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1. Executive Summary

This methodological guide containghree ways to measure the impact of restoration projects or
programmes that intend to i mprove ecosystem services. It was developed by the Green
Development Fund Regional Programme for the SICA region ( FDV) but can beadapted and used
by any restoration implementer to measure the effectiveness of their implemented interventions.

The first approach focuses onusing remote sensing to measure the impact of restoration
interventions to improve ecosystem services. This method uses stateof-the-art monitoring
technologies to track changes in ecosystems and landscapes, providing accurate and updated data on
the condition of ecosystem services.

The second approachfocuseson measuring impact on ecosystem services using incremental
factors, is consideringadditional factors, especially changeén ecosystem serviceghat cannot be
monitored by satellite imagery. This methodology provides a framework for estimating the impact
of interventions, focusingon selectedpredefined factors.

Third ,the methodological integration combines these two approaches to provide a comprehensive
impact assessment. This hybrid approach combines the benefits of the accuracy of remote sensing
with the versatility of incremental factors, enabling an accurate and adaptive assessment of the
ET OA OO Arpdbatoh écaddstem services.

Together, these approaches provide a robust methodology to assess the impact of interventions on
ecosystem services and monitor the effects of landscape and ecosystestoration on the mitigation

of climate change and enhanced resilience of local communities.

The methodology was developed byhe Green Development Fund Regional Programme for the SICA
region (FDV). The objective of the FDV was taestore ecosystems and landscapes and their
ecosystem services in order tamitigate climate change andadapt to its effects It has cooperated
closely with the Central American Commission for Environment and Development (CCAD) and
implemented restoration activities in Belize, Costa Rica, Dominican Republ{®R), El Salvador,
Guatemala, Hondurad\icaragua,and Panamalnterventions to achieveits objectivesincluded forest
protection, reforestation, and the establishment of agroforestry systemgAFS) The methodology was
translated to English to make it accessible ta wider audience.

This methodological guide covers the second step of the overall methodology to assess the impact
of ecosystem restoration on ecosystem serviceln a first step the FDVdeveloped an approach to
create baselines which reflect respective ecosystem condition and ecosystem services before the
start of FLR interventions, as well as suitability indices for landscape restoration. The methodology
has been translated to Englistas well and published under the title Methodological guide for
developing a baseline for ecosystem services and generating suitability i  ndices for landscape
restoration in the SICA region 6 8
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2. Introduction

Climate change continuesto causedisastrousdamageon landscapesand lossof ecosystems around

the world, having a direct impact on the essential ecosystem services they provideestoration of
these ecosystems and landscapes is essential to mitigate the effects of climate change and to improve
the resilience of the communities that depend on them.

In this context, landscape restorationis important for several reasons Restored landscapeicrease
and protect biodiversity which in turn contributes to the improved provisioning of ecosystem
services such agollination, pest control,andthe supply of water, foodand raw materials. In addition,
landscape restoration can contribute to climate change mitigation by helping to sequester carbon
from the atmosphere through revegetation and soil restoration. It can also increase the resilience of
local communities to climate change by impoving the ability of landscapes to withstand and recover
from extreme weather events such as droughts and floods.

For these reasonsthe Green Development Fund Regional Programme for the SICA region (FDV)
aimedto restore ecosystems and landscapes and their essential ecosystem services. Interventions to
achieve this objective include:

I.  Forest protection,
Il.  Reforestation,
Ill.  Natural regeneration,
IV.  Mangrove restoration,
V. Establishment of agroforestry systems (AFS),
VI.  Establishment of silvopastoral systems (SPS)
VII.  Soil and water conservation.

Specifically, these interventions seek to improve thescosystem services of carbon storage,
structural connectivity ,water infiltration and erosion control .

To assess theFDV project results and their effectiveness it has beenessential to develop a
methodology toestimate thar impact. The methodology must generally be developed in the context
of the project's objectives, ecosysterservice types, data quality, and other factorgHarrison et al.,
2018).

In the methodology developed for tiis context,impact measurement includes :

i. the use of spatial modelling techniques to represent the distribution and abundance
of ecosystem services in theroject area and

ii. the use of increment factors for ecosystem services where the impact of measures
and/or practices cannot be monitored using satellite imagery.

Methodological Guide for Measuring the Impat¢tEcosystenRestoration orEcosystem 9] Page
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3. Methodology

3.1. Using Remote Sensing to Measure the Impact of Restoration
Interventions to Improve Ecosystem Services

3.1.1. Methodological Conceptualization

The base datafor the ecosystem servicesarbon storage, structural connectivity, water
infiltration and erosion control are obtained from the baseline of the projectsThese
baselines were developed by th&DVfor each projectsite involved. Theycalculatedfollowing

the methodology published in the OMethodological guide for developing a baseline for
ecosystem services and generating suitability indices for landscape restoration in the SICA
regiona To use remote sensing tassess the impacdf restoration interventions on ecosystem
services, a geospatial model is generated using vegetation cover metrics such as the
Normalised Difference Vegetation Index (NDVI)It is used to determine the change in
vegetation cover as an indicator for the change irecosystem services

The NDVI is an index used to estimate the quantity, quality and development of vegetation
based on measurement using remote sensing (in our caBé&netimages). The NDVI measures
the intensity of radiation from certain bands of the electromagnetic spectrum that vegetation
emits or reflects; in this sense, an NDVI value close to 1 means optimal vegetation conditions
which translates to healthy, living, dese vegetation. NDVI values close to O correspond to
sparsely vegetated areas or areas without vegetatiofFIGUREL).

APPROACH TEBTIMATING CHANGES IN VEGETATION AND THEIR IMPACT ON ECOSYSTEM S

[
NDVI Year 1 } NDVI Year 2 i
= E 8

NDVI (Normalised Difference
Vegetation Index)

o y
I. Baad

\\_ ] %

This is a vegetation index which
calculates the vegetation according
to the way a plant reflects and
absorbssolar radiation at different
wavelengthsThe index makes it
possible to identify the vigour of
plantsand its variations over time.

In this figure, the NDVI changes ’ 4 E—

towards 1 over time as vegetation " .

grows in those areas with interventio ' ey ' NV vakq
t y; I 1 l /,‘ I1
7 s

[} [}

|
I
l
|

HGUREL. VEGETATION INDEX TO ESTIMATE VEGETATION CHANGE AND ITS IMPACT SERCCESSTEM
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The NDVI is one of the main metrics or Factors of Change (FC) used to measure the change in
vegetation, and therefore, in the variation or increase of ecosystem servicasthe project sites.
NDVI values are expected to increase over time in thrmub-units of the project area, especially
when activities such as forest protection and restoratiorare carried out

An example of an approach to estimate the impadf project interventions on an ecosystem
service such as water infiltration is shownin FIGURE2. Themethod uses the infiltration values of
time 1 (e.g. 2019) called Infiltration t1 as a baseline. This dastems from the Methodological
guide for developing a baseline for ecosystem services and generating suitability indices for
landscape restoration in the SICA regiamTo estimate the change in infiltration between time 1
and time 2, the proposal is to use the 5 m Planet images from time 1 (e.g. 2019) and time 2 (e.qg.
2022). The NDVI for t1 and t2 will be derived from these Planet images. The use of 5 m Planet
images is proposed in order to standardise their use for all projects, since the NDVI is a very
sensitive indicator to change mainly due to environmental conditions For this reason,
methodological consistency is sought in the comparison of both indices and this consistency is
obtained by using the same sensor and the same spatial and spectral resolution, as well as the
construction timeline of the Planet image mosaic.

4EA . $6) AELEZEAOAT AR 30 EO AOOEI AGAA 11 AA . $6)
the land cover and land use map for time 1 (CUT t1) must be updated; this map will be updated
for t2 using NDVI t2 as the main inputBased on this process, a land cover and land use map t2
(CUT t2) will be available for the year 2022.

Once the NDVI difference between t1 and t2 and the CUT t2 map has been quantified, the
ecosystem service in t2 (2022) will be estimated. Infiltration t2 (2022) is obtained by usinghe

factors NDVIt2and CUT t2 associated with infiltration t1 and divided by NDVI t1. Finally, the

Ei PAAO 11 EIT ZEI OOAOETT )1 £EI1 OOAOCEIT 30qQ EO
Infiltration t2 minus Infiltration t1.

Additionally, for the estimation of impacts with a geospatial approach, the impact on ecosystem
services is estimated based on a literature review, especially for those activities related to agro
silvopastoral systems where the canopy cover (vegetation) ithe management subunits is
minimal (living barriers for example). For this reason,having information on the measures and
practices in the polygons of the management subnits is a key element to consider.

A graphical outline of the methodology used to estimate the impacif landscape restoration
practiceson ecosystem services ishown in FIGURE3. This methodusing remote sensing is applied
for intervention practices of forest protection, management and restoration as well as practices
related to interventions on tree or tree cover AFSfor example). It is in this type of land cover
and land usethe NDVI is used as &Cto estimate the impact m the ecosystem servicesarbon
storage, structural connectivity, water infiltration, and erosion control.
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APPROACH TO ESTIMATING THE IMPREN @COSYSTEM SERVICE

Planet Satellite Planet Satellite
ImageTime 1 (t1) ImageTime 2 (t2)

Land Cover and Land

Pre-processin
P 9 UseMap t1 (CUT t1)

NDVI map t1 NDVI map t2

Land Cover and Land Use Map t2 adjustm:
NDVltime series difference
CUT t2= CUT t1 * NDVI t2
b5+L pi ¢NDWE +

Ecosystem service estimate t2
WHERE Infiltration t2 =(NDVI t2 * Annual IncreaseNDVI t1))
t1=Year 1 (2019)
2= Year 32022)
Infiltration t1: Infiltration in base year

Ecosystem Service Impact Estimation Preparation
of infiltration
Infiltration it = Infiltration t2- Infiltration t1 subA Y RS E

Analitica Consultores S. de R.L.

