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1. Introduction

REDD+ is a voluntary climate change mitigation approach that has been developed by Parties to the
UNFCCC. It aims to incentivize developing countries to reduce emissions from deforestation and forest
degradation, conserve forest carbon stocks, sustainably manage forests and enhance forest carbon
stocks. This will involve changing the ways in which forests are used and managed, and may require
many different actions, such as protecting forests from fire or illegal logging, or rehabilitating degraded
forest areas.

REDD+ has the potential to deliver multiple benefits beyond carbon. For example, it can promote
biodiversity conservation and secure ecosystem services from forests such as water regulation, erosion
control and non-timber forest products (NTFPs). Some of the potential benefits from REDD+, such as
biodiversity conservation, can be enhanced through identifying areas where REDD+ actions might have
the greatest impact using spatial analysis and other approaches.

The purpose of this tutorial series is to help participants in technical working sessions, who are already
skilled in GIS, to undertake analyses that are relevant to REDD+. The tutorials have been used to build
capacity in a number of countries to produce datasets and maps relevant to their spatial planning for
REDD+, and to develop such map products. Maps developed using these approaches appear in a
number of publications whose aim is to support planning of strategy options that enhance biodiversity
and ecosystem services as well as delivering climate change mitigation (see http://bit.ly/mbs-redd for

country materials). There is of course no requirement for countries to use the approaches described in
these tutorials.

This tutorial focuses on how to use spatial analysis workflows to help identify potential areas where a
REDD+ intervention (also known as REDD+ action, or REDD+ measure) could be undertaken to address
a specific driver or barrier. Specific interventions will be suitable for addressing specific drivers or sets
of drivers. Where countries have identified biodiversity conservation as a goal for REDD+, and to be
consistent with the Cancun safeguards for REDD+ on protecting biodiversity, it is useful to identify areas
where specific REDD+ interventions are feasible and can protect threatened species. It may also be
useful to identify areas outside forest where threatened species may be vulnerable to the displacement
of land-use change pressures or to afforestation.

Spatial analysis can be used to support decision-making in order to identify potential areas for
appropriate REDD+ interventions (REDD+ actions), but maps alone are not sufficient for making
decisions. This does not mean that all potential interventions can be usefully mapped, but map analysis
can be useful alongside methods such as stakeholder consultation and participatory mapping
approaches in selecting what REDD+ approaches to apply, and where.


http://bit.ly/mbs-redd
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This tutorial uses an imaginary land area to demonstrate how to create and run an analysis using
workflows in ArcGIS Model Builder. It covers: mapping the drivers of deforestation and forest
degradation, and barriers to the ‘+” activities; mapping REDD+ interventions; defining spatial logic and
creating workflows; sharing the resulting model; and fixing a broken model. The annexes provide more
background information on raster data formats and processing for those who are more familiar with
vector GIS data, and will guide users in exploring the various raster analysis tools and methods that are
available within the ArcGIS Geoprocessing Toolbox.

Annex 1 provides a brief summary of the differences between vector and raster data and an
introduction to getting started with raster data analysis. Raster analysis provides users with access to a
large number of tools and functions that are not available for vector analysis. Many of these tools are
particularly suited to multi-criteria analysis. Raster functions can also be used to generate new data
(e.g. hydrology and slope data from digital elevation models).

Annex 2 provides links to additional resources and guidance related to ArcGIS Model Builder.
A similar tutorial that uses QGIS as an open-source alternative platform is available from

http://bit.ly/GIStools-redd:
Ravilious, C., Hicks, C. and Blyth, S. (2017) Using spatial information to support decisions on safeguards

and multiple benefits for REDD+. Step by Step Tutorial Version 1.0: Building spatial workflows to help
identify potential areas for undertaking a REDD+ intervention using the graphical modeler in QGIS
2.14.x. Prepared on behalf of the UN-REDD Programme. UNEP World Conservation Monitoring Centre,
Cambridge, UK.


http://bit.ly/GIStools-redd
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2. Mapping drivers of deforestation, forest degradation and barriers

When thinking about drivers of deforestation and forest degradation, and barriers to the ‘plus’ activities
(conservation, enhancement, sustainable management), we often refer to the current situation (e.g.
what are the drivers now and where forest cover change has already happened). But it is also important
to consider future pressures and threats on forests, and how they may lead to deforestation or forest
degradation, as well as future barriers.

To identify locations for REDD+ interventions, consideration must be given to both location of current
drivers and barriers, and the pressures and threats on forests, to help identify where drivers or barriers
may be found in the future.

Drivers and barriers may be direct or indirect. Examples of direct drivers include expansion of
infrastructure, agricultural expansion, fire, mining activities and expansion of plantations (e.g. rubber,
oil palm). A direct barrier could be physical features (steep slopes, rocky terrain, distance from roads)
that prevent access for reforestation. Examples of indirect drivers and barriers include changes in
population size and density (perhaps indicating growing demand for land and natural resources),
poverty levels (perhaps indicating direct dependence on natural resources), financial incentives (e.g.
commodity prices and subsidies that may make certain land-uses more desirable), cultural preferences
(perhaps defining how natural resources are used) and political decisions (determining how land-uses
are distributed and controlled).

Drivers of change in forest cover/quality may lead to changes in forest functions, levels of biodiversity,
provision of ecosystem services and support for forest-based livelihoods.

To identify and map areas affected by or at risk of drivers and barriers we can:

> Use a participatory approach, involving multiple stakeholders from different sectors,
organizations and communities with local knowledge to identify drivers, barriers and the areas
affected or at risk.

> Map current direct and indirect pressures on forest, examine their relationship with forest
cover and forest-cover change, and explore how these may change in the future.

> Map areas that are likely to be affected by particular drivers or barriers in the future (e.g.
planned deforestation due to the proposed development of infrastructure or changes to land-
use designations).

> Map current areas where conservation, enhancement and sustainable management activities
are already being undertaken and examine the relationship between factors that are either
hindering or promoting their success.

» Map areas with physical, environmental, and socio-economic potential for the promotion of
‘plus’ activities.

Maps showing individual pressures/future threats layers and maps using simple overlays can be
created, to show where different factors coincide. This does not ‘select’ particular areas, but these
maps can be important inputs into multistakeholder workshops, where participants identify areas
suitable for REDD+ interventions based on their expert and local knowledge.
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Maps showing areas meeting certain criteria can also be created. For example, a map showing areas
at risk of small-scale agricultural expansion may ‘select’ areas based on the presence of existing
agriculture, areas designated for future agriculture through the land-use plan, and socio-economic

factors such as poverty and population.

This approach can be more subjective in terms of the criteria and thresholds used and needs to be
validated by expert and local knowledge. If the knowledge needed to inform the workflow of the map
is lacking, or the workflow is not properly validated, it can lead to misinformed use of data. Assumptions
should be transparently presented so that planners and stakeholders understand the data that were
used to create the map and how they influence the areas that were selected by the spatial analysis
process. One way to do this is to show the input layers or assumptions as a series of maps in an annex,
so it is clear how the areas were selected, what input layers were used and what criteria were applied.
Alternatively, input maps can be presented alongside the final output, as in the example map below,
where the input layers are presented on the right-hand side of the final output map.

This map shows areas where forests are particularly important for limiting soil erosion that might cause sedimentation problems for dams in Tanzania.
The methodology is based on four parameters: slope, precipitation, locations of dams and water bodies and their catchments, and forest.

erecipitation (mm
25-131
131-237
237-343

Average precipitation for rainy season (March,
April, May, November, December and January)

l:l Upstream catchments
of dams and water bodies -

Contribution of forest to J A
soil erosion prevention X/
z‘—' :“
Low High -
fi SO WESEE T T ST HE S TTES Natural forest extent* Upstream catchments of dams and
ap projection: / : one. . BP preparecl:by Tanzanian rores ) _erv“:e ( ) * Defined according to the national forest definition to water bodies
UNEP-WCMC, FAO, Sokoine University of Agriculture (SUA) and Forestry Training Institute include the following land cover classes: montane and
(FTI). Date: May 2013. lowland forest, open and closed woodland, mangroves,

thickets and bushlands.
Data Sources:
Natural forest and water bodies: NAFORMA. 2013. NAFORMA land-use / land-cover Map 2010.
Dams: Dr. Mark Mulligan, Department of Geography, Kings College, London.
Slope: generated from Lehner, B., Verdin, K., Jarvis, A. 2008: New global hydrography derived from spaceborne elevation data. Eos, Transactions American Geophysical Union, 89 (10) (2008) 93-94.

Journal Article.
Precipitation: Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. 2005. Jarvis. Very high resolution interpolated climate surfaces for global land areas. International Journal of Climatology 25

(2005): 1965-1978. Journal Article.
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3. Mapping REDD+ interventions to address a driver or barrier

Both participatory and spatial analysis approaches may play a role in mapping priority areas for the
implementation of REDD+ interventions. During the Provincial REDD+ Action Plan (PRAP) development
process in Viet Nam for example, both approaches were used, with workshop participants first
indicating areas for particular interventions, and spatial analysis teams conducting further analysis in
GIS.

For the spatial analysis approach, two main steps are required:

1. Defining the spatial logic or a workflow to answer a specified question. The workflow will
outline what datasets and geoprocessing tools needed to produce the desired output map. This
workflow should also take into account a) the area affected by/at risk of the driver/barrier, and
b) the results of the participatory mapping of interventions.

2. Putting the workflow into ArcGIS model-builder. By putting the geoprocessing steps into a
single tool, the analysis can be run as a single step, or in fewer steps.

4. Defining spatial logic and creating a workflow (using a REDD+
intervention example)

Defining workflows helps you to think about how you are going to undertake a piece of analysis: the
spatial logic, the technical GIS processes, and the sequence of steps.

This section of the tutorial focuses on the thinking and preparation required before building a workflow
in ArcGIS Model Builder. To help identify potential locations for a particular REDD+ intervention, a
workflow would combine factors in multi-criteria analysis, so that we include areas suitable for the
intervention and exclude areas that are unsuitable.

Considering the questions below can help to clarify the input layers, other data and processes you will
need in your workflow:

» Where are the areas affected by/at risk from the drivers or barriers? The location of
interventions should be informed by the location of drivers/barriers; this may be based on
previous maps developed to show drivers/barriers, or on other knowledge about which areas
are affected. This could be a large proportion of the land area, for example all forest in a
province may be affected by a barrier such as lack of monitoring resources.

» What physical aspects will affect the implementation of the intervention? For example, slope,
soil type, forest type, climate.

» What other aspects may affect its feasibility? For example, accessibility of sites, carbon stocks,
forest condition, or risks to the success of the intervention (e.g. fire risk)

» What s the potential to enhance benefits from the intervention? For example, can it contribute
to poverty reduction, biodiversity conservation, or ecosystem services provision?

» What social and environmental risks are associated with the intervention? What is the potential
to reduce risks and support safeguards, for example prevent the conversion of natural forest
or reduce the risk of displacement (i.e. reducing the risk of moving deforestation or degradation
to another area)?
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In the example of Viet Nam, much relevant information should have been gathered during the PRAP
process. For instance, previous analysis, and participatory mapping, of drivers and barriers can help
identify the driver/barrier area. Meanwhile, the social and environmental risks and benefits assessment
should help to identify the risks and benefits that could be associated with each intervention.

The identification of areas suitable for specific interventions can be complementary to, and used
alongside other, participatory methods with stakeholder involvement. For example, if a participatory
mapping approach has been undertaken to define potential areas, is any further analysis needed? This
may vary between interventions. Participatory maps may give a broad picture, for example they may
identify areas at the administrative unit level (e.g. the commune) and provide some of the criteria that
could feed into a more detailed spatial analysis if required to complement the participatory results.

In defining the spatial logic to be used for the workflow, as a first step it is often useful to think about
where the REDD+ intervention cannot be undertaken, to exclude areas where that REDD+ intervention
would not be possible. It is often easier to do this before identifying where the REDD+ intervention
can be undertaken in the remaining area.

When thinking about the spatial analysis to be undertaken, you will need to identify what criteria and
data you will use to make those exclusions/inclusions, what geoprocessing tools you can use in ArcGIS,
and whether the data are available (and available at an appropriate scale).

It is important to document the reasons why you are excluding or including certain areas and what
factors have been used to determine these areas. This will help ensure that any analysis can be
presented clearly and transparently to policy makers, so they can understand how a map has been
created and what the assumptions are that have influenced it.

In this tutorial, an example workflow will be shown for the development of a REDD+ intervention layer
for community-based sustainable forestry to address the driver: small-scale conversion of forest to
cassava, on the basis that forests that are valued by the community are less likely to be converted to
agricultural land.

To help define a workflow for this question, we can consider the following questions:

» Where are the areas at risk from small-scale cassava expansion (now and in the future)?

» Where can community-based sustainable forestry feasibly occur? In our examples, areas close
to villages are regarded as more feasible.

» Which forest area designations should be included? In our example, strictly protected areas are
not available for community forestry.

» Should the intervention occur in natural forest and/or planted forest? In our example, natural
forest is preferred.

> Should it be limited to existing community forestry areas or broader? In our example, areas
close to existing or planned community forests are preferred.

» What benefits and risks are associated with the intervention? Can they be mapped? In our
example, poverty alleviation was the only additional benefit considered.
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The GIS analysis would then exclude areas not at risk from the driver, and areas where it is not possible

to undertake that particular action, and include areas that are considered suitable, and where benefits

could be enhanced and risks reduced. The table sets out the input layers for an example workflow:

Type of Input layer/data

How to use

Name of dataset in
Mythical_Database.gdb

Forest cover

Natural forest area available for action

Natural_forest_mythical

Village locations

Areas near villages with likely demand
for cassava production and/or
community forestry (CF) activities

Village_mythical

Existing and potential
community forests

Category of forest; areas already
identified as current or likely CF sites

Community_forestry_mythical

Protected Areas

Exclude strictly protected areas

PA_mythical

Extent of driver

Area affected by / likely to be affected
by driver (conversion to cassava) (in
this example a future Land Use Plan
has been used to identify broad areas
designated for agriculture)

future_LUP_agriculture_mythic
al

Potential to alleviate
poverty (as a benefit of the
intervention)

Areas with medium-high poverty rates

Communes_mythical (using
the field pov_hml, values: (1)
low (2) medium and (3) high

The workflow can be hand-drawn in a flow diagram style prior to putting it into ArcGIS. The example

for the above intervention is presented below.

