degree 
of compliance with the goals established in restora-
tion plans or strategies with respect to a baseline. 
Within the SILR the rating 0 (zero) indicates the 
absence of progress while 1 refers to the achieve-
ment of the proposed goals. The rating is the entry 
point for determining the status of the targets and 
its calculation can be broken down into different 
biophysical and socioeconomic components. The 
index was applied in a priority landscape in El Sal-
vador, El Imposible-Barra de Santiago and Apan-
eca-Ilamatepec, and was implemented through the 
Ministry of Environment and Natural Resources 
(MARN). The results presented here represent an 
opportunity for the strategic evaluation of restora-
tion actions. 

• Landscape restoration provides an opportunity 
to reverse ecosystem degradation and promote 
development. However, it is necessary to establish 
monitoring, reporting, and verification systems that allow 
for the evaluation of changes and establish correlations 
with the implemented actions.

• For addressing climate change in Latin America, 
monitoring the impacts of restoration is key to facilitating 
and improving the promotion and planning of adaptive 
landscape management.

• The potential impacts of restoration ―such as increased 
carbon stocks, increased forest connectivity, improved 
water quality and quantity, and improved livelihoods, 
among others - need to be monitored cost― effectively 
by governments.

• This report offers a methodology for designing a 
landscape sustainability index for monitoring restoration 
progress and demonstrates its application in a specific 
landscape in El Salvador.

• The index is also a guide for decision-makers to assess 
progress in the implementation of policy instruments in 
landscapes.

HIGHLIGHTS:
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How is the Index assembled?
The SILR is composed of eight indexes that 
allow monitoring of the impacts of restora-
tion in different dimensions of mitigation 
and adaptation to climate change: the Water 
Quality Index (WQI),Water Flow Index (WFI), 
the Soil Quality Index (SQI), the Landscape Biodi-
versity Index (LBI), the Carbon Equivalent Index 
(CO2eI); the improvement in the livelihoods of rural 
communities as measured by the Additional Work-
day Index (AWI); the reduction of vulnerability 
to environmental risk as measured by the Vulner-
ability Reduction Index (VRI), and governance for 
landscape management as measured by the Land-
scape Governance Index (LGI) (Figure ES 1). The 
components presented here may vary according to 
the conditions and information available in each 
country. The important aspects to emphasize are 
that the information to be used must be collected 
periodically, must be made available and must have 
a reliable source validated by government agencies. 

In the case of El Salvador, the Water Flow and Soil 
Quality Indexes were included, but the information 
to calculate them was not yet available.

The SILR is composed of thematic indexes, which 
may or may not be aggregated in a modular man-
ner, according to the information available. In some 
cases, the information available is directly related 
to restoration actions. For example, in the case of 
El Salvador, the Carbon Equivalent and Additional 
Workdays Indexes give more direct information 
on the impact of the restoration actions carried out 
while, for the rest of the components (Water Qual-
ity, Water Flow, Biodiversity, Soils, Vulnerability 
and Governance), the information available regard-
ing impacts also includes the effect of external fac-
tors, additional to the restoration actions. It will be 
shown that the Biodiversity Index not only includes 
the impact of restoration actions but also that of 
natural regeneration that has occurred during the 
analysis period.

Figure ES 1  |  Components of the Sustainability Index for Landscape Restoration

Source: WRI and PRISMA, 2019
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What are the results?
Water Quality Index (WQI)
The Water Quality Index provides informa-
tion on the level of water pollution and its 
capacity to sustain a high diversity of aquatic 
life in rivers. In El Salvador’s target landscape, 
information was collected at the MARN measuring 
stations. The normalized results show a score of 
0.73 (on a scale of 0 to 1) for the WQI, compared to 
0.61 in 2011 (Figure ES 2).

Figure ES 2  |   Water Quality Index Results               
2011 and 2017

Source: WRI and PRISMA, 2019
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Landscape Biodiversity Index (LBI)
The Landscape Biodiversity Index measures 
the degree of connectivity and fragmenta-
tion of the landscape. The index is composed of 
five parameters that together provide information 
on the number of existing forest patches, how they 
are connected, and their level of fragmentation. A 

Figure ES 3  |   Landscape Biodiversity Index

Source: WRI and PRISMA, 2019

maximum LBI of 1 indicates that the landscape has 
sufficient attributes to protect the biodiversity it 
harbors, but that number decreases as the degree 
of degradation of the landscape increases. In El 
Salvador’s landscape, the LBI increased from 0.58 
in 2011 to 0.68 in 2017 (Figure ES 3).
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Carbon Equivalent Index (CO2eI)
The Carbon Equivalent Index (CO2eI)) 
measures the additional carbon captured 
through restoration actions within the land-
scape. The index is obtained by adding the areas 
by type of restoration during the study period. In 
El Salvador, for each type of restoration, its annual 
carbon contribution and its total contribution up 
until 2030 were determined. Based on the available 
information, a carbon gain of 221,623 t of CO2e 
was estimated for 2016, which contrasts with the 
maximum potential of 2,707,195 t of CO2e that is 
expected to be obtained if all the restoration activi-
ties estimated in the Action Plan for the Restoration 
of Ecosystems and Landscapes of El Salvador in 
2030 are implemented (Figure ES 4).

Additional Workday Index (AWI)
The Additional Workday Index is a measure 
that estimates the additional working days 
generated in restoration activities, both 
in their establishment and in their main-
tenance. A workday is equivalent to an effective 
full day of work. For the landscape under study it 
was determined that a total of 2.6 million addi-
tional workdays have been generated in the period 
between 2016 and 2018. The maximum potential 
number of additional workdays is 47.3 million if  all 
restoration activities presented in the Action Plan 
for the Restoration of Ecosystems and Landscapes 
of El Salvador for the year 2030 were to be fulfilled. 
The index reported a value of 0.05 (Figure ES 5).

Figure ES 4 |   Carbon Equivalent Index Results

Source: WRI and PRISMA, 2019
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Vulnerability Reduction Index (VRI)
The VRI is an indirect metric to estimate the 
reduction of vulnerability to natural factors.  
It is calculated from the data of a more complex 
index, the Risk Management Index (INFORM), 
which is calculated by MARN and responds to a 
global collaborative initiative of the Inter-Agency 
Standing Committee (IASC) and the European 
Commission. For the calculation of the VRI, only 
the hazard and exposure component in the natural 
hazard category was taken into account, from which 
the values corresponding to flood, landslide, and 
drought indexes are taken, as these are the factors 
that would potentially suffer impacts as a result of 
the restoration actions being carried out. The index 
value for this landscape is 0.36 (Figure ES 6).

Figure ES 6 |   Results of the Vulnerability Reduction 
Index

Source: WRI and PRISMA, 2019
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Landscape Governance Index (LGI)
The LGI measures the governance situation 
for the management of a given landscape. 
This index measures different aspects of gover-
nance such as equity, leadership or, shared vision, 

Sustainability Index for the Restoration 
of El Imposible-Barra de Santiago and 
Apaneca-Ilamatepec
The SILR for the landscape of Imposible-
Barra de Santiago and Apaneca-Ilamatepec 
in El Salvador reported a value of 0.39 
by 2018 (Figure ES 8). The LBI and the WQI 
present the best ratings. In the case of the LBI, the 
result is related to the presence of three important 
forest masses: the country’s most important natural 
protected area, the largest shaded coffee area, and 
an important mangrove. For its part, the WQI 

among others. The index was calculated through 
surveys with focus groups on the landscape of inter-
est. By applying the methodology described in this 
report, an LGI of 0.44 was obtained (Figure ES 7).

reports improvements in almost all of the country’s 
rivers, of which 27% have increased their quality.

CO2eI and AWI more clearly reflect the 
impact of restoration actions because the 
values included in their calculation come 
directly from the list of restoration actions 
reported by MARN. Due to the fact that these 
actions have been initiated recently, these indexes 
report the lowest values. The SILR is a broader 
monitoring, reporting, and verification system that 
reports on the country’s progress in terms of local 
and national level adaptation-based mitigation.

Figure ES 7  |  Landscape Governance Index Results 
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Regional Implications  
The SILR has the potential to contribute to 
strengthening Latin American ecosystem 
and landscape restoration and management 
efforts. It is a useful tool to guide the delimitation 
of restoration actions based on more appropriate cri-
teria of the landscapes’ socio-environmental charac-
teristics and dynamics, while promoting efforts that 
strengthen social capital and landscape governance.

The index can be easily applied as well 
as integrated into broader national level 
monitoring systems. Its application will help to 
improve the criteria for selecting and locating resto-
ration actions from which to define calls for project 
proposals and priorities for directing international 
cooperation resources, in addition to promoting 
productive reconversion processes with private 
investments.

Figure ES 8  |  Sustainability Index Results for Landscape Restoration 
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INTRODUCTION
Landscape restoration is a priority in many Latin American 
countries, both to reverse the degradation of natural resources 
in recent decades and to improve the quality of life of people in 
their territories. Many countries in the region have expressed 
their interest in restoring land through the Bonn Challenge1 
and the Initiative 20x202. This interest can be seen through the 
collective setting of a restoration goal by 17 countries in the region 
that amounts to 53 million hectares of degraded landscapes. In 
these national targets, the objectives and expected impacts of 
restoration go beyond biophysical aspects such as forest recovery, 
improvement in water quality and quantity, improvement of soil 
quality or increase in carbon stocks. The goals also focus on 
improving the quality of life of rural populations that depend on 
the land, on agricultural production, on employment or on the 
conservation of biodiversity, among others. 
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In this sense, the countries implied have identified a 
set of restoration interventions such as agroforestry, 
silvopastoral systems, agroecology, reforestation and 
other activities that have the potential to recover the 
sustainability (health) of the landscape as a system. 

Within the framework of this study, the landscape 
is considered as a geographical space formed by 
diverse land uses (patches of forest, agriculture and 
pastures, urban areas, etc.), which are interrelated 
and provide different ecosystem services, and in 
which diverse groups, companies, organizations 
or networks with different interests, capacities 
and power for decision-making also coexist. For 
practical and explanatory purposes, an example of a 
system is the human body. And just like the human 
body, a landscape can show a sign of degradation 
(disease) that can affect the production or quality 
of a resource or ecosystem service such as water or 
soil. In order to rehabilitate that function (healing) 
it is necessary to understand which are the priority 
landscape components (body organs) responsible 
for providing the services that have been affected by 
degradation and where are they distributed. Finally, 
restoration (seen as rehabilitation from disease) 
should be implemented in the priority areas, where 
it is expected to have an effect on the health of the 
landscape as a whole.

Starting from the definition of landscape as a sys-
tem, and as restoration begins to be implemented, 
it is necessary to establish monitoring systems that 
allow decision makers in the public and private 
sectors to measure positive or negative changes in 
order to be able to locate correlations between res-
toration activities and the impacts achieved in the 
landscape of interest. For the monitoring system to 
be effective, a baseline should be established that 
allows for comparisons on the landscape from an 
initial scenario. Additionally, the input must be 
information that is available and cost-effective, in 
order to allow for a periodic, functional and trace-
able monitoring that lasts over time. Monitoring 
should facilitate the reporting of impacts to allow 
the transfer of information from the system to deci-
sion makers and those carrying out the restoration. 
Finally, the monitoring process must consider the 
validation of the information and its parameters.  

This report presents the Sustainability Index for 
Landscape Restoration (SILR), which was designed 

in El Salvador, with the aim of being replicated in 
other countries in the region. The SILR has the 
potential to serve as a decision-making tool for 
governments and organizations that are carrying 
out restoration actions, including cooperation agen-
cies and the private sector, so that these actions 
can be redirected in a timely manner to meet the 
objectives. This index has been applied to a pilot 
landscape in the country, comprised of two conser-
vation areas: El Imposible-Barra de Santiago and 
Apaneca-Ilamatepec. This pilot application of the 
index serves as an entry point for determining the 
health of the landscape as a whole and for monitor-
ing the relationship between restoration actions 
and the desired impacts.