FGURE2. APPROACH TO ESTIMATING THE IMPACT OF AN ECOSYSTHEKSRRVEINFILTRATION

Impact Measurement of Restoration on
Ecosystem Services
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FC = Change Factor,
t1=Time 1 or project staytear

12: Time 2 or project end year

CInc_Annual = Average annual growth (tonne/Griyear)
NDVI: Normalised Difference Vegetation Index

FHGURE. APPROACH TO ESTIMATING THE IMPACT OF AN ECOSYSTEM SERVICE

3.1.2. Systematisation of base data

Geospatial data systematisation involves the organisatiorhandling, collection, processingand
presentation of geospatial data in a coherent and efficient mannef-IGURH).
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Data collection

This could involve the collection of
data from a variety of sources,

such as satellite imagery.

Data management:

This involves storing and managing data in
a way that facilitates its retrieval and future

use. This may involve the use of geospatial
database systems, which are specifically
designed to handle this type of data.

Data processing

This involves cleaning and transforming the
collected data into a format that can be

easily used for analysis and visualisation. This
may involve removing incorrect or irrelevant
data, filling gaps in the data and converting
the data to a standard format.

Data analysis

This involves the use of statistical and geographical
techniques to understand patterns and trends in
the data. This involves creating thematic maps

and conducting cluster analysis or spatial
modelling.

HGURH. DATA SYSTEMATISATION APPROACH
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FHGURE. DATA MANAGEMENT AND PROCESSING

3.1.3. Data Download
3.1.3.1.

user, via the following link:

https://earthengine.google.com/
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https://earthengine.google.com/

Then, click on the top right corner where it says Sign UpHGURES)

Google Earth Engine Dotasets FAQ  Timelepse  CaseStudies  Platf

JA planetary—scéle
platform for Earth
science data &

analysis

Powered by Google's cloud infrastructure

P Watch Video

FHGURE. HOME SCREEN @EEREGISTRATION PAGE

Next, enter all the datarequested in the form. Please note that a Google Account is required to use
GEE(FIGUREY).

Note: We recommend using a Google account with sufficient space available in Google Drive, as this will
be the easiest way to export the results generated in GEE.
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To facilitate the evaluation process, we suggest that you sign up with an email associated with your
organization. Tip: You don't need a Gmail account to create a Google Account. You can use your non-Gmail

mai I I

Using gmail

Fullname* Username

Type of
Affiliation/Institution * Institution institution -

United States Select the user's country

Explain briefly what you want to use GEE for. This determines

whether or not a free licence will be authorised
W d lik 3 jith Engine?

ccomplist

Earth Engine may only be used for development, research, or educational purposes. It may not be used for
sustained commercial purposes, but may be evaluated in a production environment.

| agree that my use of the Earth Engine services and related APIs s subject to my compliance with

the applicable Terms of Service In particular, | acknowledge that creating multiple Earth Engine
accounts to circumvent quota restrictions is a violation of the Terms of Service.

| am interested in commercial use of Earth Engine.

& Hosoyun robot ™~ Accept the terms and conditions
APTCHA and submit

FHGURE. FORM TO FILL IN TO REGISTEHEN

Once the registration is done, you have to wait some time (from minutes to days) until you receive
an email confirmation from GEE informing you that you can use the AFHGURES).
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Welcome to Earth Enginel!

Greetings, Earth Engine Developer, and welcomel! You now have access to:

« The Earth Engine Code Editor - the primary Earth Engine development environment.

« The Earth Engine API - including our Python library.
« The Earth Engine Explorer - a graphical user interface. No programming skills needed.

To get started with Earth Engine, we suggest you:

« Read our Erequently Asked Questions.
« Check out our Get Started guide, tutorials, and complete documentation.

« Visit the Earth Engine developers list.

It's great to have you on board. We look forward to seeing what you can do with Earth Enginel

HGURH. EXAMPLE OF THE CONFIRMATION EMAILGER&W USE THEPI

Note: Once you have this confirmation, you can access the API via the following link:
https://code.earthengine.google.comand sign in with the Google account you registered with.

3.1.3.2.  Google Earth Engine interface
The Code Editor is a welbased IDE for writing and executing scripts.

It is a webbased Integrated Development Environment (IDE) that helps us to develop scripts or
applications in a userfriendly way using the JavaScript engine. The Code Editor is designed to make
complex geospatial development workflows faster and easiefhe GEE Code Editor contains a set of
elements that can be used to facilitate the workflow. This code editor is very accessible and user
friendly evenif you are not a programmer FIGURED).

Methodological Guide for Measuring the Impat¢tEcosystenRestoration orEcosystem 16| Page

Services


https://code.earthengine.google.com/

Get Link Save

Scriot Identifier
crip ) as
Managemer Documentatior Raised Dat Run Reset
layers S a ah cript Console
earci
1 Task
Manage
Gqogle E4rth Engine ! tosets e =
e hi__l - e B O o
" n [ Use pr to write to this
* Dwmer [4)
» Weiter (1)
» Reader (3)
-Sr.luu 2 Code
Editor
L PPRE Y e : Belice vaga
+ J LaCsba &
- Guatemala o Tela e
5 San Pedro Sula
Gustersdla Honduras
) Togncioelpa
El Salvador
Nicaragua
Baranquilia -
.° _/ Maracaibo
Costa Rica — 2 Bargsizimed ta
] o i §218 e 1N L w— o e e
|
Zoom Geometry '_'_'Ma Laver
Tools P y!

managemer

HGUR®. GEEODEEDITOR COMPONENTS DIAGRAM

3.1.3.3. NICFI base maps in Google Earth Engine

To access the NICFI base maps in GEECF| base maps on Google Earth Engine (planet.com)

Register and agree to the terms in thellICFl Satellite Data Programme

Once you have created and logged in to an NICFI Plaaetount, access Basemaps in GEE by
navigating toaccount settings.

In the Access NICFI data in Google Earth Engine section, click on Add to Earth Engine.

In the EE Image Collection dialogue box, enter the email address associated with your GEE
account.

Note: The email address associated with your GEE account may differ from the email address used for
your Planet account.

The three EE image collections are:

9 Tropical Africa
9 Tropical Asia
1 Tropical America
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https://developers.planet.com/docs/integrations/gee/nicfi/
https://www.planet.com/nicfi/
https://account.planet.com/

Datasets tagged nicfiin Earth Engine 0 -

Filter list of datasets

Planet & NICF| Basemaps for
Tropical Forest Monitoring -
Tropical Africa

Planet & NICF| Basemaps for
Tropical Forest Monitoring -
Tropical Americas

Planet & NICF| Basemaps for
Tropical Forest Monitoring -
Tropical Asia

This image collection provides access to
high-resolution satellite monitoring of the
tropics for the primary purpose of reducing
and reversing the loss of tropical forests,
contributing to combating climate change,
conserving biodiversity, contributing to
forest regrowth, restoration and
enhancement, and facilitating sustainable
development, all of ...

t

This image collection provides access to
high-resolution satellite monitoring of the
tropics for the primary purpose of reducing
and reversing the loss of tropical forests,
contributing to combating climate change,
conserving biodiversity, contributing to
forest regrowth, restoration and
enhancement, and facilitating sustainable
development, all of ...

This image collection provides access to
high-resolution satellite monitoring of the
tropics for the primary purpose of reducing
and reversing the loss of tropical forests,
contributing to combating climate change,
conserving biodiversity, contributing to
forest regrowth, restoration and
enhancement, and facilitating sustainable
development, all of ...

FHGURELO. PLANET IMAGEOLLECTIONSHIEE

Note: Each user can only register one email address in the NICFI programme. If you edit
your account(email, collections, etc.), the GEE access of the previously registered email may be
revoked.

Start with the NICFI base maps in GEE.

3.1.3.4.

The following explains how to download a Planetmage and its respective NDVI from the GEE
platform. The following code contains the following steps:

Planet and NDVI image download code

x  Definition of parameters: A list of countries (in this case, only 'El Salvador’) to be used to
filter the dataset is defined.

x Data filtering: This uses a Google Earth Engine data collection containing country
information (Country_ID). It filters this collection by the country defined in the previous step

and combines all the resulting geometries into one, which will be used as the study area.
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x Image data collection: This selects a collection of images from Planet NICFI, which is a
Google Earth Engine project that provides satellite imagery.

x Image filtering and processing: This filters images from two different time periods
(December 2018 to December 2019 and January 2022 to February 2022 and September
to December 2022). It then takes the median of the images (which is a way to reduce
noise and outliers in the images) and crops the images to the previously defined study
area.

x Calculation of NDVI: This calculates the Normalised Difference Vegetation Index (NDVI),
which is a common indicator of the amount and health of vegetation.

x Visualisation: This defines display parameters for images and NDVI and adds the calculated
images and NDVI to the map.

x Image export: Finally, this exports the satellite images and NDVI images to Google Drive for
subsequent use.

Note: to make use of the example described in the table, copy and paste this code into the GEE code
manager. Then click on run.