Workflow for intervention: SIMPLISTIC HYPOTHETICAL EXAMPLE FOR TECHMICAL DEMONSTRATION Input Values
OF ARCGIS MODEL BUILDER OMLY
_ Input Vectors
Input vector containing area
at risk from driver input Outputvector
vector o
* Input Rasters
Input Raster of Protected
natural forest l:” Extract by Mask | Areas Input vector of £ D DS 0
Input Pove
- Dutput Matural Forest cc of - s
tput Natuiral For villages FINAL REDD+
within driver area Polygon INTERVENTION
. Polygon RASTER
Input vector of Formula to select Euclidean Raster to Raster OUTPUT
community forestry natural forest Distance 3
{current and future) within driver

area and within
CF or within
village buffer

&

Euclidean
Distance

Qutput distance :-

from CF Raster

Potential Area suitable
for REDD+ intervention

Potential Area Suitable for REDD+
intervention shaded according to poverty
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4.1.Using ArcGIS Model builder to implement workflows

4.1.1. Overview of Model Builder

Model Builder is an application that you can use to create, edit, and manage models. Models in ArcGIS

are workflows that string together sequences of geoprocessing tools, feeding the output of one tool

into the next. Benefits of using Model Builder include better organization for improved workflows and

faster analysis. By standardizing processes in this way, any future repeat analysis is also made much

easier, enabling replication and direct comparison of results.

A simple model may only contain one or two steps and ArcGIS geoprocessing tools. For example, the

model below classifies forest according to distance from roads:

| £ Model - disance to road

| Model Edit Insert View Windows Help

B& AR x2S EERIRN NS P

N

Euclidean
Distance

4.1.2. Transferring a workflow into ArcGIS (using the REDD+ intervention

example)

a. Open ArcMap

b. From the main menu click
Geoprocessing >>Geoprocessing
Options

c. Ensure that the option
Overwrite the outputs of
the geoprocessing operations
is enabled.

So that you don’t keep having to
change the name of an output file
when testing the model multiple
times

d. Ensure that Background

Processing is disabled.

ArcGIS Help indicates that custom tools
are better run in the foreground, as this

will allow you to see each process running

and will highlight any errors found.

About geoprocessing options

Log geoprocessing operations to a log file

Background Processing

Motification D
Appear for how long (seconds)

Stay up if Error occurs

Sceript Tool Editor/Debugger

Editor:

=
Debugger: @

ModelBuilder

When connecting elements, display valid parameters when more than one is
available.

Results Management
Keep results younger than:
Display [ Temporary Data

Add results of geoprocessing operations to the display
Results are temparary by default
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e. Click OK to close the window

f. From the folder MODEL_BUILDER _DEMO, Open the project

Mythical_Model_Builder_10_x.mxd.

g. Familiarize yourself with the data in the Table of Contents in ArcMap and with its location in
the Mythical_Database.gdb geodatabase in the ArcCatalog window. The table below lists the
data layers that are contained in the geodatabase.

communes_mythical — Administrative boundaries
(Communes)

community_forestry_mythical — Current and
proposed community forestry sites

DEM_mythical — Digital Elevation model

district_mythical — Administrative boundaries
(Districts)

future_LUP_agriculture_mythical — Future land use
plan for Agriculture

HILL_mythical — Hillshade generated from Digital
Elevation model

hydrobasins_mythical — Hydrological basins

hydropower_mythical — Planned and existing
Hydroelectric sites

lakes_rivers_mythical — Water bodies and rivers

land_concess_mythical — Economic land concessions

landuse_mythical — Current landuse

market_mythical — Market locations

natural_forest_mythical — A subset of the current
landuse layer that just contains the natural forest
classes)

PA_mythical — Protected Areas

mining_concessions_mythical — Mining concessions

roads_mythical — Existing and planned roads

prod_for_mythical — Production forests

Poverty rate_mythical — Poverty rate by commune

village_mythical — Village locations

Note: not all of these datasets will be used in the demonstration analysis, but they can be used as test

data when developing other workflows.
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4.1.3. Create a new Toolbox

A toolbox is the area where you store your models, either as individual models or sets of models. A
toolbox can be created inside a geodatabase or just in a folder. A toolbox that has been saved in a folder

(i.e. outside a geodatabase) is easier to share as it can simply be copied (more detail about sharing
models is covered in Section 5).

a. To start using Model Builder, open the ArcCatalog window.

@ Mythical_Modelbuilder_10_0.mxd - ArcMa =l

File Edit View Bookmerks Inset Selection Geoprocessing Customize Windws Help

Dada L B x| o |- | 1250000 - L{EE;\’“ & ER | ES [0z |:| é’u@i l
@ EE@ il e -0 k@ LM AR TE L abeling- Bk g hsh kot o)y T@EDT - P HawhsTook- [ EIE
Table Of Contents R x ata 2% ArcToolbox 2 x
EEEE 1 T & @5 | en] tg| 7 | ArToolbox

- 3D Analyst Tool
E £ Layers - Location: Home - FOR_PARTIPANTS'MODEL BUI & 3D Analyst Tools
district & Analysis Tools

[ Home - FOR_PARTIPANTS\MODEL_BUILL
5] Folder Connections

&l Toolboxes

[l Database Servers

{3l Database Connections

[ GIS Servers

@3 Cartography Tools

& Conversion Tools

&3 Data Interoperability Tools
@3 Data Management Tools
&3 Editing Tools

My Hosted Services @ Geocoding Tools L
5] Ready-To-Use Services 1] G.eostat\stlza\ Armly;tToo\;
£ Interoperability Connections @ Linear Referencing Tools
E5l Tracking Connections @ Muttidimension Tools

&3 Network Analyst Tools

@ Parcel Fabric Tools

& Schematics Tools

& Server Tools

land_concess

mining_concessions
0O ProdFor E
0 pa

O hydrepower

market

m

communiy_forestry
lakes_rivers

roads
future_LUP_agriculture
O hydrobasins

[ landuse_mythical
village

[] Communes - Population density A @ Spatial Analyst Tools

5 M Feramimner - Desrarte = - &3 Spatial Statistics Tools
<0 I | v |[[@e|aa | m o e 5, r @) Tracking Analyst Tools .

Drawing~ K (=) = ]~ A - 0] Adal -0 ~B 7 U A-H»-_2. .

-2180850.298 8275248.735 Meters

b. Right-click on the model builder folder

MODEL_BUILDER_DEMO>> New = E3 MODEL_BUILDER DEMO
L Mythical_Database.gdb

[ Mythical_outputs.gdb

ChOiCG e.g. in thiS example a DemuTuulhu:{.th:{
DemoToolbox.thx Mythical_Modelbuilder_10_0.mxd
Mythical_Medelbuilder 10_2..mxd

>>Toolbox and give it a name of your

¢. To add your own toolbox to

ArcToolbox 7 x
ArcToolbox right-click on
ArcToolbox>>Add Toobox @) 3D Analyst Tools ‘@ Add Toolbox.. M
@ Analysis Tools f& Envir Add Toolbox

@ Cartography Tools Hide

rersion Tools

Add a toolbox (a thx file) to this

. Saye| Window so you can easily access
Interoperability the tools it contains and create
Lockin: [E MODEL _BUILDER,_DEMO v] 403 | O Management T new tools in it.

ag Tools
MName Type

|3 Mythical_Database.gdb File Geodatabase
3 Mythical_ocutputs.gdb File Geodatabase
" DemoToolbox.thx Toolbox

d. Navigate to your toolbox
e.g., in this example it is
DemoToolbox.tbx

e. Click Open

Name: DemaToolbox. thx

Show of type:  [Toglboxes

10
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The toolbox will be added in alphabetical order to
the ArcToolbox window

ArcToolbox nx
ArcToolbox

a 30 Analyst Tools

a Analysis Tools

a Cartography Tools

@ Conversion Tools

£5 Data Interoperability Teols

*

aldapagement Tools

(S ‘DemoToolbox

m

4.1.4. Adding a new Toolset and models to a Toolbox
Tools can be added directly to a toolbox, or a toolset can be created to group related Models. The
toolset could contain models relating to a particular theme, or developed for a particular project.

A L. » Catalog 1 x
If you are creating lots of models it is v o ly @ B Bl
useful to put them in a toolset. Locaton: @ DemoTodlbox. -
T Intel "
Eh
) . = E3 MODEL_BUILDER_DEMO
a. Either in the ArcCatalog T (3 Mythical_Database.gdb i
. |3 Mythical_outputs.gdb
window or the ArcToolbox =) JDemoToolbax E
T Model B Copy
window right-click on the Mythical Model| [ Paste
Mythical_Model| % Delete
new tOO|bOX = E9 MSOCache Rename
E3 05GeodWes 5
DemoToolbox.tbx>> 3 PerfLogs K Retresh
B personal Eis
>> 5 Program Files
NeW TOOISEt 3 Program Files (x86) | New 4 'ﬁOISEt ﬂ
H Bep Dat: Add e
b. Give the toolset a name, . © &5 Programbata ol P—
REDD+Intervention | ! Svehs * 1 | resteanewtooksetinside i
eg Ar(Toolbox mCatalog Ttem Description... to’:labixa. NEWTOOISEL Inside Tis
workflows *B I U A~ - @A properies.
£ Ih =

& Cartography
& Conversion Tg
&) Data Interope
&) Data Manage

& DemoToolboy

= EJ MODEL_BUILDER_DEMO
c. Nextadd a Model to (3 Mythical_Database.gdb

the toolset: L3 Mythical_outputs.gdb
=] % DemoToolbox.thx
REDD+ Intervention workfloes

Right-click on the new Mythical Modelbuilder_10_0.m Paste i Editing Tools
Mythical_Medelbuilder 10 2.m] % Delete . Geocod.m.g To
toolset E3 MSOCache Rename i G-eostahstlcal
H B3 05Gead W64 i Linear Referen|
REDD+Intervention £ PerfLogs o Refresh 3 Multidimensid
workflows>>New>> £ persenal Mew . |
Model. "E Files Add R
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T =

Model Edit Insert View Windows Help

ES +FABX 2 BBHETRI ;P

4 LU}

Note that the model is automatically named

“Model” at this stage.

m

This creates a new empty model and opens it in
the model builder window (left). This is the
starting point for adding the tools that make up
your workflows.

} = £3J MODEL_BUILDER_DEMO
|3 Mythical_Database.gdb
L3 Mythical_outputs.gdb
= a DemoToolboxthx

= % REDD+ Intervention workflows

e Model
Mythical_Modelbuilder_10_0,rmixd
Mythical_Modelbuilder 10_2..mxd

Before you start using the model, it is wise to rename it, so it can be distinguished from other models

and make it easier for other people to use.

d. From the Model builder window
click on Model>>Model
Properties

Next use the following steps to fill in the
Name (with NO spaces), Label and
Description.

b

v
=

Model | Edit Inset View Windows Help

Run

Run Entire Model
Validate Entire Model

Save

Save As...
Delete Intermediate Data

Print Setup...

Print Preview...

Print...

Report..

i aE DAkl RO KT VP

Model Properties... [

Diagram Properties...

Export
Import

Close

4

3

12
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The label is the name that appears in ArcToolbox and the name is the name that ArcGlIS uses to

distinguish the tool from other
tools in ArcToolbox

e. Give the tool a name
e.g. IntCF

f. Give the tool a label e.g.
Demo Intervention CF to
address Driver Cassava

g. Givethetoola
Description e.g. This tool
is to demonstrate an
example workflow for
the intervention
“Community forestry to
reduce conversion to
cassava”

h. Tick to Store relative
path names

If you check this option, then all path names within the tool will be stored relative to the toolbox

containing the tool. This option is really useful if you plan to share your model tool, or move your

model data and model to a different location.

i. Click OK to close the window

See that the Model name has changed name in the Model Builder window:

& | 58

RN R

changes to the model, and see the
Model label change to your new

name in ArcCatalog and
ArcToolbox.

j. Click the save button to save your

= £ MODEL_BUILDER_DEMO

3 Mythical_Database.gdb

3 Mythical_cutputs.gdb

=] a DemoToolbox.thx
= & REDD+ Intervention workflows

33“ Demno Intervention CF to adddress Driver Cassava

Mythical_Medelbuilder_10_0.rmxd
Mythical_Modelbuilder_10_2..rmxd

e ——

Cataleg a1 x

ero ol @ E| e

Location: gD“ Demo Intervention CF to adddress Driver Cassava -
B -

4 - 1
Model Properties - g8
General | Parameters | Environments I Help I teration |
MName:
IntCF
Label:
Demo Intervention CF to adddress Driver Cassava
Description:
This tool is to demonstrate an example workflow for the -
intervention “Community forestry to reduce conversion to
cassava’
Stylesheet:
Shore relative path names (instead of absolute paths):
Always run in foreground
Ok | [ Cancel || ooy |

13
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4.1.5. Adding the workflow to the model

We will use the example workflow developed and described in Section 4 to demonstrate this. The first
step is select the areas at risk from the driver* “conversion to cassava” and within those areas ensure
that the intervention “Community Forestry” can only occur in natural forest areas.

(¥*Remember in this example a shapefile already exists for the driver area).

For Step 1, we had planned to use the “Extract by Mask” to clip out the natural forest areas within the

driver extent.

IS MODEL BUILDER OMLY

Workflow for intervention: SIMPLISTIC HYPOTHETICAL EXAMPLE FOR TECHNICAL DEMONSTRATION Input Values

Input Vectors

Input Rasters

Input vector of Output Rasters
Poverty

‘Geoprocessing

Input vector containing area

at risk from driver Input .

vector o
nput Raster of # Protected

natural forest E‘ Extract by Mask | Areas

areas
Output Natural Forest
within driver area

e Polygon
Input vector of Formula to select to Raster

community forestry natural forest

{current and future) within driver

area and within
CF or within
village buffer

Euclidean

Potential Area suitable
for REDD+ intervention

Potential Area Suitable for REDD+
intervention shaded according to poverty

FINAL REDD+
INTERVENTION
Polygon RASTER
to Raster OUTPUT

The easiest way to add tools to the model is to drag the tool
from ArcToolbox and drop it into the Model Builder window.

a. Search for the Extract by Mask tool (or find it
located in the Spatial Analyst>>
Extraction toolbox)

b. Drag the tool into the model builder window

c. Double-click on the Extract by Mask tool box in
the model builder window to see the tool inputs.