The SILR constitutes a contribution to the transpa-
rency of restoration processes and to the consolida-
tion of impact monitoring systems at a strategic 
level. The index is composed of a matrix of different 
indexes that provide specific information about key 
impacts established in the local development plans 
of the pilot landscapes and in the Ecosystem and 
Landscape Restoration Program (PREP). It consists 
of eight components: (1) the Water Quality Index 
(WQI), (2) the Water Flow Index (WFI), (3) the 
Landscape Biodiversity Index (LBI), (4) the Carbon 
Equivalent Index (CO2eI), (5) the Soil Quality Index 
(SQI), (6) the Additional Workday Index (AWI), (7) 
the Vulnerability Reduction Index (VRI) and (8) the 
Landscape Governance Index (LGI). The methodo-
logy for the construction of the index can be imple-
mented in various countries within and outside 
the Latin American region and has the flexibility to 
monitor and evaluate other components of interest 
(see Figure 1).  

The components of the SILR may or may not be 
added in a modular form, according to the informa-
tion available. In some cases, the information avail-
able is directly related to the restorative actions. For 
example, in the case of El Salvador, the Additional 
Carbon and Additional Workday Indexes give more 
direct information on the impact of the restora-
tion actions carried out, while for the rest of the 
Indexes -Water Quality, Water Flow, Biodiversity, 
Soils, Vulnerability and Governance- the available 
information regarding impacts also includes the 
effect of factors external to the restoration actions. 
Later on, it will be seen that the Biodiversity Index 
includes the impact of restoration actions, but also 
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that of the natural regeneration that has taken place 
during the period of analysis.

Landscape monitoring approach
As mentioned earlier, a landscape is a system of dif-
ferent land uses that provides multiple services that 
affect (positively or negatively) human well-being. 
In landscape ecology, there are four laws or rules 
developed by Commoner (1971) that clearly exem-
plify the nature of landscapes. The first law states 
that “everything is connected to everything”, 
which has an important connotation for those land-
scapes whose intervention may affect surrounding 
or non-neighboring areas. The clearest example is 
at the basin level, where interventions at the top 
- such as forest cover removal - can have an effect 
at the bottom, sometimes by increasing drippings 
or generating floods. The second law refers to the 
fact that “everything goes somewhere”, which 
implies that any intervention within the landscape 
involves the transfer of an element within the 
system, be it nutrients, water, soil, etc. This move-
ment can affect the availability of that element in 
one place and saturate its presence in other areas. 

Figure 1  |  Biophysical and socioeconomic components

Source: WRI and PRISMA, 2019
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increased carbon stocks, better water quality and 
soil, improved biodiversity and improved living 

Water Flow Index (WFI)

Soil Quality Index (SQI)

Landscape Biodiversity
Index (LBI)

Carbon Equivalent
Index (CO2eI)

Additional Workday
Index (AWI)

Vulnerability Reduction
Index (VRI)

Landscape Governance
Index (LGI)

Water Quality Index (WQI)
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conditions for rural populations, among others. 
Monitoring these impacts at a landscape scale is key 
to determining if there is any progress towards the 
accomplishment of established goals and if there is 
a correlation between these and the actions being 
implemented.

From the above, the need arises to establish cri-
teria to measure the changes in the system and to 
be able to establish the correlation of the changes 
with the implemented actions at a strategic level. 
This can lead to the spatial identification of areas 
that require tactical or operational monitoring to 
determine the causality of specific actions within 
the landscape.   

Monitoring at a landscape scale is done strategi-
cally, so that changes in priority landscapes for 
restoration can be assessed. This need for monitor-
ing can come from governments, which have an 
interest in estimating changes, guiding thus policies 
that facilitate the implementation of restoration in 
landscapes. These policies might in their turn allow 
for transparent reporting of changes and impacts 
achieved at different stages of the restoration pro-
cess. Monitoring can also enable concerned indivi-
duals or communities to have a true and transpa-
rent estimate of changes in their landscape, and 
then to locate the most successful restoration activi-
ties and compare them with the objectives initially 
set. In addition, monitoring at this scale provides 
a framework for prioritizing monitoring actions 
at smaller scales (e.g., farm/land and parcel) and 
enablean adaptive management of landscape 
interventions.

El Salvador’s Ecosystem and 
Landscape Restoration Program and 
the Sustainability Index for Landscape 
Restoration
The impacts associated with climate variability 
and change have been accentuated in the Central 
American and Caribbean regions and constitute 
another barrier to the countries’ development pro-
cesses (ECLAC 2015). According to the latest report 
of the Intergovernmental Panel on Climate Change 
(IPCC), future scenarios are worrying for the 

Central American region, as they point to droughts, 
more intense midsummer heat and historically 
unprecedented heat waves. Likewise, there is a high 
probability that the El Niño Southern Oscillation 
(ENSO) phenomena will intensify rainfall, increas-
ing the probability of floods and landslides (IPCC 
2013, quoted in MARN 2017). 

The region has been recognized for its high vulner-
ability to climate variability and change in global 
negotiation spaces (PRISMA 2013). Faced with 
this reality, countries are promoting strategies 
and programs aimed at reducing vulnerability and 
strengthening adaptation capacities. 

As an example, El Salvador formulated the National 
Environmental Policy (GOES 2012) in 2012. One of 
the components of this policy is the restoration and 
conservation of ecosystems to reduce risks, sustain 
productive activities and advance on the adaptation 
to climate change (MARN 2013). The National Eco-
system and Landscape Restoration Program (PREP, 
in Spanish) was created within this framework to 
establish synergies with the other components of 
the policy: biodiversity, environmental sanitation, 
water resources and the National Climate Change 
Plan (PRISMA 2015).

The PREP was designed under a novel approach 
and adjusted to the context of climate change that 
the country is facing: the Adaptation-based Mitiga-
tion (AbM) approach that seeks to take advantage 
of the co-benefits for mitigation that can be gene-
rated through adaptative actions (GOES 2013; 
PRISMA 2013). Specifically, the approach implies 
that adaptation and mitigation objectives must be 
explicitly formulated in the planning of the different 
restoration actions to ensure the strengthening of 
community resources of the populations involved, 
besides increasing carbon capture and storage in 
vegetation and soil (Kongsager and Corbera 2015). 
The PREP is also the framework under which El 
Salvador made a commitment in 2012 to restore 
one million hectares by 2030, as a country’s 
response to the Bonn Challenge and the Initiative 
20x20.  

Through the PREP, it is hoped that the most vulner-
able practices around variability and change will 



        17Sustainability Index for Landscape Restoration

be transformed. The Ministry of Environment and 
Natural Resources of El Salvador (MARN, in Span-
ish), with the support of the International Union for 
the Conservation of Nature (IUCN), has generated 
tools and instruments to help prioritize and cover 
PREP actions. From this effort, a set of 49 measures 
was specified, including agroforestry and silvopas-
toral practices, changes of harvesting practices in 
some crops, and restorative actions through native 
forest reforestation and ecological restoration of 
mangroves (ERM). Additionally, priority was given 
to degraded areas requiring urgent intervention 
within the PREP, and this was consolidated in El 
Salvador’s Action Plan for Ecosystem and Land-
scape Restoration (MARN 2017).

An important element of the PREP is the moni-
toring of restoration actions taking place and the 
impacts of these actions. Currently, many initiatives 
on restoration monitoring focus on mitigation, 

which leaves adaptation in the background. How-
ever, in El Salvador, monitoring and evaluation 
must respond to the AbM approach to restoration 
and must therefore be framed in terms of both 
measuring progress in mitigation and measuring 
progress in adaptation (Ndamani and Watanabe 
2017).  Acknowledging the need for this approach, 
the SIRL to be generated must describe quantita-
tively and qualitatively the impact of restoration 
actions on various aspects related to climate change 
and adaptation.

As already mentioned, the SIRL is a measure of the 
biophysical and socioeconomic impacts of restora-
tion actions on a landscape and it is composed 
of eight indexes. These components capture the 
relevance of the different dimensions of climate 
change mitigation and adaptation (Table 1). 

Table 1  | Summary of Index components and targets

INDEX GOAL

Water Quality Index (WQI) and Water Flow 
Index (WFI)

To improve water regulation and water quality 

Landscape Biodiversity Index (LBI)  To protect biodiversity 

Soil Quality Index (SQI) To reduce erosion and to improve soil quality 

Vulnerability Reduction Index (VRI) To reduce vulnerability to environmental risk

Additional Workday Index (AWI); Landscape 
Governance Index (LGI) 

To improve community resources and governance of landscape management

Carbon Equivalent Index (CO2eI) To increase carbon stocks (mitigation)
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METHODOLOGY FOR 
THE SUSTAINABILITY 
INDEX FOR LANDSCAPE 
RESTORATION 
The SILR arises from the need to establish a measure that can 
estimate changes in the landscape in relation to the impacts of the 
restoration actions carried out. 
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The following steps were taken to develop the 
index: (1) identification of priority landscapes; 
(2) identification of stakeholders involved in the 
management and monitoring of the landscape; (3) 

identification of impacts and definition of goals and 
baseline; (4) identification of components of the 
index; (5) normalization, aggregation and weighing, 
and (6) reporting and verification (Figure 2).  

Figure 2  |  Steps for the generation of the SILR
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Identification of priority landscapes 
One of the first steps in the landscape monitoring 
process is to define the priority landscapes in which 
restoration impacts will be monitored. These areas 
should be prioritized according to the objectives for 
reversing degradation in a given region. 

In the case of El Salvador, the index was applied 
to a pilot landscape, made up of two conservation 
areas: El Imposible-Barra de Santiago and Apan-
eca-Ilamatepec. The landscape reaches approxi-
mately 120,000 hectares and is located in the 

southwestern part of the country, where restoration 
actions in several areas are already taking place. 

This landscape contains the largest protected area 
in the country (El Imposible National Park) a 
RAMSAR site (Barra de Santiago) and a biosphere 
reserve (Apaneca-Ilamatepec). Additionally, the 
country’s most important shaded coffee plantations 
and a productive mosaic that includes sugarcane, 
basic grains and cattle ranching, among others, are 
located here, generating one of the most diverse 
landscapes in El Salvador (Figure 3). 

Figure 3  |  Landscape El Imposible - Barra de Santiago – Apaneca-Ilamatepec

Source: WRI and PRISMA, 2019
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Identification of stakeholders involved 
in landscape management and 
monitoring
An important aspect in the construction of the index 
is the identification of key stakeholders that are man-
aging the landscape, such as local communities that 
will benefit from restoration actions or actors that 
carry out monitoring actions at different levels and 
that are able to produce relevant information for the 
monitoring system. This process allows the collec-
tion of the most suitable information for monitoring 
and the identification of synergies between relevant 
stakeholders. It is also important to identify the 
end users of the information that is being generated 
and that which is expected with the monitoring at 
a landscape scale, such as the local and national 
governments that are reporting the progress of their 
restoration goals. 

In the case of El Salvador, it was identified that 
monitoring is of great interest to several organiza-
tions and projects linked to restoration, as well as to 
cooperation agencies in El Salvador (PRISMA 2017). 
In order to identify the stakeholders, the Social 
Landscape Methodology developed by Buckingham 
et al. (2018) was implemented; this allows for the 
mapping of key actors, the links between them, and 
their levels of influence.

