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Introduction

In this tutorial, we demonstrate the application of the maximum entropy modeliMgodEnt
model (Phillips et al. 2006) for predicting the distributionAdfigator Weed Alternanthera
philoxeroide$, a southeastern US invasive plafih important component dflaxEntmodeling

is the data preparation, which requires the understanding ofakentber software and file
formats including Microsoft Excg] ESRI ArcGIl%, and Notepagl This tutorial will help guide
users on how to format data using different software prior to runningvideeEnt model.
Additionally, we provide sample data étligator Weeddistribution that was downloaded from
the archive at the Natural Resource Ecology Lab at Colorado State Univé&k&tgncourage
users to send us comments and suggestions on how to improve this tutorial. For more detailed
instructions on howaxEn opemtes, interpreting results, andvanced modeling options, users
should refer tavww.cs.princeton.edu/~schapire/maxent/

The data used in this tutorial are for educational purposes only, and in some cases may lack the
guality required to produce accurate and precise results.

Part 1. Producing a CommaSeparated Value (.csv) File from Species
Occurrence Coordinates in an Kcel Spreadsheet

In this tutorial, you will create a comnseparated value (.csv) file from longitude and latitude
coordinates oflligator Weed Alternanthera philoxeroidgdrom an Excel spreadsheet. A .csv
file is therequiredformatfor the inputsampes in MaxEnt

Step 1: Setting up an Excel spreadsheet

In Excel, you will first need to add your data into three columns. This may also be done in
Notepad or Wordpad, but Excel has some operational features that may prove beneficial when
working with large datasets. The first row of your datasheet is a hkadeand should have

three column headings title@pecies, LongitudeandLatitude. Longitude and latitude can be


http://www.cs.princeton.edu/~schapire/maxent/

substituted with Easting/Northing, X/Y, etc. Under these headings, your data should be entered
or copiedlf your data is in a shapefilerimat, Excel is able to open .dbf formatted data.

rll_?“ = = Alligator_Weed_NO_Duplicates_new - Microsoft Excel o[ =) |
m Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat & e = B E
=3 &b Calibri -1 - General - ?J Conditional Formatting = g=1Insert ~ - }v &a
Ga- B 7 U~-| A 4 $ - % 9 | [gFormatasTable - 5 Delete -
Paste Sort & Find &
¥ | EH (& A B 2 (5} cell Styles ~ i Format - 1 Filter  Select
Clipboard Font Alignment Mumber Styles Cells Editing
D439 - 3 -
A B c D E F G H 1 i
1 Species Longitude Latitude @
2 |Alternanthera philoxeroides -94.101571  30.375764
3 |Alternanthera philoxeroides -88.324757  34.497736
4 Alternanthera philoxeroides -82.8363 30,2217
5 Alternanthera philoxeroides -83.4153 30.6144
6 | Alternanthera philoxeroides -81.3989 29.2805
7 |Alternanthera philoxeroides -B1.9656 28.0332
8 |Alternanthera philoxeroides -84.4216 30.024
9 |Alternanthera philoxeroides -81.2319 28.1465
10 Alternanthera philoxeroides -81.5207 28.4319
11 Alternanthera philoxeroides -81.5517 28.487
12 Alternanthera philoxeroides -81.3217 28.0976
13 Alternanthera philoxeroides -81.2914 28.3898
14 Alternanthera philoxeroides -82.5816 28.1779
15 Alternanthera philoxeroides -81.0944 28.9306
16 Alternanthera philoxeroides -B1.3856 28.43814
17 Alternanthera philoxeroides -81.8281 29.1528
18 Alternanthera philoxeroides -81.0706 28.7534
19 Alternanthera philoxeroides -82.3064 30,1222
|| 20 Alternanthera philoxeroides -82.0819 29.5926
21 Alternanthera philoxeroides -81.9263 28.0395
22 Alternanthera philoxeroides -84.2819 30.6275 -
W 4 v ¥ | Alligator_Weed_NO_Duplicates_ne %1 [a] [ | » [
Select destination and press ENTER or choose Paste |'@EI M1 100% '51' U ‘-!-‘

IMPORTANT! Before you continue, make sure theobnates you are using are in longitude
and Htitude for this example! MaxEnt can handle most coordinate systems provided that the .csv

file coordinatesnatd thecoordinate system of ttepatial data layers.

When you have completed the data compilatgave the file in your workingplder (e.g. all of

the steps following will save documents under/Aliea

Step 2: Converting yourExcel file to a csv file

working folde.