/I Parameters
/I Define the sectors for which you want to obtain information.
/I Currently, only "El Salvador" has been selected, but more can be added.

var Sector = ['El Salvador'];

/I Filter the feature collection based on the selected countries and dissolve the geometries into a
one

var Country_ID =e.FeatureCollectiotdrojects/eeleofabiopl20/assets/Line_Impact/Country D'
filter (ee.Filter.inLigECOUNTRYSector))
.geometry()
.dissolve);

var studyarea = Country_ID;

/I DATA COLLECTION TO DOWNLOAD

/I Select the 'Americas' image collection of the 'plaimétfi' project

var nicfi =ee.ImageCollectidfprojects/planetnicfi/assets/basemaps/americls'

/I Filter images by date and study area, then obtain the median and cut by study area.

/I For the year 2019
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var Planettl= nicfiilter (ee.Filter.date@01812-01','201912-30Y))
filterBoundgstudyarea)
.median)
.clip(studyarea);

/I For the year 2022

var Planett2= nicfi.filter(
ee.Filter.of
ee.Filter.dat€2022-01-01', '202202-28),
ee.Filter.dat€2022-09-15', '202212-30Y))
filterBoundgstudyarea)
.median)

.clip(studyarea);

/I Calculate NDVI (Normalised Difference Vegetation Index) for each year
var NDVI_t1 = PlanetthormalizedDifferencd'N','R']).rename(\NDVI);
var NDVI_t2 = Planett2ormalizedDifferencd'N','R']).rename(\DVI);

/I Define the display parameters for the images and the NDVI
varvis = {"bands":['R","G","B"],"min":64,"max":5454,"gamma":1.8};

varvis_NDVI = {mirD.55max:0.8,palette: ['8bc4f9', 'c9995c¢', 'c7d270','8add60','097210'};

/I Add layers to the map

Map.addLaydiPlanettl, vis, '2019 mosaic');
Map.addLaydiPlanett2, vis, '2022 mosaic');
Map.addLaydgiNDVI_t1,vis_NDVI, 'NDVI t1', false);
Map.addLaydgiNDVI_t2,vis_NDVI, 'NDVI t2', false);

Map.addLaydstudyarea,{},"Project Area");

/I Obtain the scale of the first image in the collection (in metres).

var scale = nicfi.first().projection().nominalScale();

/I Export images and NDVIs to Google Drive
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Export.image.toDrivfimage:Planettl, description: '‘Mosaic_2019', region:studyarea.boun
scale:scale.getInfo(), maxPixels: 1e13, crs: 'EPSG:4326");

Export.image.toDrivfimage:Planett2, description: '‘Mosaic_2022', region:studyarea.boun
scale:scale.getInfo(), maxPixels: 1e13, cr

GO gle Earth Engine Q,  Search places and datasets... ﬁ (7] B e

//LuL[Lk ON DC DATUS A" UCSCARGAR

Filter methods i L e T T e e e e, “ Useprint(...) to write to this co
15

» ee.Algorithms BENN /1 el baceaans: by, d5EETERY BEEHE FIRCEITHAA Toon fileved PRSHLES

» eeArray 17 //'2022—81701‘,:20?2—(.33'28‘ .
18 var Planettl= nicfi.filter(ee.Filter.date('2018-12-01','2019-12-30"))

» ee.Blob 19 .filterBounds(studyarea)

" 20 .median()
» ee.l
ee.Classifier 21 .clip(studyarea);
» ee.Clusterer 22 //print("Mosaico Planet",Planet)
P TR 2 23 i

PYRp—— > it 2

Palo Pique Ashapuco
O 9 ~ W B ceometry mports

Las Lomas
X Ahuachapén Project Area
+ % NDVI 2
— NDVIT1
Las Pozas -Danta HACIENDA VL
% : 2022 mosaic A
/' 2019 mosaic
avista Cdad. Arce
Laslisas : San Andrés
E| Paraiso
Zapotllan s
Barra de
la Gabina
Clasn(on
6 el Sunza ;
uaymango Armenia e
i Caluco
Los Platanares
7 Sonsonate
Cerro de Tepecoyo
Las Flores
g 9
Hacienda El Cacao 5 ik IR
Santa Clara Chiquihuat &
Google! C deteclas _Datos de mapes ©2023  5km
HGURELL VIEW OF PLANET IMAGE DISPLAY
Google EarthEngine  Q  search piaces and da 2o m,

_ e WG] e T

* Useprint(...) towritetothisc

1
2 var Sector = ['E o1
» ee.Algorithms 3

a ambiar e tor de interé

» ee.Array 5 Pais = ee. Fu;turecax)c:txun( f = Pais’)
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Methodological Guide for Measuring the ImpaétEcosystenRestoration orEcosystem 2l Page
Services



FGUREL2. VIEwW OmNDVI

3.1.3.5. Download Planet and NDVI images

To download the data from the GEE platform, expand the Tasks tab at the top right and then click on
RUN in the layers of interest. Subsequently, a new window will be displayed indicating the download
parameters. To download, just click on RUN at the bottomight within the new window. The data
download process will then start and the data will be stored in the Google Drive cloud.

+ ee Algorithms
+ ee.Array

+ eo.8lob

+ e Classifier

+ ee.Clusterer

| +

HGUREL3. VIEW OF THE DATA DOWNLOAD PR{RZS&ET ANNDVIMAGE

Please note: for the purpose of theecosystem services impact analysis, it is only necessary to
download the NDVI for the final period.

Note: It is important to consider the season of the NDVI to be downloaded, which should correspond to
the dates of théasdine analysis. This is in order tperform a comparative analysis in a consistent and
homogeneous manner.

Note: During the download, try not to move the map viewer, to avoid generating a conflict in the
temporary files defined by the GEE cache.

3.1.4. Pre-processing of data

Pre-processing is crucial to ensure the quality and accuracy of the results obtained. A Geographic
Information Systems (GIS) approach is used to process and standardise data from various sources.

This pre-processing process not only prepares the data for subsequent analysis, but also allows for
better identification and understanding of the underlying characteristics and patterns in the data,
therefore facilitating the identification of impact for each ecosystem service.
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3.1.4.1. Definition of annual growth according to IPCC

For assessing forestassociated carbon, it is essential to consider the annual growth reports defined

by the Intergovernmental Panel on Climate Change (IPCC). These reports provide a systematic and
objective overview of the current state of knowledge on @inate changeCarbon growth factors are a

OAl OAAT A ET AEAAOT O T £ OEA AAPAAEOU 1 &£ AAT OUOOAI O
For each country in Central America and the DR, the relevant information submitted to the United

Nations Framework Convention on Climate Change (UNFCCC) is consulted. Reference Levels of
Carbon Emissions from Deforestation are reported periodically and prode a solid basis for
understanding each country's contribution to global greenhouse gas emissions, specifically those
associated with forests.

In the following section, we will cite and discuss carbon growth factors drawn from these documents
to illustrate variations in carbon sequestration potential between countries and ecosystems in the
region, and how these have been affected by deforestatioffhis information is fundamental for
developing effective climate change mitigation and adaptation strategies in Central America.
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Costa Rica
Guatemala

El Salvador
Broadleaf
El Salvador
Mangrove
Honduras
Broadleaf
Honduras
Pine
Nicaragua
AFS Coffee
Nicaragua
AFS Cocoa
Nicaragua
Broadleaf
Panama
Broadleaf
Dominican
Broadleaf
Belize

2,375
2,375
2,375

2,375
2,375
2,375
2,375
2,375
2,375
2,375
2,375

2,375

61
102
54

39

73.5

45.4

22.18

22.18

47.36

124.53

60.7

75

3.92%
2.33%
4.40%

6.09%

3.23%

5.23%

10.71%

10.71%

5.01%

1.91%

3.91%

3.17%

7.8%
4.7%
8.8%

12.2%

6.5%

10.5%

21.4%

21.4%

10.0%

3.8%

7.8%

6.3%

9.8%
5.8%
11.0%

15.2%

8.1%

13.1%

26.8%

26.8%

12.5%

4.8%

9.8%

7.9%

11.8%
7.0%
13.2%

18.3%

9.7%

15.7%

32.1%

32.1%

15.0%

5.7%

11.7%

9.5%

13.7%
8.1%
15.4%

21.3%

11.3%

18.3%

37.5%

37.5%

17.6%

6.7%

13.7%

11.1%

TABLEL. AVERAGE ANNUAL GROWTH IN FORESTED AREAS

https://redd.unfccc.int/files/frel costa rica modifie Table 8

Costa Rica
Guatemala
El Salvador
Honduras
Nicaragua
Panama
Dominican

Republic
Belize

d.pdf

https://redd.unfccc.int/files/niveles referencia emi Table 21

iones_forestales _gquatemala 070222.pdf

https://redd.unfccc.int/files/niveles referencia emi Table 21

iones_forestales _gquatemala 070222.pdf

https://redd.unfccc.int/files/nref nrf hn2023 vf.pdl Table 33

https://redd.unfccc.int/files/nref nicaragua_ vf limg Box 6

0 14072020.pdf

https://redd.unfccc.int/files/2022 frl panama.pdf

Box 14

https://redd.unfccc.int/files/dr nivel de referencia Table 21

forestal. vmodificada junio 22.pdf

belize frl report modification

2001

2015 2020 august 3rd.pdf (unfccc.int)

TABLE2. AVERAGE ANNUAL GROWTH IN-ROREST AREATHERLAND

Methodological Guide for Measuring the Impa€¢tEcosystenRestoration orEcosystem

Services

24| Page


https://redd.unfccc.int/files/frel_costa_rica_modified.pdf
https://redd.unfccc.int/files/frel_costa_rica_modified.pdf
https://redd.unfccc.int/files/niveles_referencia_emisiones_forestales_guatemala_070222.pdf
https://redd.unfccc.int/files/niveles_referencia_emisiones_forestales_guatemala_070222.pdf
https://redd.unfccc.int/files/niveles_referencia_emisiones_forestales_guatemala_070222.pdf
https://redd.unfccc.int/files/niveles_referencia_emisiones_forestales_guatemala_070222.pdf
https://redd.unfccc.int/files/nref_nrf_hn2023_vf.pdf
https://redd.unfccc.int/files/nref_nicaragua_vf_limpio_14072020.pdf
https://redd.unfccc.int/files/nref_nicaragua_vf_limpio_14072020.pdf
https://redd.unfccc.int/files/2022_frl_panama.pdf
https://redd.unfccc.int/files/dr_nivel_de_referencia_forestal._v-modificada_junio_22.pdf
https://redd.unfccc.int/files/dr_nivel_de_referencia_forestal._v-modificada_junio_22.pdf
https://redd.unfccc.int/files/belize_frl_report_modification__2001-2015__2020_august_3rd.pdf
https://redd.unfccc.int/files/belize_frl_report_modification__2001-2015__2020_august_3rd.pdf

3.1.4.2. NDVI adjustment process

The NDVI adjustment process consists of standardising the data that will later be used to perform the
ecosystem services impact modelling.