T:ﬁrcToc-Ibox

= a Spatial Analyst Tools

& Conditional

& Density

& Distance

= &g Extraction
‘\ Extract by Attributes
a{% Extract by Circle
'% Extract by Mask
K\ Extract by Points
x\ Extract by Polygon
K\ Extract by Rectangle

Model Edit Insert Wiew

B 5B %2

14
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The Extract by Mask tool opens:

#, Extract by

% Input raster Extract by Mask
® Input raster or feature mask data Extracts the cells of a raster that

corespond to the areas defined
I ll E?] by a mask.

% Output raster

| ok || cancel || apply || <<tiderelp | |  ToolHel

See that the tool requires:

> Aninput raster layer (from which the data are to be extracted): the forest layer

» The Mask dataset (which will be used to clip out the areas within the input raster): the driver
extent

> A name and location for a new output raster

In our example, the input dataset will be a forest layer, the mask will be the driver extent and the
output file will be the forest area within the driver extent.

We immediately find a problem for our planned workflow as our natural forest layer is a vector dataset.
Therefore we have to add a new step to our model, prior to the extract by mask.

d. Click Cancel to close the Extract by Mask tool window

e. Find the Polygon to Raster

}2 Demo Intervention CF to adddress Driver Cassav: En_

Model Edit Insert View Windows Help

Ba @B x|/~ /d BB AN kS P

tool in ArcToolbox

Conversion>>To Raster

toolbox and drag it into the

Model Builder window
above the Extract by Mask
tool

f. Double-click on the

Polygon to Raster tool in

the Model Builder window

15
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> Select the

natural_forest_
mythical vector layer
from the
Mythical_Database.gdb
Choose Nat_Forest for
the value field (The
Nat_forest field in this
dataset contains the
Value 1 for all the
polygons that are

Input Features

I natural_forest_mythical

Value field
Mat_forest

Output Raster Dataset
C:YMODEL_BUILDER_DEMO\Mythical_outputs.gdbnat_for

Cell assignment type (optional)
CELL_CENTER

Priority field (optional)
MNONE

Cellsize (optional)

E 18

Natural forest)

Put the output raster in
Mythical_output.gdb
and call it nat_for. i.e.
C:\MODEL_BUILDER_DEMO\Mythical_outputs.gdb\nat_for
Leave the cell alignment type as CELL_CENTER

” Show Help == ]

Leave the priority field as NONE.

The cell size should be set to the scale at which you want to undertake all the analysis in
your workflow. In this example we chose 30m

Click OK

The model now appears with an input and output for the Polygon to Raster tool
Note how the tool changes so that the tool appears in Yellow, the inputs appear in Blue and
outputs appear in Green in the Model Builder window.

Note: The tool only changes to a colour when all the required parameters (inputs and outputs)
are correctly defined.

Model Edit Insert View Windows Help
BHIKSIY P

e BB x/2~ $EEE

m

The input layer in the Extract by Mask tool is the output from the Polygon to Raster tool, i.e.
in this example nat_for

16



Building spatial workflows in ArcGIS 10.x

h. Click on the
DT e
connect : : _
Model Edit  Inset  View Windows Help
button and drag a BS L+ BB X (S HEBHIRAANS VP
line from nat_for to -
the Extract by Mask
tool.

i. The pop up menu

m

ask what to connect

by Mas] — Output rastes

Input raster P

Input raster or feature ma slﬁ?d ata

nat_for to. Chose
Input raster

Environments »

4

] m Precondition L]

Notice that the model still does not change colour. The tool still requires some inputs.

j- Double-click on the Extract by Mask tool

See that the input raster is already set as nat_for (from the previous step)

» Choose the driver extent as the mask e.g. future_LUP_agriculture_mythical
» Chose a location and name for the output raster e.g.
C:\MODEL_BUILDER_DEMO\Mythical_outputs.gdb\nat_for_in_driver

#, Extract by Mask

Input raster .
| nat_for =] @
Input raster or feature mask data
IC:\MODEL_BUILDER_DEMO\MythicaI_Database.gdb\future_LUP‘_agriculture_mythical ;I @
Qutput raster

C:\MODEL_BUILDER._DEMOWMythical_outputs, gdbnat_for_in_driver @

-

[ ox ” Cancel ” Apply ” Show Help =3 ]

k. Click OK to close the tool
The Extract by Mask tool is now coloured and the first two steps of the tool are now complete.

I. If you'd like to tidy the tool and rearrange them, you can move them using your mouse, or

HE A
use the Auto Layout ®® ':;-'? and Full Extent buttons on the toolbar

17
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j)\-i Demo Intervention CF to adddress Driver Cassava

Model Edit  Insert View Windows Help

/@B x 2 @ERRII AN Ks v P

m. Click the save button to save the model.

Look at your workflow design again to see what the next step is to add to Model Builder. There is a
Euclidean Distance tool on the left. This will generate an output distance raster to the community forest
sites Raster.

Workflow for intervention: SIMPLISTIC HYPOTHETICAL EXAMPLE FOR TECHMICAL DEMONSTRATION Input Values
OF ARCGIS MODEL BUILDER OMLY
= Input Vectors
vector of
Protected TIELEEE
| Areas Input vector of Output Rasters
\ i Geoprocessing
lages FINAL REDD+
INTERVENTION
Polygon
i to Raste Polygon RASTER
Euclidean r to Raster oUTPUT
natural forest

Distaoe 3

within driver
area and within
CF or within
village buffer

Euclidean
Distance

Potential Area Suitable for REDD+
intervention shaded according to poverty

n. Search for the Euclidean Distance tool or find it in in the Spatial Analyst>>Distance toolbox

and drag it into the Model Builder window.
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| 2 Demo Intervention CF to adddress Driver Cassav S

Model  Edit Inset View Windows Help

ES +BRXx 2| BRBNIIAQN KS v P

o. Double-click on the Euclidean Distance tool:

> Choose the Input raster or feature source data to generate distance from (i.e. choose the
vector layer of current and potential community forest sites -
C:\MODEL_BUILDER_DEMO\Mythical_Database.gdb\community_forestry_mythical in
this example).

> Set the name and location of the output distance raster e.g.
C:\MODEL_BUILDER_DEMO\Mythical_outputs.gdb\EucDist_CF

> Leave the Maximum distance blank

> Set the output cell size to be the same as the cell size you chose for the whole workflow
e.g. 30 in this example

> Leave the output direct raster blank

., Euclidean Distance

Input raster or feature source data
IC:"-.LMGDEL_EUILDEF{_DEMG\My’thicaI_Database.gdb\community_forestr],r_m],rthicaI LI @

Cutput distance raster
C:\MODEL_BUILDER._DEMOMythical_outputs.gdb\EucDist CF @

Maximum distance (optional)

Output cell size (optional)

f 30] = @

Qutput direction raster (optional)

-

Apply H Show Help == ]
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The tool becomes coloured except for the direction raster, which we left blank because it was optional.

-}n Demo Intervention CF to adddress Driver Cassav:

Medel Edit Insert View Windows Help

& @B X[ [D @Rl &O KV

Look at your workflow design again to check what the next step is to add to Model Builder. There is a

Euclidean Distance tool on the right. This will generate an output distance to villages raster.

Workflow for intervention: SIMPLISTIC HYPOTHETICAL EXAMPLE FOR TECHMICAL DEMONSTRATION
TFARCGIS MODEL BUILDER OMLY

Input
vector of
Protected

FETE Input vector of

Poverty

Input
vector of

villages

o

Euclidean

Formula to select
natural forest
within driver

area and within

| CFor within
village buffer Output
distance
G J\ o,
Raster

Potential Area Suitable for REDD+
intervention shaded according to poverty

p. Dragin another Euclidean Distance tool and, in the same way as the previous steps, set the

input raster or feature source data as the villages vector layer e.g.

C:\MODEL_BUILDER_DEMO\Mythical_Database.gdb\village_mythical, the output distance

Input Values

Input Vectors

Input Rasters

Output Rasters

Geoprocessing

FINAL REDD+
INTERVENTION
RASTER
OUTPUT

20
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raster to e.g. C:\MODEL_BUILDER_DEMO\Mpythical_outputs.gdb\EucDist_Vill and output
cell size to the analysis cell size e.g. 30 m.

#., Euclidean Distance (2)

Input raster or feature source data
I k::‘-LM ODEL_BUILDER_DEMOMythical_Database.gdb'wvillage_mythical
Qutput distance raster

C:\MODEL _BUILDER_DEMOMythical_outputs.gdb\EucDist Wil

Maximum distance {optional)

Cutput cell size (optional)
130
Output direction raster (optional)

[ ey | [ showrep>> |

g. Click OK and the second Euclidean step is now in the model

§>i Demo Intervention CF to adddress Driver Cassava

Model Edit Insert View Windows Help

S AR X 9 BEBRIELEAN RS 7 P»

Look at your workflow design and see what the next step is to add to Model Builder. In the workflow
diagram there is a Raster Calculator process tool, which will use all the outputs from the Extract by
Mask tool and Euclidean Distance tools to select out natural forest areas within the driver extent within
a specified distance from community forestry sites and villages.

21
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Workflow for intervention: SIMFLISTIC HYPOTHETICAL EXAMPLE FOR TECHMICAL DEMOMSTRATION Input Values
TEARCGIS MODEL BUILDER OMLY
_l Input Vectors
vector of
Protected IS
) = Areas Input vector of Output Rasters
\ Poverty Geoprocessing
FINAL REDD+
INTERVENTIOM
— e lygon
| e Polygon RASTER
Formula to select i 0 to Raster QUTPUT
natural forest 3
within driver
d withi
area an w : in Is Mull OQutput
CF or within
village buffer ¥
28 Raster
3 Output
Areas i
Raster ! outside of
" Calculator Protected
LN Areas Combine

Potential Area suitable
for REDD+ interventi

In the Raster Calculator tool you can type an expression to select out the required areas (See Annex 1,
section A.3.5 for help on the syntax for Raster Calculator tool). Writing a Raster Calculator tool
expression as planned in the workflow is complex, so we will break down this step into multiple steps.

Whilst the workflow is needed to guide us through the analysis, it is common to find that the tool you
planned to use is either not appropriate or the step can be done in a better or simpler way.

So in this case, we will add two raster calculator steps: 1) to select out forests within the driver extent
within 10km of existing and proposed community forestry sites; and 2) to select out forests within the
driver extent within 3 km of villages.

r. Search for the Raster Calculator tool or locate it in the Spatial Analyst>>Map Algebra
Toolbox and drag the Raster Calculator tool into the Model Builder window.
s. Double-click on the Raster Calculator tool and in the white panel (expression box) type:

Con(("%nat_for_in_driver%" == 1) & ("%EucDist_CF%" <= 10000), "%EucDist_CF%", 0)

This means IF cells have a value of 1 in the nat_for_in_driver raster (i.e. forest within the driver extent)
then make the value in the output dataset 1 otherwise make the values in the output dataset 0, AND
IF cells have a value of less than or equal to 10km in the EucDist_CF (i.e. distance to proposed and
existing community forestry sites) make the values the same as the distance value in the EucDist_CF
dataset, otherwise make the values in the output dataset 0. The output is the forest areas within 10km
of proposed and existing community forestry sites.
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"\ Raster Calculator (2) E

Map Algebra expression

Layers and variables

iEInat_For_in_driver @ E]E

= e )le] )]kl
: )]
&% withinZkmyil 0 ]D B

Con{{™nat_for_in_driver%e" == 1) & (™%:EucDist_CF%"<= 10000}, "%:EucDist_CF%", 0)

Output raster
C:\MODEL_BUILDER_DEMOYMythical_outputs.gdbYwithin 10kmCF I}

-

” Apply ” Show Help == l

The model should now look like this:

Demo Intervention CF to adddress Driver Cassava
Medel  Edit Inset View Windows Help

S AR x (o~ (DBEARIIEQN k7P

t. Add another Raster Calculator tool to the model and this time type in the following

expression the expression window type:

Con(("%nat_for_in_driver%" == 1) & ("%EucDist_Vill%" <= 3000), "%EucDist_Vill%", 0)

This means IF cells have a value of 1 in the nat_for_in_driver raster (i.e. forest within the driver extent)
then make the value in the output dataset 1, otherwise make the values in the output dataset 0, AND
IF cells have a value of less than or equal to 3km in the EucDist_Vill (i.e. distance to villages) make the

23
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values the same as the distance value in the EucDist_Vill dataset, otherwise make the values in the
output dataset 0. The output is the forest areas within 3 km of villages.

"5% Raster Calculator (2)

Map Algebra expression

Layers and variables

i‘:'l nat_for_in_driver

i‘:'l nat_for

€5 Euchist_CF

i‘:i Dutput direction raster
&7 EucDist_vil

i':i Qutput direction raster (2)
&5 within 10kmCF

e la] (] enlun)e)
e lied (2l oa]utd
]l
e (e ]2

Conditional
Con
Pick
Sethull

Math

Con{(™%nat_for_in_driver%e” == 1) & ("%EucDist_Vill%:" <= 3000), "YeEucDist_Will%e", 0)

Qutput raster

C:\MODEL_BUILDER_DEMOMythical _outputs, gdbwithin Skmvill

The model should now look like this:

—
Demo Intervention CF to adddress Driver Cassava k
Model  Edit Inset View Windows Help

s 8RB x 9 P @ Rl Q0K P

B

-

][ Apply

] [ Show Help == ]

u. We need another step to combine the results from the Raster Calculator tool outputs
together. So the next step is to add a Boolean And tool (located in the Spatial
Analyst>>Math>>Logical toolbox) to select raster cells that both within 10km of Community

Forest or within 3 km of Villages.
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If both input values are true (non-zero), the output value is 1. If one or both inputs are false
(zero), the output is 0.