The set of organizations and projects that are 
addressing the issue of monitoring in the country 
are interested in different aspects of restoration 
and use different methodologies, mostly focused on 
monitoring issues of interest such as tree coverage 
and carbon stocks, but also on biodiversity in natural 
protected areas. Soil is another topic of interest, 
and so is hydrological monitoring. This approach 
from the organizations and projects is favorable to 
the country, since it represents a demand for much 
needed information for the adequate formulation of 
policies and plans. This demand contributes to mak-
ing information increasingly accessible; it also opens 
up opportunities for the establishment of protocols 
and agreements between institutions, both public 
and private, to share information. 

Given the number of stakeholders focused on the 
issue of monitoring restoration, good communica-
tion among them is very important. This helps 
establish synergies and prevents the duplication of 
efforts. To promote it, MARN has organized several 
meetings and workshops so that all agents can learn 
about other efforts in the field. This type of dynamics 
in which stakeholders get to know each other and 
exchange efforts is key to achieving synergies and 
increasing knowledge about monitoring techniques 
and functions.
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As a result of this effort, a support group was formed 
in order to formulate the SILR. This group has 
included most of the agents working on monitoring 
issues and, during four months, met periodically to 
discuss and validate the methodologies for each one 

of the indexes that would make up the SILR. Table 2 
shows, arranged by topic, the stakeholders involved 
in monitoring activities in the country, the methodo-
logies used and the information currently being 
generated, as well as the scale for monitoring.

Table 2  |  Monitoring of restoration in El Salvador: issues of interest and stakeholders involved

TOPICS INVOLVED 
ON THE 

MONITORING
ACCOUNTABLE 
ORGANIZATION

INFORMATION 
GENERATED

METHODOLOGY 
USED SCALE

Forests: cover, 
biomass, carbon 
stock

- MARN, GIZ     
   Natural History
- REDD+ MBA, CATIE 
- UICN

Forest inventory, 
phytosanitary state

Forest cover and benefits, 
forest and non-forest 
maps, land use map

Restoration barometer

Teledetection, 
establishment of plots in 
the field

National

Soil: carbon stock 
in soil, quality of 
soil

- Facultad de Ciencias  
   Agronómicas-UES
- CRS, CENTA, CENTA-CAFÉ
- MARN La Montañona

Carbon stock in soil

Database of physic-
chemical properties

Digital mapping of soil

Fertility analysis

Experimental plots

Plot sampling, lab 
analysis

National
Local: 
La Montañona

Biodiversity
- GIZ
- GEF-Humedales
- MARN La Montañona

Fragmentation Indexes 
and landscape 
connectivity 

Indexes and biodiversity 
markers 

Soil macro-fauna 

Patch or fragment matrix 
analysis 

Trans-sections, counting 
points, lab tests, 
modeling 

Land Degradation 
Surveillance Framework 
(LDSF)

Local: Barra 
de Santiago, El 
Imposible

Local: Jaltepeque, 
Jiquilisco and 
laguna El Jocotal

Local: La 
Montañona

Restoration 
actions

- Dirección de Ecosistemas 
y Vida Silvestre (MARN)   

  (Direction of Ecosystems 
   and Wildlife, MARN)
- FIAES

Transitional use of soil 
(techniques), number of 
hectares, number of trees 

Agro-productive systems, 
mangroves, green 
employment, sea turtles, 
forest

Information input on 
official forms

Index elaboration based 
on primary information  

National
 
Municipal

Source: WRI and PRISMA, 2019
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Identification of impacts and definition 
of targets and baseline
Once a group of stakeholders has been formed to 
inform and support the restoration monitoring pro-
cess, a consensus must be reached on the focus of 
the impacts to be monitored. Degradation processes 
are the result of different types of pressures and, 
therefore, the remediation processes are far from 
their objectives according to the new potential of 
the landscape and the presence of pressure factors. 
Additionally, each restoration process is likely to 
start from a different situation. For these reasons, 
it is important to define the impacts of interest, 
the initial situation from which changes will be 
reviewed, and the goals pursued in a given period by 
the remediation activities.

In the case of El Salvador, officials from MARN, the 
Ministry of Agriculture and the Cabinet of Environ-
mental Sustainability and Vulnerability have identi-
fied positive impacts that need to be promoted in the 
target landscape. For each impact established within 
the Ecosystem and Landscape Restoration Program, 
goals to be achieved were defined within certain 
timeframes. The priorities of the local stakeholders, 
expressed in the Local Development Plans (Cobar 
2016), were also considered. The ideal scenario for 
restoration interventions resulting from the applica-
tion of the Restoration Opportunities Methodology 
(ROAM) (IUCN and WRI 2014) was taken as the 
basis for some indexes. These goals have been 
framed in the following objectives:

a) To achieve a Water Quality Index in major riv-
ers within the landscape with an excellent level, 
capable of sustaining a diversity of aquatic life 
and having a suitable environment for all forms 
of life in contact with it.  

b) To maintain the current water flow in major 
rivers in the landscape during the dry season. 

c) To increase the current connectivity of forests 
within the landscape. 

d) To increase carbon stocks by implementing the 
restoration activities expressed in the Action 
Plan for Ecosystem and Landscape Restoration 
of El Salvador.

e) To increase the percentage of organic matter in 
the soil at landscape level.

f) To increase the number of direct workdays used 
in the implementation of restoration activities 
expressed in the Action Plan for Ecosystem and 
Landscape Restoration of El Salvador.

g) To reduce the vulnerability of populations 
within the landscape to droughts, floods and 
landslides.

h) To improve governance in the landscape to a 
level that allows coordination, equity and the 
development of positive leadership that con-
tributes to landscape restoration. 

A baseline is required as a reference in order to be 
able to compare the changes that have occurred 
during the time that restoration actions are being 
carried out. In the case of El Salvador, 2011 was 
defined as the baseline year, which corresponds 
to the year the Bonn Challenge was launched. 
However, for that year, much of the information 
needed to establish the baseline could not be found. 
For this reason, different baselines were selected 
according to the information available. In order 
to make visible the impacts associated with the 
implementation of restoration practices, a mini-
mum periodicity of three years was established for 
the calculation of the Index.

Identification of the components of the 
Index and process of construction with 
stakeholders
The Sustainability Index for Landscape Restoration 
(SILR) is a tool designed to report the impacts of 
restoration on various aspects related to mitigation 
and adaptation to climate change and restoration 
actions, which allows a correlation between these 
to be estimated. Its elements or indexes give a 
measurement on the sustainability of the landscape. 
Each of them has been calculated with different 
methodologies and their results have been normal-
ized to be part of the Index. 

The criteria for the selection of each of the elements 
of the Index were three: (1) the correlation with the 
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restoration actions, (2) the feasibility of obtaining 
the information required for its calculation and (3) 
its applicability, that is, that the methodology for 
calculating it was simple and easy to apply. The 
SILR is then obtained by averaging the indexes that 
build it up.

The information for the calculation of the SILR 
comes mostly from different MARN agencies, 
including the Dirección de Ecosistemas y Vida 
Silvestre (Direction of Ecosystems and Wildlife), 
the Gerencia de Información Geoambiental  (Office 
of Geoenvironmental Information) and the Obser-
vatorio Ambiental (Environmental Observatory). 
Information was also requested from the Centro 
Nacional de Tecnología Agropecuaria y Forestal 
(CENTA, for National Center for Agricultural and 
Forestry Technology) on the topic of soils. 

The country has made progress in setting up a 
National Integrated Monitoring System on REDD+ 
and AbM –an information management system that 
will make it possible in the short term to connect 
the different computer platforms that generate 
environmental data– to carry out consultations and 
integrated analysis, and thus provide answers to the 
different information requirements at the national 
and international levels. The SILR will be one of 
the outputs provided by this system. However, it is 
deemed necessary that another unit, directly linked 
to the issue of restoration, be in charge of the analy-
sis of the information required for the calculation of 
the Index and the subsequent analysis of its results. 

In the case of El Salvador, the MARN will be in 
charge of calculating the Index through the Office of 
Geoenvironmental Information, which is part of the 
MARN Environmental Observatory.

Where:
SILR -  Sustainability Index for Landscape 
Restoration

WQI - Water Quality Index

LBI= Landscape Biodiversity Index

CO2el = Carbon Equivalent Index

SQI= Soil Quality Index

LGI= Landscape Governance Index

WFI= Water Flow Index

VRI= Vulnerability Reduction Index

AWI= Additional Workday Index

(WQI+LBI+ SQI +CO2el+LGI+WFI+VRI+ AWI)
ISP=

8
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Normalization, aggregation and 
weighing
Normalization is intended to provide a value within 
a common scale to the rating of each component 
of the index. The index’s technical coordination 
team defined a scale of 0 (zero) to 1, where zero 
represents a degraded state and 1 is the maximum 
value once the targets have been achieved, as it 
indicates a sustainable landscape. It is expected 
that the index values will increase as the landscape 
is restored. With a value of 1, all the indexes that 
make up the SILR would be at their maximum 
value and the desired progress in Adaptation-based 
Mitigation would have been achieved.

Weighing is an option if certain components are 
given a greater importance than others. It is crucial 
to mention that, in El Salvador, it was decided not 
to assign different weights to each of the compo-
nents of the SILR, since this would acknowledge 
an equal significance to each of them. This is also 
because the approach that guides the PREP –Adap-

tation-based Mitigation– seeks to meet mitigation 
goals through restoration actions that are focused 
on adaptation. This results in a “mitigation-adap-
tation” duet, in which both have the same degree 
of importance. However, the design of the Index 
allows for changes in the weighing of the compo-
nents, or even the removal or addition of new ones, 
according to the context in which it is applied. 

Reporting and verification
As mentioned above, the SILR is produced in order 
to provide information for decision-making pro-
cesses, especially if goals are not being achieved 
at the necessary speed or if there is a setback from 
the baseline. Figure 4 shows an online reporting 
and verification system in which the value of the 
Index and its components, as well as a map of 
the landscape with the different land uses, can be 
seen. At a strategic level, the Index represents the 
point of departure towards tactical and operational 
analysis that would lead to concrete actions. The 
report should include, as a minimum, the number 

Figure 4  |  Vision of an online reporting and verification system

Source: WRI and PRISMA, 2019
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of hectares on which intervention is made to restore 
the landscape, the index that adds up sustainability 
in relation to the stated goals and, finally, each of 
the components.  

Range and limitations 
The SILR was developed with a focus on a land-
scape scale in which the impacts of interest and 
their correlation with restoration activities are 
measured. The index is a strategic decision-making 
supporting tool that determines different relation-
ships between interventions and actual impacts on 
the landscape. This approach can also help deter-
mine the spatial effect of actions for those spatially 
explicit indexes and allow for a better understand-
ing of socio-economic factors such as governance. 
It is important to note that the Index is intended to 
estimate the correlation, not the causality, between 
restoration actions and their associated impacts. 
To determine causality, it is necessary to lower the 
level of monitoring to a smaller scale (e.g. project, 
farm or estate); to recollect evidence of how dif-
ferent landscape components and their uses are 

connected and affect each other, and to identify 
mediating or confusing variables that, when not 
taken into account, can lead to false correlations 
between interventions and impacts.

Currently, different countries present the number 
of hectares in projects that have been implemented 
in the territory as a measurement for restoration. 
If we return to the example of the human body pre-
sented in the introduction to this report, the Index 
allows us, as a point of departure, to assess whether 
the patient is sick or healthy. However, in order 
to determine the cause of their health status, it is 
necessary to make more exhaustive evaluations that 
require a greater volume of resources that can then 
be allocated to support local stakeholders or private 
owners (communities and individuals) to carry out 
these measurements.   

