W /\\/Q\///\VA\\V/(\\//«V,(

S
7

8 0 //

" Global Forum on Biological Control and AN
Training Workshop on Biological Control
Nairobi, Kenya 26-30 June 2023

0

Ecological Niche Modelling using
MaxEnt software

Co-organized by Supported by

d d icul . ° S e R Arn P 4 ey
(8 osmmamion ot . icipe "USAID "\«

United Nations FROM THE AMERICAN PEOPLE cooperation giz

*
EUROPEAN UNION s DELTSEHE 2USAMMENARBEIT



T —

VA V/.\\\"/ Y, L ,}’;‘_
p’/ A((//,\\‘Vf-<t>//AV (s\\//.QQ//(,,,A» =
Vi :

Background viv
/"] Global Forum on Biological Controland

i Training Workshop on Biological Control

MaxEnt program for maximum entropy modelling of species’ geographic
distributions, was written by Steven Phillips, Miro Dudik and Rob Schapire, with

support from AT&T Labs-Research, Princeton University, and the Center for
Biodiversity and Conservation, American Museum of Natural History.

Steven J. Phillips, Robert P. Anderson and Robert E. Schapire, Maximum entropy modeling of species
geographic distributions. Ecological Modelling, Vol 190/3-4 pp 231-259, 2006.

From a set of environmental (e.g., climatic) grids and georeferenced occurrence
localities, the model expresses a probability distribution where each grid cell has a

predicted suitability of conditions for the species.
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The maxent software can be accessed at the Center for Biodiversity and Conservation
at the American Museum of Natural History (AMNH) -

https://biodiversityinformatics.amnh.org/open source/maxent/

The software consists of a jar file, maxent.jar, which can be used on any computer
running Java version 1.4 or later.

In case you do not have java, you can download it on this site:
https://www.java.com/download/ie_manual.jsp

Download Java for Windows

Recommended Version 8 Update 301 (filesize: 2 MB)
"""" elease date July 20, 2021
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Data Statistical & Spatial
collection dynamic modelling predictions

b Species field
L | observations

Responsecurves -
Environment M 0 &0 0
al GIS maps ] )
Ecological niche
modelling
Predicted species
distributions

Source:Rpubs
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Data sources —occurrence data e
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Geo-referenced data can be collected in field using a GPS device.
Secondary data can also be sourced from species data repositories.

One of the largest species is the Global Biodiversity Information Facility
(GBIF) - https://www.gbif.org/ I—

‘GBIF 1 Global Biodiversity Information Facillty

Free and open acc

Occurrences '1
FAW
Occurrencerecords  Data: sets
€D rovence 1,887,125,036 61,489
ccccccccccccc
Licence
N
Scientific nam Qv 3 q
Basis of f recort d > & &
¢
Location .

Administrative areas (gadm.org)

Coordinate uncertainty in metres
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Predictor variables can be sourced from various sites depending on the parameters
you want to use;

1. Climate data
https.//worldclim.org/data/bioclim.html
https://www.climond.org/
http.//www.climatologylab.org/terraclimate.html
https://power.larc.nasa.gov/
https://data.chc.ucsb.edu/products/

2. Soll data
https://data.isric.org

3. LULC data
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https://worldclim.org/data/bioclim.html
https://www.climond.org/
http://www.climatologylab.org/terraclimate.html
https://power.larc.nasa.gov/
https://data.chc.ucsb.edu/products/
https://data.isric.org/
http://2016africalandcover20m.esrin.esa.int/
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Occurrence data is saved in .csv format
It should comprise of three columns: ID, Longitude and Latitude

00~ o bR =

(e

10
11
12
13

A

B C

||D _llongitude latitude

FAW
FAW
FAW
FAW
FAW
FAW
FAW
FAW
FAW
FAW
FAW
FAW

14 FAW

15

FAW

35.05792 0.963873
34.83 0.78
37.7475 -1.8079
36.06968 -0.28524
35.06041 0.996134
35.0268 0.990905
36.23478 0.0759
34.36222 0.14047
37.66308 -0.08699
35.06504 0.986421
36.23128 0.118339
36.78481 -1.16892
36.87578 -1.17689
36.80074 -1.14803

Predictor/environmental variables should be a series of a gridded dataset.

The g

and CRS.

ridded dataset should be in .ascii format and with the same extent, resolution
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Data pre-processing -
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To ensure variables have the same properties, clip the layers to the same extent.

Database Web Mesh SCP Processing Help

-i; Ra.ster Calculator... |_|?_4 |E ||__|]‘| .g-‘lj G\f\t E
Align Rasters... |
Analysis » abec| * -‘q
Projections (3 |
Miscellanecus [ 4 m = m e I

‘.. Clip Raster by Extent... -]

Conwversion 3

(o Contour..