Once your data in the Excel fil{l#lse — L)
are ready, you will need to conve RN I compuee ) PURICE) | At Weed | 4 +] 42 |[ Search Atigator e »]
and save it in your workingplder || ©smer Neviess - ®
as a .csv file. In our case, th ~TT M T
Original file is labeled ;"’;::;ants @Alﬁga::re_:eed 8;0;011;;: = I'v‘1iEc|cC:;::tlExcEIC... 32 KB
Alligator_Weedxls & Music
=] Pictures 3
# videos
To convert this file to a csv filg|
click File then Save As. A || “sioc)
window will appear. Save the filgf =7*"
in the folder and & wenr-network ()
underSave as TypgchooseCSV FISHE Ao Weed v
Save as type: | CSV (Comma delimited) -
Authors: Lane Carter Tags: Add atag Title: Add a title
' Hide Folders Tools ~ save | [ cancel |




(Comma delimitated) (*.csv) Then clickSave

Now you have created a .csv file that is ready to be usedveaidiEnt The new file should bim
your folder. You can check to see if the conversion worked by making sure that
there is a .csv at the end of the file name.

Well done! You have created a comma separated value (.csv) file from coordinates in an excel
spread sheet!

Part 2: Modifying Environmental Layers to be the Same Extent (geographic
bounds and cell size) Using ArcGIS

Background:

This part of the tutorial walks you through the steps required to modify environmental layers in
ArcMap so that all your spatial data (i.e. independent or predictor variables) have the same
extent (same geographic bounds and cell sMaxEntrequires althe environmental layers be

in raster format and have the exact same cell size, extent and projection system (e.g., geographic
or UTM) in order to execute a model.

Step 1: Loading layersinto ArcMap and opening the Extract by Masktool

Before you starmodifying layers, make sure you have adequate space to work with large files.
You will need at least 6 giga bytes (GB) of free space to complete these modifications. Also, you
may want to create a nef@lder to store and separate the modified layersateréhis folder in

the folderand call it

TR | = NIC (11 T T .
g\/v » Computer » PUBLIC () » Alligator Weed » v‘&,‘

Organize v Share with v Burn New folder

¢ Favorites hame

Bl Desktop ModLayers
& Downloads ) Alligator_ Weed
= Recent Places

. . o+ - . .
Open a new map in ArcMap. Click on the add data | =~ = and navigate to thication of

your environmental variables. In this example they are within a folder calied . Add all
the environmental layers to the map. In our example, this will béithel, bio 2, bio 3 etc
(The environmental layers are coded to correspond withrias— %

list of variables at the end of this tutoridjcMap may Pop | ... ccuom e
up a window that says if you would like create pyramids, [ T ®ax

- ArcSean

click Yes This will help dsplay the raster layers quickly, by | O reess

[ Geostatistical Analyst

it might take a while for ArcMap to load the raster layers. | | O ot

[0 Maplex
-+ Metwork Analyst
-] Publisher

First, you will need to turn on the spatial analyst toolg
Click on Customize at the top of your ArcMap screen, ar| | o e

. . . . O Tracking Anal
scroll to Extensions. An extensions window will appear o

Check theSpatial Analystbox and clickClose

Description:

Spatial Analyst 10.0
Copyright ©1999-2010 ESRI Inc. All Rights Reserved

Provides spatial analysis tools for use with raster and feature data

About Extensions
L




ArcToolbox @

| -89 Editing Tools
@ ERDAS Image Analysis Tools
B ERDAS Import-Export Tools
@ Geocoding Tools
@ Geostatistical Analyst Tools
@ Linear Referencing Tools
B Multidimension Tools
@ MNetwork Analyst Tools
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@ Schernatics Tools
B Server Tools
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Step 2: Setting up Extract by Mask and theextent and cell size in spatial analyst

Click on theToolbox icon and from the list of tools extend the
Spatial Analysttool. UnderExtraction selectExtract by Mask.

If your environmental layers happen to be larger than the area you are interested in modeling,
this step allows you to clip thedown to your area of interest and set all layers to have the same
extent, cell size, and coordinate system (a requirement of MaxEnt). This step can also be used to
set your extent, cell size and coordinate system if your environmental layers are dipgesdly c

A window should appear th&doks like the one below for thextract by Mask tool (location

described above).

For thelnput raster click on the folder icon

and browse to the
select thevio 1variable.

folder and

For thelnput raster or feature mask data

field, use the icon to browse to a raster @
polygon that represents the spatial bound
you intend to model.

Note: For this Alligator Weed example, th
species is known to be most prominent in {

~
#, Extract by Mask = | B o)
» Input raster J
-
!
o Input raster or feature mask data
-
!
» Output raster
-
I
oK Cancel Environments... Show Help => |

southeastern states, thfare the mask is &

shapefile named SE_states.shpthat was
already created.



