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Dr. Keith Gaddis

Program Manager

Ecological Forecasting 

Program Overview
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Earth 2 Video
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Overview: Projects By The Numbers
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Outcomes

Keeping Fisheries from Encountering 

the Endangered Atlantic Sturgeon
Commercial fisheries in the Delaware Bay are more than happy to 

avoid the endangered Atlantic Sturgeon. With risk alerts from the 

Atlantic Sturgeon Forecast Warning System, they can.

Today Tomorrow Day After Risk
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Medium

Low
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Livestock trends in Mongolia, post deregulation 



The Sustainable Cashmere Project is a new initiative that aims to use market 

mechanisms to foster sustainable practices and deliver measurable improvements on 

rangelands, wildlife and livelihoods through the cashmere supply chain in Mongolia. 



Earth observations & 

rangeland modeling 

to complement 

on-the-ground 

monitoring





How much can management contribute to 

rangeland health and ecosystem services?

Are changes in grazing management able to offset 

mining impacts enough to have a net positive impact?

And will this be adequate to support wildlife and 

maintain herder livelihoods, amidst climate change? 

Where should field resources be deployed?

How should herd size be adapted to changing conditions?

What are the risks of management strategies and how can they be managed?



What role can management 

play amidst climate change? 



http://viz.naturalcapitalproject.org/rangelands/

Rangeland Production Model (RPM)

http://viz.naturalcapitalproject.org/rangelands/


Validation across a 

precipitation gradient 

(2014: 𝞀 = 0.82, p < 0.001; 2015: 𝞀 = 0.78, p = 0.001)15 transects, 5 replicates each = 75 sites across Mongolia

Model accuracy improved using satellite 

climate data (CHIRPS precipitation, 

MODIS LST) and calibrated with 

vegetation indices (MODIS NDVI) 

Rangeland production modeling



Cumulative 

biomass (April 

– Sept)

Average diet 

sufficiency 

(April – Sept)

Future (2070)

Current

8000+ kg/ha

100 kg/ha

>1

<1

Change under future 

climate conditions

Rangeland production modeling
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Grazing impacts 

matter more in 

more productive 

climates; 

will matter more 

under future 

climate

What role can 

management 

play amidst 

climate 

change?



How accurately (and cost-

effectively) can we detect 

changes in rangeland condition?

Are changes in grazing management able to offset 

mining impacts enough to have a net positive impact?

How much has management contributed to rangeland health?



Predicted

Observed Percent cover 

of all 

vegetation 

Difference 

from 

observed
Significant predictors (LASSO model)

Early fall precipitation  x Range in  NDVI

Early spring minimum temperature

Mid-fall minimum temperature

Summer minimum temperature

Spring precipitation x NDVI near sampling date

Fall max temperature x NDVI near sampling date

NDVI near sampling date

R2 = 0.67

<15% 60%

Satellite monitoring

Percent cover of vegetation 



Decrease/Spike

Increase

Stasis/Gradual Increase

Steep Increase

LandTrendr Clusters

Decrease/Spike

Steep Increase

Satellite monitoring
LandTrendr
(Landsat past 10 years)
Different trajectories of the 

relationship between 

precipitation & greenness 

Positive residuals = 

better than average

How can we improve monitoring design? 

Degradation?

Where should limited field 

resources be deployed?



Grazing difference

(Cumulative live biomass) 

Maximum difference

Minimum difference

Wet year (2018) Rangeland production modeling



Combined modeling & monitoring

Grazing difference on degraded pixels
(Cumulative live biomass) 

Maximum difference

Minimum difference

Wet year (2018)



Grazing difference

(Cumulative live biomass) 

Maximum difference

Minimum difference

Dry year (2019) Rangeland production modeling



Combined modeling & monitoring

Grazing difference on degraded pixels
(Cumulative live biomass) 

Maximum difference

Minimum difference

Dry year (2019)



Decrease/Spike

Increase

Stasis/Gradual Increase

Steep Increase

Top 25% grazing impact on 

degraded (Decrease/Spike) 

pixels in wet or dry years 

LandTrendr Clusters 
(Landsat past 10 years)

• Important areas to watch for monitoring

• High potential areas for intervention

How can we improve monitoring design? 



bchaplin@stanford.edu
rchaplin@umn.edu 
@beckyck  @natcapproject

Where should field resources be deployed?

How should herd size be adapted to 

changing conditions?

What are the risks of different management 

strategies and how can they be managed?