Beyond the discussion of correlation and causality, 
each calculated index has a margin of error associa-
ted both with its calculation and with the base 
information used for it. The limitations of each 
component are shown in the annexes.  
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METHOD OF 
CALCULATION OF THE 
COMPONENTS 
For each component of the Sustainability Index, the necessary 
elements were defined for the compilation of information, its 
calculation and the analysis of the results it provides. The proposed 
methods were selected based on the restoration objectives, the 
available information, the cost-effectiveness of collecting and 
processing it, and the frequency of collection, among other aspects. 
For each component, a range of values and some keys for their 
interpretation are considered, as well as a normalization for the 
calculation of the total SILR value for the landscape of interest.
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Water Quality Index (WQI)
The Water Quality Index (WQI) is a measure that 
shows the quality of the water present in the coun-
try’s surface water bodies, according to the para-
meters and guide values used by MARN, which has 
been permanently monitoring water quality since 
2006 through a monitoring network covering 55 of 
the country’s rivers and 115 stations (MARN 2017). 
The WQI classifies the water quality of the rivers 
analyzed in relation to their general condition to 
enable the development of aquatic life and their 
suitability for various uses. The index adopts the 
maximum value of 100 for optimal conditions 
and decreases when pollution increases, until 
it reaches the minimum value of 0, as shown in 
Annex 1. 

MARN calculates the WQI each year taking into 
account nine parameters, based on the Brown 
Index formula (Brown et al. 1971) as shown below:  

To determine the value of the WQI it is neces-
sary to substitute the data in the above equation 
by obtaining the sub-indexes (Subi) from default 
graphs (see Annex 1). The resulting values are 
multiplied by their respective wi , which are con-
stant values, equivalent to the weighing assigned 
to each of the parameters (Table 3)

The results obtained will fall in a range of between 
0 and 100, so they should be normalized to fit in a 
range between 0 and 1 within the SILR.

Water Flow Index
The water flow is the amount of water per unit 
of time in the rivers. MARN monitors the flow 
of the main rivers through 28 stations; however, 
this information is not adequate to measure the 
expected impacts of restoration practices. Changes 

Table 3  | Parameters and their weighing for the WQI 

i Subi wi

1 Fecal coliforms 0.15

2 pH 0.12

3 DBO5 0.10

4 Nitrates 0.10

5 Phosphates 0.10

6 Temperature change 0.10

7 Turbidity 0.08

8 Total dissolved solids 0.08

9 Dissolved oxygen saturation 0.17

(Subi * wi)WQIa =

9

i=1
∑ in water flows related to restoration would not be 

easily perceived in the country’s main rivers as they 
have higher flows and come from multiple sites. 
This rules out the possibility of using information 
from such monitoring.

However, the importance of water provision makes 
it necessary to include a water flow index in the 
SILR. Therefore, the implementation of a water 
flow monitoring system on a micro-basin scale is 
suggested. Under this scheme, an ideal water flow 
value can be established (determined according 
to the demand of the region and the biophysical 
limits) and a rating from 0 to 1 can be set, where 1 
represents the ideal water flow. In this local moni-
toring system, the Red de Observadores Locales 
Ambientales (Network of Local Environmental 
Observers, ROLAS in Spanish) would play a leading 
role. They would be trained in the proper monitor-
ing of water flows, either with limnimeters or in 
the use of other more rudimentary methods, such 
as a float. In this way, a series of valuable informa-
tion on flow fluctuations in small rivers would be 
available, and this could be compared with the 
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dynamics of rainfall in previous months and then 
correlated with restoration practices carried out. 
The information collected through the ROLAS can 
be transferred to the Environmental Observatory to 
be processed by MARN.

Landscape Biodiversity Index (LBI)
The Landscape Biodiversity Index (LBI) is an index 
composed of five landscape indexes, which are 
numerical measures used in landscape ecology to 
report on the composition and configuration of 
landscapes, the proportion of each soil’s cover, the 
morphology of landscape elements, the fragmen-
tation of the landscape and the connectivity that 
exists between its components (Vila 2006). These 
indexes allow for the comparison between differ-
ent landscapes or changes in the same landscape 
over time. They also have the potential to establish 
future scenarios in a given landscape (Salazar et 
al. 2016). The analysis can be done on three levels: 
fragment or patch level, class level (land use types) 
and the general landscape level. With increased 
connectivity, it is expected that the habitat for 
certain species and the ability of wildlife species to 
move would improve.    

Five landscape indexes were selected to form the 
LBI. First, the Perimeter-Area Fractal Dimension 
(PAFRAC) explains the complexity in the shape 
of each of the patches of the same type of land use 
(class), which can range from very simple ones 
–squares or rectangles (in the case of crops)– to 
more complex shapes, typical of a forest. Secondly, 
the Percentage of Landscape (PLAND) shows the 
percentage of the area that each class occupies 
in the landscape. As a third point, the Number 
of Patches (NP) expresses the fragmentation of a 
certain class or of the landscape in general. As a 
fourth aggregate, the Largest Patch Index (LPI) 
is an index of dominance showing the area of the 
largest fragment for each of the classes. Finally, the 
Contagion Index (CONTAG) indicates the potential 
for connectivity in the landscape. A land use map 
is needed as a point of departure for its calculation. 
In case updates are lacking, open access mapping 

techniques, such as Collect Earth (Bey et al. 2016), 
can be used to produce updates based on current 
information.  

To calculate the landscape indexes, there are several 
programs such as Grass, Patch Analyst, V-late and 
Fragstats, among others. In the case of El Salvador, 
Fragstats version 4.2 has been used because it has 
the scientific backing of Oregon State University in 
terms of diversity and capacity to develop metric 
calculations3.

It is important to take into account that the analy-
sis of the results of these landscape indexes must 
be carried out jointly, since they complement 
each other and are calculated from an average 
between all of them. Table 4 contains the keys to 
the interpretation of the five indexes. Each of them 
is analyzed with different ranges, therefore, it has 
been necessary to normalize them so that they can 
be entered first into the LBI and then into the SILR. 
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Table 4  |  Interpretation, classification and normalization of the indexes that make up the LBI

Perimeter-Area Fractal Dimension (PAFRAC)4 
Range: 1≤ PAFRAC ≤ 2
A PAFRAC greater than 1 for a two-dimensional landscape mosaic indicates an increase in the complexity of the patch shape. 
PAFRAC approaches 1 for shapes with very simple perimeters—such as squares involving crop areas, for example—and it 
approaches 2 for shapes with highly complicated plane filling perimeter.

Total class area (CA)5

CA≥ 0, unbounded
CA approaches 0 (zero) as the type of patch becomes increasingly rare in the landscape. CA = TA (total area of the 
landscape) when the entire landscape consists of a single type of patch; i.e., when the entire image consists of a single 
patch.

Number of Patches (NP)
NP ≥ 1, unbounded
NP = 1 when the landscape contains only one patch of the corresponding type patch; i.e., when the class 
consists of only one patch.

Percentage of Landscape (PLAND)6

0 ≤ PLAND ≤ 100

The Percentage of Landscape quantifies the proportional abundance of each type of landscape fragment. It is a measure 
of landscape composition, important in many ecological applications.

PLAND approaches 0 (zero) when the corresponding patch type (class) in the landscape progressively becomes rare in 
the landscape. PLAND=100 when the landscape is composed entirely of a single patch type; i.e., when the entire image on 
the map is represented by a single type or class of land use.

Classification

Rating

Normalization
for LBI

1.0 to 1.2

RegularPoor

0 to 0.2

1.21 to 1.4

0.21 to 0.4

1.41 to 1.6

Good

0.41 to 0.6

1.61 to 1.8

Very Good

0.61 to 0.8

1.81 to 2

Excellent

0.81 to 1.0 

0 to 15

0 to 0.2

16 to 25

0.21 to 0.4

26 to 35

0.41 to 0.6

36 to 45

0.61 to 0.8

46 to 70

0.81 to 1.0 

RegularPoor Good Very Good Excellent

Classification

Rating

Normalization
for LBI
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The classes 
corresponding to forest 
and coffee are atomized 
(with many patches) and 
do not occupy 25% of the 
landscape.

The classes 
corresponding to forest 
and coffee are atomized 
(with many patches) and 
do not occupy 25% of the 
landscape.

The classes corresponding 
to forest and coffee are not 
so fragmented but reach 
only between 26 and 45% 
of the landscape.

The classes corresponding 
to forest and coffee are not 
so fragmented and cover 
more than 46% of the 
landscape.

The classes 
corresponding to forest 
and coffee have very little 
fragmentation and cover 
more than 45% of the 
landscape.

0 to 20

0 to 0.2

21 to 35

0.21 to 0.35

36 to 55

0.36 to 0.55

56 to 75

0.56 to 0.70

71 to 100

0.71 to 1.0 

Largest Patch Index (LPI)
LPI equals the area (m2) of the largest patch in the landscape divided by total landscape area (m2), multiplied by 100 (to 
convert to a percentage). In other words, LPI is equal to the percentage of the landscape comprising the largest patch.
0 ≤ LPI ≤ 100
LPI approaches 0 (zero) as the largest patch in the landscape gets smaller. LPI = 100 when the entire landscape consists 
of a single patch; that is, when the largest patch comprises 100% of the landscape.
The Largest Patch Index quantifies the percentage of the total landscape area covered by the largest patch. As such, it is a 
simple measure of extension.

Contagion Index (CONTAG)
Contagion explains the extent to which patch types are aggregated or grouped (i.e., dispersed). Higher values of contagion 
may result from landscapes with some large, contiguous patches, while lower values generally characterize landscapes 
with many small, scattered patches.
0 < CONTAG < 100
CONTAG approaches 0 (zero) when patch types are fully disaggregated and intermixed. 
CONTAG = 100 when all patch types are aggregated to the maximum.

0.21 to 0.35
Regular

0 to 0.2
Poor

0.36 to 0.55
Good

0.56 to 0.7
Very good

0.71 to 1
Excellent

All highest LPI values are 
for basic grains, grasses, 
and other land uses.

The highest LPI values 
are distributed between 
basic grains and grass, 
forests, and shaded 
coffee.

The highest LPI values for 
forest and coffee with 
leftovers are slightly higher 
than the values for basic 
grains and grasses.

Most LPI values are for 
forest and shaded coffee.

All the highest LPI values 
are for forest and shaded 
coffee.

Classification for LBI

Classification for LBI

RegularPoor Good Very Good Excellent

Classification

Rating

Normalization
for LBI

0.21 to 0.35
Regular

0 to 0.2
Poor

0.36 to 0.55
Good

0.56 to 0.7
Very good

0.71 to 1
Excellent
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The LBI ranges between 0 and 1. When the value is 
equal to 1, it indicates that the landscape has suf-
ficient attributes to protect the biodiversity it holds. 
The index decreases as the degree of degradation of 
the landscape increases.

Carbon Equivalent Index (CO2eI)
The Carbon Equivalent Index (CO2eI) refers to 
climate change mitigation. That is, the impact 
of restoration actions on the carbon equivalent 

balance that seeks to fix additional carbon to the 
existing stock7. The CO2eI is given by:

Once the five indexes have been calculated and 
normalized, the LBI can be calculated by averaging 
the five values:

(PAFRAC + PLAND + NP + LPI + CONTAG)
LBI=

5

(Current CO2e gain - Minimum value)
CO2eI=

(Maximum value - Minimum value)

This calculation requires the determination of 
minimum and maximum values. The maximum 
value is the maximum amount of carbon equivalent 
that would be stored if the entire area proposed in 
El Salvador’s Action Plan for Ecosystem and Land-
scape Restoration (MARN 2017a) were restored. 
On a national scale, this represents the stock of 
additional carbon when the target of one million 
hectares restored is reached. To calculate this maxi-
mum expected value in the landscape under study, 

Figure 5  |  Restoration techniques proposed in the map of restoration priorities

Source: self-elaboration

Gallery forests restoration
Cacao agroforestry system
Coffee renovation
Silvopastoral system
Basic grain agroforestry system
Agrosilvopastoral system
Sugarcane harvest

Restoration techniques

Coatepeque
Lake

Barra de Santiago Barra de Santiago 
ComplexComplex
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the Map of Priority Restoration and Opportunities 
for Transition to Restoration was used, particularly 
considering the section on the landscape under 
study from the national scale map contained in the 
Action Plan (see Figure 5). From this, the number 
of potential hectares for restoration, and for each of 
the practices proposed in the Plan was calculated. 