Once the layers are clipped they need to be resampled to the same resolution
(columns/rows) of the reference layer.

The last step is converting the raster files to .ascii format

Database Web Mesh SCP  Progessing Help

ter Calculator... & ]

ster Calculator |_,_I:|J E |E| [ | G\f\t Q:?
n Rasters...

nalysis » abe| * ﬂq
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Maxent user Interface

Navigate to ...\FAW Global forum training 2023\Modelling\Software\maxent

—

[£ | Maximum Entropy Species Distribution Modeling, Version 3.4.1

Samples

Occurrence data

annual_precip

— O

100
Environmental layers
80

- Browse Directory/File \

Predictor variables

Creale response curves ._./
Make pictures of predictions [

’—|V_ Linear features
[¥] Guadratic features
+ Do jackknife to measure variable importance |
¥ | Product Teaturas
Featu res— Output format Cloglog g Jackknite of AUC for Elephant
[ Threshold features 2 Distarce,Jo fiids Weheudvaatla *
Output file type |asc - ; Wi iy warabla *

i . e 2 Distanga,Jo, walat Wil variables ¥
[#] Hinge features Oulput directory B -
[#] Auto features Projection layers directory/file | Browse E St
| Run | Settings | Help | “

040 046 048 050 052 0S¢ 056 0S8 06D 082
e
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Environmental variables

Bioclimatic Variables
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https://worldclim.org/data/index.html

Variable Description Units
Biol Annual Mean Temperature °C
Bio2 Mean Diurnal Range (Mean of monthly (max temp - min | °C
temp))
Bio3 Isothermality (BIO2/B107) (x100) -
Bio4 Temperature Seasonality (standard deviation x100) -
Bio5 Max Temperature of Warmest Month °C
Bio6 Min Temperature of Coldest Month °C
Bio7 Temperature Annual Range (BIO5-BIO6) °C
Bio8 Mean Temperature of Wettest Quarter °C
Bio9 Mean Temperature of Driest Quarter °C
Biol0 Mean Temperature of Warmest Quarter °C
Bioll Mean Temperature of Coldest Quarter °C
Biol2 Annual Precipitation mm
Biol3 Precipitation of Wettest Month mm
Biol4 Precipitation of Driest Month mm
Biol5 Precipitation Seasonality (Coefficient of Variation) -
Biol6 Precipitation of Wettest Quarter mm
Biol7 Precipitation of Driest Quarter mm
Biol8 Precipitation of Warmest Quarter mm
Biol9 Precipitation of Coldest Quarter mm
AN AN AN A AN AN AN A AA A N AN Z AN A A AN AAZ AN AAZAZANATAZAAIA
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Multicollinearity »/ %
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In statistics, multicollinearity is a phenomenon in which one predictor variable can be
linearly predicted from the others with a substantial degree of accuracy.

Groups of intercorrelated variables at cutoff 0.7

10 7 | Select variables that are not collinear from
_ 08 the dendogram.
<
3 06
g
L 04T 1l Methods
S 02 - 1. Pearson’s
m
7 ﬂ 2. Spearman
O g 4 —— | L : :
S P O ey | AR | Y 3. Variance Inflation factor
S o5 2552855000200 28
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Maxent user Interface

|£] Maximum Entropy Species Distribution Modeling, Version 3

Samples

.Y )

4.1 - O X

Environmental layers

File|:currence data\FAW occurrence data.csv" Browse

Directory/File ‘2U23\rv10delling\EnvironmentaI variables” Browse

b1 Continuous -
b12 Continuous -
b15 Continuous v
b18 Continuous -
FAW b19 Continuous -
b2 Continuous -
b3 Continuous -
b4 Continuous -
b5 Continuous -
Linear features Create response curves
7] Quadratic Make pictures of predictions
Do jackknife to measure variable importance
v| Prod
Output format |Clogleg -
Oy i Output file type |asc -
Hinge features Output directory |\ Global forum training 2023\Modelling\Model outputs|  Browse
Auto Projection layers directoryrﬁle| Browse

| s |

— tew |

Settings

* Occurrence data - ...\FAW Global forum training
2023\Modelling\Occurrence data\FAW occurrence

data.csv

* Predictor variables - .... \FAW Global forum training

TIN5y
A QA Al
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Supply a file containing presence geolocations, a
directory containing environmental variables, and
an output directory.

Give a test percentage of 30 and regularization
multiplier of 3.

