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Why Ensemble Modeling?

« Avariety of sampling techniques have been used to
develop species distribution models, with varying
strengths & limitations.

Systematic surveys Telemetry studies Opportunistic surveys
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* No single model is correct at all times, in all areas and
at all scales



Example: West Coast blue whales
NMFS Large Whale Workshop (September 2014)

Organized by Monica DeAngelis (formerly NOAA West Coast Region)
to look at the availability of large whale models off U.S west coast

Source Data Model type Region
SWFSC LT (CCE & CCE/E
Pardo et al. 2015 ETP) Bayesian hierarchical TP

Becker et al. 2016  SWFSC LT (CCE) GAM CCE
Hazen et al. 2016 Tagging GAMM/BRT ENP

SWFSC LT (CCE &

Redfern et al. 2017 CCE/ETP) GAM CCE
Central
Dransfield et al. 2014 ACCESS LT Neg. Bin. Regression CA
us
Irvine et al. 2014 Tagging Kernel density EEZ

Sirovi¢ et al. Passive acoustics GAM SCB

Monnahan et al. Passive acoustics GAMLSS ENP



West Coast blue whales

Multiple, published blue whale models off the U.S. West Coast
created challenges for management and assessment of local
risks (e.g. entanglements, ship strikes).

May 2015: Joint NMFS-IWC workshop to examine blue whale models
and develop a plan for evaluating/combining diverse models



How can we combine information from
multiple studies to get a better spatial model?

OPTION 1: Integrate diverse data within a single analysis
framework (e.g. Bayesian hierarchical models).

Challenges can include...
... data ownership
... computational limitations
... analytical expertise required

OPTION 2: Combine model outputs to create a single
ensemble model



Ensemble Modeling

1 " Predictions from a set
33 “ong (‘ensemble’) of models
S often yield more robust
3 predictions and allow
§ Weight 2 evaluation of uncertainties.
T

Wintle et al. 2003,
Johnson and Omland 2004,
Araujo and New 2007,

& 8 Thuiller et al. 2008,
Gritti et al. 2013

Becker et
al. 2016

Advantages:

Requires only model outputs (not original data)
Computationally more straightforward

Can be done by end-users/resource managers



NOAA Fisheries Science & Technology
Protected Species Spatial Toolbox Project: eSDM

 Goal: Develop a user-friendly R tool
(eSDM) for creating and exploring ensemble
models from existing spatial models (e.g.
provided in GIS or CSV files).

 Purpose: Enhance and facilitate
management decision-making

« Approach: Use published blue whale
models as a case study to explore
ensembling methods; solicit input from
Science Centers, Regions and other end-
users during development and testing.

« Today’s presentation: Provide overview of
this project and introduce the draft (‘beta
version’) of eSDM.

 Tomorrow: Hands-on demo for anyone
interested in trying the eSDM




Blue Whale Case Study

Initially focused on three models of absolute density
for the entire California Current Ecosystem study area

Redfern et al. 2017

Becker et al. 2016 Hazen et al. 2016

SWFSC: Balaenoptera musculus 1991-2009

- Sept. 2009

1991-2009 shipboard 1994-2008 blue whale

line-transect survey satellite telemetry data

Contemporaneous 8-day Contemporaneous satellite-
ROMS covariates derived covariates

~10 x 10 km prediction grid ~25 x 25 km prediction grid

1991-2009 shipboard
line-transect survey

Climatological SODA
covariates

10 x 10 km prediction grid




Creating a common grid

» Models predictions were made using different spatial resolutions
and grid patterns (equal area vs. equal degrees), etc.

* Models need to be re-scaled to a common unit if they are not all the
same data types (absolute/relative animal density, probability of
occurrence, etc).

