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Our vision is to use three ISS sensor platforms (GEDI, DESIS and ECOSTRESS), 
a variety of space-based remote sensing platforms (e.g., MODIS, Landsat, 
ICESat 1/2), in situ acoustic sensor data, and an assortment of other “silent” in 
situ data (field surveys, national and regional forest inventory data, UAV data, 
and meteorological data) to build a multi-sensor biodiversity modeling 
framework that is applied to major terrestrial global biomes.

Overarching Objective

Ø Animal + Plant Biodiversity Model



Hypotheses



ECOStress DESIS GEDI

Habitat Condition Model 
(ECOStress vs. 

stressor/condition)

Plant Species Diversity 
Model (DESIS vs. survey 

data)

Structure (GEDI vs. 
survey data/drone point 

cloud)

Dynamic Habitat Model

ISS-based Sensor Habitat Models



Sites
Mongolia Forest-Steppe Study (ASIAN 
STEPPE)

Interfaces to an NSF Coupled Natural Human 
Systems 2 project in the central highlands and the 
western mountain regions.

Collecting data on herder practices as it relates to 
coupling of sonic-silent variables important to their 
lifeways and lived experiences

Ethnographic study on sonic practices.

Bangladesh Sundarbans Mangrove Study 
(MANGROVES)

7 sites at Swapan Kumar’s 200+ mangrove forest 20 
year inventory study in the Sundarbans (UNESCO site)

Sites span low to high tree diversity based on his long-
term data over a very large area

Need to expand this to 25 locations strategically placed
(1 month long study)



Sites
Tippecanoe Soundscape Study 
(TEMPERATE FOREST)

7 sites at Purdue properties that have 
been recording since 2008

Sites include old growth forest, 
secondary forest, urban forest, two ag 
sites, wetland and one old orchard

Need to expand this to 25 locations 
strategically placed
(2 year long study)

Tanzania Miombo Woodland Study 
(WOODLANDS)

7-9 sites at UCL’s Issa Valley Miombo 
woodlands that have been recording 
since Feb 2017

Sites include marginal woodlands (< 
50% canopy cover) and riparian 
woodlands (> 80% cover)

Need to expand this to 25 locations 
strategically placed
(1-2 month long study)



Major Highlights of Last 12 Months
1. Two published, three papers in review, many more coming
2. Have DESIS-based habitat species diversity model
3. Preliminary GEDI habitat structural complexity model
4. Moved to using CNN-based BirdNET to identify all bird calls
5. Using transfer learning, we now have OrthopteraNET, FrogNET, 

and ChimpNET built
6. Preliminary avian acoustics phenology models
7. Assembling all of these tools into package called TidyAcoustics





Mangroves of the 
Sundarbans Protected Area
110 Permanent Survey Plots

Data collected at each plot (10m x 110m)
Tree species, dbf and abundances 
Condition of tree (healthy, diseased, dying, dead)
Canopy height
Soil salinity
Taken every 5 years since 1983

Blue = hyposaline (low salinity)
Green = mesosaline (medium salinity)
Red = hypersaline (high salinity)



Spectral Species Model Using DESIS, Landsat and Sentinel-2



Analysis of Spectral Species Model

• Spectral species à Species Richness (q=0) à Shannon’s Diversity 
(q=1) à Simpson’s Diversity (q=2)

• Coefficient of variation of band values  à Species Richness (q=0) à 
Shannon’s Diversity (q=1) à Simpson’s Diversity (q=2)

• Examined these relationships also in three salinity zones



Hypothesis 1.1 was that 
there should be a positive 
relationship between 
Spectral Species Diversity 
and Plant Survey Diversity 
(shown here as Shannon 
Diversity, q=1)

Hypothesis 1.2 that 
hyposaline should have 
greater values (red line), 
followed by mesosaline 
(blue line) and then 
hypersaline (green line)

Cannot reject

Cannot reject

Mangroves of the 
Sundarbans Protected Area



Hypothesis 1.3 was greater 
Hill numbers for measures 
of species diversity should 
provide more power.

Hypothesis 1.4 that 
hyperspectral imagery 
should perform better 
than multispectral imagery

Cannot reject

Cannot reject

Hill numbers are designated as q

q=0q=1 q=2

Mangroves of the 
Sundarbans Protected Area



Mangroves of the 
Sundarbans Protected Area

Map of Spectral Species 
Diversity shows complex 
patterns across the 
mangroves with the 
greatest diversity in areas 
with the highest level of 
protection (wildlife 
sanctuaries)

Spectral Species Diversity 
does not follow a east to 
west gradient which was 
expecte





Fig 1: Temporal Trend in Avian diversity in West zone (high salinity) from November 2022 to 
September, 2023

Mangroves of the Sundarbans Protected Area

Green line 
represents avian 
species richness 
per day



Fig 2: Temporal Trend in Avian diversity in Central zone from November 2022 to September, 
2023

Mangroves of the Sundarbans Protected Area

Green line 
represents avian 
species richness 
per day



Fig 3 Temporal Trend in Avian diversity in East zone (low salinity) from November 2022 to September, 
2023

Mangroves of the Sundarbans Protected Area

Green line 
represents avian 
species richness 
per day



Fig 4: Species richness in salinity zones

Mangroves of the Sundarbans Protected Area

Hypothesis 1.5 is that due 
to high stress in the west 
and high levels of top 
dying disease, bird species 
richness should be the 
lowest.

Preliminarily rejecting 
hypothesis
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Fig 5: Number of common species between zones

Mangroves of the Sundarbans Protected Area
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3. BIRDNET RESULTS FOR 
TANZANIA



2022 2023

Preliminary Analysis of 
Acoustic Data from 
Tanzania and Plant 
Survey Results

Daily call rate averages (per 
hour)

Over 120 species of birds 
detected during 7 months of 
recording



Tree Plot Shannon Diversity vs. BirdNET Species Shannon Diversity 
(Preliminary Results for 8 ARUs)

y = 0.46x + 2.0
R2 = 0.52
p = 0.04
N = 8

Bird Species Shannon Diversity = 
species richness times detection 
number (as proxy for abundance)

Hypothesis 1.6 
is that avian 
species call rate 
diversity should 
be positively 
correlated with 
plant species 
diversity

Cannot reject



4. TECHNOLOGY 
DEVELOPMENTS



Satellite Imagery from 
MODIS, ECOSTRESS, 
Sentinel-2, Landat-8 

and DESIS

Diel Acoustic Indices 
(AI) with LOESS Curves

Seasonal Phenology 
Acoustic Indices 

Curves with LOESS 
Curves

Seasonal Violin Plots 
of Acoustic Indices by 

Sites

Daily False Color 
Spectrograms (FCS) 

Automated 
Construction

PhenoPlot: Bird Call 
Counts vs Date

Geocoded Audio Files 
Embedded in Online 

Maps

AI Scatter Plots Over 
Time

Acoustic indices 
overlays of FCS

Daily False Color 
Spectrograms 

Integrated into Movies

Occupancy Models 
Using Unmarked

Google Earth Engine 
Landscape Features of 

Soundscapes

Species Richness 
Overlays on Species 

Call Data

Transfer Learning for 
non-bird sound 

Sources

Point Data

TidyAcoustics

SoundEcology2 BirdNET

Plots, Maps, Movies

Google Earth Engine 
Landscape Features of 

Habitat Use

BirdNET

Habitat Models from 
DESIS, ECOSTRESS and 

GEDI

Purdue Custom 
Tools via A.7

Off the Shelf 
Community Tools

Historic Purdue 
Custom Tools

Geospatial Data



Due out in 10 days!
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