Input raster or constant value 1
| within10kmCF

Input raster or constant value 2
| within3kmVill

Output raster
C:\MODEL_BUILDER_DEMOQ\Mythical _outputs.gdb\Boolean_CF_Vil

The model should now look like this:

e T T R —

Model  Edit  Insert View Windows Help
IEEREELEEIRESE I S YA
|

Check the model against the list of datasets we identified at the beginning and the workflow. We can
see that the model matches the workflow but we still need to ‘exclude strictly protected areas’
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Workflow for intervention: SIMFLISTIC HYPOTHETICAL EXAMPLE FOR TECHMICAL DEMONSTRATION Input Valuas
TEARCGIS MODEL BUILDER OMLY
Input Vectors
Input vector containing are::q P
at risk from driver Inputof _
JL \
\ Protected Input Rasters
put Raster of ) ]
at wral forest Extract by Mask < Areas Input vector of Dutput Rasters
S Input
areas JL '.;:-ctl’il' . Poverty Geoprocessing
t tural Fores L \
- Out Iijlt Matural Forest ke \ e —
L il r‘ mn INTERVENTIOM
. Polygon RASTER
¥ Input .ectm Formula to select euclidean Raste to Raster OUTPUT
¥ co ymmunity forest natural forest tance 5
aliv
-Lunent and futy within driver "‘5._
area and within L
L 4 IL'F DII""thiI"I — Output
I Euclidea vi Iage-l.Juf’er t Poverty
Distancy . - ! Raster
i llage Output
ot X8
. g Raster i outside of
Output distan .
W""‘ CF Rastd Calculator Protected
- o - ' Areas Combine

Potential Area suitable
for REDD+ intervention

The protected areas

Py to Raster
are a vector layer so - Polygon to

add a POlygon to Input Features

|PA_mythical = @
Raster tool to

Value field
Model Builder. -

Cutput Raster Dataset

C:'workspace wietnam'\FOR_PARTIPANTSMODEL_BUILDER_DEMO\Mythical_Database.gdb\PA_mythical_Polygr @

The model should Cell assignment type (optional) -

now look like this: ok [ cancel |[  appy ][ Showhep>> |

'+, Cwme Tt untion CF o adddeen Diver Co

Mode Bl Jrawml Vi Wndows  Hudp

A dimx 0 RGN D kS

@ =

{/ “:..';‘.:...

e
o —y
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Now we want to select areas that are not under strict protection, so we will use the Is Null tool to

create a Not Protected Layer. The Is Null tool returns a value of 1 if the input Value is No Data and a

value of O for cells that are not No

Data.

v. Search for the Is Null tool
(or find it located in the
Spatial Analyst>>Math>>
Logical toolbox) to the
model builder window.

Input raster

I PA Raster ;I @

Output raster
C:\MODEL_BUILDER _DEMOYWMythical_outputs.qdb\PA_Raster_1 0

The model should now look something like this:

— —
- Demo Intervention CF to adddress Driver Cassav:

Model Edit Insert View Windows Help

S AR X 20 P EBRNIIAQNI RS Y P

w. We use another Boolean
And tool to select only
those areas that are
within 10 km of potential
or current community
forest sites and within
3km of villages that not in
protected areas.

Input raster or constant value 1

-
[ Boolean_CF_vill =] @
Input raster or constant value 2
| PA_Raster 1 0 =l @
Output raster

C:\MODEL _BUILDER._DEMO\Mythical_outputs. gdb\Boolean_CF_Vill_Not_PA @

-

(o< J[ concel J[ ooy [ showriep>> |
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The model should now look like this:

Model

[=] De::o[nmwenﬁo:CF to adddress Driver Cassava x EnL

Edit Insert View Windows Help

HS BB x| 2P REGU AN KNSV

m

m »

There is one last step in the original workflow, which is to classify the areas selected so that areas can

be prioritized based on poverty. This will address one of the possible additional benefits of REDD+:

Workflow for intervention: SIMPLISTIC HYPOTHETICAL EXAMPLE FOR TECHMICAL DEMOMSTRATICN Input Values
TOE ARCGIS MODEL BUILDER OMLY
ﬂ Input Vectors
' ] OuiputVector

Input Rasters
Dutput Rasters
Geoprocessing

FINAL REDD+
INTERVENTION
RASTER
OUTPUT

Potential Area Suit ible for REDD+
intervention shaded acc wding to por erty
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X.

By default all the layers except for the last output
layer are set as Intermediate, so output dataset are
not automatically added to ArcMap

Y.

Z.

The model is now ready to test.

Add a Polygon to Raster tool to the Model and a Combine tool to overlay the Potential Area

suitable for REDD+ Intervention with the Poverty Layer

The model should now look like this:

"4 Demo Intervention CF to adddress Driver Cassava

Model Edit Insert View Windows Help

& @R x|/ BRRHEAN kS P

direction
raster

B
Raster
Calculztor

Right-click on each of the green output layers

» Click on Intermediate to untick it

» Click on Add To Display (so that when the tool
is run the output is added to ArcMap)

Click Save.

4.1.6. Testing and modifying the model

Open...
Model Parameter
Managed

|v| AddToDisplay |

Intermediate

Create Label

View Messages...

% Cut

From the Model Builder window Click on Model>>Validate entire model or the validate |7

button

Click Model>>Run entire model or click on run b button.

Make sure the Close this dialog when completed successfully box is unticked so that you can

check the window has not reported any errors and that you can see how long the tool took to

run.

As it is running through the model, Model Builder highlights each tool in red as it is processing it. Once
a step in the model has successfully run, it highlights the step by putting a grey shadow around the
tool. That way, if the model fails at any point you can easily see which tool it stopped on, as well as
looking at the error messages in the tool window.
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d. If the model runs it will display . _
. Demo Intervention CF to adddress Driver Cassava - -
‘Completed’ and will say ‘Succeeded at ...’ L =
iving th t date and time ( "
iving the current date and time (see
BvIne I
right). Corpteted |
e. Click Close to close the model window |
once the Workﬂow has C0mp|eted. [7] Close this dialog when completed successfully I
\MODEL,_BUTLDER_DEMO\Mythical outpats.gdb i
) “Boolean CF_Vill_Not_PBA
If the model fails you can choose to run the model Start Time: Mon Nov 16 02:14:35 2015
. . Succeeded at Mon Nov 16 02:14:41 2015
from the point at which the model stopped by (Elapsed Time: 1.72 ssconds) a

right-clicking on each individual tool step within
the Model Builder window and clicking run.

***|t is VERY IMPORTANT to check the outputs of the Model, to make sure that there were no
errors in the set-up. Just because it has run, does not mean that it has run correctly to your
design***

For example, in our demonstration model the outputs are below:

» The output of Step 1 is a natural forest raster layer (green). We can see it correctly covers the
full extent of the district and there are white areas of No Data where there is no natural forest.

Table Of Contents " x
888E
=] district -
(]
El=

[ future LUP_agricutture

o N
mt

[ Boolean_CF_Vill_Not_PA
Boolean_CF_Vil

PA Raster 1.0

[ within3kmVill

[ PARaster

[ within1OkmCF

[ Distance from Villages Raster

O nat_for_in_driver 1
[ Interventions Areas (PA's excluded) |
O not.PA

[ PARaster

[ withinBothBuffers
within_3km_of_villages
within_10km_of_CF

[ Forest within Driver extent

0 nat_for

] . Distrance from ExlStm:/EO(EHUE‘ CFsi

» The output of Step 2 is the natural forest within the driver extent. We can see it correctly covers
the full extent of the driver areas and there are white areas of No Data where there is no natural

forest.
Table Of Contents ax
BEELE
=] district i
O
= 0 PaA

future_LUP_agriculture

& @ EETTTTE
.1

£ O nat_for
(=11 L
[ Boolezn_CF_Vill_Not_ PA
[ Boolean_CF_Vill
[ PARaster 1.0
O withinkmVill
[ PA Raster
withind0kmCF
Distance from Villages Raster
[ nat_for_in_driver
[ Interventions Areas (PA's excluded)
O netPA
[ PA Raster
[ withinBothBuffers
[ within_3km_of villages
[ within_10km_of_CF
[ nat_for 4

m
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» The output of Step 3 is the Euclidean distance from community forestry areas. We can see that

it has not done it correctly. It only covers the extent of the community forestry shapefile. We

wanted it to cover the full extent of the district.

Table Of Contents

BEEECE

= @ EucDist_CF

I 9,243.157618
N 12,324.21017
I 15,405.26271
I 18,486.31524
W 21,567.36778

[ nat_for

TYPE

= O nat_for_in_driver

[0 - 3,081.052539
[ 3,081.05254 - 6,162.105078
I 6,162.105079 -
-12,324.21016
- 15,405.2627

- 18,486.31523
- 21,567 36777
- 24,648 42031
B 24,648.42032 -
B 27,729.47286 -

9,243.157617

27,7129.47285
30,810.52539

= O future_LUP_agriculture

» The output of Step 3 is the Euclidean distance from villages. We can again see that it has not

done it correctly. It only covers the extent of the villages shapefile. We wanted it to cover the
full extent of the district.

Table Of Contents

&8 &8I

village
= EucDist_Vill
[0 - 2,891.976563

[ 2,891.976564 - 5,783.953125
[ 5,783.953126 - B,675.929683
[ 8,675.929689 - 11,567.90625
I 11,567.90626 - 14,459.88281
I 14,459.88282 - 17,351.85938
I 17,351.85939 - 20,243,83594
[ 20,243.83595 - 23,135.8125

N 23,135.81251 - 26,027.78906
W 26,027.78307 - 28,919.76563

O Communes - Population density

[0 Communes - Poverty

[ Boolean_CF_Vill_Mot_PA

10

m

So we need to edit the
model to make sure that
during each step ArcGIS
is processing data for
the right extent (see
next step).
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If you have closed your model, right-click on the model

Cut
and click Edit to open it again b
Efl Copy
Past
In a blank area of the model, right-click>>Create % aEe
Variable X Delete
Select All

Scroll down and click on Extent Create Variabl Add Data or Tool...

I| Create Yariable... [}J

Create Label

e

Select the var

Double-click on the Extent circle and
pick the Same as district layer to define

— Maodel Only Teols .
the extent p—y

Envelope Iterators ,

Evaluation S5 Di B =

iagram Properties...

Extract Value Display Properties...

Feature Clas

Feature Datz Model Properties...

Feature Laye

Feature Set |

[ Multivalue

-
Extent
Same as layer district v] @
Top
8259801,058600
Left Right
-22096452,991300 -2133497, 299100
Bottom
2070816,103300

oK | [ Cancel H Apply ][ Show Help ==

Click OK and the Extent variable
turns light blue

Use the connector tool to connect .
the variable to the Euclidean
distance tool, and choose the

Environments>>Extent setting

=
Environments  »

Precondition

To ensure the extent is correct for

all the steps in the analysis, water
connect the extent variable to all

the steps in the tool as done in

step k.
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The model now looks messy but at least we can be sure that the full extent is being considered in each

of the steps:

[+ Demo Intervention CF to adddress D Cassavs

Model Edit Insert View Windows Help

S EERx S am@iil RO k&P

There are two other variables that can be added:

m. Create Variable as above, and this time select
the cell size (see right)

n. Use the connector tool to connect the variable
to the all the tools in the model builder and
connect it to the Environments>>cell size
setting

&3 Cell Size

Cell Size

30

Apply | [ showhep > |

Select the variable data type.

ArcMap Document
Areal unit

Boolean

CAD Drawing Dataset
Calculator Expression

CEEIE Root

Cell Size XY
Composite Layer

Multivalue
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0. Another way to add the Environment variable is to right-click on the Extract by Mask tool
and click >>Make variable >> From Environment>>Processing Extent >>Snap Raster

Demo Intervention CF to Iress Driver Ca: =N
Model Edit Insert View Windows Help
S ¢ABx2> [ EERHAO kS P
® -
)
|
Open...
Edit...
Run | TR, - 3
Make Variable From Parameter » Cartography »
° Create Label From Environment  » Coverage »
View Messages... o Fields »
% Cut Geodatabase Advanced »
B Copy Geodatabase »
"l % Delete Geostatistical Analysis »
Rename... M Values » a
Plie=ill :‘ Switch To Picture Symbol CutputEocdinae 4
._._'H Display Properties... Parallel Processing »
. Processing Extent 3
=4 Piﬂpfmesm Random Mumbers b
£ Raster Analysis 3
iR Raster Storage 3
Terrain Dataset »
TIN 3
Workspace 3
XY Resolution and Tolerance  » 2
1 i +
alua -

ﬂ Snap Raster

p. Setthe Snap Raster Snap Raster

to be the nat_for [ nat_for

layer.

This is to ensure all the cells
in the output layer align
with the nat_for layer.

g. Use the connect tool to connect this Snap Raster to all the other raster tools
environment>>Snap Raster
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The model should now look similar to the one below:

—
[j}a Dem|Intervention CF to adddress Driver Cassay; o e e

|
(| Model Edit Insert View Windows Help

HS IR x| RERILAN KNS P

r. Click on Model>>Validate Model
s. Click on Model >>Run Entire Model

Now check the results again. You should see that the output at each of the steps covers the
correct extent.

See that both distance to villages and to community forestry layers are now covering the full extent.

Table Of Contents I x Table Of Contents 1 X
g8 BGEIHE
O landuse_mythical - = communiy_forestry -

village
=] EucDist_Vill
[0 - 2,891.976563
[ 2,891 976564 - 5,783.953125
[ 5,783.953126 - 8,675.929688
I 8,675.929689 - 11,567.90625
[ 11,567.90626 - 14,459.88281
[ 14,450.882487 - 17,351.85938
[ 17,351.85939 - 20,243.83594
I 20,243.83595 - 23,135,815
W 23,135.81251 - 26,027.78906
[ 26,027.78907 - 28,919.76563
[0 Communes - Population density
O Communes - Poverty

m

A
=R EucDist_CF

[J0-2,081.052539
[T 3,081.05254 - 6,162.105078
[ 6,162,105079 - 9,243.157617
I 9.242.157618 - 12,324.21016
I 12,324.21017 - 15,405.2627
[ 15,405.26271 - 18,486.31523
[ 18,486.31524 - 21,567.36777
W 21,567 36778 - 24,648.42031
W 24,648.42032 - 27,729.47285
W 27,729.47286 - 30,810.52539
O lakes_rivers
O roads

m
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If we look at the final layer, we can see that the red areas are the areas that have been selected as
areas within natural forest, that are within 10km of existing or proposed community forestry sites. The
black areas are the natural forest areas that have been excluded. Note also that there are no sites

selected within protected areas.