) SWFSC: Balaenoptera musculus 1991-2009 | =

- Sept. 2009
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Becker et al. 2016 Hazen et al. 2016 Redfern et al. 2017



Estimates for summer/fall, 2001, 2005, and 2008

OVERLAID MODELS (cont) — Cylindrical Equal Area Projection
EAB

2001 Predictions 2005 Predictions 2008 Predictions All Years Predictions

- 40%

Lowast 60% Lowest 60% Lowest 60% Lowest 60%

2001 Predictions 2005 Predictions 2008 Predictions All Years Predictions

s,

‘_ . \\ 3 - 3 - 3 - 3 -
- - - 40% - - 40%
Lowest 60% Lowest 0% Lowest 60% Lowest B0%

2001 Predictions 2005 Predictions 2008 Predictions

- 40% - 40%

Lowast £0% ) Lowast B0 Lowast 60% Lowast B0%

Redfern et al. in prep.




Evaluation and Weighting of Models Alvears Podicions,

» Evaluation of model performance relative to
validation data sets:

« AUC: Receiver operating characteristic
curve (Fawcett 2006)

- TSS: true skill statistic (Allouche et al. 2006) s
« RMSE: Root mean squared error

» Development of weighting schemes:
« User-provided errors/weights
» Performance-based weights (e.g. AUC) Al Years Predictions
» Regional/global weights?

* Down-weighting for models based on same
underlying data?




Validation data sets for blue whale case study

We used presence and absence points based on 5-km survey
segments from NOAA/SWFSC cruises, home range areas
from blue whale telemetry study, and both combined.

5km Line Transect Points

Points

® Presence
Absence

S

Guf of the Farallones

Figure 2b from Irvine et al. (2014)



eSDM Ensemble Tool

https:https://mloncon.shinyapps.ic/eSIDM/

Save eSDM working environment

Draft tool includes features that were
explored and determined to be useful for
blue whale case study (Redfern et al., In

prep):
« Import options for .CSV and GIS files

« User-specified weights (for whole
model, regions, individual pixels)

 AUC & TSS evaluation and weighting

« Scaling to absolute abundance or
relative densities

 Validation of individual and ensemble
models with external data sets

« Plotting tools
« Model export capabilities



eSDM Overview: Tabs for each step of ensembling process

A eSDM Roadmap and

SDM Load or Save Environment

]

C @
&3 Load Model Predictions

M eSDM Roadmap and

oad orSave Environment road and Save SO Work IR Overlay Model Predictions

& Load Model Predictions Load eSDM working environme

Upload .RDATA file

&4 Overlay Model Predict . .-
T . £# Create Ensemble Predictions
$£# Create Ensemble Predictions o

+ Evaluation Metrics

. . .
+ Evaluation Metrics you perform
El High Quality Maps If you do not have an ions t still want to use the eSDM, y nload a zip
clicking the D e dato button
& Export Predictions . .
fug b/ 2) Overlay and create ensembles:
HI':'h QUEIIJI'_':," "13 pS- Model Pre aty

& Manual

& Submit Feedback

& Export Predictions

"TMENT OF ©

4) Manual and eSDM feedbad

A gk d into sec
E MEIF'ILIE![ f E: sutl?}:empflt

& Submit Feedback

Close App

\ Context-specific tips
and brief instructions




eSDM Overview: Load Model Predictions

* |Import options for
.CSV and GIS files

M e5DM Roadmap and
Load or Save Environment

& Load Model Predictions

» Can specify pixel-
specific weights
during loading

£% Overlay Model Predictions
£+ Create Ensemble Predictions
+ Evaluation Metrics

B High Quality Maps

&% Export Predictions

« Allows for absolute
density or relative
density values

& Manual

@ Submit Feedback

mn with longitude data

mlon

Column with prediction data Prediction value type

Bm_| k Absolute density

Column with weight data (optional)

N/A

Load model predictions




eSDM Overview: Load Model Predictions
Model summary stats and preview

Search

Load Model Predictions Loaded Model Predictions

Data file type Select loaded model predictions with which to perform an action: Click on row(s) in the table below to select or deselect the model predictions. You can
only select or deselect row(s) when Display additional information is unchecked.
GIS shapefile
SDM filename Resolution Cell count Prediction count Abundance Long, lat range

Browse to and open all files (.shp, .dbf, etc.) associated with the GIS shapefile. Note that if this file is large

Original 1 Becker_data.csv 0.09 degrees 14807 14807 1662 -131,-117, 30,49
greater than ~50 Mb), then it could take several minutes to load.