Save theOutput raster asbio 1 under the folder
whereall the modified layergou create from this stegill be saved.

you created previously. This is

In order to set the coordinate system, cell s
and extent, click on th&Eanvi r onm
button in the bottom right of the window?
Extend the variable©utput Coordinates,
Processing ExtentandRaster Analysis

*Note If this is the first environmentahyer
that you want to clip, you do not need to s
the En v i r o n e rfitstscBpped layer
you create will become the layer you use
define your environments for all othe
environmental layers in the model (in th
example we first used the boundarydayo
mask bio 1 which will then be used in the
environments for the remainin
environmental layers [bio-Rio 19]). It may
be a good idea to use the Environments
the first environmental layer if it is no
already in your intended coordinate system

The window to the right is displayed:

Use the icon to set the Output
Coordinates variable to bio 1 in the
folder. The name of the

f;g Environment Settings

% Qutput Coordinates
Output Coordinate System

‘Sama as Input

L]

Geographic Transformations

Geographic Transformations Names

1

# Processing Extent
Extent

e [ [x % 1] |2 |8 u@

[Default

Left

Bottom

L
=

Right

Snap Raster

¥ XY Resolution and Tolerance
¥ M Values

¥ Z Values

¥ Geodatabase

¥ Geodatabase Advanced

¥ Fields

¥ Random Numbers

¥ Cartography

¥ Coverage

# Raster Analysis
Cell Size

‘Max\mum of Inputs

Mask

|z

¥ Raster Storage

coordinate system will appear in the windg| ="

below the input field.

o]

&l

=]

Cancel ‘ Show Help >» ‘

For theProcessing Etent andSnap Rastervariables, browse to a raster you know that already
has the extent you wish to match. In this caselitdslas well.

For the field ofCell Sizeunder theRaster Analysisvariable you will want to enteyour

environmental Iger that has the smallest céil.this case we will choose tlsame layer the
other variablesbio 1 The true cell size value will appear in the window below the input field. It

will reflect the units from which your coordinate system is based.

Click OK.




By the end the windows should look something like this:

#, Extract by Mask l = | Cfl X [ EuEruarormen Settmg %
—— )| # Gt ot
|J:'n,t'-\lligab:r_\nfeed\,BioRasters\,bio1 @ o Spcite selow B g
Input raster or feature mask data |GCS‘W:5‘HB4& : g
|J:'l,l'v‘laxent_Tuh:riaI\SE_states.shp @ et ~|
Qutput raster eographic Transformations Names
|J:\,AIIigab:r_\“:’eed'n,l‘ﬂodLayers'|,bi0_1 S ﬂ
kil
3
2 Processing Extent
Extent
Same as dataset biol j @
Top
42.516207
J [ =t -85,774414 et -73.893349
Bottom
[ 24518322
0K Cancel Environments... Show Help => | f;‘:a&:;:::_wem\BinRasmswn1 g
¥ XY Resolution and Tolerance
¥ M Values
¥ Z values
. ¥ Geodatabase
NOW CIICk OK ¥ Geodatabase Advanced
¥ Fields
Repeat this process until all of your environmeny| ;= e
rasters are extracted to the extent and contain|| s coverase
cell size and coordinate system you intend. H e
|Samaasdatasetb\01 j ﬂ
L. i [ 0010907809077 i
IMPORTANT! Within the Environments, you e al
. . =]
must use one consistent layer to set the coordit|, . ... .
=

system, extent, and cell size to ensure all

exactly the same. Here the layeo 1is used for

o]

Cancel | Show Help > |

all environmental layers to match.

Congratulations! You have modified all your envinoental layers to be the same cell size and
extent. This can be most time consuming part of the data preparation.

Part 3: Converting Environmental Rasters to ASCIl Format

This sectiondemonstrates how to convert environmental raster layers to ASCII foAthat.
environmental layers must be in ASCII format to MaxEnt

Step 1. Loading raster layers into ArcMap and opening the Raster to ASCII tool.

Before you start, create a new del

in

the

folder

labeled




| = Open ArcMap and selectNew Empty Map.

Click OK.

Click on the add data icc ¥~ and navigate to the
folder, thento the
folder and select one of t@vironmental rastsrthat
o] has already been modified to be the same exteht an
cell size as the other layers (i2o_1).

ArcToolbox @

C“Ck Add . ﬁ ArcToolbox -

-89 20 Analyst Tools

@ Analysis Tools

= Q Cartography Tools

Open theToolbox window by clicking on the toolbox icc®l. =@ Conversion Tools
& From KML

=1 & From Raster

In the Toolbox window double cliconversion Tools then From 5;
Raster, andthen double click on thRaster to ASCI| tool.

