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SDM – Design your experiment

• Think before starting!
• What do you want to know about the species?

• How do you verify that?

• Set an hypothesis: 
• E.g. Climate change will decrease the area available for species X

• Thus:

• Draft the steps to test said hypothesis:

𝐻𝑂: 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑋

𝐻𝐴: 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑖𝑡𝑎𝑏𝑙𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑋

Be as much formal as you possibly can 



SDM Pratical: Getting # ready

• Goto: https://www.gbif.org/

Species name here

Does it have synonyms?

https://resolver.globalnames.org/

27 synonyms for this bat species

On the options on the left, make
sure to only select occurrences
with geographic information (and
perhaps only human observation)

https://www.gbif.org/
https://resolver.globalnames.org/


SDM Pratical: Getting # ready

• CSV – comma separated variables
• Comma’s have different meanings:
• EU (in general): Comma is a decimal separator
• USA: point is the decimal separator
• Also tab delimited (decimal can change here)

• R can read all types

• Correcting from csv1 to csv2
• Open in notepad
• Substitute , for ;
• Substitute . for ,

• There are other methods (check the manual)

ArcGIS, R, excel, etc, each of them 
might recognize numbers different 
so keep all files



SDM Pratical: Getting # ready

• Maxent expects the data in CSV
• Species name; longitude; latitude

• MAKE SURE YOU HAVE ONE NAME PER SPECIES

• When you download from GBIF, it usually brings multiple names

• Yes, you can have multiple species in one file
• Yes you can have multiple subsets of the same species in one 

file: e.g. amanita1, amanita2
• They will all be modelled independently

• IMPORTANT STEP:
• Load your CSV into a GIS and explore your #



SDM Pratical: Getting # ready

Different sampling strategies

Floating mushrooms

Was the species introduced here?

Hum…

In a GIS you can easily clean the obvious
errors

- Further explore if the data “makes sense”
- When satisfied, export back to csv (check

GIS notes)



Getting climate variables ready

• Goto: https://www.worldclim.org/
• Worldclim version 2: 1970~2000

• Tif format (more GIS friendly)
• Only “Present”

• Worldclim version 1.4: 1960~1990
• Bil format 
• Also a section for Future and Current

• You can use either worldclim version but 
future scenarions are only possible on the 
previous version

• Next:
• Variable description
• Coordinate system and resolution

You can also directly download in R:

Example @ https://www.gis-blog.com/r-raster-data-acquisition/

https://www.worldclim.org/
https://www.gis-blog.com/r-raster-data-acquisition/


Getting climate variables ready

Main product of Wordclim dataset

• Monthly means of each of these estimates

These are secondary products that “sumarize” the main
products

Coordinate system: World Geodetic System 84(WGS84)

Units are degrees, minutes, seconds

Proper term: Geographic coordinates

Resolution at the equator!
Conversion to m explained in: https://en.wikipedia.org/wiki/Decimal_degrees
X (m) = 30(s) * Perimeter@equator/360(o) = 927.66m @ equator AKA 1km layer
Download the 5 minute layer! (10km @ equator)

https://en.wikipedia.org/wiki/Decimal_degrees


Getting climate variables ready

Year the scenario represents

Notice: you must use the same variables for present and forecasting

Download the data corresponding to the scenarios you want
to test



Getting climate variables ready

• Be organized!
• Think of folders as a “database”
• If you use R script: 00_SettingUpWorkEnvironment.R you will get an 

environment like mine

• Unzip each .zip file to the appropriate folders
• My case: Future data to Future folder, Present data to Present folder

• First step: subsetting the data to your Area of Interest
• Alternative 1: Clip your AOI based on the range of your presence data
• Alternative 2: Clip your AOI based on a polygon shapefile created in 

Arcmap
• Alternative 3: Create your own extent 

• You should train your model in an AOI and then predict back to the 
entire planet

• If you want to see the future in a specific AOI, you can also clip the future 
layers

• We show that on the tutorial but it’s optional



Getting climate variables ready

• Overall procedure:
1. Load the entire group of rasters in the present

2. Load an object (occurrence points or a shapefile) to crop the rasters to na AOI

3. Select the variables of interest – using an ecological criteria

4. Test the selected data for Autocorrelation and VIF
1. If >.7 or VIF >10, then you have to remove somethig

5. Save all the data to a new folder in .asc format
1. Maxent needs it!

6. Start-up maxent, load the data, set the settings and run



Getting climate variables ready

• Loading rasters:

Check file: 01_CroppingEnvVariables.R Setwd tells R to consider c:/practical as the “working folder”

This allows you to use relative paths by adding a dot: ./<folder>

If you use a diferent folder then you should change this

The direction of the slash is significant!!!