The adjustment process consists of the following steps:

X

ol [NOVi22 Bz vt
._‘ = b "l Epresson (optiona)
g o [vae <o | B
Input true raster o constant value
§ jom =] e

/“_ i
._. Zomad a1} ——u dotmacmonee Fraser Coatotes ) [NDVI_22_BZ_tnvtif e
- Output raster

i
E]
v

Definition of local variables: The paths of the input raster files are defined as follows:
NDVI_19, NDVI_22 and the study area layer.

Definition of minimum value conditions:  For both NDVIs, a conditional is applied to bring

all negative values to minimum values of 0.01. This is in order to homogenise the minimum
values in both NDVI layers. These processes use the Con (Conditional) tool, which assigns
new values to pixels in aaster based on a condition. In this case, the condition is "VALUE <
0". If a pixel in the input raster meets this condition, it is assigned the value of
"Input_true_raster_or_constant_value__2 " or "Input_true_raster_or_constant_value" value,
respectively. If it does not meet the condition, it keeps its original value.

“, Con
Irput conditional raster
; . = &

Input false raster or constant value (optional)

C:'\sers'Fabio Leonel Casco\Documents \ArcGIS\De fault.gdbCon_tif2 | (=]

; s e e

FHGUREL4. PROCESS OF SETTING INPUT VARIABLES
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Process: Zonal Statistics (2): This operation uses the Zonabtatistics tool, which calculatestatistics

of the values of a raster (in this case, the one specified by "NDVI_22_con_tif") within zones defined by
another raster or an entity layer (in this case, "Study_Area"). The statistic calculated is the standard
deviation ("STD"), which is a measte of the variability or dispersion of the values in the raster.

HGURELS. CALCULATION OF STANDARD DEVIATION

'{-“ Zonal Statistics

Input raster or feature zone data

| Area_Proyecto BZ Inv
Zone field

=l e

[pats

Input value raster

| NDVI_22_BZ Inv.tif
Qutput raster

=l e

[ c:\sers\Fabio Leonel Casco\Pocuments\ArcGIS \Default.gdb \Zonalst_shp10

=]

Statistics type (optional)

[

Ignore NoData in calculations (optional)

aK Cancel Environments. .. << Hide Help

Process: Raster Calculator (2): The RasterCalculator tool is used to perform pixdevel calculations
between multiple rasters. In this case, a series of conditional operations and multiplications are being
performed on the rasters "NDVI_22 con.tif* and "NDVI_19 con.tif", and the "staral deviation.tif".
The result of these calculations is stored as "NDVI_22_adjusted_tif".

The mathematical operation applied is:

Con(("%NDVI_22_con.tif%" -"%NDVI_19_con.tif%") >
Con(("%NDVI_22_con.tif%" "%NDVI_19_con.tif%")
"%6NDVI_22_con.tif%" * 1.098, "%NDVI_22_con.tif%"))

(0),"%NDVI_22_con.tif%"*  1.09¢
< ("%standard_deviation.tif%'")

This is explained as follows:

A The first conditional assessment is set to assess whether the difference between two NDVI

layers, %NDVI_22 con.tif% and

%NDVI_19_con.tif%,

is greater than zero. If so,

%NDVI_22 con.tif% is multiplied by 1.098 (Forest percentage growth rate 9.8% for this
example). In simpler terms, this means that if the difference between the two NDVI layers is
greater than zero, then the value in %NDVI_22 con.tif% is multiplied by 1.098 and used as

the final value.

A The second conditional assessment is set to assess whether the difference between the same
NDVI layers (%0NDVI_22 with.tif% and %NDVI_19 with.tif%) is smaller than the standard
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deviation layer (%standard_deviation.tif%). If so, %NDVI_22_con.tif% is multiplied by 1.098.
In simpler terms, this means that if the difference between the two NDVI layers is less than
the standard deviation layer, then the value in %NDVI_22_con.tif% isuftiplied by 1.098 and
used as the final value.

A If none of the above conditions are met, then the final value is simply the value in
%NDVI_22_con.tif% without any modification.

A In summary, this operation in the Raster Calculator is used to calculate a final value based on
the differences between the NDVI layers and the standard deviation. The operaticonsiders
different conditions and uses the value in %NDVI_22_con.tif% as a basis for calculating the
final value.

“\ Raster Calculator (2)

Chek eror and warring icons for more inforsation [=]
Map Algebra expression

Layers and varisbles ~ Conditional — A

5

@ - &
@ — =

7. 8 9
4 |[s]le] [=][=][z=]1]] s
12 3

Math

frue raster or constant value (2)
Y
£ NDVT_CR_15 B tf E
+ || B
Bron e 2@ vl L | i hd

Abs
[Contrnmn_22_con. 6" ShOV_t9 _con. %Y > (D), "NOVT_22_con.87%™ 1,098, Con(("NDVI_22_ton. %" - “WADVI_19_con. 8% <
(idervincon_estarclae. 5, “WADVT_22_con.bF%" * 1.099, “WNDVI_22_con, 8347}

Byoutput raster
F:LINEA DE IMPACTO\ANALISIS COMPARATIVOCR Proyects Inversion 19\Proshas NOVI_22_ajstads.uf El

FHGUREL6. ADJUSTED MATHEMATICAL MODIMNID¢I

Note: The main objective of this operation is to only assigowth rate values to pixels that meet a
special condition based on the results of the standardisation of the NDVI layers, which applies growth
to pixels greater than 1 standard deviation as a function of a difference.
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Restoring Ecosystems and Landsce -

STANDARDISATION

NDVI t1=0.94 NDVI t1=0.94
NDVI t2=0.54 34.1% 34.1% NDVI t2=0.88
Dif= - 0.40 Dif= - 0.06
< > | < >
68.2%
< >
13.6%
<>
/ 9504%
<
2SD 1SD Current Price
[ | STD:-01 | STD:0A
Min: 0 Media: 0.5 Max: 1
giZ B Measuring the Impact on Ecosystem Services =

FAGUREL7. EXAMPLEFPIXELGREATERHANLSDT

Process With (3): Finally, another conditional operation is performed on the resulting raster from
the raster calculator. If the value of a pixel in the "NDVI_22_adjusted_tif" raster is greater than 1, it is

assigned a value of 1. If not, it retains its original value. Theaesult is saved as

"NDVI_22 adjusted_v2.tif".
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Zonal Statistics (2) Raster Calculator
2

HGUREL8. COMPLETE MODEL ON BASE LAYER ADJUENIDAAY

Note: Theatter process only applies when the values exceed a value of 1.
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| Years: 2022

Original NDVI
i 7 G

=] NDVI_22_BZ _Inv.tif

Value
¥ High: 0.929783

Low: -0.18875

Conditional NDVI

= [ NDVI_22_con.tif

Value
™ High: 0.929783

Low:0

| Years: 2023

Original NDVI

= [ NDVI_BZ_2023.tif
Value

™ High : 0.917785
-
lLow : 0.0128088

Adjusted NDVI
- o = @ NDVI_23_ajustado.tif

W[ High: 0.947655

|
Low : 0.00437426

A
A

il

FHGUREL9. COMPARISON OF INPUTAIBIUSTED DATA

3.1.5. Carbon Model

To estimate ecosystem service carbon in the impact year (final year), the proportionality criterion is

applied using 3 known values.

Baseline Carbon Map
Adjusted Baseline NDVI

NDVI of the final adjusted period

3.1.5.1.

The carbon layer must be reclassified using the Spatial Analyst d®Reclass tool. Thebaseline
carbon layer contains the CarbonoxHa data by country. At the end of the process, save the layer as
Carbon_Reclass.tif.

Carbon layer reclassification
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Table
ERAR=R AR A
Carbon_Forest_map.tif

oD | Value | Count Cobert Cxha Ctotal Cxpixel

b0 5260335 [Tree Cover |  75|| s73zrs| o0.185021
1 5407789 |Other lands | a[] 108155.78 0.02

—

Pa

X BT 1w E out of 2 Selected)

o Carbono_Reclas.tif l Carbon_For

L 3 5. x4

_map.tif

Carbono, i X
0ID | Value § Count

v 0 8s407738
1 755260335

o4 1 r w E (0 out of 2 Selected)
Carbono_Reclas.tif

FGURER20. CARBON MAP RECLASSIFICATION PROCESS

3.1.5.2. Carbon estimation for both periods

After reclassifying the baseline carbon layer, the adjusteccarbon should be estimated for the

reference period and for the final period. The equation explaining the adjusted estimation process is
described below.