{b Raster to Point

: ---’% Raster to Polygon
;----"% Raster to Polyline
5----’\5 Raster To Video
-8 From WFS

-8y Metadata

-8 To CAD

£
+* £
For thelnput Raster click on the folder icor =l and navigate to the| =& °c%
bio_1file in the folder. 1 & To Coverage
:
£
£

m

Step 2: Converting raster layers to ASCII files.

& To dBASE

-8 To Geodatabase
0 &y To kML

-8 To Raster
-8 To Shapefile

For the output ASCII rastefile, click on the folder icorl=! and

navigate to the nevolder you created in thé folder u--g Coemgelools
- ata Interoperability Tools
labeled . Save the ASCII layer as the 5 e o vt reo
.. . - Editing Tools
same name as the original layer nare 1 o & e o
[]--@ ERDAS Image Analysis Tools
. % . . (- ERDAS Import-Export Tools
IMPORTANT! Make sure thd-ile (*.ASC) is selected ifSave as || ;& ccocoting ook i
type.
Click Save
'Q Save As @
Savein: ASCII_Environmental_layers l] (€} % g T
s Name & ivl Date modified Ivl Type
g No items match your search.
Recent Places
L
Desktop
Libraries
A
Computer
@
Network
< 1 | »
File name: ]bio_‘l L‘ Save I
Save as type: File (*.A - Cancel |




TheRaster to ASCII window should look like this:

’E\\' Raster to ASCI

Input raster

| I:\alligator_Weed'BioRasters'bio_1
Output ASCII raster file

QK

| I:\alligator_Weed\ASCII_Environmental_layersibio_1.asc

Cancel | Environments...| Show Help == |

=]

[

¥

You may need to manually change the file namedoinstead oftxt or .asc.txt If the file is not
is .ascformat, MaxEnt will not be able to read it.

Click OK.

A progress scrolvill appear as it runs the ceersion. This can take a while.

Now you should have a file calledio lascin the

folder.

Repeat the above steps for the remaining raster layers that need to be converted to ASCII for the

MaxEntmodel.

Congratulations! Now you have created ASCII files from your environmental layers that you can

enter intoMaxEnt

Part 4. Running the MaxEnt Model

In this part of the tutorial, you will learn how to download and riwlexEntmodel. This tutorial
will also explain where to finlaxEnton the web and how to download the miedMaxEnt a
machine learning program (Phillips et al. 2006), is agoowf u |
distribution (current and potential) using presence point locations and environmental layers. This
tutorial covers the minimum information needed to run MexEnt model. Additional model
capabilities and infornteon can

(www.cs.princeton.edu/~schapire/maxent/

be

accessed

t ool used to

at MaxEnt

website

pr e


http://www.cs.princeton.edu/~schapire/maxent/

Step 1: DownloadingMaxEnt

To begin, go to the websitettp://www.cs.princeton.edu/~schapire/maxetat/ download the
MaxEntsoftware. On this page, you will find links to two papers that may help inform you more
on mathematical and theoretical aspects of howmagEnt algorithms workFurther down the
page undeferms of Use you will see where to entgour Name Institution, andEmail address.

Fill in the requested information, and seleetsion 3.3.3gor latest available version).

When you are finished, click thccept terms and downloadoutton.

.
File Download 3

A new page should come up that explains how to
download the software. You can download each of the

Do you want to open or save this file?

g Mame: maxent.zip

Type: Compressed (zipped) Folder, 616KB MaxEnd s t hree fil esmaxengapar at el
Frem: wwcsprinceton.ec maxent.bat, readme.txt) or you can download all of them
Open | | Save | [ Cancel ] |n .le flle.

/| Mways ask before opening this type of file

Save the .zip folder to whatever workspace you are
i i While files from the: Intemet can be useful, some files can potentially .
a harm your computer. f you do not trust the source, do not open or Work| n g Off Of

save this file. What's the risl?

Once your downlad is completed, you should see the tivieEntfiles in yourfolder.
To open theMaxEntmodel, go to this folder and click on thexent.bafile.
Step 2: DefiningMaxEnt Background Selection

This section describes howdefine howMaxEntselecs background samples (also called

pseudo absences) or how to providi@xEntwith absences. These samples will be used to

estimate the environmental layers across the entire extent or landscape used to model the species
distribution. The background samplesed when developing a distribution model can have

significant impacts on the model results (for more information on this topi€liseet al. 201).

