
A MISSION TO RECORD THE EARTH







Mega City
3 years at 3 sites
Expanding to 100 
restoration sites

Subarctic
3 days test of equipment 

in near freezing 
condition

Central Grasslands (2)
2 years in prairie 

remnants

Sonoran Desert
3 years in 7 life zones in 

Sky Island

Neotropical 
Rainforest

2.5 years in 7 sites
0.5 years in 24 sites

Southern 
Temperate Forests

6 weeks in glaciers
Along prim success

Sub Antarctic
12 months in bird/mammal 

colonies
9 months beaver study

Temperate Forests
15 years at 7 sites

Temperate Estuaries
3 years at 7 sites

4 months at 23 sites (2 
hydrophones)

Coral Reefs
24 months at 4 

sites

Eastern Steppes
1.5 years at 27 sites 

including 2 ultrasonic

Paleotropics (Borneo)
3 months at 22 sites

Miombo Woodlands
5 years at 7 sites

Dry Mediterranean
2 years in NAPA 

vineyards

Mixed-Deciduous  
Forests 

2 years at
26 sites at Leopold

Kelp Forests
2.5 years in 6 sites

Amazon 
Forest

12 months at 2 
sites

Boreal Forests
1 year at 2 sites

30+ sites in 2023

Mangroves
3 years at 7 sites

Tropical Ponds
6 months years at 

1 site

4 more to go!

➢ 62 studies
➢ 28 of 32 major biomes 

(terrestrial and aquatic)
➢ Over 4 million recordings
➢ 1 PB
➢Oldest study is now 15 years



➢ 400,000 forest inventory 
plots

➢ Standardized across sampling 
plots 

➢ GBFI has >250 contributors
➢ +4 million trees
➢ Align with DESIS and GEDI



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.

➢ Animal + Plant Biodiversity Model



Sensor Installation in Mongolia in 2022 Passive Acoustic Recorders are Placed 
on Trees or Posts & Sometimes 
Integrated with Other Sensors
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Others Include

Acoustic Diversity Index 
(Frequency Band Entropy)

B. Indices based  on 
Frequency Band 
Discretization

A. Frequency Band Discretization of a Spectrogram

1. Use of Spectrogram Discretization to Calculate Acoustic Indices

Zhao, Zhao, Zhi-yong Xu, Kristen Bellisario, Rui-wen Zeng, Ning Li, Wen-yang Zhou, and Bryan C. Pijanowski. "How well do acoustic 

indices measure biodiversity? Computational experiments to determine effect of sound unit shape, vocalization intensity, and frequency of 

vocalization occurrence on performance of acoustic indices." Ecological Indicators 107 (2019): 105588.

H (spectral and temporal entropy)
ACI (Acoustic Complexity Index)
BI (Bioacoustic Index)
NSDI (normalized spectral difference index)

Use SoundEcologyR
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A. Frequency Band Discretization of a Spectrogram

2. Use Labeled Data Using Raven Pro – Acoustic Morphospecies Richness

Zhao, Zhao, Zhi-yong Xu, Kristen Bellisario, Rui-wen Zeng, Ning Li, Wen-yang Zhou, and Bryan C. Pijanowski. "How well do acoustic 

indices measure biodiversity? Computational experiments to determine effect of sound unit shape, vocalization intensity, and frequency of 
vocalization occurrence on performance of acoustic indices." Ecological Indicators 107 (2019): 105588.



#3. Use acoustic feature extraction used in computational musicology
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Calculate 
multiple 
dimensions 
for each 
signal

Spectral segmentation Signal clustering of unknown and known signals –
millions of signals per 10 min recording

Bio

Anthro

Bellisario, Kristen M., Jack Vanschaik, Zhao Zhao, Amandine Gasc, Hichem Omrani, and Bryan C. 

Pijanowski. "Contributions of MIR to Soundscape Ecology. Part 2: Spectral timbral analysis for 
discriminating soundscape components." Ecological Informatics 51 (2019): 1-14.



#4. Deep learning using convolutional neural networks
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Diagram modified from Z. Elhamraoui

Spectrogram
as png
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A. Seasonal Changes of a Biophonic Diversity Index (ACI, ADI, H, BI)
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Conceptual Model for Temperate Forest Phonology

Annual resident birds 

Spring anurans Summer anurans

Neotropical birds - breeding
Crickets

Cicadas & Katydids





D=disturbance sensor, placed 
during max animal breeding, 10 
mins on, 20 mins off, 4 months (3 
sensors in this level)

S=sentinel sensor, for phonology 
model,  recording for 3+years, 1 
min on, 59 mins off (1 sensor)
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Animal Diversity Plant Diversity

Local in situ Space-based NASAListen & LabelAutomated



TO RECORD THE EARTH



GEDI data coverage over Tippecanoe County, IN between Apr 22, 2019 – Feb 5, 2021



ICESat-2 data coverage over Tippecanoe County, IN between 12/26/2018 and 5/23/2021





Validating GEDI full waveform data with 3DEP

Example locations GEDI Full Waveform 3DEP Pseudo Waveform



TO RECORD THE EARTH
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TO RECORD THE EARTH



Wildfire
Drought



chimpanzees

bushbabies

insects

rain

Fire?

Night NightDawn DuskDaytime

birds



Toward a Phenology 
Model for Miombo 
Woodlands (MODIS 
EVI)



Toward a Phenology 
Model for Miombo 
Woodlands (2001-2021)

See Volker!



TO RECORD THE EARTH
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• NASA Biodiversity A.7 Program

• NSF Coupled Natural Human Systems

• NSF Research Coordination Network

• NSG iCorps Program

• US F&WS 

• Purdue Wright Fund

• Chile Doctoral Fellowship Program

• Purdue’s Ross Fellowship Program

• Fulbright Program