By multiplying these hectares by the values of the 
carbon equivalent balance per hectare, accord-
ing to the calculations made by Raes et al. (2017), 
the amount of carbon equivalent stored for each 
of the proposed practices in the landscape can be 
obtained. The sum of the values obtained would be 
the maximum expected value of carbon equivalent 
stored when implementing all practices.

The minimum value represents the amount of 
carbon equivalent that would be stored if the 
restoration actions were not carried out. This would 
theoretically give a value of 0 (zero), as the carbon 
that could be stored would not result from restora-
tion practices. This implies that the CO2eI will range 
between 0 and 1. The index value will be closer to 
1 as it approaches the expected target of maximum 
carbon equivalent stored as a result of restoration.

The current gain in carbon equivalent is obtained 
by adding the carbon balance attributed to each of 
the practices reported by MARN in the period of 
study and its corresponding areas. Table 5 presents 
the classification of values for this index.

Table 5  | Rating values for the CO2eI 

Value Range Rating

0 to 0.1 Poor

0.11 to 0.25 Regular

0.26 to 0.5 Good

0.51 to 0.75 Very Good

0.76 to 1.0 Excellent

Soil Quality Index (SQI)
The Soil Quality Index (SQI) is a measure of soil 
health or quality, which can be improved by resto-
ration practices. To calculate the SQI, an adapta-
tion of the methodology described by Cantú et. al. 
(2007)8 was developed here. For the Sustainability 
Index, the SQI will be calculated from information 
already available at the Centro Nacional de Tec-
nología Agropecuaria y Forestal (National Center 
for Agricultural and Forestry Technology, CENTA), 
which is the focal point of the Global Soil Alliance 
in the country. Within the framework of the Allian-
ce’s agenda, soil quality monitoring is carried out 
in several areas of the country and this provides the 
relevant information for the calculation of the SQI.
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 Three components are considered for the index: 
Organic Matter (OM), pH and Apparent Density9. 
For each of the selected indexes, maximum and 
minimum values are established, based on theoreti-
cal criteria, as will be explained below. 

For the OM content, the expected maximum and 
minimum values were determined based on the 
assumption that the percentage of organic matter 
in soils, in general, ranges between 1 and 6% of the 
surface horizon and decreases as depth increases 
(Thompson and Troeh 1988; Ghisolfi 2011). There-
fore, the maximum value is 6% and the minimum 
value is 1%.

The minimum pH value is established taking as a 
reference the average toxicity point for the develop-
ment of the different crops present in the area of 
analysis, without reaching this same value (Hans 
and Bornemisza 1987; Cantú et al. 2007). The 
maximum value corresponds to the average maxi-
mum pH for the optimal development of each crop 
present in the area of study. These values can be 
found in the CENTA Technical Guidelines for each 
crop (CENTA 2015). It is understood that any value 
outside these ranges will represent a level of toxicity 
for each crop.

In the case of Apparent Density, the maximum 
and minimum values were established according 
to the classification made for the soils of the trop-
ics by Cairo (1995), quoted by Duarte et al. (2011). 
According to these authors, the maximum value is 
1.6 g/cm3 and the minimum is 1.0 g/cm3.  

According to Cantú et al. (2007), once these values 
have been obtained, the indexes can be normalized 
to a range of between 0 and 1 using the following 
formula:

Im-Imin
Vn=

Imax-Imin

(Current additional days - Minimum value) 
AWI=

(Maximum value - Minimum value)

Where Vn is the normalized value of the index, 
either of OM, pH or Apparent Density; Im is the 
index value, obtained through the analysis of the 
soil samples; Imax represents the maximum value 
of the index, and finally Imin is the minimum value 
of the index. The procedure is repeated for each of 
the three indexes.

Once the three indexes have been standardized, the 
SQI can be calculated using their average. For its 
interpretation, a scale of transformation into five 
soil quality classes is used (see Table 6), as sug-
gested by Cantú et al. (2007).

Table 6  | Rating values for the SQI 

Range of values for the  
SQI Rating

0.80-1.00 Excellent

0.60-0.79 Very Good

0.40-0.59 Good

0.20-0.39 Regular

0.00-0.19 Poor

Additional Workday Index (AWI)
The Additional Workday Index (AWI) is a proxy 
of the improvement in the living standards of the 
populations involved in the restoration actions and 
measures the additional workdays generated by 
different restoration actions. It is given by:
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To calculate the limits of this index, we will under-
stand as a maximum value the amount of workdays 
that would be generated if the entire area proposed 
in El Salvador’s Action Plan for Ecosystem and 
Landscape Restoration were restored. 

The maximum number of workdays was obtained 
from the Map of Priority Restoration and Oppor-
tunities for Transition to Restoration in the land-
scape under study. The map reports the number 
of potential hectares of restoration for each of the 
practices proposed in the Action Plan. By multiply-
ing these hectares by the number of days that each 
restoration activity would generate according to the 
calculations made by Raes et al. (2017), the number 
of days for each of the proposed practices in the 
landscape during their establishment and mainte-
nance is obtained. The sum of the values obtained 
would be the maximum number of workdays that 
would be obtained by implementing all the prac-
tices in the landscape. 

The minimum value represents the number of 
workdays generated if the restoration actions were 
not carried out, which is theoretically 0 (zero). It is 
important to take into account that the maximum 
value corresponds to the maximum expected in the 
year 2022, the last year of the Action Plan (Raes et 
al. 2017). However, the expected goal of restored 
hectares is for the year 2030, so, for this year, the 
maximum value of workdays would be higher than 
for 2022.

MARN’s Dirección de Ecosistemas y Vida Silvestre 
(Direction of Ecosystems and Wildlife) has gener-
ated a record of restoration actions that details the 
type of action, the hectares intervened, the geore-
ferenced location and the organization in charge 
of the action. From these cards, this office feeds a 
database from which the restored hectares can be 
calculated according to the type of practice carried 
out. In this way, with the help of information on 
the requirements of workdays per hectare and per 
practice (Raes et al. 2017), the number of workdays 
generated by the restoration practices in a given 
period is obtained.

The AWI ranges between 0 and 1. The value will 
approach 1 as all restoration practices have been 

carried out, and more days will be generated until 
the maximum expected level is reached.  

Vulnerability Reduction Index (VRI)
The Vulnerability Reduction Index (VRI) is a 
proxy for the reduction of vulnerability to natural 
factors and is calculated from the data of a more 
complex index, already existing in several coun-
tries of the world: the Index for Risk Management 
(INFORM)10, which is calculated at MARN as 
part of a global collaborative initiative from the 
Inter-Agency Standing Committee (IASC) and the 
European Commission11.   

The VRI is calculated from several indexes grouped 
into three major components: hazard and exposure; 
vulnerability, and lack of capacity. Each of these 
three components is broken down into two differ-
ent categories, and each category in turn is made 
up of several indicators, through which the VRI is 
calculated.  
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For the calculation of the VRI, only the hazard and 
exposure component (Natural Hazard Index) was 
taken into account in the category of natural risks 
of the MARN´s Index for Risk Management, from 
which the values corresponding to the indicators 
of floods, landslides and droughts are taken, since 
these are the factors that would potentially be 
mitigated by the restoration actions carried out. An 
example is the recovery of tree coverage in unstable 
or highly sloped soils that allows for the mitigation 
of landslides and the reduction of surface drippings 
during extreme rainfall. This index is calculated 
estimating the number of people exposed to floods, 
landslides and meteorological droughts each year at 
the municipal level12 (see Annex 13).

The Natural Hazard Index ranges between 0 and 
10, so it is necessary to normalize the values of 
the resulting VRI. Table 7 shows the values for 

the qualification and normalization of the VRI 
(co-lumns in bold) from the values of the Natural 
Ha-zard Index (INFORM). The scales in this case 
have been reversed, as a value of 10 for the case 
of the Natural Hazard Index means the greatest 
danger to the affected population. This is equiva-
lent to a poor reduction in vulnerability, which 
on the norma-lized scale is equivalent to 0 (zero) 
for the VRI. For example, in the first row of Table 
7 we observe that a Hazard and Exposure Index 
value (taken directly from the hazard and exposure 
component of the INFORM) that is between 6.9 
and 10 has the category of “very high”, that is, very 
high hazard and exposure to floods, landslides and 
droughts. This is equivalent to a poor reduction in 
vulnerability, which implies a VRI of between 0 and 
0.1. This standardization is necessary for the VRI to 
be introduced as a component of the SILR.

Landscape Governance Index (LGI)
The Landscape Governance Index (LGI) measures 
the governance situation for the management of a 
given landscape. Governance refers to the process 
of interaction and integration between various 
organizations and individuals with different pow-
ers, authorities and responsibilities based on rules 

Table 7  |  Qualification and normalization of VRI values
VERY 
HIGH

(INFORM)
POOR  (IRV)

HIGH
(INFORM)

REGULAR  
(IRV)

MEDIUM
(INFORM)

GOOD 
(IRV)

LOW
(INFORM)

VERY 
GOOD 
(IRV)

VERY 
LOW

(INFORM)

EXCELLENT
(IRV)

6.9-10 0-0.1 4.7-6.8 0.11-0.25 2.8-4.6 0.26-0.50 1.3-2.7 0.51-0.75 0.0-1.2 0.76-1

6.9 0.025 4.7 0.11 2.8 0.26 1.3 0.51 0 0.76

7.9 0.05 5.4 0.15 3.4 0.3 1.8 0.55 0.40 0.85

8.9 0.075 6.1 0.2 4.0 0.4 2.2 0.65 0.80 0.95

10 0.1 6.8 0.25 4.6 0.5 2.7 0.75 1.20 1

and traditions, which are oriented towards ensuring 
the provision of ecosystem services (food, water, 
biodiversity, tourism, etc.) (Cundill and Fabricius 
2010; Robinson, Dearden and Orozco 2012). So far, 
there is no governance monitoring for landscape 
management or even a natural resource manage-
ment in the country, so in order to include the LGI 
in the SILR, primary information was collected.
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With this objective, a tool to be used in focus groups 
was created; the MARN technicians in the different 
landscapes of the country can also apply it. The tool 
is an adaptation of the methodology proposed by 
Robinson et al. (2012), with some elements from 
UNDP (2018) and Cundill and Fabricius (2010), 
and is structured in three components: (a) gover-
nance capacities, (b) governance process and (c) 
governance outcomes. Each of these components 
contains a number of indicators representing differ-
ent dimensions of governance: 

1. Coordination 
2.  Resources
3. Deliberation
4. Leadership
5. Shared vision
6. Access, use and generation of information 
7. Adjusting decisions to the context
8. Management and regulatory instruments 
9. Equity
10. Promotion and capacity to learn from past 

experiences  
11. Accountability 

(See Annex 14 for more detail on each of these 
indicators) 

The LGI is calculated from the application of a 
tool through focus group sessions with key actors 
in landscape management. The selection of focal 
groups should be made through a random sample 
in the territories of interest and among the relevant 
stakeholders for restoration. The Social Landscapes 
Methodology, developed by WRI (2018), in parallel 
with random sampling, can become significant tools 
for the identification of focus groups. In the case 
of El Salvador, the focus groups were not selected 
randomly but with the support of MARN techni-
cians in charge of each conservation area, thus 
ensuring the participation of multiple stakeholders 
in the landscapes. The tool/questionnaire presents 
five response options for each indicator, through 
which the corresponding dimension of governance 
is rated. The average score for the eleven questions 
–which correspond to each of the indicators and are 
analyzed and discussed in a participatory manner in 
the focus group– represents a LGI that takes values 

between 1 and 5. An LGI of 0 (zero) will indicate 
a completely disjointed and dysfunctional state of 
governance. An LGI of 5 will indicate that the maxi-
mum has been reached in each of the governance 
dimensions.