Often we are modeling species within the United States. One method used to limit where the
background paits are selected from is to only MaxEnt selecfrom counties where you have
sample locations. This limits the backgroyuint to areas that we assumera/ surveyed for the
species which providddaxEntwith a background file with the same bias asgresence
locations.

Often, we may be modeling a species distribution in another country or at small extent where the
use of counties to select background points from does not make sense. In these cases, it may be
better to use the minimum convex polygoml&sine the area whetdaxEntwill draw its

background samples from. For the purpose of this tutorial, we will not describe in detail how to
do this, but it important to be aware of this technique.



Another method to select background samples is to prgeidieown background points to
MaxEnt This serves two purposes: (1) you select the specific background loddtgEstuses
to develop the model and (2) this will speed upNtaxEntmodel process. Deciding what
background samples to include in the maxdel be difficult. The best suggestion is to use
presence points for another species that was part of the same survelpassfigecies

Which method you use for background samplesMaxEntdepends on the data available, the
geographic characteristics of the area, and the size of the extent you are modeling.

For this example, we will select background points from the countiesewe have presence

data for Hligator weed. To accomplish #hiyou will have to clip all the environmental layers you
use for the modebkgePart 2, step 2 for detailf) the counties that have alligator weed presence
locations. You will then use the clipped environmental layers to develop the model and project
the model (more on this inep 3 to the extent you wish to modile distribution of Alligator

Weed. The steps to create the clipped environmental layers are outlined below:

First, open ArtMapl0 and load youhlligator Weed.cs¥ile of the locations poirstand make it
a shapefile by rightlicking on the layer selectiriga t atiéen selecExport Data. Save the
shapefile irthe folderand name it\lligator Weed.shpMake sure to add the
new layer to the map. Now add th& counties GCS_wgs84sto the magocated in

| 3 Untitled - ArcMap - Arcnfo [ s
File Edit View Bookmarks Insert Sclection Geoprocessing Customize Windews Help
ODEda 0 o | g - ([125000.000 <l | E G R B e v? o
GO TH R N - RN WY = IR-Y Y el =)
‘TableOiCunlenis 7 x Fl]l
—_— . =
0¢8|IZE g
55 lyen =
B E Alligator Weed.csv Event
.
B B US_counties =] %]
g
H

v

O =7 ERmdE e o
;'?:Efiﬂ%'%mﬁ“i
’#‘f!‘ﬂ%‘“" o '
Y T

getu
%b-&m'{’-.
"‘ ‘-J h

4 i, | » @e|zn < . | 3
-118.903 39.442 Decimal Degrees
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We are now going to select only the
counties that have a recorded presence
within them. To do thisgo toSelection

in the top menu bar the®election By

Locati oné

pEmEms
||

File Edit View Bookmarks Insert

(=g B x
YR JEE R
Table Of Contents rx
3C8 2E 4
B £ Layers
= Alligator_Weed.csv Event
o |
= US_counties
O

|

3

i -

Selection | Geoprocessing Customize Windows |

BY  Select By Attributes...

(EEEI

|%| Select By Location...

B o

Selection Options...

Interactive Selection Method

»

o

In theSelect By Locationwindow, selectUS_counties. GCS_wgs&$ theTarget layer, make
Alligator_Weedthe Source layer and choosd&arget layer(s) features intersect the Source
layer feature as theSpatial selection methodLeave the pply search distance unchecked.

Click Apply. Then clickOK.

Select By Location

=

Selection method:

Select features from one or more target layers based on their location in
relation to the features in the source layer,

Iselect features from
Target layer(s):

[1 Alligator_Weed
| US_counties

[~ Only show selectable layers in this list

Source layer:

IR{;’ Alligator_Weed
[T Use selected Features

@

Spatial selection method:

features selected)

ITarget layer(s) features intersect the Source layer feature

[~ apply a search distance

| 3.000000

IDecimaI Degrees

=

Help |

OK

Apply | Close
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The counties with presence points should be highlighted. To create a new layer with these

counties right clickheUS counties. GCS_wgs#&ayer in the table of contents and select
Selectionand therCreate Layer From Selected features

A new layer showl appear in the table of contents call&sl counties GCS wgs84 selection

Now we will convert te new layer to be a rastéro do this go taA\rcToolbox thenConversion
ToolsthenTo Rasterand select the to®olygon to Raster SelectJS counties GCS_ wgs84
selectiorfor thelnput features, save the file iri ashias_fileand set theell size

to be the same as the 1grid file in the folder. Leave the other fields blank and
clickontheEn v i r o n rbettant s é

In the Environments window, set the

Extent, Snap Raster, Cell Sze, and

Maskall to be thenio_1grid in the
folder. Click OK.
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