Table Of Contents 1 x
lakes_rivers -
roads
hydrobasins I}

natural_forest_mythical
landuse_mythical

village

Communes - Population density

m

Communes - Poverty
district
|
= PA
future_LUP_agriculture
= O X3

/|1
= Boolean_CF_Vill_Mot_PA
|
-1

DEEHBEHBEERE
ROO0O0O0O0ood

And if we look at the final combined layer we can shade the areas by poverty class. You will see that

the poverty class has values of 1-6.

t. Right-click on the combined raster e.g. Boolean_CF_Vill_Not_PA_POV in this example and

click Open the attribute table

= Boolean_CF Vill_Mot_PA @

Copy B e, > il

-l * Remove I 3
m: e
13 | E Open Attribute Table k
i Joins and Relates
[k L Open Attribute Table

£* Zoom To Layer _ _
] Open this layer's attribute table,

Boolean_CF_Will_Mot_P&_POV ]

Tahle % O x
Boolean_CF_Vill_Mot_P4&_POV x
OBJECTID® | Value | CGount Boolean CF_Vill_ pov_raster
2 1 1| 743581 1] 1
2 2 | 247117 1] 2
3 3 42324 1 1
4 4 [ 579278 i] 3
5 5 320583 1 2
5] 5] 27307 1 3
4 4 1+ M &= | (0 out of 6 Selected)
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See that the VALUE is a new unique ID that has been given each unique combination of input layers.
See that the two additional fields are the names of the two input layers in the Combine.
Boolean_CF_Vill_ and pov_raster values.

Note also that the Boolean_CF_Vill_ should logically have been Boolean_CF_Vill_Not_PA_POV
but ArcGIS had truncated the name as it was too long for a field name.

If we want to shade the areas that were selected as suitable for the intervention, by poverty class, we
need to add a new field.

u. Click on Table>>Add Field

Table

ENERL L EEE

B8 Find and Replace...

B Select By Attributes... polean CF_Vill_ pov_raster
o 0 1
edr selection 0 2
Eﬂ Switch Selection 1 1
0 3
[f] Select Al r >
i 1 3
| AddField... N |
Turn All Fields On K
Show Field Aliaces [fuld Field

Arrange Tables Adds a new field to the table.

v. Add a field which will contain the Intervention Area classified by poverty class

Type: [ Long Integer

Field Properties

Alias
Allow HULL Values
Default Value

w. Click on the Table menu >>Select by Attribute

37



Building spatial workflows in ArcGIS 10.x

> Double-click on SelecthyAttributes— =)

Boolea n_CF_VI"_ to Enter a WHERE clause to select records in the table window.
bring it down into the
. Method : lCreate a new selection v]
white SELECT panel =
. OBJECTID Al
» Clickon = Vialus =
> Click on Get Unique Count 3
Values and double- Boolean_CF_Wl_
pov_raster -
clickon 1
L= s> [te] 0
1
The expression in the L> J[>=])[4d]
select window should read L < |[<=]] 0]
Boolean_CF_Vill_=1 [:] m m

» Click Appl
PPl Get Unigue Values | Go Ta:

SELECT = FROM VAT _Boolean_CF_Vill_Mot_PA_POV WHERE:
Boolean_CF_Will_=1 -

-

Clear ][ Verify ][ Help ][ Load. .. ][ Save... ]

LDrﬂppb' |[ Cose |

The selected records will be highlighted in blue:

Table Dg O x
FERAE— R A1 U EE
Boolean_CF_Vill_Mot_PA_POV 4
OBJECTID * Value | Count Boolean CF_Vill_ pov_raster CF_INT_POV
1 1| 743581 0 1 [ <MNull=
2 2 | 247117 0 2 | <Null=
3 3| 42324 1 1 [ <MNul=
3 4 4 | 579278 0 3 [ «Nuli=
5 5| 32053 1 2 [ <Null=
5} 8| 27307 1 3 | <Null=
T 4 » » E (3 out of 6 Selected)

l?EooIean CFWill Mot PA PO‘M"E]

x. Right-click on the new field CF_INT_POV and click >>Field Calculator
y. Double-click on pov_raster to transfer the pov_raster values into the new field for the
selected records.
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Parser
“ (@) VB Script (7 Python
Fields: Type: Functions:

OBIECTID " @ Number Abs ()
Atn ()
Value - Cos ()
Count () String Exp ()
Boolean_CF_Vil_ ) Date Fise )
pov_raster i”t {{ ]}
CF_INT_POV S?r?{ )
Sar ()
Tan( )

[7] show Codeblodk E] E] E]

CF_INT_POV =
[pov_raster]| -

About calculating fields

z. From the Table Menu>>Clear Selection, and close the table

Now you can shade the map on the CF_INT_POV field.

@ L] naturalforest_mythical
[ landuse_mythical
O village
O Communes - Population density
O Communes - Poverty
= district
O
= PA
future_LUP_agriculture
o
CF_INT_POV
[11 (low poverty)) L
[P
M 2 (high poverty)
[0 Boclean_CF_Vill_Mot_PA
= Forest within Driver extent
1

m
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4.1.7. Enabling User Selection of Parameters
a. The model that you create using Model Builder can be run like any other tool from ArcToolbox.
If you double-click on the tool it will bring up the following window.

s Demo Interventio ESSE

This tool has no parameters.

-

i[ Cancel ][Envirorwents...][ Show Help =» ]

b. Click OK and the model will run.

To make the tool more useful, you can allow a user to enter their own parameters so they can use the
tool with their own data.

c. Right-click>>Edit to edit your model, then right-click on one of your input datasets e.g.
natural_forest_mythical and click Model Parameter
d. Click Save and close your model.

Open...

. Model Parameter 1

._[ Add To Display

Create Label

View Messages...
Cut

Copy
Delete

X [ o

Rename...
Switch Te Picture Symbol
Display Properties...

[ Properties..
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e. Double-click on your

model and see that 4 Deme Intervention CF to

the user is now able notuwal,_forest, prythica

to select their own | CAMODEL_BUILDER_DEMO\Mythical_Database.gdb\natural forest_mythical |

data for the natural
forest layer.

] [ Cancel ] [Environments...] [ Show Help ==

f. The inputs appear in the order you made them a parameter.

If you set all your inputs as parameters (including the Extent, Cell Size and Snap Raster
variables) your tool will look something like this:

E Demo Intervention CF to adddress Dnver Cazzava

| natural_forest_mythical i
| IC:\MGDEL_EUILDER_DEMC}"\Mythical_Database.gdb"maturaI_fcrrest_mythical ;I @
future_LUP_agriculture_mythical
IC:XMGDEL_EUILDER_DEMC}\Mythical_Database.gdb\future_LUP_agriculture_m},-'thical ;I @
community_forestry_mythical
IC:\MODEL_EUILDER_DEMO\Mythical_[}atabase.gdb‘acommunit_',r_forestr}r_mythicaI ;I @
village_mythical
IC:\MGDEL_BUILDER_DEMC}‘\Mythical_Database.gdb‘willage_mythical LI @
PA_mythical
| C:\MODEL_BUILDER_DEMO\Mythical_Database.gdb\PA_mythical | @
Extent
|iis Specified Below | @
Top
8259801.063600
Left Right
-2296462,991300 -2133497,299100
Bottom

B8070516,103300
Cell Size
| s Specified Below - @

30
Snap Raster

I nat_for ;I @

[ Ok ] ’ Cancel ] [Environments... ] [ Show Help = ]
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4.1.8. Symbology
When the output of the tool is added to the Table of Contents, the Symbology of the layer changes
each time. You can pre-set the Symbology for your results. In your model, right-click on the Output
Feature Class and select Properties. In the Layer Symbology tab, you can assign a Layer File to
determine the Symbology.

4.1.9. Documenting the model
It is important to have metadata for your tool, both for future reference and to facilitate sharing with
your colleagues and others. To fill this in, right-click on your model, select Item Description >>Edit and
fill in as much information as you want.

5. Sharing an ArcGIS Model with other users
The easiest way to share a tool you have created is to simply copy the toolbox using Windows Explorer,
in the same way as you would any other file.

%Nar‘ne

-

| Mythical_Database.gdb

- Mythical_outputs.gdb
% DemoToolboth
@ Mythical_Meodelbuilder_10_0.mzd
@ Mythical_Medelbuilder 10_2..mzxd

If you want to share the data as well as the tool, you can zip up the entire folder, or In ArcMap create a
Geoprocessing Package. To do this browse to Geoprocessing >>Results. Expand the current session,
right-click on one of your results >>Share As>>Geoprocessing Package.

Browse through the different sections and fill in where required. When this is complete, click Analyze
on the toolbar to analyse your tool for any errors. If there are no errors, click Share, and your
Geoprocessing Package will be ready to be distributed to your colleagues!

More information can be found here:
http://resources.arcgis.com/en/help/main/10.2/index.html#/What is a geoprocessing package/005
70000004p000000/
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6. Fixing a broken model

J%

If you see a broken link in a model r1 , it means that ArcGIS cannot find at least one of the tools
that the model uses. This can be fixed by pointing the model to the right files.

a. Right-click>>edit the model
See that the broken parts of the tool are flagged with a P

-: INPUT
broken tool symbol DATASET

b. To fix the broken link, double-click on one of
the broken tools within the model builder
window and navigate to the location of the
tool.

=
®y

%

Tool 10:
Add_and
Calculate
Field (2)

Tool 10:
Add and

_Calculat -~
eField (3)

Look in: [E Core Raster Analysis Toolset "] & | e~ | 4 B | Bl G Ep

Marne Type i

:D“Tool 09a:Apply IPCC Tropical root_to_shoot_ratics  Toolbox Tool
:D“Tool 08b:Apply IPCC Subtropical reot_to_shoot_r.. Toolbox Tool

== Tool 10: Add_and_CalculateField Toolbox Tool E|
:D“Tool 11: CreateRasterFromRasterfttribute_new Teolbox Tool

:D“Tool 12: set 0 to Mo Data Teolbox Tool

gl'i' Tool13:CalculateCarbonAttributesCnly Teolbox Tool

:D“Tool 14: ConvertToFloatingPointRasterfromAttrib... Toolbox Tool

@ Tral 15 Encal Eunctinn #n fill 0 waliee Tanlhaw Tanl i
1 | 1 | 3

Tool 10: Add_and_CalculateField

Show of type: |10l

c. Click Add to add the tool.

d. Click Save to save the tool. Close Model Builder and see that the ;’E .has disappeared.

Some custom tools break when ArcGlS versions change, usually because a geoprocessing tool has
changed or works slightly differently to the old version. In these instances it may be necessary to select
and delete that step in the Model Builder window and drag in a new version of the tool.
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A Annex 1: Guidance notes on raster analysis and geoprocessing tools
in ArcGIS

A.1.Vector vs raster

A.1.1. Differences between vector and raster datasets
Data can be divided into two broad types: discrete data, which represents objects and can be stored
either as vector features or as raster, and continuous data, which are usually (and best) stored in raster
data formats.

With discrete data, there is a clear starting point and ending point. It is easy to define the boundary of
the object - a lake, for example, is a discrete object as its boundary can be definitively established. Other
examples of discrete objects include administrative units (i.e. boundaries defining a region or country)
or boundaries between different land-cover classes. Cells belonging to each discrete object are given
the same values and are stored as Integers. Integer rasters cannot store decimal places. Discrete data
are sometimes called categorical data.

With Continuous data, values change smoothly across a landscape or surface and there are no discrete
class breaks. Cells have individual values, with neighbouring cells often being different from each other,
but having a relationship between each other. Examples of continuous data include elevation, slope
and aspect, or data such as Normalized Difference Vegetation Index (NDVI) from a remotely sensed
image. The numeric cell values can be either be stored as integer or floating-point rasters. Floating-
point rasters are necessary for storing continuous data which have value attributes containing decimal
places.

The table below summarises some of the differences between vector and raster data

Vector data

Raster data

Points, lines, polygons

Surface of regular sized grid cells or pixels

Storing discrete data e.g. data with discrete
boundaries such as country boundaries, roads,
streets, location of a place.

Raster cells storing either discrete data e.g. classified
landcover data or continuous data e.g. elevation or
satellite imagery. Raster data are especially suited to
continuous data.

Complex spatial relationships can exist within and
between vector layers. Topology rules can be set up
(i.e. relationships between adjacent or neighbouring
features) such that they do not overlap.

Spatial relationships are based on the location, size
and alignment of the cells/pixels only.

Vector data have attribute tables. For each feature (in
singlepart datasets) or group of features (in multipart
datasets), fields can be added to store additional

information about the polygon(s), point(s) and line(s)

For integer rasters, cell values may be stored in
summary tables known as Value Attribute Tables
(VATSs). Additional information can be stored in fields
for groups of cells with the same value. Attributes
cannot be added to individual cells/pixels.

Note: ArcGlIS software can create and see raster
attribute tables but most other GIS software (e.g.
QGIS) do not recognize tables for raster data.

Important note: Floating point rasters do not have
attribute tables. The workaround to create an Integer
raster from a floating point raster, without the data
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values being generalized, is described in the Exploring
Multiple Benefits toolbox manual, which can be
accessed at: http://bit.ly/GIStools-redd

Extreme care must be taken with this workaround as
it involves multiplying values by 100 to allow
conversion to an integer grid (thus preventing loss of
information after the decimal point). A field showing
these values will need to be subsequently divided by
100 to restore the true values.

Query, select and overlay analysis is possible. Overlay
of too many datasets can result in small sliver
polygons where boundaries do not exactly match. This
tends to slow down analyses or when severe, can

As well as query, select and overlay analysis, there are
many analyses better suited or only possible with
raster data. Data are transformed to a consistent cell
resolution to perform analyses, allowing quick and

cause analyses to fail when combined data become
too large for processing.

efficient analysis of multiple datasets.