Once the LGI has been obtained, it needs to be 
standardized in order to be part of the SILR (see 
Table 8).

Table 8  | Rating and normalization of values for the 
Landscape Governance Index, regarding the values          
of the SILR

Rating LGI Values Normalization

Excellent 4.1 to 5 0.76 to 1

Very Good 3.1 to 4 0.51 to 0.75

Good 2.1 to 3 0.26 to 0.50

Regular 1.1 to 2 0.11 to 0.25

Poor 0 to 1 0 to 0.1

The analysis of the governance situation broken 
down into eleven aspects or dimensions is a use-
ful tool for the self-analysis of the participating 
stakeholders. It encourages the discussion of issues 
that are often not taken into account and allows 
actors to clearly visualize the aspects on which they 
are strongest and those on which they still need 
to work, for example on their shared vision of the 
landscape.

It is important to mention that governance can lead 
to improvements through restoration actions, so it 
is a catalyst for the success of such actions proposed 
for the landscape.
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RESULTS OF THE APPLICATION OF SILR 
TO A LANDSCAPE OF INTEREST IN EL 
SALVADOR: 
EL IMPOSIBLE-BARRA 
DE SANTIAGO, APANECA- 
ILAMATEPEC
The SILR proposal was applied in a landscape prioritized by public 
policies through the PREP, since this would not only result in a 
methodology that could be replicated in other areas of the country, but 
would also show the impacts of the restoration actions being carried 
out in a specific landscape. 

As it was shown in the previous section, the SILR is made up of various 
indexes that are calculated using different methodologies. The results 
obtained for each of these are presented below.
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(PAFRAC+PLAND+NP+LPI+CONTAG)
LBI=

5

(0.31 + 0.9 + 0.44 + 0.7 + 0.56)
LBI=

LBI= 0.58

5

Results of the Water Quality Index 
(WQI)
To obtain the WQI in the target landscape, data 
from this index prepared by MARN was taken 
based on the information generated by the various 
stations located in the landscape and then aver-
aged to obtain the WQI for the entire landscape. 
For landscapes where there are no measurement 
stations at relevant sites, it is important to deter-
mine whether other nearby stations can serve as 
approximations or whether certain areas within the 
landscape should be considered out of coverage and 
thus the scope of the index should be reduced. 

Although restoration actions in the landscape began 
in 2016, the WQI for the landscape was calculated 
for 2011, which was 61.5. For 2017, it was 72.5, 
which shows an improvement in water quality from 
“good” to “very good”, according to Table 3. The 
results were normalized for inclusion in the SILR. 
With this normalization, the WQI resulted in 0.61 
and 0.73 for the years 2011 and 2017 respectively.

Landscape Biodiversity Index (LBI)
As described in the previous section, the LBI is a 
combination of five indexes of landscape ecology13.

The obtained indexes were analyzed along Table 
4 for their interpretation, classification and 
normalization. 

LBI for the year 2011
The analysis started with the Perimeter-Area 
Fractal Dimension (PAFRAC) of the classes of inter-
est (broadleaf forest, coniferous forest, salt forest, 
shaded coffee, unshaded coffee and shrubs), which 
resulted in an average of 1.33 (see Table 9). Accord-
ing to Table 4, this value classifies the PAFRAC as 
“regular” and when normalized, a value of 0.31 is 
obtained.

The Percentage of Landscape Index (PLAND) occu-
pied by the interest classes is 60.94%. According to 
the same Table 4, it is classified as “excellent” and 
when normalized it produces a value of 0.9.

The Number of Patches Index (NP) in the classes of 
interest is 0.44 and, according to Table 4, it shows 
a high level of fragmentation –especially in the 
broadleaf forest. The normalized value turns out to 
be 0.44 (see more detailed tables of normality in 
Annex 5).

The Largest Patch Index (LPI) reports a value of 
26.83% for shaded coffee and 8.26% for broadleaf 
forest. This results in the two highest values for this 
index, which means that the largest patch of shaded 
coffee occupies 26.83% of the landscape because 
this category does not present greater fragmenta-
tion. However, broadleaf forest is only 8.26% of the 
landscape because of its fragmentation. In addition, 
the index for the mangrove forest is 1.62, which 
places it in the category “very good” and, when 
normalized, a value of 0.7 is obtained.  

The Contagion Index (CONTAG) is 56.70, which 
places it in the category “very good”. This normal-
ized value is 0.56. The LBI is then calculated with 
the normalized values:
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this fragmentation has decreased, especially in the 
broadleaf forest, from 41,127 fragments in 2011 to 
2,311 fragments in 2017. These classes still account 
for a good percentage of the landscape. The results 
can be classified as “good”. The resulting normal-
ized value is 0.58.

The Largest Patch Index (LPI) reports a value of 
27.58% for shaded coffee and 14.14% for broadleaf 
forest. These are the two highest values, which 
means that the largest patch of shaded coffee 
occupies 27.58% of the landscape because this 
category does not present greater fragmentation. 
In addition, the index for mangrove forest is 1.61. 
This would place it in the category “very good”, 
according to Table 4. The resulting normalized 
value is 0.79 (see Annex 6).

LBI for the year 2017
The Perimeter-Area Fractal Dimension (PAFRAC) 
of the classes of interest reaches values of 1.49 
for broadleaf forest, 1.37 for shaded coffee, 1.36 
for mangrove forest and 1.4 for shrubs. Based on 
Table 4 it would be classified as “regular”. As a 
result of the normalization the value obtained is 
0.40.  

The Percentage of Landscape Index (PLAND) 
occupied by the classes of interest is 67.68%, clas-
sified as “excellent”. This normalized value turns 
out to be 0.97.

The Number of Patches Index (NP) in the classes 
of interest shows that the fragmentation of the 
landscape continues to be considerable, but that 

Table 9  |  Results from the Fragstats program for the classes of interest 

2011 2017 2011 2017 2011 2017 2011 2017 2011 2017

21.11 28.01 41127 2311 8.26 14.14 1.33 1.49 56.70 59.86

Indexes per
Year/Land use
classification

Percentage of 
Landscape 

(PLAND

Number of 
Patches/

Fragments
(NP)

Largest Patch
Index
(LPI)

Perimeter-Area 
Fractal Dimension

(PAFRAC)

Contagion
 Index

(CONTAG)

Broadleaf forest

Conifer forest

Salty forest 

Scrubs

Other crops

Basic grains

Fruit trees

Pastures

Sugarcane

Unshaded coffee

Shaded coffee

   0.30    0.32       392          51           0.09              0.10               1.27                1.27

2.34 2.32    587       41         1.62           1.61            1.27             1.36

4.85 4.07  62413    27866         0.07          0.05            1.31             1.40

2.79 0.94   11915      351         0.10         0.17            1.30             1.22

16.37 7.13   98151    34965         1.07         0.27            1.31             1.37

0.74 0.55     348                 193        0.21         0.08            1.28             1.24

9.01 14.20   23370    33059        0.41          1.91            1.26             1.39

2.99 3.51    639      122        0.78         0.82            1.25             1.19

1.03 0.91    1191       31        0.31         0.15            1.34             1.34

31.34 32.05   7599      338       26.83        27.58           1.31             1.37
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Figure 6  | Results from the Landscape Biodiversity Index 2011 and 2017

The resulting normalized value is 0.79 (see Annex 
6). The Contagion Index is 59.86, which places it in 
the category “very good” in Table 4. The normalized 
value is 0.66. 
 
The normalized value is 0.66. Then, the LBI for the 
year 2017 would be:

The results of the LBI for both years, 2011 and 2017 
(Figure 6), are very satisfactory, in part because 
this landscape contains the most important pro-
tected natural area in the country, the largest area 
of shaded coffee and an important mangrove area. 
However, the change in indexes between 2011 and 
2017 is noticeable, due to the natural regeneration 
process as well as from restoration actions ini-
tiated since 2016 in the landscape, which show an 
increase from 0.58 in 2011 to 0.68 in 2017.

Carbon Equivalent Index (CO2eI)
As already mentioned in the first part, the CO2eI is 
given by

The first step for the calculation was the determina-
tion of the index thresholds. The maximum value is 
the maximum amount of stored carbon equivalent 
that would be obtained if the entire area proposed 
in El Salvador’s Action Plan for Ecosystem and 
Landscape Restoration were actually restored. 
From Figure 5, the number of potential hectares 
of restoration for each of the practices proposed in 
the Action Plan was calculated for the landscape 
under study. By multiplying these hectares by the 
values of the carbon equivalent balance per hec-
tare, according to calculations made by Raes et al. 
(2017), the amount of carbon equivalent stored for 
each practice was obtained. The sum of the values 
obtained represents the maximum value of carbon 
equivalent stored during the period of analysis, 
which would be obtained by implementing all the 
proposed practices in the landscape. With these 
calculations, the maximum value of carbon equiva-
lent stored in the area of interest is 1,263,357.90 

(PAFRAC+PLAND+NP+LPI+CONTAG)
LBI =

5

(0.40+ 0.97+ 0.58 + 0.79 + 0.66)
LBI=

LBI= 0.68

5

(Current CO2e gain - Minimum value)CO2eI=
(Maximum value - Minimum value)

Source: own-elaboration
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tons during the period from 2016 to 2022, according 
to the Action Plan. However, if the period from 2016 
to 2030 is taken into account, the maximum value 
would be 2,707,195.50 tons of carbon equivalent14 
(see Table 10). For practices not contemplated within 
this plan –such as reforestation or restoration of 

Table 10  |  Calculation of the maximum expected value of stored carbon equivalent 

Potential
hectares to be

restored
Restoration

actions 
Potential factor 

tCO2e/ha/
year captured

Potential tCO2e
stored

for 2022 * 

Potential tCO2e
stored for 2030**  

Gallery forest
restoration

Coffee renovation
< 800 m

Coffee renovation
800-1200 m

Coffee renovation
> 1200 m

Silvopastoral system

Sugarcane harvest

Mangrove restoration

Cacao agroforestry
system (1)

Cacao agroforestry
system (2)

Agrosilvopastoral
system

Agrosilvopastoral
 system basic grains

Reforestation
(Bernoux et al. 2011)

Secondary forest
(Bernoux et al. 2011)

Total

903.61

1,560.07

12,503.33

17,871.05

3,253.53

2,755.91

0.00

0.00

14,160.56

0.00

14,973.53

0

0

67,981.59

6.35

1.55

1.35

1.35

0.5

0.09

6.7

3.3

4.7

1.85

4.2

25.30

11.73

40,165.46

16,926.76

118,156.47

168,881.42

11,387.36

1,736.22

0.00

0.00

465,882.42

0.00

440,221.78

0.00

0.00

1,263,357.90

Maximum value
(2016-2022)

86,068.85

36,271.63

253,192.43

361,888.76

24,401.48

3,720.48

0.00

0.00

998,319.48

0.00

943,332.39

0.00

0.00

2,707,195.50

Maximum value
 (2016-2030)

*Values for the period 2016-2022
** Values for the period 2016-2030

secondary forests– the tool developed by Global FLR 
CO2 Removals Database (Bernat et al. 2018). 