5 o 7 i -131,-117, 30, 4¢
n data: Please ensure that missing prediction values are one of the fol 2 "HA, "Hal Original 2 PredCCE_ModelCCE_shp 10km 11419 11378 H/A 131,-117,30,49

na', NULL, blank, or a negative number. Display additional information If 'Resolution’ data begins with then the predictions are irregularly spaced in their provided

Select "Relative dens f the predictions are probabilities of occurrence., coordinate system and the provided value is an approximation

Select "N/A™ if the data does not have weight data.

Action to perform with selected Action option(s)
Upload GIS shapefile files model predictions

i Manual _ -
e Browse..  4files ._Q.P\ot preview Units

(7 Download it _
Submit (@pevmioaripreview (F)Percentages Freview selected model predictions

(7)Remave from app
Column with prediction data Prediction value type
Close App

pred Relative density

Values

Preview

pred Bm_ROMS
NiA 41 prediction values were classified as NA PredCCE_ModelCCE_shp Becker_data.csv

Column with weight data (optional)

0.02225

Load model predictions | 0.02003
o078

Model predictions loaded from GIS shapefile | 001558
- 0.01335
Fo.ois

I~ 0.00891

- 0.00668

Cad

130°W 125°W 1200w 130°W 125°W 120w

0.00446

0.00224




eSDM Overview: Overlay Model Predictions

The overlay process is the backbone of this tool, as it allows you to create
ensemble models for grids developed with different coordinate systems

and/or spatial resolutions.

eSDM

C @

Ensemble Tool for Spet

A =5DM Roadmap and
Load or Save Environment

& Load Model Predictions

- £ Overlay Model Predictions

£+ Create Ensemble Predictions

+ Evaluation Metrics

B High Quality Maps

&3 Export Predictions

& Manual

& Submit Feedback

Figure 1

Woodman 2017 (<D User Mzanvzl)



eSDM Overview: Overlay Model Predictions

Load any land or other study area polgygons (e.g. to clip model to smaller area)
Select the model to use as the base grid

Choose Perform standard overlay (or Perform same grid overlay if grids same)
Click on Overlzy pregiciions 6nic SpEC i

(clofibr=

Load Study Area Polygon Loaded Model Predictions

2 Hel predictions. You can only select or deselect a row when

Select loaded model predictions to use as the base grid: Click on a row in the table below to select or desd

/|Use a study area polygon as the boundary for the base grid in the overlay process y
Display odditional information is unchecked.

Un e box s i S
SDM filename Prediction Weight Prediction type

File type
Original 1 Becker_data.csv Bm_ROMS Absolute

@)Excel .csv
GI5 shapefile

Original 2 PredCCE_ModelCCE_shp CELLID Relative

GIS fil database feat ("
le geodalabase fealure class Criginal 3 WW_data.csv AvehllVears Relative

Display additional information
It Pred

& Manual
Overlay Model Predictions

Submit

Overlay version to perform Overlay options: percent overlap

Close App ¢ t. Plea cou an invali @ Perform standard overlay

Perform same-grid overlay

Upload Excel .csv file [.cav
extension)

Browse... Overlay options: coordinate system

It is strongly recommended to save the app environment before overlaying in
case you are disconnected from the server during the process.

Reminder: loaded study area and land polygons will be used during the overlay

Load Land Polygon
process. This process may take several minutes.

e details about

Use a land polygon to remove land from the base grid in the overlay process Overlay all predictions onto the specified base grid
Perfi lay in WGS 84 hi rdinat:
v orm overiay in W geographic coordinates All model predictions overlaid successfully 4

Area calculations will be perfc d in




eSDM Overview: Create Ensemble Predictions

Select models to combine in ensemble (default is All)
Choose options for weighting and re-cczling

X

@ 127.0.0.1:7661

Overlaid Model Predictions

Select overlaid model predictions to ensemble: All overlaid model predictions will be used when creating ensemble predictions. You can select specific sets of overlaid model predictions to ensemble when Create
ensemble using a subset of the overlaid model predictions is checked.