6Dl OEE6 O WEE ) 0O
6Dl OEE6 O WEE ) 0O

Note: Note that the NDVI for t1 and t2 must correspond to the adjusted layers of the previous process
(NDVI_19 con and NDVI_23_adjusted).
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2 @ Carbono_23_BZ Pilif
Mot Value
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FGURR1. ADJUSTED CARBESTIMATE

3.1.6. Erosion Model

To estimate the impact on the ecosystem serviceof erosion control in the final poject year, the
proportionality criterion is applied using 3 known values:

x  Baseline erosion map
x  Adjusted Baseline NDVI
x  NDVI of the finaladjusted period

The equation applied for this process is described below:
Ol £ 1 "0f ‘pﬁ Ow@i ¢€i Q¢ ¢
N 0 0w

If the values are greater than 500, the equation is determined as follows:

e 001 i Q&
Ol ¢ Qea Q¢ o 1T
VLOwO

Note: In this equation, it is first checked whether the calculated value of Erosion t2 exceeds the
maximum limit of 500. If so, the value of Erosion_t2 is set to 500 using the limit function. If Erosion_t2 is
less than or equal to 500, then the originaMarse proportionality equation is used to calculate the value

of Erosion_t2. This modified equation ensures that the value of Erosion_t2 does not exceed the maximum
limit of 500 and remains inversely proportional.
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i

Low:0

HGURE22. ADJUSTED EROSION ESTIMATE

3.1.7. Infiltration Model

To estimatethe impact on the ecosystem serviceof water infiltration in the final project year, the
proportionality criterion is applied using 3 known values:

x  Baseline infiltration map
x  Adjusted Baseline NDVI
x  NDVI of the final adjusted period

The equation applied for this process is described below:
U{QSJOPGOS QQa o1 wo Q¢ ¢

0¢ QQG 01 W Qet—-—
\vJ EY4A% CU Ow O

An adjustment must then be applied to the equation, due to the disproportion that can exist in the
maximum values of the result.

s s s e, 0, O WWOE TQQA 0T HOQEE iR e e a1 s
0¢ QQu 01 O Me—-¢ 5060 b Qep YOO Q w AZOE QQaoi wo Q¢ ¢

The above equation allows the infiltration of water into the soil to be modelled at a given time (t2),
depending on the infiltration at an earlier time (t1), the NDVI at t1 and t2 and the rate of increase. The
equation includes a limit function that limitd¢he value of the infiltration at t2 to a maximum, which is
calculated as the infiltration at t1 multiplied by the rate of increase plus 1.

The equation can be broken down as follows:
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((NDVI_t1 x Infiltration_t1) / NDVI_t2): This part of the equation models the expected infiltration at t2
depending on the infiltration at t1 and the NDVI at t1 and t2. It is assumed that infiltration is directly
proportional to NDVI, so if NDVI is highet t2 than at t1, a higher infiltration is expectedl

min((1+Increase_rate) x max(Infiltration_t1)): This is the limit function that establishes a maximum in
infiltration at t2. The maximum value of infiltration at t2 is calculated as the infiltration at t1 multiplied
by the rate of increaseplus 1. Then the minimum between this value and another upper limit is taken,
which is set in the infiltration at t1.

7 Infiltration in base yea i Infiltration end year

@ Infiltracion_anual_mm_BZ.22 lnv.tif “ Raster Calculator

Value
W) High: 283829 Mep Algebrs expresson

Layers and varisbles , Conditions!
0N 23 spstado 5 = o

0N 22 con =l
< infiracon_23 B2 Pl

£
3

Qtroson_23 82 95F

| Oinfiracon anal mm 22 22 jv.of

l(wn_zs;mlm 6P~ Tnfilracon_andel_mm_B2_22Jawv.6F) | NOVI_22_con.bf"

|
|
Ouvtputraster
[c: IS Default gdb nllracion_BZ_23. 1] a

5 @ Infiktracion_23_BZ Piltif

Value
I High : 965.361

ml
Low: 7.67074

FHGURE23. ADJUSTED INFILTRATION ESTIMATE

3.1.8. Connectivity Model

To estimatethe impact on theecosystem serviceof structural connectivity in the final project year,
the proportionality criterion is applied using 3 known values:

x Baseline Connectivity Map
x  Adjusted Baseline NDVI
x  NDVI of the final adjusted period

The equation applied for this process is described below:

1 The NDVl is an index that measures the amount and health of vegetation, and is calculated from the standardised differentieds reflectance in the visible
and nearinfrared spectrum. The amount and health of vegetation is directly related to vegetatiazover, which in turn is related to water infiltration into the
soil (Wang et al., 2012).

Wang, J., Heenan, M., & Clothier, B. (2012). Using NDVI and rainfall to model the spatial variability of pasture growth eidvater content for a hill country
farm in New Zealand. Journal of Hydrology, 454, 18798.

2The rate of increase refers to the annual % increase given by the NDVI adjusted according to tablel.
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If the values are greater than 1, the equation is determined as follows:

VR i}'Od)"Cl’Séé‘s'Q&)c‘J'QD'chb
0€¢€€eQwo Qo Q6 @
LOwWwO

L

Note: In this equation, it is first checked whether the calculated value of Connectivity t2 exceeds the
maximum limit of 1. If so, the value of Connectivity t2 is set to 1 using the limit function. If
Connectivity_t2 is less than or equal to 1, then thgyimral proportionality equation is used to calculate

the value of Connectivity _t2. This modified equation ensures that the value of Connectivity t2 does not

exceed the maximum limit of 1 and remains proportional.
onnectivity base yee onnectivity end yeal

& B indice_conectividad_BZ.22 Inv.tif “\ Raster Caculator

Value
J Hih: 1

TNDVI_23_stado. 8 * ‘ndkce_conecamcsd_82_22_ine.6) | NONI_22 _cor ] ‘

@ [ e T
.

5 B Conectividad_23 BZ Piltif

Cutput raster

Value
gris

Low:0

FHGURR4. ADJUSTED CONNECTIVITY ESTIMATE

3.1.9. Calculation of area statistics

The purpose of calculating zonal statistics is to build a complete table containing the data for each
sub-unit and the zonal statistics for each ecosystem service.

The first step is to construct a column with the name Cod_ID, within the attribute table of trseib-
unit layer, to which a unigue value will be assigned. This process is carried out as follows:
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HGURE25. DEFINITION OF CODE ID

Then we proceed to perform zonal statistics asable operation, of each layer generated in the
previous processes according to theub-units table (using the Cod_ID column). The statistic applied
for zonal processes should be the MEAN.

‘\ Zonal Statistics as Table

Input raster or feature zone data

[sue_uniDADES_BLZ_Pil
Zone field

Cod_ID
Input value raster

| Carbono_22_BZ_Inv.tif
Output table

‘ C:Wsers\Documents \ArcGIS \Default. gdb\Tabla_Carbono_BZ_22|

lgnore NoData in calculations (optional)

Statistics optional)
MEAN

oK

Cancel Environments. ..

<< Hide Help

Qutput table

Output table that will contain the
summary of the values in each zone.

The format of the table is determined by
the output location and path. By default,
the output will be a geodatabase table. If
the path is not in a geodatabase, the
format is determined by the extension. If
the extension is _dbf, it will be in dBASE
format. If no extension is specified, the
output will be an INFO table.

Tool Help

FGURE26. ZONAL BY TABLE

This process should begerformed for all layers generated for both the base periodaaseline) and the
modelled impact layers (end period).

X X X X X
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x  Statistics byimpactinfiltration table (Time 2)
x  Statistics bybaseconnectivity table (Time 1)
x  Statistics byimpact connectivity table (Time 2)

Then each table for each ecosystem service (bollaseline andimpact) should be sorted in an Excel
table as follows.

The data sorted from the attribute table of thesub-units must first be sorted.

.ol Buzno

RECURSOS TIPO_R  CANTIDAD UNIDAD
Toledo fio \ BZ_U_0001 7 -68.648632 16.530338 .33 o e fr i Planta  Cacao 20 Arboles
Toledo BZ_1 00011 -BE.6ATENY 16584745 Y u Planta  cacso 18 Arboles
Toledo 7 10001 C -B8.646203 16583516 Planta  Cacao 1750 Arboles
Toledo o n 82 C EB66353 16582499 .257 Cultiva de v stabl Planta  Cacan 300 Arboles
Toledo ri n 82 -BA.64S066 16584935 v A NA Planta  Cacao 1050 Arboles 9meses
Toledo o oncesin B2 Il 0001 { -BE.545503 16584129 . e fr Cu i siste stabl Planta  Cacan 12 Arboles ano de obr 9 meses
Toledo ria oncesin B2 Il 0001 1 -BS.646811 16587328 i Cultivo de fr Siste stablecimie Planta  Cacao 10 Arboles 9meses
Toledo " Concesién BZ_U_001 3 -B8.646213 16588088 . Cultivo de fr sist i Planta  cacao 00 Arboles  Mano de obr NA 9meses
Toledo oncesion B2_II I -BRGATA17 16589369 ! Planta  Caco 1500 Arboles  Mano de obr NA 9meses
Toledo v B BB.643322 16577173 84 C tr Cultive de fr Siste: acimie NA Planta  Cacao 2 Arboles Mo de obr NA 9meses
Toledo ria oncesiGn B2 Il 0001 § -BAESTETS 16584323 056 Cultivo de fr Cultivo de fr Siste: ecimie Planta  Cacao 20 Arboles  Mano de obr NA 3 meses

=
c

HGURE27. TABLE DEFINITION IN EXCEL

Second, the data from the zonal calculations of each ecosystem service must be sorted and
systematised. After this, the difference in values between each period must be calculated.

