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Essential Biodiversity Variables 

“Biodiversity Indicators” 



How to achieve a globally representative and 
generalizable biodiversity monitoring for 

scientifically rigorous assessment of change? 

Global Biodiversity 
Monitoring 

What can remote sensing contribute?  



I. Providing representative baselines: species 
distributions, communities, environment 
 

II. Quantifying environmental change 
 

III. Detecting, monitoring biodiversity change 
 

Global Biodiversity 
Monitoring 



Hurlbert and Jetz (PNAS 2007) 
Jetz et al. (Conservation Biology 2008) 

Species Distributions 



Meyer et al., submitted 

Species Distributions 



Jetz et al. 2012, TREE 

Species Distributions 



ASTER GDEM V2 

SRTM V4 

Full global-extent 90m DEM 

Blended, void-filled, multi-scale smoothed 
For global derivation of terrain variables and distribution modeling 



Terrain variables 

Median roughness, 1km 



Consensus land cover 



Heterogeneity metrics 



First- and second-order texture measures calculated at ~1-km resolution 

Heterogeneity metrics 

Utility for biodiversity modeling: Models built with texture 
measures, compared to those built with conventional metrics, 
generally explain more deviance in bird species richness and 
functional diversity across the conterminous US. 



First- and second-order texture measures calculated at ~1-km resolution 

Heterogeneity metrics 

Utility for biodiversity modeling: Models built with texture 
measures, compared to those built with conventional metrics, 
generally explain more deviance in bird species richness and 
functional diversity across the conterminous US. 



I. Providing representative baselines: species 
distributions, communities, environment 
 

II. Quantifying environmental change 
 

III. Detecting, monitoring biodiversity change 
 

Global Biodiversity 
Monitoring 



Precipitation: 
MODIS Cloud Product 
(MOD06, MOD09) 

Temperature: 
MODIS LST (MOD11A1) 

Temperature & Precipitation 

Goal: Develop daily 1km 
surfaces of tmax, tmin, and ppt 
with MODIS and climate station 
data (1980-2014). 

Satellite-Station Data Fusion 



cai_mod1 TMax~ f(elev) 
caii_mod2 TMax~ f(LST) 
cai_mod3 TMax~ f(elev, LST) 
cai_mod4 TMax~ f(lat) + f(lon) + f(elev) 
cai_mod5 TMax~ f(lat, lon, elev) 
cai_mod6 TMax~ f(lat, lon) + f(elev) + f(N_w, E_w) + f(LST) 
cai_mod7 TMax~ f(lat, lon) + f(elev) + f(N_w, E_w) + f(LST) + f(LC1) 
cai_mod8 TMax~ f(lat, lon) + f(elev) + f(N_w, E_w) + f(LST) + f(LC3) 
cai_mod9 TMax~ f(x)+f(y) 
cai_kr CAI_kr: y_var ~ tmax 

Max. temperature, 1 Sep. 2010 
Climate aided interpolation 
Comparison of models 

Tem
perature (deg C

elsius)  
Air Temperature 



LST Climatology, July 

MODIS Terra/Aqua combined 

• Fusion of MODIS LST (monthly climatologies) and observations from 
meteorological stations (daily) 
 

• Global MODIS data processing and testing of models for data fusion on NEX 
 

• Current work focused on addressing data gaps in India / NW Amazon due to 
persistent cloud cover during June – Aug 

°C 

°C 

Sample 
results,  
air temp.,  
Jan 1., 2010, 
(GAM Fusion 
approach) 

Northeast U.S. 

Southeast U.S. 

Air Temperature 



Solar radiation 
Precipitation 
Evaporation 
Soil Moisture 
Leaf-wetness 
Drought-stress 
Photosynthetic Activity 
Animal Behavior 
Growth rate 

• Clouds directly affect energy and moisture transport, which in turn 
affect many biological processes.  
 

• Cloud dynamics can vary drastically over small spatial (~2 km) 
grains due to atmospheric circulation, topography 
 

• Existing cloud products available only at relatively coarse spatial 
grains (8-110 km).  
 

• Here: a new MODIS-derived 1-km cloud climatology (MODCF) for 
use in ecological and species distribution modeling. 

Cloud Cover 



MOD35 Cloud Frequency (%) in February 
Cloud Cover 



Mean Annual Cloud Frequency (2000-14) (%) 

Cloud Cover 



Cloud Cover 



Cloud Cover 



I. Providing representative baselines: species 
distributions, communities, environment 
 

II. Quantifying environmental change 
 

III. Detecting, monitoring biodiversity change 
 

Global Biodiversity 
Monitoring 



Global 1km 
environmental 

layers  
Global spatial 

biodiversity data 
Models 

Quality 
Control 

Map of 
Life 

Predictions 

Inference 

Hierarchical 
Bayesian models 

1km Environment (static,14/20y) 

• Topography: √ 
• Land cover: Consensus √ 
• Terrain: √ 
• Radiation: in progress 
• Habitat Heterogeneity: √ 
• Net primary productivity:  √ 

1km Climate  
(daily 1980/2001-2014) 

• Temperature: 2014! 
• Cloud cover: close! 
• Precipitation: 2014! 
• Bioclimatic variables: in progress 
• Extreme events : in progress 

Change in:  
Species niches 
Species distributions 

1980s - 2014 

I. Sample- and model-based Biodiversity Monitoring 



1km MODIS 
Land cover 

30m Landsat 
Tree cover 

II. Range-, Land-cover based Biodiversity Monitoring 



coming soon to: mol.org 

II. Range-, Land-cover based Biodiversity Monitoring 



Thanks! 
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