A.1.2. Vector vs raster analysis
Many analyses are better suited or only possible with raster data. You can create, query, map, and
analyse data with both vector and raster data. However, vector analysis only allows you to undertake
some simple overlay operations compared to some of the more complex multi-criteria analyses options
that are available with rasters. Raster analysis functions also allow you to do integrated raster and
vector analysis, derive new information from existing data and run multi-criteria analysis queries across
numerous data layers.

Table 2 provides a brief overview of some of the common vector and raster functions. This will help
identify and locate raster functions that are equivalent/similar to vector functions. There may also be
other functions that perform similar tasks which are not listed. It is important to read the help for the
individual tools as the table gives only a general indication of the function of the different tools listed.
Individual tools may perform slightly differently. The descriptions and tool names are mainly based on
information in the ArcGIS and QGIS Processing toolboxes. In ArcGIS from the main menu click on Help
>>ArcGIS Desktop Help or access Help Information held within the individual tools in ArcGIS toolbox.
In QGIS see the QGIS user guide accessible from the main menu Help>>Tool or by clicking on the Help
button on an individual tool dialogue window. Note that in QGIS help within the individual tools is not
always present and you will see the message “Sorry, no help is available for this algorithm”.
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Table 2: Brief overview of some of the common vector and raster functions

Extraction tools

Example Vector Tools

Example Raster Tools

Structured Query Language (SQL).
QGIS uses it’'s own expressions which
are documented in the user guide
https://docs.qgis.org/2.14/en/docs/us
er_manual/working with vector/expr

ession.html

Raster: Extracts the cells of a raster
based on a logical query. Again ArcGIS
and QGIS differ in their syntax. In QGIS
syntax may also differ dependant
upon whether a QGIS, GDAL, SAGA or
GRASS.

Select by expression (QGIS)
v. extract (GRASS)

ArcGIS QGIS ArcGIS QGIS
Vector: Extracts input features that Clip Clip (QGIS) Extract by Mask Clip raster by extent (GDAL)
fall within the boundaries of the clip Clip vectors by extent (OGR) Extract by polygon | Clip raster by mask layer (GDAL)
features. Features that fall partially . . )
within clip layer feature(s) are split Clip vectors by polygon (OGR) Extract by Rectangle | Clip raster with polygon (SAGA)
along the boundary of the clip layer Clip points with polygons (SAGA) Extract by circle
feature(s). Cut vector layer (SAGA)
Raster: Extracts the cells of a raster lay (GRASS)

v.overla

that correspond to the areas defined v
by a mask, polygon, within a circular v.select (GRASS)
radius or bounding box (extent).
Vector: Extracts features / table Select Select by attribute (QGIS) Extract by Attribute |Add raster values to points (SAGA)
records using expressions. ArcGIS uses Table Select Select by attribute sum (QGIS) Add raster values to features (SAGA)

Raster values to points (SAGA)

Raster values to features (SAGA)
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Extraction tools

Example Vector Tools

Example Raster Tools

ArcGIS

QGIS

ArcGIS

QGIS

Vector: Splitting the Input Features to
create subset of multiple output
layers from a split layer.

Raster: Creates a tiled output from an
input raster dataset.

Split

Split vector layer (QGIS)

Split Raster tool

Gdal2tiles (GDAL)

Vector: Selects features in a layer Select layer by Location | Extract by location(QGIS) N/A N/A
based on their relationship to features
in another layer
Proximity tools Example Vector Tools Example Raster Tools
ArcGIS QGIS ArcGIS QGIS
See summary here:- Buffer Fixed distance buffer (QGIS) Euclidean Distance | Proximity (raster distance) (GDAL)
http://resources.arcgis.com/EN/HEL Multiple Ring Fixed distance buffer (SAGA) Cost distance r.grow.distance (GRASS)
P/MAIN/10.1/index.html#//018p000 ) ) )
00007000000 Buffer Variable distance buffer (QGIS) Path distance r.grow (GRASS)
Variable distance buffer (SAGA) r.cost (GRASS)

Vector: Straight line distance tools to
create buffers at specified distances
Raster: Various distance tools that
do more than straight line distance
e.g. to take into account of elevation
etc.

v.buffer.distance (GRASS)
v.distance (GRASS)

v.distance.toattr (GRASS)

r.cost.full (GRASS)
r.cost.full.raster (GRASS)
r.spreadpath (GRASS)
Least cost paths (SAGA)

Accumulated cost (anisotrophic)
(SAGA)
Accumulated cost (isotrophic)

(SAGA)
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Proximity tools

Example Vector Tools

Example Raster Tools

ArcGIS QGIS ArcGIS QGIS

Vector: Each Thiessen polygon CreateThiessen Voronoi polygons (QGIS) Euclidean r.grow.distance (GRASS)

contains only a single point input polygons v.voronoi (GRASS) allocation

feature. Any location within a

Thiessen polygon is closer to its

associated point than to any other

point input feature.

Raster: divides an area up and

allocates each cell to the nearest

input feature that has a value.

Statistics tools Example Vector Tools Example Raster Tools

ArcGIS QGIS ArcGIS QGIS

Vector: Creates a table with statistics | Polygon Neighbours NNjoin (QGIS plugin) Neighbourhood Raster layer statistics (QGIS)

based on polygon contiguity
(overlaps, coincident edges, or
nodes).

Raster: Calculates for each input cell
location, a statistic of the values
within a specified neighbourhood
around it.

toolbox: Focal

Statistics tool

Reads a table and a set of fields and
creates a new table containing
unique field values and the number
of occurrences of each unique field
value.

Frequency

Frequency Analysis (QGIS)

For Integer rasters
the value attribute
table is similar to a
frequency table in
that it contains the
unique field values
and the count of
the number of cells

Unique values count (SCRIPT)
Extract raster values to CSV (SCRIPT)
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Statistics tools

Example Vector Tools

Example Raster Tools

ArcGIS QGIS ArcGIS QGIS

Calculates summary statistics for Summary Statistics Basic Statistics for numeric fields N/A N/A
field(s) in a table (QGIS)

Basic statistics for text fields

(QGIS)

Statistcs by Categories (QGIS)
Calculates statistics on values of a N/A N/A Zonal statistics r.stats (GRASS)
raster within the zones of another tool, Zonal r.univar (GRASS)
dataset.

statistics as table r.statistics (GRASS)
Summarizes the values of a raster tool Zonal raster statistics (SAGA)
within the zones of another dataset Zonal Statistics (QGIS)
and reports the results to a table L
Raster statistics for polygons (SAGA)

Calculates cross-tabulated areas N/A N/A Tabulate Areas Cross-Classification and Tabulation
between two datasets and outputs a (SAGA)
table.
Calculates a per-cell statistic from N/A N/A Cell statistics Statistics for rasters (SAGA)

multiple rasters.

The available statistics are Majority,
Maximum, Mean, Median,
Minimum, Minority, Range, Standard
Deviation, Sum, and Variety.

r.report (GRASS)
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Overlay tools

Example Vector Tools

Example Raster Tools

ArcGIS QGIS ArcGIS QGIS
Vector: Union tool - All features and | Union Union (QGIS) Combine r.cross (GRASS)
their attributes will be written to the Identity Polygon identity (SAGA) (Note: any cells in Cross-classification and tabulation
output layer. Identity tool - The input the input rasters that

Intersect Intersect (SAGA) (SAGA)

features or portions thereof that
overlap identity features will get the
attributes of those identity features.
Intersect tool - Features or portions of
features which overlap in all layers
and/or feature classes will be written
to the output layer.

Raster: Combines multiple rasters so
that a unique output value is assigned
to each unique combination of input
values.

Note: Also see Multicriteria analysis
tools which are listed separately in
this table under the Raster only tools.

Intersection (QGIS)
v.overlay (GRASS)
v.patch (GRASS)

have No Data will be
excluded from the
output raster even if
those cells contain
data in some of the
input rasters)

Vector: Computes a geometric
intersection of the Input Features and
Update Features. Attributes and
geometry are updated by the update
features in the output layer.

Raster: Mosaics multiple raster
datasets into a new raster dataset.

Update

Polygon update (QGIS)

Mosaic to New

Raster

Mosaic raster layers (SAGA)
r.patch (GRASS)
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Raster only tools

Example Raster Tools

ArcGIS

QGIS

Multicriteria Analysis tools:
Overlay analysis tools allow you to
apply weights to several inputs and
combine them into a single output.
The most common application is for
suitability modelling.

Fuzzy Membership

Transforms the input raster into a 0 to 1 scale, indicating
the strength of a membership in a set, based on a specified
fuzzification algorithm.

Fuzzy Overlay

Combine fuzzy membership rasters data together, based
on selected overlay type.
Weighted Overlay

Overlays several rasters using a common measurement
scale and weights each according to its importance.
Weighted Sum

Overlays several rasters, multiplying each by their given
weight and summing them together.

For more detail see the Help pages:-
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.h

Fuzzify (SAGA)

Translates grid values into fuzzy set membership as preparation
for fuzzy logic analysis.
Fuzzy union (or) (SAGA)

Calculates the union (max operator) for each grid cell of the
selected grids.
Fuzzy Intersection (and)

Calculates the intersection (min operator) for each grid cell of
the selected grids.
Ordered weighted averaging (SAGA)

Overlays several rasters using a common measurement scale
and weights each according to its importance.

See the help for the Grid Calculus tools in SAGA:
http://www.saga-
gis.org/saga tool doc/3.0.0/grid calculus.html

tml#/An_overview of the Overlay tools/009z2000000rmO
00000/

and this article on Fuzzy logic:

http://www.esri.com/news/arcuser/0410/fuzzylogic.html

and the grid analysis tools:
http://www.saga-
gis.org/saga tool doc/3.0.0/grid analysis.html

Conditional evaluation:

Performs a conditional if/else
evaluation on each of the input cells
of an input raster. For example if a
value is > x then do this or if it isn’t, do
something else

Con tool

(function can also be performed in the raster calculator)

Function can only be performed in the raster calculator

See http://gis.stackexchange.com/questions/69734/what-is-
the-equivalent-of-arcpy-con-in-qgis-and-or-r-raster-package
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Raster only tools

Example Raster Tools

ArcGIS

QGIS

Set Null tool sets identified cell
locations to No Data based on a
specified criteria. It returns No Data if
a conditional evaluation is true, and
returns the value specified by another
raster if it is false.

Set Null

(function can also be performed in the raster calculator)

Function can only be performed in the raster calculator

Math tools that perform
mathematical operations on rasters.

For Multicriteria analysis Logical Math
tools are useful. These evaluate the
values of the inputs and determine
the output values based on Boolean
logic.

The Math toolset in ArcGIS contains tools that perform
mathematical operations on rasters.

Logical Math toolset contains tools for performing logical
evaluations on rasters which look at whether statements
are true or false. The tools are in the following categories:
Boolean, Combinatorial, Relational, and Conditional.

» The Boolean tools evaluate the inputs only as
True or False conditions and return the result of
the particular tool as a 1 or 0 (True or False)
Boolean value.

» The Combinatorial tools identify unique
combinations of input values based on the logic of
the particular tool and return a different value for
each unique combination.

» The Relational tools compare the values of one
input relative to another and return the result of
the particular tool as 1 or 0 Boolean value.

(functions can also be performed in the raster calculator)

The Raster Calculus toolset (SAGA) in QGIS contains tools that

perform mathematical operations on rasters.

No Logical math tools in QGIS. Functions can only be

performed in the raster calculator.
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Raster only tools

Example Raster Tools

ArcGIS

QGIS

Raster Calculator

Allows you to perform custom
calculations based on values within
raster datasets.

Raster calculator

Builds and executes a single map algebra expression using

python syntax in a calculator type interface

Syntax varies depending on which calculator you use:-
Raster calculator (QGIS)

https://docs.qgis.org/2.2/en/docs/user manual/working with r
aster/raster_calculator.html

r.mapcalculator (GRASS)

https://grass.osgeo.org/grass73/manuals/r.mapcalc.html

Raster calculator (SAGA)

http://www.saga-
gis.org/saga tool doc/3.0.0/grid calculus 1.html
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A.2.Raster analysis and the Spatial Analyst extension
The Spatial Analyst extension provides desktop ArcGIS users with access to raster analysis tools within

ArcToolbox. This extension is a necessity if analysis is to be undertaken.

To convert from vector to raster, find tools in the

Conversion Toolbox: —

brcToolbmc

Note: Feature to raster uses cell centre to
determine pixel value. Polygon to Raster tool or
Point to Raster tool offers more options to enable
greater control over how input geometries are

converted.

Various raster tools are located under the Data
Management Toolbox for creating, mosaicking,
clipping, resampling, etc., of raster data:

% =] % Raster

% Moszaic Dataset
& Raster Catalog
= & Raster Dataset
“E\% Copy Raster
x\% Create Random Raster
x\ Create Raster Dataset
‘t\ Download Rasters
“\ Muosaic
at\ Muosaic To Mew Raster
#., Raster Catalog To Raster Dataset
#., Workspace To Raster Dataset
= & Raster Processing
#, Clip
‘t\ Composite Bands
“\ Compute Pansharpen Weights
ar\‘ Create Ortho Corrected Raster Dataset
#., Create Pan-sharpened Raster Dataset
#, Extract Subdataset
#, Raster To DTED
‘t\ Resample
‘t\ Split Raster
& Raster Properties

= B Conversion Taools

%g Excel

& From GPS

& From KML

& From Raster

& From WFS

B 1SN

By Metadata

& To CAD

& To Collada

& To Coverage

& To dBASE

& To Geodatabase

& To KML

= B To Raster
#, ASCI to Raster
g\ DEM to Raster
“\ Feature to Raster
x\% Float to Raster
“\ LAS Dataset to Raster
“\ Multipatch to Raster
“m Point to Raster
‘\ Polygon to Raster
‘\ Polyline to Raster

_3:' Raster To Other Format (multiple)

54



Building spatial workflows in ArcGIS 10.x

L J5potc vl ool

Most of the Raster analysis tools are within the Spatial & Conditional

Analysis toolbox: B Density
& Distance

& Extraction
& Generalization
ability to: & Groundwater

& Hydrology
& Interpolation

Some of the advantages of Raster analysis include the

e Integrate raster and vector analysis

. inf ion f isting d & Local
e Derive new information from existing data & Map Algebra
e Query information across multiple layers & Math
e Undertake complex analyses in a more timely & Multivariate
manner & Neighborhood

& Overlay

& Raster Creation
ﬁ Reclass

%: Solar Radiation
%: Surface

& Zonal

A.2.1. Raster analysis and the environment settings
You may be familiar with setting Environment Settings for Geoprocessing in ArcMap. The settings are
additional parameters that can be implemented to affect a tool's results.