The minimum value represents the amount of 
carbon equivalent that would be stored in the event 
that the restoration actions were not carried out, 
which is theoretically 0 (zero).
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Table 11  |  Restoration actions reported by MARN in the period 2016-2018 and estimated carbon equivalent captured

To calculate the current gain in stored carbon 
equivalent, annual reports on restoration actions 
carried out by MARN were used. These reports 
include the type of restoration practice, the hectares 
restored and their location, among other aspects. 
These reports give information on the number of 
hectares that have been restored during the period 
of analysis and the type of practice that has been 
applied. Each type of practice and the correspond-
ing hectares are multiplied by the corresponding 

carbon balance factor and this results in the carbon 
equivalent stored by each of the practices. The sum 
of these values represents the carbon equivalent 
stored for the period under review (Table 11). It 
is important to note that the restoration practices 
being carried out are not limited to the list set out 
in Table 10 and that these include other activities, 
such as secondary forest management and refores-
tation activities.  

2016

Year Restoration
actions

Ha. in 
restoration 

process 
Factor used Factor 

tCO2eq/ha/year Years Total tCO2eq

2017

2018

1,640.00

683.00

4,261.80

1,006.60

338.80

3,293.00

59.50

43.50

250.00

450.00

925.00

12,951.20

6.35

11.73

11.73

4.20

6.35

4.70

0.09

4.20

25.30

11.73

4.70

3.00

3.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

1.00

1.00

31,242.00

24,034.77

99,981.83

8,455.44

4,302.76

30,954.20

10.71

365.40

12,650.00

5,278.50

4,347.50

221,623.11

Mangrove 
restoration

Secondary
forest

Secondary
forest

Agroforestry
system basic

grains

Mangrove 
restoration

Agroforestry 
system basic

grains

Sugarcane
harvest

Agroforestry 
system basic

grains

Reforestation

Secondary
forest

Cacao
agroforestry
system (2)

Mangrove ecosystem/Restoration 
based on sustainable use of natural 

resources

Conservation and sustainable use of 
natural forests

Conservation and sustainable use of 
natural forests

Coffee/Sustainable agroforest systems 
(SAS)

Mangrove ecosystem/Restoration 
based on sustainable use of natural 

resources

Conservation and sustainable use of 
natural resources

Sustainable diversified system

Total area in
restoration process (ha)

Sustainable diversified system

Management of
crop residues

Reforestation

Agroforest systems (SAF, in Spanish)
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Table 5 qualifies this value as “regular”. This takes 
into account the period corresponding to the Action 
Plan. However, if we take into account the time 
period set in order to meet the Bonn Challenge 
target, the CO2eI would be 0.08, a value that is 
nevertheless small. It should be taken into account 
that the restoration actions started only three years 
ago and that there are still 12 years left to meet the 
target set for 2030. 

It is important to note that the tons of stored 
carbon equivalent obtained through the previous 
calculation probably underestimates the value of 
that carbon stored in the landscape, which does 
not come exclusively from restoration actions, but 
also from natural regeneration processes. To verify 
this, an analysis was made using the last two land 
use maps of the country made by MARN. The maps 
correspond to the years 2011 and 2017. The analy-
sis takes into account only the area correspond-
ing to the landscape and selects the areas that in 

For the 2016-2018 period, MARN reported a total 
of 12,951.20 hectares in process of restoration 
with different practices for this landscape. These 
hectares represent 19% of the total potential area 
to be restored, according to the Action Plan. By 
multiplying the number of hectares corresponding 
to each practice by its carbon equivalent factor, 
the carbon equivalent stored is obtained. The sum 
of these values gives a total of 221,623.11 tons of 
carbon equivalent stored in the landscape for the 
period under study. Then the CO2eI would be: 

(Current CO2e gain - Minimum value) CO2el=
(Maximum value - Minimum value)

(221,623.11– 0) t de CO2e)
CO2el=

(1,263,357.90– 0) t de CO2e)

2011 appear under agricultural use –specifically 
basic grains– which in 2017 fell actually under the 
broadleaf forest category. This area totals 5776.24 
hectares. According to the analysis, they represent 
a natural regeneration process. However, fur-
ther analysis is needed to determine whether the 
changes are due to a particular reason such as land 
abandonment or simply to differences in land use 
mapping methodologies.

Additional Workday Index (AWI)
The following formula was used to calculate the 
AWI:

CO2el= 0.18

(Current additional workdays - minimum value) 
AWI=

(Maximum value - Minimum value)

The maximum number of workdays expected 
for the landscape was obtained from the Map of 
Priority Restoration and Opportunities for Transi-
tion to Restoration in the landscape under study, 
which reports the number of potential hectares of 
restoration for each of the practices proposed in 
the Action Plan, in the same way as for the CO2eI. 
By multiplying these hectares by the number of 
workdays required –based on calculations made by 
Raes et al. (2017)– the number of days required for 
each of the proposed practices in the landscape is 
obtained. The resulting sum of the values would be 
the maximum number of workdays that would be 
needed to implement all the restoration practices in 
the landscape. In our case, this corresponds to 27.1 
million workdays (see Annex 12). 

The minimum value represents the amount of 
workdays generated if restoration actions are not 
carried out, which is theoretically 0 (zero).

Additional work is given by the number of addi-
tional workdays generated from the base year, 
which in this case corresponds to the year 2016, 
because that year the implementation of restora-
tion actions in the landscape began. Using MARN 
reports, the hectares restored for each type of 
practice are obtained and these are multiplied by 
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the work factors, according to Raes et al. (2017). 
Thus, the total additional workdays generated in the 
landscape during the period 2016-2018 corresponds 
to 2.6 million workdays. Therefore:

(Current Additional Workdays –
Minimum Value)

(2.6-0) million workdays)

AWI=

AWI=

(Maximum Value - Minimum Value) 

(47.3-0) million workdays

AWI= 0.05 (for the period 2016-2030)
AWI= 0.10 (for the period 2016-2022) 

Table 12 presents the AWI ratings. According to 
the table, the AWI value of 0.05 falls in the “poor” 
category.

Table 12  | AWI Rating Values

Range of AWI values Rating

0 to 0.1 Poor

0.11 to 0.25 Regular

0.26 to 0.5 Good

0.51 to 0.75 Very Good

0.76 to 1.0 Excellent

The values obtained for this index are consistent 
with the fact that the actions started only three years 
ago and that there are still 12 more years of work 
to be done until 2030. So far only 19.05% of the 
maximum number of expected hectares have been 
restored. It is important to mention that some of the 
restoration actions being carried out in the land-
scape are not precisely those proposed in the Action 
Plan. This is because the actions proposed follow 
technical and economic criteria, but in the territory, 
the governance aspects and the very perceptions of 
the local stakeholders about what they consider to be 
important for their landscapes, play a fundamental 
role when deciding and carrying out these actions. 
In the specific case of this landscape, restoration 
actions that are not contemplated in the Action 
Plan are being carried out in areas such as Barra de 
Santiago, while in other areas reforestation is being 
carried out, an action that is not contemplated in the 
Plan either. 

There is an effort on the part of MARN authorities, 
within the framework of the Bonn Challenge Baro-
meter, to map all restoration actions by the public 
and private sectors (Dave et al. 2018), but it is 
important to insist on the need to document them, 
for specific actions may have been possibly carried 
out but they have not been reported to MARN, and 
therefore have not been accounted for. This means 
that the values obtained for the index represent 
conservative  parameters.

Vulnerability Reduction Index (VRI)
As explained in the previous section, the VRI is 
calculated from the values of the Natural Hazard 
Index, which takes only into account the variables 
of the population affected by floods and landslides, 
adjusts the population to the proportion of the 
municipality within the landscape and then follows 
the same methodo-logy for the calculation of the 
Index for Risk Management prepared by MARN 
(see Annex 13).

The value of the index for this landscape for 2017 
is 3.8, on a scale of 0 to 10. This is quite consistent 
with the forest and shaded coffee forestry present 
in the landscape, which positively influences the 
reduction of vulnerability to floods and landslides.
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Landscape Governance Index (LGI)
To calculate the LGI, the methodology outlined in 
the previous section was followed. MARN techni-
cians working in the conservation areas within the 
landscape under study were involved for this and, at 
their suggestion, three focus groups were organized 
in three different areas of the landscape, one with 
the Apaneca-Ilamatepec Biosphere Reserve Com-
mittee, another with local stakehodlers in Barra de 
Santiago and a third with a group of local stake-
holders in Tacuba, who are organizing around the 
management of El Imposible National Park. Figure 
7 shows the LGI broken down into its components 
for the three areas in which the analysis was carried 
out.

A LGI was obtained for each of the three zones: 
0.26 in El Imposible, 0.54 in Barra de Santiago and 
0.52 in the Apaneca-Ilamatepec Biosphere Reserve. 
These results were consistent with expectations, 
according to previous interviews with MARN 
technicians. In the area of El Imposible, the orga-
nization is incipient and recently a co-management 
agreement has been formalized between MARN and 
the Municipality of Tacuba for the administration of 
a part of the natural area.

The governance in Barra de Santiago is being 
consolidated and turned out to be the highest, as 
the social organization around the protection and 
sustainable use of the mangrove has been streng-
thened over the years, reaching an important 
level of coordination, as well as a shared vision. 
However, its management is quite restricted to 
the mangrove, with few or no links to El Imposible 
National Park, which was evidenced in aspects such 
as “management and regulation instruments” that, 
although working to regulate extraction, have not 
worked with the group of sugarcane growers whose 
crops threatens or takes over the mangrove.

The Index in the Apaneca-Ilamatepec Biosphere 
Reserve also scores well. The committee is consoli-
dating, its vision and management at the landscape 
level is much more comprehensive and has a more 
pluralistic composition than in the Barra de San-
tiago group, but its operation is more recent.

The average of the three zones reported a Land-
scape Governance Index of 2.83, which is classified 
as “good” on a scale of 1 to 5, with much potential 
for improvement. In all three sites where focus 
groups were organized, participants showed great 
interest in an institutionalized use of the instru-
ment for periodic self-assessment.

Figure 7  |  Landscape Governance Index
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Source: self-elaboration
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Table 8 shows the normalization of the LGI with 
the scale of the Sustainability Index for Landscape 
Restoration (ranging from 0 to 1). Based on the 
values in this table, a Landscape Governance Index 
of 0.44 is obtained, which rates as “good”.

SILR Aggregation
Once each of the components of the Sustainability 
Index for Landscape Restoration has been obtained, 
the index can be calculated by averaging all the 
values15 (see Figure 10). 

For this specific case:
0.39

(CO2eI + LBI + WQI + AWI + VRI + ILG)
SILR=

6

Figure 8  | Sustentability Index 2018

The value of the Sustainability Index is 0.41 if the 
Restoration Action Plan’s target is set to 2022, and 
0.39, when the target is set to 2030. Figures 9 and 
10 clearly show how the aspects of biodiversity and 
water quality have the best scores. This is largely 
due to the fact that the most important protected 
natural area in the country (the El Imposible forest) 
is located in this landscape, as well as the most 
important shaded coffee area in El Salvador and a 
considerable area of mangroves.

Source: self-elaboration

This has a great weight in terms of biodiversity, but 
if the land use maps of 2011 and 2017 are analyzed, 
the decrease in mangrove areas is notorious. On the 
other hand, water quality has improved in almost 
all the country’s rivers. In fact, rivers with “good” 
water quality have increased by 27% according to 
MARN’s Water Quality Report 2017.
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Figure 9  |  SILR in El Imposible-Barra de Santiago and Apaneca-Ilamatepec
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CO2eI and AWI reflect more clearly the impact 
of restoration actions on carbon equivalent stor-
age and additional workdays because the values 
included in the formula come from the list of res-
toration actions generated by MARN. In this sense, 

they reflect the progress of restoration actions in 
the landscape. So far, 12% of the area targeted for 
restoration by 2030 has been advanced. Due to 
this modest progress, the Carbon Equivalent and 
Additional Workdays Indexes are low (Figure 10).