Replicates = 2

|£] Maximum Entropy Parameters

[ Basic | Advanced | Experimental

[] Random seed

Give visual warnings

Show tooltips

Ask before overwriting

[] Skip if output exists

Remove duplicate presence records
Write clamp grid when projecting
Do MESS analysis when projecting

Random test percentage

Regularization multiplier 3

Max number of background points

Replicates 2

Replicated run type Crossvalidate

Test sample ﬂle|

Food and Agriculture
Organization of the
United Nations
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Model output

MName Date modified Type Size

or plots 20/06/2023 14:42 File folder

B raw 20/06/2023 14:42 Firefox HTML Document 8KB
&o FAW Dasc 20/06/2023 14:40 ASC File 9,536 KB
B w0 29/06/2023 14:40 Firefox HTML Document 12KB
oo FAW DJambdas 20/06,/2023 14:40 LAMBDAS File 2KB
FEW_0_omission 29/06/2023 14:40 Microsoft Excel Comma... 30 KB
:E FAW_0_samplefverages 29/06,2023 14:40 Microsoft Excel Comma... TEKB
.ﬁ FAW 0 _samplePredictions 29/06,2023 14:40 Microsoft Excel Comma... 13 KB
&o FAW_1.asc 20/06/2023 14:40 ASC File 9,535 KB
B raw 1 20/06,/2023 14:41 Firefox HTML Document 12 KB
&o FAW_1.Jambdas 20/06/2023 14:40 LAMEBDAS File 2KB
:E F&W_1_omission 29/06/2023 14:40 Microsoft Excel Comma... 30 KB
B FAW_1_sampleAverages 29/06/2023 14:40 Microsoft Excel Comma... 1KB
:E FAW_1_samplePredictions 29/06,2023 14:40 Microsoft Excel Comma... 13 KB
&o FAW 2.asc 20/06/2023 14:41 ASC File 9,536 KB
B raw 2 29/06/2023 14:11 Firefox HTML Document 12KB
oo FAW 2lambdas 20/06,/2023 14:41 LAMBDAS File 2KB
F&W_2_omission 29/06/2023 14:11 Micresoft Excel Comma... 30 KB
8- FAW_2_samplefverages 29/06/2023 14:41 Microsoft Excel Comma... 1KB
B FAW_2_samplePredictions 29/06/2023 14:41 Microsoft Excel Comma... 13KB
&a FAW_avg.asc 20/06/2023 14:42 ASC File 9536 KB
0o FAW max.asc 20/06/2023 14:42 ASC File 9,536 KB
&o FAW_median.asc 20/06/2023 14:42 ASC File 9,536 KB
oo FAW min.asc 20/06/2023 14:42 ASC File 9536 KB
&o FAW stddev.asc 20/06/2023 14:42 ASC File 9,536 KB
&4 maxent 29/06/2023 14:42 Text Document T8 KB
.ﬁ maxentResults 29/06,2023 14:42 Microsoft Excel Comma... 10KB
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Model prediction

Click on the html file see a report of the
results

i
H

or plots

&8 raw

&o FAW D.asc

& Faw0

&o FAW Oldambdas

B FAW_0_omission

E_ FawW_0_samplefverages
E_ FAW_0_samplePredictions
&o FAW l.asc

&8 w1

&o FAW 1.lambdas

B FAW_1_omission

E_ FAW_1_samplefverages
B_ FAW_1_samplePredictions

The image uses colors to indicate predicted
probability with red indicating high probability of
suitable conditions for the species, green indicating
moderate, and lighter shades of blue indicating low
predicted probability of suitable conditions.
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Average Omission and Predicted Area for FAW

Mean area ®
Mean area +- one stddey ®

L | Mean omission on test data ®
0.8 / Mean omission +- one stddev

Predicted omission ®

The test data (30%) set aside is used to validate the model.
The first plot shows how testing and training omission and

predicted area vary with the choice of cumulative threshold ']
The omission rate should be close to the predicted omission

0 10 20 an 40 a0 G0 70 eo a0 100
Cumulative threshold

Average Sensitivity vs. 1 - Specificity for FAW

" | weanauc=ng4a) =
Mean +/- one stddey ®
| Random Prediction ®

The second plot shows the area under the ROC curve (AUC). |
This plot illustrates the relationship between Sensitivity
(omission) and Specificity(commission).
AUC close to 1 shows high model’s goodness of fit.