In raster analysis this is very important, to make sure that cells are not misaligned (causing data to
shift) in output layers.

The environment settings can be set at four different levels:
> For the application (e.g. ArcMap) you are working in so they apply to all tools
» Foranindividual tool so it only applies to this tool and overwrites the application (e.g. ArcMap)
environment settings
» For a model so the settings apply to all processes within the model
» Or for a particular process within a model

A.2.2. Workspaces
When performing any geoprocessing tasks in ArcGlS, you usually have to indicate where to save the
output dataset. There are two environment settings designed to make specifying input and output
datasets much easier: the Current Workspace (the default location for geoprocessing inputs and
outputs) and Scratch Workspace (the default location for temporary outputs, primarily used by model
builder intermediate outputs).

a. From the main menu click on Geoprocessing>>Environments or when running an individual
tool click on the environments tab at the bottom of the tool interface. The Environment
Settings window appears and you can expand the Workspace tab and set the Current and
Scratch workspaces. Here you can change these locations.
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ﬁ Envircnment Settings
e =

* Workspace Environment Settings
Current Workspace
Environment settings specified in this dialog box are values
that will be applied to appropriate results from running
tools. They can be set hierarchically, meaning that they
can be set for the application you are working in, so they
apply to all tools; for a model, so they apply to all
processes within the model; or for a particular process
¥ Processing Extent within a model. Environments set for a process within a
model will override all other settings. Environments set for
all processes in a model will override those set in the
¥ M Values application.

Scratch Workspace
C:\Users\corinnar \Documents\arcGIS \Default.gdb

¥ Dutput Coordinates

¥ XY Resolution and Tolerance

¥ Z Values . ) . -
Geoprocessing environment settings are additional

¥ Geodatabase parameters that affect a tool's results. They differ from

¥ Geodatabase Advanced nprmal tool p_arameters in that _they don't appear on a tool's
dialog box (with certain exceptions). Rather, they are

¥ Fields values you set once using a separate dialog box and are
interrogated and used by tools when they are run.

¥ Random Numbers
¥ Cartography Changing the environment settings is often a prerequisite to
¥ Coverage performing geoprocessing tasks. For example, you may
already be familiar with the Current and Scratch workspace
amvirnnmant aattinne whirh allmw won tn set wnrkenaras

¥ Raster Analysis -

ok |[ cancel || <<ticerelp | [  Toolhep

A.2.3. Output Coordinates
The Output Coordinates section allows you to pre-set the Output Coordinate System for the output
datasets. The also means that processing (calculation of geometric relationships and modification of
geometries) occurs in the same coordinate system as the output dataset.

a. In the Environment Settings dialog, expand Output Coordinates. For Output Coordinate
System, choose Same as Input as the default. However, by choosing As specified Below, a
consistent output coordinate system can be selected for all outputs.

You also have the option to add one or multiple Geographic Transformations so that outputs
are projected in the most accurate way.

A.2.4. Processing Extent and Snap Raster
Setting up a Processing Extent means that tools will only process features or rasters that fall within the
extent specified in this setting. This can be helpful for constraining the area of the results and can also
quicken geoprocessing time.

a. Inthe Environment Settings dialog, expand Processing Extent. From the Extent drop-down list,
choose from Union of Inputs, Intersection of Inputs, As Specified Below or Same As Display.

b. Choose a Snap Raster to ensure cells are aligned correctly in the output. Cells should be
adjusted to ensure they align*. Cell alignment is particularly important to set when input
datasets have different cell alignments, cell resolutions or coordinate systems.

*It may be necessary to set both the snap raster and the processing extent to be the same input raster
to make sure cells align to that input dataset. Making a copy of an existing raster that you want to use
as a snap raster and calling it ‘snapgrid’, is a good way to remember which file you are using to snap to.
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A.2.5. Cell size
Setting the cell size in raster analysis means that tools use this cell size for the output raster cell size, or
resolution, for the operation. By default, the output resolution is determined by the coarsest of the
input raster datasets **

a. Inthe Environment Settings dialog, scroll down and expand Raster Analysis. From the cell size
drop-down list, choose As Specified Below and type in the value to use for the analysis.

** It is important to read the help associated with the tool you are running to ensure that it is
transforming the data to a different resolution in an appropriate way. In some cases it may be better to
use the resample or aggregate tools prior to an analysis, as cells are resampled using nearest neighbour
resampling in the environment settings and may not always be the most appropriate.

A raster dataset can always be resampled to have a larger or smaller cell size, but this will not increase
the level of detail of the dataset. Important factors for choosing cell size include:
» Spatial resolution of input datasets
Type of analysis
Size of output dataset
Speed of running the analysis

Y V V

Generally a smaller cell size should be used for large scale data with high feature spatial accuracy (so
fine detail is retained), but viewing this over a large area can lead to slow drawing times. A larger cell
size usually is selected for small scale data, as this means faster drawing times.

A.2.6. Mask
Setting up a Mask means that tools will only process features or cells that fall within the analysis mask.
This can be helpful for constraining the area of the results and can also reduce geoprocessing time.
a. In the Environment Settings dialog, scroll down and expand Raster Analysis. Choose a Mask
raster or feature class.
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A.3. An Introduction to Some Raster Analysis Techniques
The following guidance provide a brief introduction to some of the common raster analysis functions

and finally how the Raster Calculator tool can be used to build more complicated expressions.

A.3.1. Standardizing Raster Data

There are two main methods: 1) Resampling and; 2) Aggregation

The Resample tool allows the user to change the cell size and choose the resampling method.

The default is NEAREST. But users have the choice of four options:

» NEAREST —Nearest neighbour assignment

BILINEAR —Bilinear interpolation
CUBIC —Cubic convolution
MAJORITY —Majority resampling

Y V V

ATl =

% Input Raster Resampling Technique
(optional)

% Output Raster Dataset

© Output Cell Size (optional)

[

X

Resampling Technigue {optional)
MEAREST]

[Ti] ] | »

The resampling algorithm to be
used. The default is NEAREST.

NEAREST —MNearest
neighbor assignment
BILINEAR —Bilinear
interpolation

CUBIC —Cubic convolution
MAJORITY —Majority
resampling

” Cancel ][Environments... ][ << Hide Help ] ’

The Aggregate tool allows the user to choose a cell factor to create a reduced resolution version of a
raster dataset. Each output cell contains either the Sum, Minimum, Maximum, Mean, or Median of the
input cells that are encompassed by the extent of that cell. For example, a user wants to up-scale data
from 30m cell size to ~1km cell size. A cell factor of 33 would result in a cell size 33 time larger (i.e.

990m). The cell factor has to be a whole number greater than 1.

To determine how the output cell value is calculated the user has a choice of 5 options (Sum is the
default):-

>

YV V V V

SUM —The sum (total) of the input cell values.
MAXIMUM — The largest value of the input cells.
MEAN — The average value of the input cells.
MEDIAN — The median value of the input cells.

MINIMUM — The smallest value of the input cells.
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& Input raster

& Output raster

determined.

@ Cell factor

statistics:

Aggregation technigue (optional)
UM |

Expand extert if needed (optional)

lgnore MoData in calculations {optional)

is the default.

| [ cencel | [Environments... | [ <<riderel | |

Aggregation technique (optional)

Establishes how the value for each output cell will be

The values of the input cells encompassed by the coarser

output cell are aggregated by one of the following
SUM —The sum (total) of the input cell values. This
MAXIMUM — The largest value of the input cells.
MEAMN — The average value of the input cells.

MEDIAM — The median value of the input cells.
MINIMUM — The smallest value of the input cells.

Note that resampling and aggregate provide different methods for determining the output values of the

cells. Resampling allows users to change to a smaller and larger cell size, but aggregation is for

generalization to a larger cell size only.

A.3.2. Reclass functions

Many raster processes use the value field
when processing data, so if the information

you want to use is stored in an additional  Input raster

field it may be necessary to make a new
raster from this field so that it becomes a
value in the new datasets. The Lookup tool
can be used to do this. Located in the
Spatial Analyst>>Reclass toolbox

The Reclassify tool can be
used with or without adding
an additional field. Before
clicking on the Reclassify
tool, it is helpful to symbolize
the data into the required
class breaks (as illustrated
below).

% Lookup field

Lookup

Creates a new

% Qutput raster

m

raster by looking
up values found
in another field in
the table of the
input raster.

s

| [ cancel | [Envionments... | [T <<Fidetielp | [ Toolhep |

#, Reclassify [
-

Input raster
IDistancefrom Villages Raster LI @
Redass field

Value -
Redassification

Old values New values -

0 - 15957 28125 1 o
15957.28125 - 31914.5625, 2 |L|—|
31914.5625 - 4787184375 3 i
47871.84375 - 63829.125 4
63820125 - 79786.40625 5 Add Entry

HoData NoData
Delete Entries|
o
[ Load... ] [ Save... ] Reverse New Values] [ Precision... ]
Cutput raster

Vi\workspace\vietnam \MODEL_BUILDER _DEMO\Mythical_Database.gdb'Redass_c @

Change missing values to NoData {optional)

W= e
Output raster i

The output reclassified raster.

The output will always be of
integer type.

[

ToolHep |

[ ok |[ concel | [Envionments...| [ <<Hidetep |
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Then when the reclassify tool is

: Reclass_dist_villages
& @ Distance from Villages Raster opened it defaults to the class = .Ile v e
<VALUE» breaks that have been chosen in

[0 - 15,957.28125 o m:
91 15,357.28126 - 31,014.5625 the symbolization. m:
I 31,914.56251 - 47,871.84375

I 47,871.84376 - 63,829.125 14
W 63,829.12501 - 79,786.40625 In this example, the new output s

raster will have values of
1,2,3,4,5.

If you only need to convert No Data values to another value, a simpler method to do this is to use the
‘Con’ expression in Raster Calculator tool (or Tool 4 in the Exploring Multiple benefits toolbox) — see
section A.3.7 below.

A.3.3. Boolean Intersection
Boolean intersection is the simplest variant of criteria processing and is often referred to as constraint
mapping. Prior to the combination, each input criteria is standardized to a certain scale of suitability (or
reclassified into classes of 1 and 0), i.e. reducing all the factors to Boolean raster datasets of suitable
and unsuitable areas. The separate 1-0 datasets can be combined together using Boolean tools; in
ArcGIS found the Spatial Analyst>>Math>>Logical toolset. These tools are described below.

In an example Boolean And tool analysis, where data for forests contain the value of 1, and data for
Protected Areas contain the values of 1 and 2, and outside of Protected Areas and outside of forest
area has No Data value, the output raster is 1 where forests and Protected Areas coincide. Remaining
areas are classified as No Data.

TR s =Rl

Boolean And

-
Input raster or constant value 1
I PA_Raster ;I @

Input raster or constant value 2

Performs a Boolean And operation on the cell

values of two input rasters.
| nat_for LI @ P
Output raster If both input values are true (non-zero), the
C:\workspace Wwietnam WMODEL_BUILDER _DEMO\Mythical_Datzbase.gdb\Boolean_and_ou @ output value is 1. If one or both inputs are false

(zero), the output is 0.

oK |[ Cancel ][Environmems...][ <<HideHe|p] [ Tool Help ]
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’ Table Of Contents B x
8S8|
F = layers
= BooleanAnd_PA_nat_for
[

=] E&Q_Ra ster
1

k2
= O nat_for
[ ]l

The No Data is not a problem with the Boolean And tool analysis, as the analysis is selecting values
present in BOTH datasets only. When it comes to MOST OTHER tools in the logical toolbox you will see
that No Data values can cause problems and it is necessary to convert them to 0 before using the data
(see section 1.4.1 on how to convert No Data values into data).

The Boolean Or tool function selects where data values are greater than 0 in either of the two datasets.
However, if No Data values are present in either of the datasets, this will take precedence over any
other value and acts as an additional constraint. For example, if a cell has a value of 1 in the forest
dataset and a value of No Data in the Protected Area dataset, the output cell would receive a value of

No Data. *** So, with No Data values present in the input layers, the output from the Boolean OR tool
will be WRONG!***

t}ahleDFContents o =
28|
=] oy s
= Boolean_Or
[
= [J nat_for
[ ]l
= [ P&_Raster
[}l
2

The result should display values of 1 where protected area OR natural forest is present. No Data values
therefore need to be changed to 0. The illustration below shows the correct result using inputs for

protected areas, where 1 is protected and O for not protected, and 1 is natural forest and 0 for not
natural forest.
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t}able Of Contents

’ %8 &8 H
= = Layers

a Boclean_Or 1.0
|
[

= O nat_for 10
| LY
[

= O PA_Raster 10
| LY
1

To convert the input datasets to 1-0 rasters where No Data values are set to 0 and all other values are

set to 1, you could use the Con expression in the Raster calculator tool. Alternatively, we have created
a tool (Tool 4) in the Exploring Multiple benefits toolbox that is easier to use, as it contains the syntax
of the Con expression (see section A.3.7 for more details on converting No Data values).

Once both the
inputs have 1’s and

Input raster or constant value 1

0’s, the Boolean Or [PaRaterio ] &
t00| can be run Input raster or constant value 2

I nat_for 10 A I @

Output raster
C:\workspace\vietnam \MODE @

O o r—r g

Boolean Or
Performs a Boolean Or operation on the cell values of two input rasters.

If one or both input values are true (non-zero), the output value is 1. If both
input values are false (zero). the output is 0.

’ [Environments... ] [ << Hide Help ]

[ Toolteh

A.3.4. Conditional Tools

Conditional expressions for a single raster dataset can be run using the Con tool in the Conditional
toolbox. For example, in a dataset showing distance from potential and existing community forestry
sites we want to select out areas smaller than or equal to 10000.