SDM filename Prediction Weight  Predictiontype  Resolution Cellcount  Prediction count  Abundance  Long, lat range

Overlaid 1 Becker_data.csv Bm_ROMS Absolute 10 km 11419 11377 1618 -131,-117, 30,49

Overlaid 2 PredCCE_ModelCCE_shp CELLID Relative 10 km 11415 11419 f -131,-117,30, 49

Overlaid3  Ww_data.csv Avehllyears Relative 10 km 11419 11326 f -131,-117,30,49

Create ensemble using a subset of the overlaid model predictions
& Export Predictions

& Manual L.
and Create Ensemble Predictions

& Submit Feedb

Ensembling method Rescaling method

Unweighted Note: All prediction types are not
Close App ) Weighted ensembling method: ¢ weighted mean of al "Absolute density", and thus the model
Q@) Weighted pradictions in each grid cell.

predictions must be rescaled

Create ensemble

Manual entry method: the order of the
Weighted ensembling method N Ty i A I:Jc'k|“' teredin @) Abundance
S Normalization
@) Manual entry

R Standardization
Evaluation metric

Ensemble weights Sumtol

Pixel-level spatial weights

Polygon(s) with weights 10,1.0,1.0 Abundance to which to rescale
predictions




eSDM Overview: Create Ensemble Predictions

- I ## Create Ensemble Predictions I

After creating ensemble model(s), scroll down to select and
preview individual ensemble models

eSDM
@) Manual entry , e - et Created weighted
Standardization
Evaluation metric A ‘ ensemble
. . . Sumto 1
A eSDM Roadmap and Pixel-level spatial weights
Load or Save Environment (s) with weights 1.0,1.0,1.0

Abundance to which to rescale

& Load Model Predictions

88 Overlay Model Predictions

« Evaluation Metrics

& High Quality Maps

Created Ensemble Predictions Ensemble Preview
& Export Predictions

Select ensemble model predictions with which to perform an action: inthe ta WEIQ hted | Abundance: 1618 I All
& Manual 0 or ect the model predictions.

& Submit Feedback Ensembling Weights Rescaling Overlaid models
method method used

Ensemble
Weighted 1.0,1.0,1.0 Abundance: 1618

Action option 0.00377

0.00312
Units

mble prediction:
0.00182

0.00117

abundance 130°W  125°W  120°W




eSDM Overview: Evaluation Metrics

Select original models or overlaid models created previously
Load external validation data sets (if desired)
Select AUC, 1°C, Cl= (cen then e epplice 25

X

@ 127.0.0.1:7661

Select Predictions to Evaluate Load Validation Data

Select model predictions to evaluate: Click on row(s) in thg lelow to select or deselect the model predictions. Validation data file type Validation data type

SDM filename Prediction Weight @) Excel .csv @) Counts (numerical)

GIS shapefile Presence or absence
Original 1 Becker_data.csv Bm_ROMS GIS file geodatabase feature class

Original 2 PredCCE_ModelCCE_shp CELLID N | o . - e o
wse to and o ed vith the extension ".csv’. This file must hav

« Evaluation “op . e eeon e T e
Original 3 WW_data.csv e t n ~30 Mb}, then it could take s

AveAllyears

E& High Quality Maps

th the longitude and latitude coordinates of the

SDM filename Prediction Weight with validation da
& Export Predictions e vith validation data

t Overlaid 1 Becker_data.csv Bm_ROMS Upload Excel .csv file (.csv extension)
Manua

Overlaid 2 PredCCE_ModelCCE_shp CELLID Browse...