C D E F G H

U Rowid CoD_ID Carbono 22 Carbono 23 Dif_Carbono Conectividad Conectividad Dif_Conect Erosion22  Erosion 23  Dif_Eresion Infiltracion 22 Infiltracion 23 Dif_Infiltra
52 51 51 63.47 65.87 241 0.92 0.92 0.00 0.18 0.17 -0.01 696.80 720.77 23.97
52 52 65.30 67.21 191 0.91 0.91 0.00 0.30 0.29 -0.01 701.92 722.96 21.04
53 53 55.41 56.28 0.87 0.91 0.91 0.01 2.46 2.35 -0.10 662.31 679.20 16.90
54 54 61.90 63.31 1.40 0.95 0.96 0.01 0.98 0.96 -0.02 691.67 707.87 16.21
55 55 11.44 11.99 0.55 0.68 0.69 0.00 0.54 0.53 -0.01 490.70 496.75 6.05
56 56 64.88 66.46 1.58 0.79 0.80 0.01 1.72 1.67 -0.05 646.60 662.65 16.05 %
57 57 50.77 52.71 1.95 0.91 0.90 0.00 133 1.27 -0.06 646.60 667.87 21.26
58 58 34,17 35.00 0.83 0.38 0.41 0.03 293 2,67 -0.25 517.42 553.06 35.64
60 59 59 30.53 31.55 1.02 0.97 0.98 0.00 2.21 2.06 -0.15 567.44 597.65 30.21
61 60 60 8.08 8.87 0.78 0.56 0.64 0.07 24.79 2171 -3.08 444,52 500.48 55.96
62 61 61 7.15 7.89 0.73 0.96 0.96 0.00 3.22 2.80 -0.42 469.26 521.18 51.92
63 62 62 12.76 12.32 -0.44 0.96 0.92 -0.04 112 1.18 0.08 520.75 503.04 -17.70
64 63 63 12.97 12.21 -0.76 0.91 0.86 -0.05 222 2.34 0.12 521.20 490.13 -31.08
65 64 64 9.53 9.98 0.46 0.97 0.7 0.00 2.14 2.05 -0.08 492.85 511.93 19.07

FHGURE28. CALCULATION OF DIFFERENCES

Note: Note that both tables must have a Cod_ID column, which will serve as the basis to join the two
tables.

3.1.10. Definition of areas of direct impact and areas of influence

In order to quantify the area directly impacted by the project and its area ahfluence to

improve ecosystem services, an analysis of the impact of these activities is carried out in
differentareasOOAE AOqd AOAA T £ AEOAAO EiIi PAAO AT A AOAA
OAODIT T Odgraphied dutiing of these areas ishown in FIGURE29.
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FHGURE29. CONCEPTUALISATION OF DIRECT AND INDIRECT AREAS

3.1.10.1. Areas of direct impact

Area of direct impact: The area of direct impact (ADI) is the area or geographical space that
may be altered by ownproject activities or direct incidence linked to the project In the case
of the FDV, the area of impact corresponds tdhe management subunits. The ADI will be
determined by the polygon that covers the areas affected by thgroject. Various landscape
protection and restoration activities were carried out in these areas, such as:

1 Agroforestry systems(AFS)
91 Silvopastoral systemqSPS)
9 Forest protection
9 Forest restoration

3.1.10.2. Areas of indirect impact

Area of influence: The area of influence or areas of indirect impact is the area indirectly
impacted by the activities carried out in the project sukunits (Ficure30). These areas
correspond to the areas within the micrebasin that contain all of the only possible
combinations of land cover, soil and slope in a micrbasin. These areas are homogeneous in
terms of their hydrological response, geological and gedimatic characteristics.
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Areas of Direct Intervention Areas of Indirectintervention

FHGURE0. DIRECT AND INDIRECT IMPACT AREAS FOR ECOSYSTEM SERVICES IMPACT ASSESSMENT

3.1.10.3. Generation of indirect intervention area

This study is based on the premise that direct protection and restoration actionsave an
ecological influence on infiltration and the reduction of soil erosion in the micrébasin where
the interventions carried out by the project are located.

The process of generating areas of indirect intervention or areas of influence consists of the
application of the following steps:

a) Generation of order 5 micrebasins.

b) Spatial selection of the micrebasins that intersect with the project's subunits.

c) Export of selected microbasins and spatial join from the sukunit database with the
exported micro-basin layer.

d) Micro-basin filtering process

e) Application of the Erase tool

f) Correction process of indirect intervention areas generated.

a) Generation of order 5 micro -basins

The basic process consists of generating the order 5 mictmasins for the area ofction of the
project. For this a hydrological algorithm was generated FIGURE31) that takes the following
parameters into account: a.shape parameters, b.) relief parameters, c.) drainage density
parameters.
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FHGURE1. HY'DROLOGICAL MODEL FOR CRRIEFRGBASIN GENERATION
The process consists of the following steps:
x Download and correction of the digital terrain elevation model (DTM): This

process is carried out based on the stipulations of thEDV Methodology guide for
developing a baselindpage 17, topographic baseline data, part 3 ang 4

x  Flow direction generation: This tool takes a surface as input and provides a raster
showing the direction of flow out of each cell as output. There are eight valid outgoing
addresses that relate tothe eight adjacent cells to which the flow can go. This
approach is commonly referred to as the eightvay flow model (D8) and follows an
approachpresented in Jenson and Domingue (1988HGURE32).

=y 7872|169 71| 58|49

74167|56|49]| 46|50

69]|53|44|37|38|48

Output drop —
raster 64]|58|55|22|31|24
68|61|47|21|16]19
FillLtift O Flow Direction 2alsalaalizl 2

¥ flow B 3 Elevation surfoce Flow direction
direction raster r B2
_ = ]
= B

Direction coding
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x  Flow accumulation generation: In this process the cumulative flow is calculated as
the cumulative weight of all cells flowing into each downward sloping cell in the
output raster (FIGURE33). If no weight is given, a weight of 1 is applied to each cell and
the value of the cells in the output raster is the number of cells flowing into each cell
(Jenson, S. K., and@. Domingue, 1988

oflofofo 0
Flow Accumulation oj1|1]2|2]|0
Parameters Environments Properties — o3 0
oflofo 01
- : ofojof1 0
ow
. B g
Accumulation ‘ FlowAcel ) o 2
: > |\ Flow direction Flow accumulation
1 : Ja
— B
’ 4]

o] Direction coding

\\ Determining flow accumulation

HGURE3. FLOW ACCUMULATION PROCESS AND OPERATING DIAGRAM

x  Stream order generation process: Based on the Strahler method, the calculation of
the stream order assigns a value of 1 to all streams without tributaries, known as first
order streams. When two streams of the same order intersect, their ranking
increases; therefore, the stream formed bthe union of two first order tributaries will
be a second order stream, the intersection of two second order streams will create a
third order stream, and so on. However, when two streams of different orders
intersect, the order does not increase, but the order of the higher order stream is
maintained. (FIGURE34).

» Hydro_Network {» Reclassify I HydroNetwork_O
rder a'

]

The basin is
order5
5

HGURE34. HYDROLOGICAL NETWORK GENERATION KEBIREZOSORDER
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x Reclassification to obtain order 5 ( stream order) hydrological network:
Because the interventions carried out in the project sulunits are small scale, the
output of the previous step is reclassified to obtain the order 5 water network which
will allow the detection of subtle changes in infiltration and erosion that might go
unnoticed on a larger scale FIGURE35).

Drainage Network Ranking is a
method that assigns a numerical order
to the streams and watercourses that
make up a drainage network.

»  FlowAccl
T

Stream Order | —»

— 1

1 Strahler's method

HGURE5. WATER NETWORK ORDER RECLASSIFICATION PROCGESS ORDER

Stream link process: Links are sections of a stream channel connecting two successive
crossings, a crossing and outlet or a crossing and drainage divide. A crossing relates to a pour
point and helps delineate the sukbasin boundary of the watershed or drainagéasin (FIGURE
36).

Stream Link

R it D

T \ i
» StreamLink |-p- StreamlL_RedH1 )

Rivers
Joins ]

FHGURE36. STREAM LINK PROCESS
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x  Watershed process: A watershed is the area of slope that contributes flow, usually
water, to a common outlet such as a concentrated drainag@GURE37). It may bepart
of a larger watershed and may also contain smaller watersheds, called miebasins.
The boundaries between river basins are called drainage divides. The outflow, or
pour point, is the point on the surface at which water flows out of an area. The loate
point along the boundary of a river basin

EEES
B A

Watershed

_» Watershed > Micro—basins...}r

Subunits b ¢
) Order 5 Micrebasins W e
Y a7

HGURE7. MICRGBASIN GENERATIPROCESS

b) Spatial selection of the micro -basins that intersect with the project's sub  -units

The main objective is to identify anddelimit those micro-basins that have a direct impact on
the previously defined subunits (FIGURE38). This spatial selection process allows the
identification of the micro-basins that have the greatest intersection or coincidence with the
project's sub-units, which is crucial for the effective execution and management of the
associated activities. Oncthis stage is completed, a set of selected mictmasins is obtained,
which will be subject to more detailed analysis and assessment in subsequent stages of the
process.

c) Export selected micro -basins and spatial join from the sub -unit database with the
exported micro -basin layer.