Figure 10  | SILR of El Imposible-Barra de Santiago and Apaneca-Ilamatepec by its components
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IMPLICATIONS OF 
THE SILR
Besides its contribution on monitoring some of the impacts 
of restoration, the SILR has also the potential to contribute to 
strengthening restoration efforts and managing ecosystems and 
landscapes. As discussed below, the Index can help to identify 
important interrelationships occurring in the landscapes in which 
it is applied, to define more precise criteria for prioritizing and 
locating restoration actions within the landscape, and to promote 
efforts that strengthen social capital and governance of the 
landscape.
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Restoration, impacts and interrelations 
in the landscape
Together with other restoration indexes that 
are being implemented (such as the Restoration 
Barometer (IUCN 2018) and the REDD+ indica-
tors), the SILR can be part of a broader monitoring, 
reporting and verification system that reports on 
the country’s progress in terms of Adaptation-based 
Mitigation. To the extent that restoration actions 
are implemented more broadly across the country’s 
diverse landscapes, the Index can be easily applied 
and integrated into broader monitoring systems.

Unlike indicators that reflect averages at the 
national level, the SILR can contribute to the sys-
tematic monitoring of restoration impacts in each 
of the landscapes where it is applied, since it is easi-
ly aggregated at the national level. At the landscape 
scale, when it is combined with studies at project or 
farm scale, the Index has the potential not only to 
report on the behaviour of restoration impacts on 
crucial aspects such as water, biodiversity and soil, 
but also to identify critical interrelations that may 
be affecting landscape performance, such as the 
relationship between upstream restoration actions 
and downstream water availability or quality. It is 
also relevant to consider the other land use dynam-
ics that are occurring and not just the restoration 
actions that have been taken. This is particularly 
important, since restoration actions occur not only 
in the landscape, but also through other actions 
that various stakeholders develop to ensure their 
forms of life, such as in agriculture, energy and 
touristic activities. The Index can help promote 
greater coordination efforts and generate synergies 
between sectoral public policies.

A particularly relevant suggestion for the applica-
tion of the SILR is the promotion of protocols and 
the formalization of information exchange agree-
ments generated by government entities other than 
MARN. A concrete example is the database on soil 
quality in various sites in the country which is being 
generated by CENTA and which is expected to be 
maintained and expanded in the future within the 
framework of the Global Soil Partnership. For this 
work, a collaboration agreement was promoted 
between the Centro de Investigación y Desarrollo 
en Salud (Center for Research and Health Develop-
ment, CENSALUD in Spanish) of the University 
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of El Salvador and the General Directorate of the 
Environmental Observatory at MARN, through 
which CENSALUD will systematically share water 
quality samples in the area of Barra de Santiago to 
be analyzed in the laboratory of the Environmen-
tal Observatory in order to expand water quality 
sampling in the mangrove area.

Prioritization and location of 
restoration actions
In certain landscapes, restoration actions can be 
better oriented, according to more appropriate 
criteria, towards the characteristics and dynam-
ics of the landscape. In this sense, the location of 
specific restoration actions will be determined, for 
example, by the need to improve the status of key 
resources such as soil and water, or by their impor-
tance for agricultural production, rather than by 
the attempt to use or promote an increased carbon 
capture. In the case of the landscape under study, 
the need to continue promoting restoration actions 
in the mangrove zone is evident, but this is also the 
case in other areas of influence that include sugar-

Figure 11  |  El Imposible-Barra de Santiago-Apaneca-Ilamatepec Biosphere Reserve: restoration actions

Source: self-elaboration

cane production zones and even in areas outside 
the perimeter of the landscape, because these have 
clear implications in the mangroves located west of 
the Barra de Santiago (see Figure 11). In this sense, 
the analysis of each of the components of the SILR, 
accompanied by a spatial and temporal analysis 
based on the land use maps, can also contribute to 
improve the selection criteria as well as the location 
of restoration actions in order to prioritize areas 
within the landscape which require restoration 
interventions. For example, promotion programs 
supported by the FIAES can focus on areas where 
the biodiversity or water sub-indexes have had 
greater reductions, or where levels of governance 
are higher. This can lead to the definition of calls 
for project proposals such as those promoted by 
the country’s environmental funds, influence the 
location of other projects supported with resources 
from various cooperation entities, and promote 
processes of productive reconversion with private 
investment, such as those implemented for sugar-
cane harvesting. Likewise, the Index provides infor-
mation that can be used to trace efficiency levels of 
restoration actions in the landscape. 

Broadleaf forest 
Coniferous Forest 
Mangrove forest 
Coffee 
Sugarcane
Basic Grains
Grass 

Shadeless Coffee 
Shrubs 
Naked Soil
Water
Sand Dunes
Fruit Trees
Other Crop

Land Use

Restoration actions

Barra de Santiago Barra de Santiago 
ComplexComplex

P A C I F I C  P A C I F I C  O C E A NO C E A N

Coatepeque
Lake



WRI.org        56

Although it is not suggested to modify the peri-
meter of the landscape selected for the applica-
tion of the Index, the proximity of the restoration 
actions being implemented in the coffee zone –i.e. 
the predominant land use in the Apaneca-Ilamate-
pec Biosphere Reserve– may be generating impacts 
not only within the landscape, but also outside it 
(in the case of micro-basins, for example). Figure 
12 shows how other restoration actions outside the 
landscape could also have an impact, along with 
those in the interior of the landscape, in this south-
ern coastal zone of the country. Therefore, more 
detailed studies are recommended (see Figure 11). 
In the context of a prolonged crisis situation of cof-
fee cultivation, restoration actions contribute eco-
nomically, socially and environmentally within the 
landscape, but also outside of it, since such actions 
can help avoid deforestation processes, changes in 
land use, and even the removal of carbon reservoirs.

Restoration, social capital and 
landscape governance
In addition to monitoring, the Sustainability Index 
for Landscape Restoration has the potential to con-
tribute to the expansion of landscape and ecosys-
tem management tools. As we have seen, the Index 
synthezises landscape performance and considers 
several dimensions of crucial importance for an 
Adaptation-based Mitigation.

The Index also shows the performance of various 
stakeholders in the landscape, not only those who 
are directly responsible for land use and the imple-
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mentation of restoration actions such as producers 
(sugarcane and coffee farmers, basic grain produ-
cers, cattle ranchers, etc.), but also other stakehol-
ders such as municipalities, territorial organizations 
or cooperatives, among others, which through their 
actions promote strategies with clear impacts on the 
landscape. The Index can contribute to the feed-
back of impacts derived from other initiatives than 
restoration, such as local-territorial development 
plans, strategies to promote basic grain production 
and food security, and incentives for sugarcane 
production.

Therefore, the Index is a tool that reflects the 
environmental performance of the set of actions 
in the landscape, both for its actors and for other 
external stakeholders. With this logic, the SILR 
and its elaboration process –particularly in this 
case the process of building the Governance Index– 
can contribute to strengthening local-territorial 
institutions. In the absence of other indicators, the 
SILR not only fills a strategically important gap in 
landscapes, ecosystems and territories, but can also 
favour greater attention to restoration at a local-
territorial scale and integrate various agendas and 
management instruments at that scale, including 
linking restoration to local planning processes, 
but above all, the lifelihood strategies of those who 
most depend on natural resources. The Index can 
also be an indicator of degradation if each compo-
nent reports lower values based on a baseline. The 
Biodiversity Index is particularly useful for deter-
mining forest degradation or deforestation, as it is 
sensitive to tree cover losses.  

No less important is the fact that restoration actions 
in the landscape also help improve the conditions 
of social capital and thus the governance systems of 
the landscape. The restoration actions supported in 
the mangroves of Barra de Santiago have not only 
had an impact on the restoration of the mangrove 
and the maintenance of its ecological functions, but 
also on the strengthening of the governance condi-
tions of local organizations and communities, and 
with it, on the strengthening of the capacities of 
interlocution with sugarcane producers, who still 
see the mangrove areas as potential areas for the 
expansion of sugarcane cultivation.
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NOTES
1. An initiative led by the German government, the Global 

Partnership on Forest Landscape Restoration and the 
International Union for the Conservation of Nature (IUCN), 
which established commitments to restore 150 million 
hectares of degraded land globally by 2020 and 350 million 
hectares by 2030.

2. In support of the Bonn Challenge, the 20x20 Initiative is an 
effort led by Latin American and Caribbean countries that aims 
to change the dynamics of land degradation. In the short term, 
it seeks to start restoration on 20 million hectares by 2020 and 
have 30 million hectares in restoration reflected at National 
Determined Contributions (NDCs) by 2030.

3. Fragstats is an open source software created in 1995 by Dr. 
Kevin McGarigal and Barbara Marks at Oregon State University. 
It works essentially in raster format. Available online at https://
www.umass.edu/landeco/research/fragstats/fragstats.html 
[Accessed January 2020]

4. The fractal dimension index will be analyzed for the classes of 
interest (broadleaf forest, coniferous forest, mangrove, shaded 
coffee). 

5. The total class area is not part of the LBI, however, it was 
calculated to use the values in the calculation of the Carbon 
Equivalent Index (CO2eI) and the Additional Workdays Index 
(AWI).

6. The percentage of landscape will be analyzed for the class of 
interest or the sum of the classes of interest (broadleaf forest, 
coniferous forest, mangrove, shaded coffee). The maximum 
value is considered to be 70% since landscapes with exclusive 
presence of forest or coffee plantations are not considered. 

7. The carbon equivalent balance is defined as the net balance of 
all greenhouse gases (GHG) expressed in CO2 equivalents that 
are emitted or retained by the implementation of restoration 
practices (FAO 2017).

8. In the 1990s, the Soil Science Society of America promoted 
the concept of soil quality and later established quantitative 
indicators for that quality.

9. According to opinions from experts. Interview with Mr. Jaime 
Tobar, Coordinator of the Agriculture, Soil and Water Program 
at Catholic Relief Services (CRS), July 23, 2018.

10. In El Salvador, the process of adapting the sub-national 
INFORM model from the Global and Regional LAC Index has 

been completed with the participation of nine government 
institutions that make up the INFORM El Salvador Team, and 
with the support of UNDP, UNICEF and OCHA as agencies of 
the United Nations System that are executing the project 
“Implementation and use of INFORM as a tool for humanitarian 
and development decision-making based on disaster risk 
information in Central America with ECHO funds”.

11. For more details: http://www.inform-index.org/

12. There is an automated platform in Excel format, designed by 
the INFORM team, which allows the risk management index 
and each of its three components to be calculated in a uniform 
manner by simply entering the values of the population 
affected each year in each of the countries. In each country, 
adaptations for this index are made according to the specific 
conditions for climatic events; however, the platform used is 
the same.

13. A considerable advantage of the use of such indexes with 
respect to biodiversity counts, whether of flora or wildlife, is 
their low cost. Only two things are required: the land use map 
of the year to be analyzed and the Fragstats (open access) 
software, or a similar one.

14. The analysis period corresponds to the years between 2016 
and 2030. 2016 marks the year when the restoration actions 
in the pilot landscape started and 2030 is the year set for 
the fulfilment of the Bonn Challenge goals. However, it is 
also worth considering the period from 2016 to 2022, as this 
includes the implementation of El Salvador’s Action Plan for 
Ecosystem and Landscape Restoration. 

15. The Soil Quality Index was not calculated due to the absence 
of information at the time of the analysis. However, since this 
information currently exists in the country, it was considered 
important to include this component in the SILR so that it 
could be calculated in the future.
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