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● Group Leader for the ORNL Computational Earth Sciences Group
● 36 years at ORNL in Environmental Sciences Division, then 

Computer Science and Mathematics Division, and now 
Computational Sciences and Engineering Division

● Develop and apply Earth system models to study global 
biogeochemical cycles, including terrestrial & marine carbon cycle

● Investigate methods for reconciling uncertainties in 
carbon–climate feedbacks through comparison with observations

● Apply artificial intelligence methods (machine learning and data 
mining) to environmental characterization, simulation, & analysis

● Joint Faculty, University of Tennessee, Knoxville, Department of 
Civil & Environmental Engineering



Forests Are a Crucial Part 
of the Earth System
● Forests influence the Earth system 

through physical, chemical, and 
biological processes

● Tropical, temperate, and boreal 
afforestation increases carbon 
sequestration

● Biogeophysical feedbacks can 
mediate local effects of warming

● Tropical forests mitigate warming 
through evaporative cooling

● Forests may be the best natural 
mitigation to effects of change

(Bonan, Science, 2008)



Forests Provide Earth 
System Services
● Tropical forests have high rates 

of evapotranspiration, decrease 
surface air temperature, and 
increase precipitation

● Boreal forests have low surface 
albedo, inducing warming

● Many temperate forests of the 
eastern United States, Europe, 
and eastern China have been 
cleared for agriculture

● Crops have relatively high albedo 
and evapotranspiration, inducing 
cooling(Bonan, Science, 2008)



Geoengineering Increases the Global Land Carbon Sink
Objective: To examine stratospheric aerosol intervention (SAI) impacts 
on plant productivity and terrestrial biogeochemistry.

Approach: Analyze and compare simulation results from the 
Stratospheric Aerosol Geoengineering Large Ensemble (GLENS) project 
from 2010 to 2097 under RCP8.5 with and without SAI.

Results/Impacts: In this scenario, SAI causes terrestrial ecosystems to 
store an additional 79 Pg C globally as a result of lower ecosystem 
respiration and diminished disturbance effects by the end of the 21st 
century, yielding as much as a 4% reduction in atmospheric CO2 mole 
fraction that progressively reduces the SAI effort required to stabilize 
surface temperature.
Yang, C.-E., F. M. Hoffman, D. M. Ricciuto, S. Tilmes, L. Xia,  D. G. MacMartin, B. Kravitz, J. H. 
Richter, M. Mills, and J. S. Fu (2020), Assessing Terrestrial Biogeochemical Feedbacks in a 
Strategically Geoengineered Climate, Environ. Res. Lett., doi:10.1088/1748-9326/abacf7.

Figure: The larger sink under SAI 
increased land C storage by 79 Pg C 
by 2097, which would reduce the 
projected atmospheric CO2 level.

http://iopscience.iop.org/10.1088/1748-9326/abacf7


50 Phenoregions for year 
2012 (Random Colors)

250m MODIS NDVI
Every 8 days (46 images/year)

Clustered from year 2000 to present

50 Phenoregion Prototypes 
(Random Colors)

(Hargrove et al., in prep.)EarthInsights



50 Phenoregions Persistence
and

50 Phenoregions Max Mode 
(Similarity Colors)

(Hargrove et al., in prep.)EarthInsights

Principal Components 
Analysis

PC1 ~ Evergreen
PC2 ~ Deciduous
PC3 ~ Dry Deciduous



(Kumar et al., in prep.)EarthInsights

Extracted canopy height and structure from
airborne LiDAR 



(Kumar et al., in prep.)EarthInsights



Optimizing Sampling Networks
● The CTFS-ForestGEO global forest monitoring 

network is aimed at characterizing forest 
responses to global change

● The figure at left shows the global 
representativeness of the CTFS-ForestGEO 
sites in 2014

● Non-forested areas are masked with 
hatching, and as expected, they are 
consistently darker than the forested 
regions, which are represented to varying 
degrees by the monitoring sites

Anderson-Teixeira, K. J., et al. (2015), CTFS-ForestGEO: A Worldwide Network 
Monitoring Forests in an Era of Global Change, Glob. Change Biol., 
21(2):528–549, doi:10.1111/gcb.12712.

https://doi.org/10.1111/gcb.12712


Summary
● Humans live a very symbiotic lifestyle with forests

● Forests
○ Provide ecosystem services
○ Sustain a healthy atmosphere
○ Support other plant and animal species
○ Sustain health soil
○ Provide food, fiber, and fuel to humans
○ Sequester carbon from the atmosphere

● Can humans live without trees? 