In this stage of the process, the previously selected mictmasins are exported and the spatial
linkage of the subunit database with the exported micrebasin layer is performed. The main
purpose is to combine the geospatial information from both data sowes to obtain an
integrated and comprehensive view of the relationship between the project subnits and the

corresponding micro-basins.
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On completion of this stage, an enriched dataset is obtained that allows viewing and analysis
of the spatial interaction between project subunits and associated micrebasins, seeFIGURE
38 and FIGURE39. This integrated information is essential to understand the geographical
distribution of sub-units in relation to the characteristics and delimitation of micrebasins,
which is crucial for identifying measures and impacts related to micrdasins.

Selection of micrebasins intercepting the suunits

Order 5 Micrebasins - h
of direct impact

4[] Work_zone

4[¥] SUB_UNITS_DOM_Inv_Jura

4[J] order_5_microbasin RD_Jura

FHGURE38. RESULT OF THE APPLICATION OF LOGABEDN TARGETING

d) Micro -basin filtering process
In this process, several criteria are applied to select and filter the micrebasins to be
considered in the analysis and planningFIGUREO0).

Spatial linkage: linking the database of direct impact areas tc
indirect impact areas

The selected micrdasins are exported.

- {\\\, . i
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} /) ¥
14 <
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\ {’ 77

FGURE9. RESULT OF PERFORMING THE SPATIAL JOIN OF THE LAYER DATABASE
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Overview of the pre and
post-filtering process

Before the filtering process After the filtering process

HGUR®O. OVERVIEW OF THE PRED POSFILTERING PROCESS

These criteria have been established in order to ensure an accurate and relevant selection of
the micro-basins that will be directly and indirectly impacted by the project. The filtering
criteria used are outlined below FIGURH1):

x Removal of micrebasins that are affected by the direcimpact areas in the lower basin
only: In this first criterion, micro-basins with an impact limited to the lower part of the
basin only are excluded.

x  Elimination of micro-basins with less than 30% of their territory intercepted by subunits
of indirect impact: In this second criterion, micrabasins with less than 30% of their
territory affected by the sub-units of indirect impact are discarded. This measure ensures
that the selected micrebasins have a meaningful connection to the project sulmits.

x  Elimination of micro-basins not properly generated in areas of flat relief: In this criterion,
micro-basins that could not be generated correctly due to the flat nature of the relief are
excluded. This is because in these areas, the boundaries of the mibasins cannot be
precisely identified.

x Remaining micro-basinsof which the upper zone is affected: Finally, the micrtasins of
which the upper zoneis impacted are preserved. These micrtvasins are particularly
relevant because of their influence on the generation and flow of water resources, which
can have a significant impact on the project.

By applying these filtering criteria, a rigorous and accurate selection of the mictbasins to
be considered in the analysis andecision-making process is achieved.
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Micro-basin filtering process

a. Micro-basins only the lower zone of which is b. Micro-basins of which less than 30% of the territory is
affected by the direct actiorareas are removed. intercepted by subunits of indirect impact are removed.
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c. Micro-basins that the algorithm failed to generate correctly d. Micro-basins the upper zone of which is affected are
because they are places with a flat relief are removed. maintained.
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FGURE 1. GRAPHICS SHOWING MIBASIN FILTERING CRITERIA

e) Application of the Erase tool
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eliminate the area of subunits in the micro-basins, a data layer is obtained, which is called
indirect intervention areas or areasof influence. FIGURE2).
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of direct intervention subunits with micro-basins.

o

FGURE2. RESULTS OF THE APPLICATION OF THE ERASE TOOL
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) Process of correcting areas of indirect intervention

In this process, specific criteria are applied to correct and improve the accuracy of previously
identified areas of indirect intervention. These criteria have been established in order to
ensure a precise and consistent delimitation of these areas. Theréle criteria used in this
process are described belowKIGURH3):

x  Caorrection of peaks: In this criterion, the correction of peaks that may have arisen during the
process of delimitation of indirect intervention areas is carried out. Peaks are small areas that
stand out and are not directly related to the indirect impactof the project. These areas are
reviewed in detail and corrected or removed, ensuring that the delimitation is consistent and
is adjusted to the actual geographical and topographical distribution of the subnits and
micro-basins.

x  Caorrection of hollow spaces: In this criterion, the correction of hollow spaces, which may have
been left between the delimited areas of indirect intervention, is addressed. These gaps can
lead to inaccuracies and affect the integrity of indirect interveribn areas. Athorough analysis
is carried out to identify and correct these gaps, ensuring that the areas of indirect
intervention are fully connected and that there are no gaps or discontinuities.

x Removal of single pixels or small polygons: In the latter criterion, loose pixels or polygons
that have an area of less than 0.06 hectares and that may have arisen after the erase process
are removed. These loose pixels or small polygons may be unwantededacts and do not
represent significant areas of indirect intervention.

5. Process of correcting areas of indirect intervention

a. Correction of peaks b. Correction of hollow spaces

c. Loose pixels or polygons with less than 0.06 ha that are
generated after the erase process is applied are removed.

FGURE 3. GRAPHIC DEMONSTRATION OF THE PROCESS OF CORRECTING AREAS OF INDIRECT INTERVENTION
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g) Justification of order 5 micro -basins

<

‘ Intervention Scale

<

‘ Change Detection

If Interventions are being carried out at Order 5 micrdasins will allow you to

sub-unit level (small scale), order 5 micr detectmore subtle changes in infiltration
basins will be more compatible for analy and erosion that might go unnoticed on

a larger scale.

Order 5 micrasins can provide an ideal

Localised Impact
Because indirect impacts a@ught, they

are more likely to occur on a more local balance between capturing local variability

scale. Order 5 micrbasins provide a more in water flow patterns and generalising

suitable framework for assessing these results to a broader landscape level.

local impacts.

FGUR®4: GRAPHIC DEMONSTRATION OF THE PROCESS OF CORRECTING AREAS OF INDIRECT INTERVENTION

3.2. Measuring impact on ecosystem services using incremental
factors

Incremental factors (IFs) are used for farmland and/or livestock where spectral indices
derived from the Planet image (e.g. NDVI) fail to accurately detect vegetation change because
many practices carried out in the implementation of Silvopastoral Systems (SPS) have no
short-term effect on cover. In addition, when the assessment of a practice is for a short period
(2 to 3 years, for example), the use of remote sensing techniques does not present robust
results to measure the impact for certain forestry, farming and livestock activis.

In other types of land, carbon is stored in perennial woody vegetation including but not
limited to monocultures such as fruit orchards and polycultures such as agroforestry systems
(AFS) (IPCC, 2019). While in AFS due to their woody cover, NDVI can be used for cover
monitoring. In SPS where woody cover may be limited to living fences, NDVI is not the best
option to detect cover changes.

Practices carried out on livestock land that are linked to nowvoody crops, such as
incorporation of improved grass or zero tillage, do not have a direct impact on carbon, but do
have an effect on the quality of soil cover and soil structure, thus impactrwater infiltration
and soil erosion. Likewise, soil conservation and water management restoration measures
are mainly aimed at annual crops and aquaculture and mariculture (contour lines, irrigation
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systems, dead barriers, individual terraces and slope ditches) which do not have an impact
on carbon but have an impact on water infiltration and soil erosion.

There are also practices that are not linked to biomass (herbaceous or woody) such as
division of pastures (with non-living fences), construction of pens and sheds and
vermicompost installations in SPS, which have no direct impact on either abogeound
biomass carbon or soil cover and therefore have no impact on soil infiltration and erosion.
Even so, these practices have an indirect effect on ecosystem services through avoided
degradation and reduced inputs to crop and livestock production.

Considering the above, the steps for the definition of thiés for the SPS restoration measures
and soil conservation andwater managementworks are described below.

1. Classification of the restoration measure into categories according to the practices
implemented. For carbon, the categories should reflect whether or not woody perennial
vegetation is introduced, while for water infiltration and erosion, the categories amunt
for cover type, tillage and soil and water conservation works. Considering that isoil
conservation andwater managementworks there is no introduction of woody species,
these are integrated within a single category which is Carbon TABLE4).

2. Forcarbon, each SPS category is assigned a growth factor as reported in IPCC 2019 Table

L8¢38 4EA 303 AAOACT OU AT OXDAIGCHITH AAO @D A 60 BEXAE EAI AA

category corresponds to silvopasture + hedgerofv All practices undertaken that do not
integrate introduction of woody species are grouped in the category called SPS
Management TABLE4).

In case of water infiltration and soil erosion, the adjusted baseline data of tHeDV (GIZ,
2017) is used for each category, corresponding to an annual increase in water infiltration
of 4mm/ha and a reduction in erosion of 9% per year. The adjustment factor for each
category was derived from a metanalysis integrating 89 studies relating water
infiltration to cover (Basche and DeLongg2019) which in turn correlates with erosion.
This metaanalysis found that cover crops increase infiltration by 58% of thatroduction

of woody plants, while reduced tillage increases infiltration by only 10% of the
introduction of woody plants. These ratios were used to define the adjustment factors for
each category according to the following assumptions:

a. The practice that most increases infiltration is the introduction of woody plants.
In this category, the adjustment factor corresponded to 2 (4mm/ha2) (double
the overall target for the wholeproject) as the practice that increases infiltration
the most (Basche and DeLong2019) (Table 3).

b. Zero tillage increases infiltration by 10% of the introduction of woody species
(Basche and DeLong®019), so the adjustment factor corresponds to 10% of the
introduction of woody species (4mm/ha*2*0.1 or 4mm/ha *0.2). This same
relationship was used for soil and water conservation works within SPS (Table
3).

c. Cover crops increase infiltration 58% of the introduction of woody plants. In this
category, the adjustment factor corresponds to 4mm/ha*2*0.58 or 4mm/ha
*1.16 (Table 3).

