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(Nature 515:27-28, 11/6/14) 
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Premises 

• We must monitor. 
– Monitor the status of biodiversity as a key metric for protected 

area effectiveness, a la Stephen Palumbi et al. 2009 in Front 
Ecol Environ who argued for conserving biodiversity as a 
means of maintaining ecosystem services 

• We have tools. 
– Focus for much of these sessions 

• We need a plan. 
– Input for the Promise of Sydney: call for the development of 

an integrated global plan for monitoring the status and trends 
of biodiversity within PAs to measure PA effectiveness 



NASA Earth Science Missions 
Current & Planned 

We Have Tools:  
Satellite Remote Sensing 



(from Carnegie Airborne Observatory Image Gallery at http://cao.ciw.edu/?page=images) 

We Have Tools: Airborne Remote Sensing 
 

From Spectral Diversity to Biochemical Diversity to Taxonomic Diversity 



Back to Satellites: Capturing Ecosystem 
Composition, Function, and Structure 

Globally from Space 

HyspIRI: VSWIR Spectrometer and   
Multispectral TIR Imager 

ICESat-2: Atlas Lidar 



What’s Next?  Ubiquitous Smallsats 

First of Planet Labs Flock Leaves ISS on 11 February 2014  

(photo by JAXA astronaut Koichi Wakata) 



MODIS
Landsat TM

IKONOS

The Challenge of Scale: Seeing Finer and 
Finer Patterns

(Zoom-in courtesy:  
MSFC/Dan Irwin) 

(Source: Wikipedia) 

(Source: Wikipedia) 

Helicobacterium pylorii Genome from: 
http://biocrs.biomed.brown.edu/Books/Chapters/Ch%2038/Pylori-
Genome.gif 



We Have Tools: In Situ 
Mapping Vegetation in 3D 
• Dandois and Ellis used <$4000 hexakopters 

with off-the-shelf digital RGB cameras and 
Ecosynth “Structure from Motion” computer 
vision algorithms to take sets of overlapping 
low altitude (<130m) photos and create 3D 
point clouds of 30-67 points m-2 to generate 
understory digital terrain models (DTMs) and 
canopy height models (CHMs) in MD forests 

• CHMs highly correlated with a lidar CHM 
acquired 4 days earlier; biomass and carbon 
densities less well correlated 

• Changes in canopy relative greenness were 
highly correlated (R2=0.87) with MODIS NDVI 

• Ecosynth time series measures captured 
vegetation structural and spectral phenological 
dynamics at the individual tree scale with the 
same sensor 

• New era of participatory remote sensing? 
High spatial resolution three-dimensional 
mapping of vegetation spectral dynamics using 
computer vision       RSE 136:259-276 (2013) 
Jonathan P. Dandois and Erle C. Ellis/UMBC  



Camera Traps 



From Light to the 
Power of Sound 

• Field of Soundscape Ecology 
leveraging cheap, rugged 
automated recorders and sound 
analysis software 

• Analogues to light remote sensing 
abound; now in a sonic index-
generation phase 

• Soundscapes converted into color-
coded spectrograms for 
visualization by Michael Towsey of 
Queensland University of 
Technology; changes over the 
course of a day (= “acoustic 
weather”) or over seasons to 
years (= “acoustic climate”); 
potential is there to track acoustic 
climate change though biology 

• Pijanowski and team compared 
soundscapes with lidar data in 
Costa Rica; hot spots for vocal 
species correlate with large gaps 
in upper forest canopy and dense 
foliage in lower canopy 

• A Big Data challenge” “terabytes 
of sound” 

 
 

(Kelly Servick, 2014, Science 343:834-837) 

(soundscape ecologist Purdue/Bryan Pijanowksi on a research tower in Borneo) 



Environmental DNA (eDNA) 



Dietz et al. (2008), Heide-Jørgensen et al. (2003), Laidre et al. (2005)    (slide: UWA/Kristin Laidre 2011) 

2006-2007 

Animals as Sensors: Movement Ecology, etc. 



Citizen Science 

Christmas Bird Count 

http://www.usanpn.org/home
http://audubon.org/


(Science 346:301-302, 10/17/14)  

Challenge =  Networking Observations 
(and Models) 



Group on Earth Observations (GEO) 
A Global Framework for Integration 



GEO Biodiversity Observation 
Network (GEO BON) 



Example Essential Biodiversity Variables 
Candidates 

EBV Class EBV Examples 
Genetic composition Population genetic differentiation 

Species populations 
Species distribution 

Population abundance 

Species traits Phenology 

Community composition Taxonomic diversity  

Ecosystem function 
Productivity 

Nutrient retention 

Ecosystem structure 

Habitat structure 

Extent and fragmentation 
Ecosystem composition by functional type 



Global Biodiversity Science-Policy Network 

Assessment  
(IPBES) 

Policy  
(CBD, RAMSAR, CITES, etc.) 

Observations  
(GEO BON) 

Research  
(DIVERSITAS-Future Earth) 

(slide courtesy of DIVERSITAS/Anne Larigauderie) 

e.g., GEO BON Essential 
Biodiversity Variables (EBVs) 



 For The Promise of Sydney 

We need an integrated global plan to 
network observations and models on the 

status and trends of biodiversity within and 
around protected areas as a means of 

measuring the effectiveness of protected 
areas. 



Thank You 
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