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Objectives
Biodiversity ∼ f (environment)

A whirlwind tour of environmental data:

•Climate (past & future)
•Topography
•Ecosystem Parameters
•Land Cover

Key take-home messages:
1.Data deluge → incredible opportunities
2.Data complexity → biogeographers must be vigilant



Remote sensing 



Geographic 
Information System

Combine:
- satellite information,
-  ground true
- gps device data, 
- station data

Modeling 



Climate:  Data Sources
Past
•Pre-historical (<1850):  proxies (ice, pollen, trees, etc.)
•Station data (≈1850-Present):  
National archives, NCDC Global Historical Climate Network

•Gridded Station data (climate or weather):  
NCDC GHCN, CRU Data, PRISM, WorldClim

•Historical Climate Model data:  CMIP5:  Last Glacial 
Maximum – 2012

•Sub-daily Gridded ’reanalysis’ model data:  
NCEP & NARR & ERA40 reanalysis

Future
•Gridded model output (hourly/daily/monthly):  
Global /  Regional Climate Model (GCM/RCM)

•Station data:  Downscaled to stations



WorldClim     https://worldclim.org
Chelsa             https://chelsa-climate.org

Station Locations → Continuous Grid

•Global ≈1km resolution monthly Tmax , Tmin, and Precipitation.
•Thin-plate splines (latitude, longitude, and elevation).
•No pixel-by-pixel metrics of uncertainty



Climate Models

•IPCC/CMIP organize most model 
output

•CMIP5 released last year

http://cmip-pcmdi.llnl.gov/cmip5/ 
http://nco.sourceforge.net/nco.html 

http://cmip-pcmdi.llnl.gov/cmip5/
http://cmip-pcmdi.llnl.gov/cmip5/
http://cmip-pcmdi.llnl.gov/cmip5/
http://nco.sourceforge.net/nco.html
http://nco.sourceforge.net/nco.html
http://nco.sourceforge.net/nco.html


Climate Models

GCM resolution increasing:  CMIP5 atmosphere-
land time-slices → 25km

Regional Climate Models
(AR5 CORDEX): ∼50km

IPCC  AR4,  WGI,  Chapter  1 
http://www.meteo.unican.es/en/projects/CORDEX 

http://www.meteo.unican.es/en/projects/CORDEX
http://www.meteo.unican.es/en/projects/CORDEX


Topography complexity
(geomorphometry/geomorphology analysis) 

Topographic variation underpins a myriad of patterns and processes in hydrology, 
climatology, geography and ecology, and is key to understanding the variation of 
life on the planet (Amatulli et al. 2018). 





MERIT 
DEM

Multi-Error-Removed Improved-Terrain DEM
http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_DEM/

MERIT 
Hydro



Amatulli et al. 2018
DOI: 
10.1038/sdata.2018.
40



Curvature

Roughness - Median / SD

Topographic Position Index - Median / SD

Terrain Ruggedness Index - Median / SD

Vector Ruggedness Measure - Median / SD

Profile curvature - Median / SD

Tangential curvature - Median / SD

Topography complexity layers
(Surface roughness and terrain forms analysis) 

Roughness indices

Sappington et al. (2007)



Roughness

Topography complexity layers
(surface roughness and geo-morphology analysis) 



Curvature

Profile curvature

Tangential curvature

Topography complexity layers
(surface roughness and geo-morphology analysis) 



Geomorpho90m

http://spatial-ecology.net/docs/build/html/GEODATA/geomorpho90m/geomorpho90m.html



https://www.opentopography.org/

 LiDAR data 
DEM DATA

https://www.opentopography.org/


Vegetation Indices:  NDVI



Vegetation Indices:  NDVI



Vegetation Indices:  NDVI



Vegetation Indices:  NDVI



Vegetation Indices:  NDVI



Landsat Multispectral Satellite Image

https://glad.geog.umd.edu/book/glad-landsat-ard-tools



Derived MODIS Metrics:  LAI, fPAR, NPP

•Leaf Area Index ( m   )12:  Reflectance + Biome Coefficients2

m 2

• Net Primary Productivity (NPP)13: fPAR + LAI + Biome Parameters + Temperature
               (fPAR = Fraction of Absorbed Photosynthetically Active radiation)

12http://modis.gsfc.nasa.gov/data/dataprod/dataproducts.php?MOD_NUMBER=15 

13http://modis.gsfc.nasa.gov/data/dataprod/dataproducts.php?MOD_NUMBER=17

Both LAI and FPAR have been used extensively for calculation of photosynthesis, 
evaporation and transpiration of water, and Net Primary Productivity (NPP, which 
estimates how much carbon is taken in by vegetation). 

http://modis.gsfc.nasa.gov/data/dataprod/dataproducts.php?MOD_NUMBER=15
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LULC: Products Matter
Comparison of four land cover maps for Africa15

GLC2000 GLOBCOVER

MODIS LC-I ECOCLIMAP-II

Forest 
Woodland/Shrubland 
Cropland
Grassland Bare 
Land Water Urban

15 Intl J of Appl Earth Observation & Geoinformation (2011) 13(2):  207–219



Fig. 1 (A) Tree cover, (B) forest loss, and (C) forest gain. A color composite of tree cover in green, forest loss in red, forest gain in blue, and forest loss and gain in magenta is shown in (D), with loss and gain enhanced for 
improved visualization. 

Global Forest Cover Change
https://glad.umd.edu/projects/quantifying-global-forest-cover-change



https://glad.geog.umd.edu/book/glad-landsat-ard-tools



https://gedi.umd.edu/



How to search for geographic data

Raw data (satellite images, LiDAR)
Sensor Products (LandCover, DEM)

NASA Products
MODIS Products
LANDSAT Products
Copernicus Products

https://datasetsearch.research.google.com/

https://datasetsearch.research.google.com/


Where do we go from here?

1.Data deluge → incredible opportunities
2.Data complexity → biogeographers must be vigilant

Analysis Steps:
3.Clearly define question, then seek data (not vice versa)
4.Understand source and limitations
5.Propagate uncertainties20!

20 Global Change Biology  (2012):doi:10.1111/gcb.12090



Codes that are easily published > no license constraints 

Complex work-flows > integrate different data analysis methods    

Raw Data
(Climate)

Raw Data
(Images)

Raw Data
(Biodiversity)

Raw Data
(Economic)

Gathering
Cleaning
Filtering

Harmonizing

Statistical/Physical
 Analysis/Modeling

Graphics
Tables

Summaries

Website
Presentation
Manuscripts

Maximize the software 
interoperability in a stable 

Operating System

Support
Decision
making

Website
Presentation
Manuscripts

Why use Open Source Software?
Scientific/Technical aspects: data flow

Reproducible research 
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