3 Living fences
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3. The growth factor (carbon) based on IPCC (2019) and the IF of water infiltration and soil
erosion are adjusted by multiplying this by the permanence factor of th&DV which
corresponds to 0.6 under the assumption that 60% of the surface area of intervention
remains over time.

4. ThelF of the restoration measure corresponds to the weighted average (according to the
area of intervention of each category) of the IF of each of the categories in the measure.
For example, for the SPS measure, the IF is calculated according to the following
relationship.

BT QW ZYDYOD T Q& Z27YD YOO 61 Qd 27YD "Y'O0D 6 0
oQu Y TSR
Yé 00 0 Q'@

Measure |Carbon Categor Description SOt Carbon Source
tC/ha year

At least one type of woodplant is

introduced.
. . Table
Integration of at least two practices that 59
SPS SPS+ consider the incorporation of woody specie 3.38 2.03 IPbC
(generally one of these is living fences). 2019
SPS i )
Management No introduction of woody plants 0 0
Soil . Lo
conservation Slope contour lines, irrigation systems, dea
and water Conservation  barriers, individual terraces and sloping 0 0
management hillside ditches
works

TABLE3. ESTIMATION OF INCREMENTAL FAGERORCARBON BEATEGORBASED 0NPCQR019

Practices that do not have airect impact on shrub or herbaceous cover and its permanence
I OAO OEIi A AOA cOi 6pAA O1 AAO OGEA AAOAcCi OU 1T &£ O3
In the framework of this pilot project to determine the IFs, SPSs were classified into 3
categories for carbon: i) SPS (where the intervention considered the incorporation of woody
species), ii) SPS+ (the intervention considered at least two woody species incorporation
practices such as mixed forage banks, scatest trees and establishment of living fences) and

iii) SPS management (practices that have no direct impact on the amount of woody or
herbaceous vegetation).
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The average growth rate reported by IPCC in Table 5.2 (IPCC, 2019) was used as the basis for
defining the IF for carbon. This value was multiplied by the permanence factor used by the
FDV, which is 60%. TABLE4 showsthe IF for each SPS category.

Growth

Measure Category Description tC/ha year

Carbon IF Source

At least one type of woody plant
is introduced

It integrates at least two

SPS+ practices that consider the 3.38 2.03
incorporation of woody species.

SPS 2.91 1.75

Table 5.2
IPCC 2019

SPS Managemen No introduction of woody plants - -

TABLEL. ESTIMATION OF INCREMENTAL FAGHEIRORCARBON BEATEGORBASED oNPC Q2019

The weighted average (according to surface area) of the restoration action categories was used to
define the IF for the restoration measures. For example, the following relationship was used to
estimate the SPS measure.

B QY ZYD YOD T QD 27Y0 YOO b1 QI 27YD "Y'O'0D 6 0
oL Y- ————
Y¢ 000d 0'Q'@d

Where:

SPSIF: SPS incremental factor
SPSIF+: SPSneremental factor
SPSIFMAN: SPS Management Incremental Factor

For the IF forlandscapeconnectivity, the same ratio of percentagearbon in SPS was used. That is,
the percentage increase incarbon in SPS was used as an IF @onnectivity for this restoration
measure.

The same classification was used for water infiltration and erosion due to the inversely proportional
relationship of these variables. In this context, water infiltration and consequently erosion are
affected by several factors such as tillage, vegetatiaover, soil porosity and density, amount of
organic carbon, soil structure and soil water content (Almeida et aR018).

Specifically, land use change and land cover change greatly affect infiltration and erosion through
their influence on raindrop interception. Therefore, increasing woody (canopy) and herbaceous
(cover crops) cover, or mulching (use of residues as in zero tillage) increases soil roughness and
evapotranspiration which in turn increases the infiltration rate at the onset of rainfall (therefore
reducing erosion through runoff) (Almeida et al., 2018; Haruna et al., 2018). Carvalho (2015)
associated this decrease in infiltration in bare soils with a decrease in soil porosity, which in turn
increases the process of sberosion.
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In order to define the water IF, the target defined by th&DVof an increase of 4mm/ha per year was
used as a basisThis factor is derived from data obtained from the GIZTrifinio Forests and Water
Project. The SPS categories for assessing the impact of restoration measures on ecosystem services,
water infiltration and soil erosion are:

O Introduction of woody plants.

O Tillage

O Cover crops (improved grasses)
O Soil and water conservationworks.

A metaanalysis integrating 89 studiesrelating water infiltration to cover (Basche and DelLongge
2019), which in turn correlates with erosion, was used to define the IF for each category. This meta
analysis found that cover crops increase infiltration 42% less than the introduction of woody plants,
while reduced tillage increases infiltration 90% les than the introduction of woody plants. These
ratios were used to define the adjustment factors for each category according to the following
assumptions:

O The practice that most increases infiltration is the introduction of woody plants. In this
category the adjustment factor corresponded to 2 (4mm/ha*2) (double the overall target for
the whole project) as the practice that increases infiltration the most (Bsche and DelLonge
2019).

O Zero tillage increases infiltration 90% less than the introduction of woody species (Basche
and DeLonge2019), then the adjustment factorcorresponds to 10% of the introduction of
woody species (4mm/ha*2*0.1 or 4mm/ha *0.2). This sameelationship was used for soil
and water conservation works.

O Cover crops increase infiltration 42% less than the introduction of woody plants. In this
category, the adjustment factor corresponds to 58% of the introduction of woody species
(4mm/ha*2*0.58 or 4mm/ha *1.16).

Detailed baseline data and project adjustment and permanence factors are presentedriaLes.

Base Infiltration

IF

Categories Description (mm/ha  Adjustment Permanence
year)

Zero tillage Zero or reduced tillage. 4.00 *0.2 0.60 0.48

Introduction of Incorporation of woody plants 4.00 *2 0.60 4.80
woody plants
Introduction of improved

. 4.00 *1.16 0.60 2.80
pastures, no burning

Cover crops

Soil and wateconservation works 4.00 *0.2 0.60 0.48

Division of pastures, constructior
SPS management of sheds and vermicompost 4.00 - 0
installations, among others.

TABLES. ESTIMATION OF INCREMENTAL FAGHIE)ROR WATER INFILTRATIONAEGORBASED OBASCHE ANDELONGE2019ANDGIZ,
2017
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For theerosion IF, we used the project data from the experience of the GIZifinio Forests and Water
Project, which indicates that a 27% reduction in erosion was achieved when switching from a basic
grain system to anAFSin three years (9% reduction per year). The same assumptions used for water
infiltration were used to define the IF per category due to the high correlation of these two variables.
TABLE6 shows theerosion IF for each category.

Categories Description Base  Adjustment Permanence (!;,)

Zero tillage Zero or reduced tillage. 0.09 *0.2 0.60 0.01

:)r;;r:g uction of woody Incorporation of woody plants 0.09 *2 0.60 0.11

Cover crops Introduqtlon of improved pastures 0.09 116 0.60 0.06
no burning

Soil and water conservation works 0.09 *0.2 0.60 0.01

Division of pastures, construction
SPS management of sheds and vermicompost 0.09 - 0
installations, among others.

TABLEG. ESTIMATION OF INCREMENT FACTER$ FOR EROSION EATEGORMBASED OMBASCHE ANDELONGE2019ANDGIZ 2017

Finally, in the SPSs to assess the impact on the area of influence, the IF of water infiltration and
erosion multiplied by 0.5, under the premise that the indirect impact (in the area of influence)
corresponds to half of the direct impact of the restoratio measures on these ecosystem services The
steps for the definition of the IF by category and landscape restoration measure are summarised in
FIGURHS.
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Methodological steps for estimating Increment Factors (IFs) on livestock land

Estimated Fsby category fo
each measure

Categorisation of the

Definition of base data practices carried out

in the SPS measure

@ Literature review of the w Homogenisation of practice w Calculation of the IF for ‘ o
impact of restoration in intervention measures by each category based on @ [EnEoT eif Uik (Fpe;
activities onecosystem differentiating the carbon : the data obtained from |nte_rvent|on measure or
services in the region. impact category. the literature review, the action (AFS and SPS) by
impact ratio and the means of the weighted
w Definition of baseline dat: @ Homogenisation of permanence of the projec average (considering the
according to literature intervention measure measures or actions (6001 area of |nterVentl0n) of

the categories of each
measure

review for each ecosyste

- practices through categorie
service to be assessed.

that differentiate the impact
on water infiltration and
erosion.

FHGURE5. AREA OF INTERVENTION OF THE ECOSYSTEM AND LANDSCAPE RESTORATION MEASURE
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3.3. Methodological integration

3.3.1. Estimation of impact on ecosystem services

The geospatial analysis generates the zoning of the area of intervention and the area of influence. In
this analysis, the zones contain the baseline and impact ddiar each subunit. Based on the zoning
containing the results and attributes of each unit, a database is consolidated with the characterisation
of each subunit and the impact on each ecosystem service. For consolidation, it is essential for each
sub-unit to be identified by a unique code (Cod_IDJFGURE®).

Zonal with impact resul Table of attributes of each
by subunit sub-unit

Consolidated database

FHGURE6. CONSOLIDATION OF RESULTS AND CHARACTERISATION-ORTSEOSUBACH PROJECT

Specifically, for SPS restoration measures and soil conservation and water management works using
enhancement factors, it is necessary to integrate the carbon, water infiltration and erosion
classification into the consolidated database. The categories foarbon, infiltration and water erosion

are completed as described in the previous section and summaris@d FIGURE7.
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