Scaling up 

regenerative grazing 

through combined 

modeling & monitoring

https://www.goodgrowth.earth/

“Putting regeneration at the center of business, 

using the best available science to define 

regeneration” 
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A new tool hosted by 

NOAA Coral Reef Watch

Megan Donahue

Coral disease 

forecasting in the 

tropical Pacific
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Our Team

Megan Donahue

Jamie Caldwell

Austin Greene

Mark Eakin

Erick Geiger

Gang Liu

Jacquie De La Cour

Derek Manzello

Scott Heron Tracy Ainsworth

Bill Leggat

Tess Moriarty Laurie Raymundo
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Understanding coral disease

Credit: Shaun Wolfe / Ocean Image Bank

https://www.instagram.com/shaunwolfephoto/?hl=en
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Coral disease impacts are widespread

Vega Thurber et al 2020
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An early warning 
system for 
coral disease

• Five Pacific regions

• Multiple disease types

• Multiple host species

• Satellite-derived 

environmental drivers
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Our partners and end-users



35

Credit: Shaun Wolfe / Ocean Image Bank

Forecasting coral disease:
a new tool

https://www.instagram.com/shaunwolfephoto/?hl=en
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Upcoming Trainings & Tool Demos

Reef Futures 2021

December 12-17, 2021

Key Largo, Florida

reeffutures.com

Ocean Sciences 

Feb 27 – Mar 22, 2022 

Honolulu, Hawaii

www.aslo.org/osm2022
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Derek Manzello, NOAA Coral Reef Watch
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Credit: Shaun Wolfe / Ocean Image Bank

Thank you

megan.donahue@hawaii.edu

https://www.instagram.com/shaunwolfephoto/?hl=en
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Monitoring Post-Fire Cheatgrass 

(Bromus tectorum) Distribution to 

Inform Management Planning

Colorado Ecological 

Forecasting

Alix Bakke*, Christopher Tsz Hin Choi, Alex Posen,    

Monika Rock, & Nikole Vannest
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Cheatgrass & Wildfires

• Cheatgrass is an invasive species in the U.S.

• Fire has the potential to create more 

cheatgrass habitat

• Cheatgrass has the potential to create more 

frequent fires

Objectives

Project Overview 

COLORADO

Field Sample

Burn Treatment

Cameron Peak Fire

Study Area
Determine preferred 

post-disturbance 

cheatgrass growing 

conditions

Detect and map 

cheatgrass within 

the predicted area of 

suitable habitat

0 5 10

Miles
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Methodology
Habitat Suitability & Detection Models

Field 

Validation 

Points

From the

US Forest Service

Predictor 

Variables

Tools:

• Google Earth Engine

• ArcGIS Pro

Software For 

Assisted Habitat 

Modeling

(SAHM)

Random Forest 

Model

Generalized 

Linear Model

Boosted 

Regression 

Model

Habitat Suitability &

Detection Maps

Shuttle Radar
Topography Mission

Sentinel-2 MSI
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Results
Habitat Suitability Model
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Results 
Detection Model

Differenced Tasseled cap wetness

5/6 - 6/20

Differenced Tasseled cap brightness

5/6 - 6/10

Cheatgrass Detected

Cheatgrass Absent

Cheatgrass Present

1050
Miles
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Conclusion

Using a combined approach of habitat suitability 

and detection models created accurate cheatgrass 

maps.

Post-fire cheatgrass detection is possible within a 

short time frame if there's changes in vegetation.

Remote sensing provides a time and money 

saving method for mapping cheatgrass. Image Credit: USDA/NRCS
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Stephanie Spera, PhD

University of Richmond

NASA-SERVIR

Land-cover change and 

capacity building across 

Amazonia and beyond
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NASA - SERVIR
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What is SERVIR

•Space to Village

•Working 

Together 

•Applied Sciences 

Teams
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The Amazon
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2013 workshop in Yurúa, Peru

50 participants from indigenous 

groups along the Yurúa headwaters

2014 Climate Change Declaration in 

follow up workshop

Yurúa Indigenous Communities 2013
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Ecosystem services

Ruth DeFries et al. 2004, Foley et al. 2007

crop 

production

infectious disease 

mediation

forest 
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regional 

climate 

and air 

quality 

regulation

carbon 

sequestration

water flow 
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water 
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preservation 

biodiversity
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Observed effects of land-clearing on the local 
hydrologic cycle in the Eastern Brazilian Amazon

Low ET rates

High ET rates

Somewhere in the 

middle ET-wise

MODIS ET Data

25 km

Landsat 8 Data
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How has land use and land cover changed?

What are the effects on these land-cover changes 
on ecosystem services?
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How has land use and land cover changed?

Deforestation and degradation

Open source tools

Transferable knowledge

Reygadas et al. Under review
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What are the effects on ecosystem services

Minimum temperatures increasing

Maximum temperatures increasing

Not correlated with forest disturbance

Correlated with ENSO & NAO

Station observations
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What are the effects on ecosystem services

True mean Jan temp 

surface (2003-2020)

Hypothetical mean 

Jan temp surface 

(2003-2020)

Remotely-sensed data

MODIS 1 km LST data
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Capacity building
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Mapping changes in real time
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Proposed roads
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Going global
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SERVIR

• Global LCLUC mapping collaboration 

• Cross-hub and cross-theme collaborations
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Thank you!

sspera@richmond.edu

and thanks to my collaborators D. Salisbury, Y. Reygadas, and V. Galati , and 
the Amazon Borderlands Spatial Analysis Team at URichmond
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Partner 

Testimonial 

Video
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THANK YOU!