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.4 1.0
1 - Specificity (Fractional Predicted Area)
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 Analysis of variable contribution gives estimateS Rz riable Percent contribution [Permutation importance
of relative contributions of the environmental bl 116 T
variables to the Maxent model. '
b12 359 288
b19 6.8 28
* The right-hand column in the table shows b2 53 13
permutation importance. This measure 15 13 23
depends only on the final Maxent model, not ' '
the path used to obtain it. b3 1.2 4
 The contribution for each variable is b3 0.7 4.8
determined by randomly permuting the values b4 0.5 3.5
of that variable among the training points (both blg 0.4 10

presence and background) and measuring the

resulting decrease in training AUC.  Alarge decrease indicates that the model

depends heavily on that variable. Values are
normalized to give percentages
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Jackknife test of variable importance iy
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Jack knife test provides the hierarchy of
predictor variable importance when used in

Jackknife of regularized training gain for FAW

Isolation and together with the rest of the i —— T Winoutvariable ®
variables. o132 | With gl vaniasies =
r%:tﬂﬁ

. . . B 118
Each variable is excluded in turn, and a model &,
created with the remaining variables. g
Then a model is created using each variable in &,
Isolation. bs
In addition, a model is created using al R T
Varlables, aS be'l:ore regularized training gain
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D
S
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Response curves -

Kl '\.’
7/ Global Forum on Biological Controland ™
" Training Workshop on Biological Control

* Response curves show how the predicted probability
of presence changes as each environmental variable
Is varied, keeping all other environmental variables at
their average sample value.

Response of FAW to b12

cloglog output

1.0

// 1" f | 0af
05 F - [ .
0.2t

[Ty === I 0.0 B

bh12
- T T |
52 208 173 2450 27 130 20 027 01
b2
L= -
63 180

b19 b3 b4 0.0 . . . . .
O 1 0 1oF \ O ] 0 500 1000 1500 2000 2500
r ﬁ b2
05 n 0.5 0.5 n [ o n
00— - [1N1] [Ty === = [T === =
1} a1 G4 ag a08 17
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Model visualization and mapping W

« Ascii output is the probability B FAV_ 2 sampletversges
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. g B: FAW 2 samplePredictions
layer to be utilized for mapping

FAW avg.asc

FAW max.asc
FAW_median.asc
FAW rin.asc
FAW stddev.asc

-l -l -l [

v = FAW avg
Band 1
0.995932

I 0.000042

F0R/2023 14:41 Microsoft Excel Comma
29/06,/2023 14:41 Microsoft Excel Comma
0/06,/2023 14:42 ASC File
9/06/2023 14:42 ASC File

0R/2023 14:42 ASC File
8/06/2023 1442 ASC File
29/06/2023 14:42 ASCFile

T o

« The raster layer values range between 0 — 1.

« Darker shades represent low probability of
the species while lighter shades represents
high probability.

WA/\ Food and Agriculture

F\¥/0 anizati - 'Cl e
"\ %) Organization of the p
]/ United Nations 'C'



w A"A‘M"‘V"‘\W’\\"A«m)@y
Map development

/f“'// } N,
« Create a color symbology for better
visualization.

. \.‘
'/ Global Forum on Biological Control and ™
* Training Workshop on Biological Control

() Layer Properties — FAW_avg — Symbology X

Render type |5ngleband pseudocolor ™ |

"fi Information

Band | Band 1 —
‘2\:\‘_ Source L E—
; Min |u.oooo41ms Max 0.995932 |
@ Symbology Ny P
Ll Tansparency Interpolstion (e .
oo . -
Histogram | I_l
Label unit suffac | |
[ ™ ndering
Label precision | L - |:|
“ Temporal S oo .

B Pyramids 0.19921979584 . <=10.2
gl evation 0.398397846380. . 02-04

a Metadata
=

0.59757589792 0.4-0.6

0.796753948960... 0.6-0.8

" . -

Mode |Equa|Interva| > | Classes ‘5 €& :|

(o= (@) (=)[) B)[8) e

=T [ ox || comed || mppby || Hep |

;
&
D
.
&
D
;
&
D
X
&
>
.
&
D
;
&
Y
.
&
2y
(e
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Map development o 2
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5°487"N

2°54’4”"N

34°48l'43"E 37"42[’47”5 40‘36I’50”E 43°30|'54”E >
&
Climate suitability of Fall armyworm in 3
Kenya
z
« Add all the map features to
produce a map.
(] County boundary
Probability of occurrence :‘
I Very low (<= 0.2) 3
[ Low (0.2-0.4) .
[ | Moderate (0.4 - 0.6)
[ High (0.6 - 0.8) 0 100 200 km
I Very high (> 0.8) [ I

N ANANAN \‘/"V"\‘/“V“\:/:°V"\'/*vav.o’\l/’”‘\'/“\/“\‘/"\:':\’:/“V“\'/"V"\‘/"V“\‘/"V"\‘/“V“\‘/"V"\'/“\ Food and Agriculture . .
N A VY SOV LY NSOV LY SO NSO S DNV Q\?{@ Organization of the icipe

United Nations



Contact: eabdel-rahman@icipe.orq,
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