Single \ - tells Rm next character is special
Double: \\ - Tells R, next character is a backslash
Forward: / - recognized as a backslash

For R you must use: \\ or / when using a folder path or
you will have an error

List.files command creates a “list” of the files in a specific folder.

By using pattern=“.bil” this list will only consider files with the “.tif”
extension

Adding full.names=T means it will actually return the entire path (in 
this case: c:/Practical/Present /<filename>.tif

The order of the original variables is mixed – so we have to shuffle
them
Originally: (Bio1, bio10 … Bio 19, bio 2… bio9)
But we want: Bio1, bio2, …. Bio19



Getting climate variables ready

Now you repeat the same for the scenarios you want to use

This is to rename the variables of the present period to the
bioclim naming – if you do it now, it helps you later when
selecting the variables. Everything will be in proper order



Getting climate variables ready
In the case of the future variables they are often loaded out of order, 
you should check in your case!!

When everything is in proper order, we can name it – Maxent likes it
when variables for projections share names with the training variables



Getting climate variables ready

• Creating an extent object
• We will clip to the extent of the area where we have occurrences

• For a polygon area, the exercise is the same (ish). 

• First load the occurrence data:

Here i had a problem – some coordinate values
were wrong, if you have an error, eliminate
those rows in Excel, save as csv, and repeat



Getting climate variables ready

• Clipping the rasters:

With what we have we could go to maxent, but first we need to check for autocorrelation effects in our data

• The crop command clips all rasters



Getting climate variables ready
• Now we repeat the same with the present data (world, cropped by future 

scenarios – antartica is not there in the future data
• And then you save it to the proper folder (check the script!)



Getting climate variables ready

• Remember autocorrelation and multicollinearity

• Pairwise correlation • Model multicollinearity
• Select n variables – X1… Xn
• Sucessively make a linear model:

• X1 ~ X2…Xn
• X2 ~ X1 +  X3… Xn
• IF any VIF > 10, remove said variable

• Repeat above step with new model, 
excluding variable X that was removed.

• Don’t worry, R has a package for it



Getting climate variables ready

• Pairwise correlation test
• Pearson coefficient

Var 1 Var 2 Va3

Var 1 Var 1 ~ var 1 ….. …

Var 2 Var2 ~var 1 Var 2 ~ var 2 ….

Var3 Var 3 ~ Var 1 Var 3 ~ var 2 …..

• Think of which variables are good for 
your species

• Confirm if there is more than 0.7 and
smaller than -.07 pairwise correlation
between them

• To many pairwise correlations will cause 
multicollinearity



Getting climate variables ready

• For exemple, my first selection: Bio01 Bio04 Bio07 Bio12 Bio15 Bio19

Bio01 1 -0,23315 0,071517 -0,56364 0,685389 -0,26329

Bio04 -0,23315 1 0,909285 -0,40359 -0,14273 -0,44821

Bio07 0,071517 0,909285 1 -0,59959 0,13863 -0,5451

Bio12 -0,56364 -0,40359 -0,59959 1 -0,42529 0,844799

Bio15 0,685389 -0,14273 0,13863 -0,42529 1 -0,07466

Bio19 -0,26329 -0,44821 -0,5451 0,844799 -0,07466 1• Now I need to test for multicollinearity:

• Bio 04 and 07 are so strongly correlated that they
affect the entire model – I have to remove one
• Bio 04: Temp. seasonality
• Bio 07: Temp. anual range
• I like seasonality more for Mediterranean climates



Last step before modelling

• Now we have:
• Selected the occurrence data we want to use

• Selected the variables we want to use and cropped them to our choosen
study area

• What’s missing?
• Crop the future scenario data and export it to a folder

Think:
- If you train and project the model in one AOI you can’t

find new areas around the world where the species
might be

- If you crop your future data, you will also not be able to 
predict anything regarding the world



Maxent finally

Take note of the warnings you will get and let me know what you think they are x)

Load the occurrences
(beware of the type of CSV)

Load the enviromental variables – point
to the folder

De-select all and then select
your variables

Activate everything and
choose logistic output

Press settings for extra options



Maxent finally

Good luck!

Make sure options
are like these –
What is “MESS”?

This is the number of
repetitions of the
models, in “real” 
research you would
have to do 

thousands.