Input conditional raster
IDistance from existing and potential CF sites ;l @
Expression {optional)

"WALUE™ <= 10000
Input true raster or constant value
IDistance from existing and potential CF sites ;l @
Input false raster or constant value {(optional)
[0s9 = &
Output raster

C:'\workspace vietnamMODEL _BUILDER._DEMO\Mythic [a

‘| m o v

[ESSEER =
Expression (optional)

A logical expression that determines which of the input
cells are to be true or false.

The expression follows the general form of an SQL
expression. It can be entered directly into the Where
clause, for example, "WVALUE" = 100_ It can also be
created in the Query Builder dialog box.

Consult the documentation for more information on
building a query expression and the SQL reference for
query expressions used in ArcGIS.

0K | [ Cancel ] [Environments...] ’ <<« Hide Help

ToolHelp |

The output raster will contain a distance value where the expression is True (i.e. where distance is <=

10000, and -999 where the expression is false).
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Alternatively the Set Null tool can be used. Using the same example, this time you are using a
conditional statement to select cells in which to set the values to be Null (No Data). Therefore, the
opposite expression is used, all areas > 10,000.

Input conditional raster Output raster

-
IDistance from existing and potential CF sites ;I @
Expression (optional)
"WALUE"™ = 10000 .,
S If the conditional

Input false raster or constant value evaluation is true, NoData

IDistance from existing and potential CF sites ;I @ is returned. If false, T._he
Output raster value of the second input

raster is returned.
C:\workspace \vietnam MODEL _BUILDER. _DEMO\Mythical_Database.gdb\Sethull_CF_gt10000 @

The output raster.

-

[ ok ][ cancel ||[Envioments...|| <<tidetelp | [  TeolHelp

The output raster will be set to No Data where the expression is True (i.e. where distance is > 10000)
and will maintain the distance value where the expression is false.

For a more complex conditional statement, involving more than one raster dataset, the Raster
Calculator tool can be used (Found in Spatial Analyst Tools>>Map Algebra toolbox).
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A.3.5. Raster calculator

You can also run raster tools using Map Algebra expressions typed into the Raster Calculator tool. Map
Algebra expressions can be used to run a single tool or operators, or to create a more complex string

of tools or expressions.

The expression is typed in here. In this example four raster datasets are being summed together.

‘% Raster Calculator

Map Algebra expression

Layers and variables o
<> Con_distle 10000
<>Inhervenﬁons Areas (PA's
<rnot_PA
rPa Raster
<>wiﬁ1inBoﬂ'15uFFers

<>wiﬁ1in_5h11_of_villages 57 Exp
i R L] [+ IB ”,

Cond
Con
Pick
Sethiull

Math
Abs

itional

"Raster1” + "Raster2” + ‘R35¢r3'+‘Raster4‘|

Map Algebra
expression

The Map Algebra
expression you want to
run.

The expression is
composed by specifying
the inputs, values,
operators, and tools to
use. You can type in the
expression directly or use
the buttons and controls
to help you create it.

Qutput raster
C:\workspace\vietnamMODEL_BUILDER. DEMOWyhmI_Patabase .gdb'yastercalc2

&

, )
==

* The Layers and
variables list

[ oK ] [En\rironmems... ] [ << Hide Help ] [ Tool Help ] *

|
Rasterl Raster2 Raste|:3 Rasterd Output I’
| Raster /I
e. The left hand panel shows the list of layers and variable names that can be used in the

expression. These are the ra%ter layers that you have added to:your ArcMap session. By
double-clicking on a layer it W|II bring it into the expression bmx in quotation marks.

The middle panel contains a|I|st of operators. Click once ony ‘these to add to the expression
box. There are simple operatprs to Add (+), Subtract (-), D;\'nde (/) or multiply (*) as well as
those that are equivalent to ﬂhe Boolean logic tools, and ﬁperators to enable the user to
select out certain combinations values from a dataset(s)lz’

& Boolean And == Equal to / >= Greater than or equal to
1
| Boolean Or > Greater than 1 <= Less than or equal to
1
A Boolean XOr < Lessthan /

Not Equal to ,'

/
/

~ Boolean Not I=

In the right hand panel are a list of tools that are comonly used in the Raster Calculator tool, however
you can also run any of the other tools from the geoprocessing toolbox (see the Map Algebra syntax
in the ArcGIS help).
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For example, if we want to select out only Natural Forest Areas at a distance <= 10000 m from potential
or existing Community forestry sites, we can use the raster calculator with the following expression:

#., Raster Calculator [E=REER

Map Algebra expression Output raster

Layers and variables N Cenditional The output raster resulting

< Con_distle 10000 . . B - B B . fram the Map Algebra
> Interventions Areas (PA's Pick expression.

<rnot_PA sethiull
>Pa Raster Math
<>wiﬂ1inBoﬂ'18uFFers Ahs

<>wiﬂ1in_5h11_of_vi|lages 57
o] b

Exp

Caemdi

Con{{"nat_for” == 1) & (Distance from existing and potential CF sites™ <= 10000}, 1, 0)

Output raster
C:workspace \ietnam \MODEL_BUILDER,_DEMO\Mythical_Database.gdblcon_NF_CF 10km| @

[ ok || cancel ||[Envionments...|| <<HideHelp | [  ToolHelp

This means that if nat_for has a value equal to 1 and is less than or equal to 10000m from potential or
existing community forestry sites, set the value in the output dataset to 1. If this expression is false, set
the value in the output dataset to 0.

Note that the ‘&’ is the same as the Boolean And tool.

Alternatively, you can keep the distance value if the expression is true and make all values -999 if the
expression is false:

‘% Raster Calculator

Map Algebra expression Map Al gebra
expression

< »Forest within Driver extent Conditional
<>nat_for

Oo = S |3 % [0 | 759 9 9 | o ep Mg
Distance from existing and potential Pick expression you want to

<> Distance from Villages Raster Setiul run.
<>snapgrid
{roem.tif b The expression is
CrHILLKF s composed by specifying
p Exp the inputs, values,
operators, and tools to

Con{("nat_for™ == 1) & ("Distance from existing and potential CF sites™ <= 10000), Distance from existing and use. You can type in the
potential CF sites™, -999) expression directly or use

the buttons and controls
to help you create it.

Math

Output raster
Ci\workspace \wietnam'MODEL_BUILDER _DEMO\Mythical_Database.gdb\conNF_CF _le 10000 @]

e The Layers and

wariahlac lict

-

[ ox || cancel |[Enviorments..|[ <<tidetep | [ Toolbelp |

Con(("nat_for" == 1) & ("Distance from existing and potential CF sites" <= 10000), "Distance from
existing and potential CF sites", -999)

The ArcGIS Help is very good at showing the syntax of the map algebra for the various tools.
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A.3.6. Combine function
The Combine function tool allows users to overlay multiple rasters together so that a new output value
is assigned to each unique combination of input values.

The attribute table contains the new unique output value and the fields from the datasets being
combined. In this example there are 548564 cells which have a value of 0 in the protected areas data
and a value of 1 in the natural forest dataset, and 551031 cells that have a value of 1 in both datasets.
Note that there are no cells in the dataset that have a value of 0 in the natural forest layer.

Input rasters Output raster

The output combined
raster. A unigue integer
value is assigned to each
unigue combination of
input values.

< »PA Raster
< »nat_for

CIEIEIIEIN Y

Qutput raster
C:\workspace \wietnam MODEL _BUILDER._DEMO\Mythical_Database.gdb\Combine_PA_natfor|

™y

-

[ ok || cancel ||[Envionments..|| <<HideHelp | |  ToolHelp

IMPORTANT: Note that
the resulting output file
contains only forest
within the Protected
Area layer. This s
because the area

outside the Protected

Areas has a value of No
Data, and the Area
outside the forest has a
value of No Data. If a cell
has a No Data value in

either one of the files, it

is excluded from the
analysis.

This means that if you are using the combine function and want to keep all cells in the analysis, you
need to first change No Data values to another Value (see next page).
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Table 5
Gl -1 2B- 1By O &8 x

Combine_PA_natfor

The output table shows the attributes from the
input layers. So in this example, there were 23503

OQBJECTID* | Value | Count | PA_Raster

nat_for cells that had a value of 1 in the Protected Areas

» 1

-

232503

2

P

316061

2 1 layer and a value of 1 in the forest layer.

Combine_PA_natfor

4 4 R | E (0 out of 2 Selected)

A.3.7. Changing No Data values to a Data value
You change No Data values to another value using the Con function in the Raster calculator tool e.g.

Con(IsNull("PA_Raster"),-999,"PA_Raster") to convert No Data values to -999 in a protected areas

raster, where -999 represents cells that are not protected and all other values remain as they were in

the protected areas raster. Alternatively use Con(IsNull("nat_for"),0,1) to convert No Data values to 0

in a natural forest layer, where 0 represents not natural forest and 1 represents natural forest.

In order for the full extent of your area of interest to be processed, you will need to make sure you set

the relevant environment settings. In particular, the processing extent to cover the full area of interest

and the snap raster set to the raster to which you want the cells to align.

Alternatively you can

use Tool 4 in the Exploring
Multiple benefits toolbox,
which asks you to set the
relevant settings on the tool
interface without having to
find and set them in the
environment settings tab.

If these environment settings
are not set correctly, ArcGIS
will use default settings which
are not always correct. For
example, if you want to use
the combine function to
combine a country protected
areas layer with a country
forest layer, the bounding box
of the protected areas layer
(left) may differ from that of
the forest layer (next page).

Map Algebra expression

Layers and variables o Conditional
Sem ™™ D WEEE)
<>Combine / Pick
S [a)lafo] (=) o el =
{>pPa_Raster Math
Sontrmmensmosee |[4)2)2) () o
$ea -

e S N | IRCR | 0 | 9 0 9 e -

[ =Y [a]

Con(IsMul (PA_Raster™),-999,"PA_Raster”)

[m] »

1

Snap Raster (optional)
I snapgrid LI @

Cell Size (optional)

[Same as layer snapgrid

Mask {optional)

I snapgrid LI @
Extent (optional)
[Same as layer snapgrid V] @
Top
§259756,103300
Left Right
-2296462,991300 -2133502,991300
Bottom

8070816. 103300

OutputiMame

PA_Raster2 @
outputworkspace
C:\workspace \vietnamMODEL _BUILDER._DEMO\Mythical_outputs.gdb @

S

Fs

m

=

[ 0K ] [ Cancel ] [Environments... ] | Show Help >

> |
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ey T S

Fs

Map Algebra expression Map Alg?bra
expression
<;ayers and variables Conditional é' Replace pa_pan with
snaparid Con the name of the raster
Stneretea pa rat sor| 28] 2] (L) [==] = lm ] datasetfor which
Sinen [ lalied (e (e pa]lutd | comeriadiod.
<o nat_for . Math converted to 0.
— a
b Example: The
S - -
Exp expression con(isnull
o z (loa_pan]),0,[pa_pan])
takes a raster of
Con{IsNull(nat_for?,0,1) profected areas (called

pa) and converts the
nodata values (areas
Snap Raster {optional) that are not profected)

to 0
Isnapgrid ;I @

Cell Size (optional)

[Sarne as layer snapgrid v] @

30
Mask (optional)
Isnapgrid ;I @
Extent (optional)
[Sameaslayermapgrid v] @
Top
8259736.103300
Left Right
-2296462.991300 -2133502.991300
Bottom
8070816.103300
Qutputiame
nat_for_1_0 @
outputworkspace
C:\workspace \vietnam \MODEL _BUILDER_DEMC\Mythical_outputs.gdb @
[ ok || cancel ||[Environments...|| <<tidetelp | | ToolHep |

Helpful hint: If you are undertaking a raster analsyis it is useful to create a ‘snapgrid’ e.g. from a country
or provincial boundary, or an existing raster that covers the full extent of interest. By doing this you can
use this ‘snapgrid’ dataset for environment settings. That way you don’t have to remember which
dataset you were snapping to and will ensure consiteny thoughout your analysis. To ensure the extent
is correct and that there is no mis-alignment of cells, the mask, processing extent and snap raster are
the three settings that are usually necessary to set These can all be set the same as the‘snapgrid’. The
mask is included in this list because ArcGIS has been known to mis-align cells, which masking to the full
extent helps to prevent! There is further explanation in the Exploring Multiple Benefits Manaual and
Tools 1a and 1b in the Exploring Multiple Benefits toolbox. These can be used to create the snapgrid
from an existing vector or raster dataset.
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A.3.8. Zonal statistics
Zonal statistics tools are very useful and are found in the Spatial Analyst>>Zonal toolbox. They can be
used to summarize an input raster data layer by a zone layer. The Zone layer can be either vector or

raster and can, for example, be used to summarize the amount of different forest types within
individual protected areas.

This guidance has presented only a few tools in detail, to help to get users started on raster analysis and
should not be seen as a comprehensive guide. Users can explore the toolboxes in ArcGIS for themselves
to find and identify tools that may be relevant to the question they are trying to answer.

Annex 2: Additional ArcGIS Model Builder Resources
*  Tutorials
* Resource Center

*  Online Examples

*  Model Builder Terms

* Blogs:

Troubleshooting Tips
Improving Performance

Y/
0.0
@,
0’0
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http://resources.arcgis.com/en/help/main/10.2/index.html
http://resources.arcgis.com/en/help/main/10.2/index.html
http://resources.arcgis.com/en/help/main/10.2/index.html
http://www.arcgis.com/home/search.html?q=model%20builder&t=content&focus=tools-geoprocessing
http://resources.arcgis.com/en/help/main/10.2/index.html
http://blogs.esri.com/esri/supportcenter/2014/03/10/top-10-tips-for-troubleshooting-model-builder/
http://blogs.esri.com/esri/supportcenter/2014/03/10/top-10-tips-for-troubleshooting-model-builder/
http://communityhub.esriuk.com/geoxchange/2011/3/31/improving-the-performance-of-geoprocessing-models-and-servic.html
http://communityhub.esriuk.com/geoxchange/2011/3/31/improving-the-performance-of-geoprocessing-models-and-servic.html