Qverlaid 3 WW_data.csv Aveallyears

Close App

Calculate Metrics Metrics

Load validation data in order to calculate me

Metric Descriptions and References

‘@) Area under the curve
(AuC)

True Skill Statistic (TSS)

Root mean squared




eSDM Overview: High Quality Maps

Can customize map dimensions, colors, and plotting options to
create a high-resolution meap (€.q. ior publicziions)

Map projection and range Title and axis labels Tick marks and tick labels

/| Generate the map in WGS 84 geographic coordinates (decimal Map title /| Include tick marks in the

degrees) map
Modelfile: Becker_data.csv || Data header: Bm_ROMS

Map range values must have the same units as ified

dmap and
Environme:

& Load Model Predictions

| Predicti

& Manual

& Subm

Close App

coordinate system.
geographic coordin:
with a range of [-180,

Longitude minimum

-131.04

Latitude minimum

30.05

Map Parameters - Section 2
Color scheme of predictions

Prediction display option

m is WGS 84
decimal degr Yeands label

rees
, 90] for latitudes

Longitude

Longitude maximum

-axis label

Latitude

Size values are relative to 1, which is the default size

-117.12
Title size (value is relative to 1)

Latitude maximum 14 N

48.63

Background color and legend

Color Click to select background
scheme color

Color-code predictions by relative preview

percentage

@) Color-code predictions by numerical

value

Color palette

Default: blue to white to red™

| Include legend with the map

Legend position

Right

The number of colors must be 10 when

s color palette

Auxis label size (value is relative
to1)

Reset background color to white

Legend labels: number of
decimals

10

Tick location options Tick length

@) Use default tick locations

Enter tick locations
manually

7| Include tick labels in the Tick label size

map

Tick labels will be generated at

all tick marks

Additional polygons

Include additional polygons in map




eSDM Overview: Export Predictions

Q)

All models in the eSDM czn Ihe exporiceo 25
.CSV files, GIS shapefiles or as Google Earth .[<]V/

Ensemble Tool for Species Distribution Models (eSDM) =

# eS5DM Roadmap and
Load or Save Environment

ct Predictions to Export

Export Predictions

& Load Model Predictions Select model predictions to export: Click on a row in the ta

predictions.

below to select or deselect the model Format in which to export predicti

28 Overlay Model Predictions

SDM filename Prediction Weight

## Create Ensemble Predictions

+ Evaluation Metrics

High Quality Maps

&
‘ I & Export Predictions
&

Manual

& Submit Feedback

Original 1
Original 2

Origir

Overlaid 1

Overlaid 2

Ensemble
1

Ensembling
method

~_data.csv
ModelCC

WwW_data.

SDM filename
Becker_data.csv
PredCCE_ModelCCE_shp

WW_data.csv

Weights

1.0,1.0,1.0

Rescaling
method

Bm_

CELLID

Predicti Weight
Bm_ROMS

CELLID

Overlaid models
used

Abundance: 1618

Filename

& Export predictions




eSDM Overview: User Manual, Feedback, Next Steps

« Each page has dynamic tips and instructions,
but there is also a full user manual (PDF), which
loads automatically when the eSDM opens. It

Ensemble Tool for Spex can also be accessed via the ‘Manual’ tab

A =5DM Roadmap and
Load or Save Environment

« Below this tab, there is a link to submit feedback
and report bugs (Please!?!)

& Load Model Predictions
£ Overlay Model Predictions

£+ Create Ensemble Predictions

« Sam Woodman will return from the field at the
end of April 2018 zna will mzle Ties,
Improvements, and release the revised eSDM

i tool and a supporting paper (target date:

& e September 2018).

& Submit Feedback

« Evaluation Metrics

B High Quality Maps

o We hope ihatihe eSDI will be brozaly useiul
to scientists and managers to explore models,
model uncertainty, and inform future
management decisions.
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	eSDM Overview: Export Predictions 
	All models in the eSDM can be exported as .CSV files, GIS shapefiles or as Google Earth .KML or KMZ files 
	eSDM Overview: User Manual,  Feedback, Next Steps 
	• Each page has dynamic tips and instructions, but there is also a full user manual (PDF), which loads automatically when the eSDM opens. It can also be accessed via the ‘Manual’ tab • Below this tab, there is a link to submit feedback and report bugs (Please!?!) • Sam Woodman will return from the field at the end of April 2018 and will make fixes, improvements, and release the revised eSDM tool and a supporting paper (target date: September 2018). • We hope that the eSDM will be broadly useful to scientist
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	Figure
	Delta plots Only one model has high predicted densities north of 40° latitude – suggests we need an objective method of evaluating and weighting models geographically This PDF was later amended to make the document 508 compliant. 



