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Vulnerability of Arctic Ecosystems to Climate Change

Permafrost Regionalization Map 
(PeRM; permafrostcarbon.org)

Sensitivity of the Carbon Cycle of the Arctic to 
Climate Change (McGuire et al. 2009)



Vulnerability of Arctic Ecosystems to Climate Change

Northern Circumpolar Soil Database 
(NCSD; Hugelius et al. 2013)

The impacts of permafrost thaw on pan-arctic 
greenhouse gas exchange (Hayes et al. 2014)

AEROBIC  ANAEROBIC



Vulnerability of Arctic Ecosystems to Climate Change

The “Permafrost Carbon Feedback” 
(Schuur et al. 2015)

The “Greening of the Arctic”
(Goetz et al. 2007) 



Modeling Uncertainty

Modeled estimates of permafrost carbon release
(Schuur et al. 2015)

Variability in the sensitivity among model 
simulations of permafrost and carbon 

dynamics (McGuire et al., 2016)



Data Representativeness & Scaling Uncertainty

COMPONENT INDICATOR DATA SET DATA TYPE

MAGNITUDE? Soil Organic
Carbon (SOC)

NCSD
(Hugelius et al. 

2013)

Spatially 
extrapolated 

pedon point data

RATE?
Change in Active 
Layer Thickness 

(∆ALT)

CALM
(Brown et al. 

2000)

Thaw depth 
measurement 

sites

TIMING?
Decomposability 
/ turnover time 

(t)

(Schädel et al. 
2014; Treat et 

al. 2015)

Laboratory 
incubations

IMPACT?
Form of carbon 
emissions (CO2

vs CH4)

(Olefeldt et al. 
2013; Belshe et 

al. 2013)

Chambers and 
flux tower sites



ABoVE: a large-scale study of environmental change



ABoVE: a large-scale study of environmental change

The ABoVE Tier 2 Science Questions:



ABoVE: a large-scale study of environmental change



Modeling Uncertainty

Soil Organic Carbon estimates for the Alaskan Arctic span 
a 20-fold difference in estimates across models

(Fisher et al. 2014)

Models exhibit every possible 
combination of net carbon flux 
source/sink pattern for Alaska 

(Fisher et al., 2014)



Analysis of Multiple Constraints

An assessment of the carbon balance of Arctic tundra (McGuire et al. 2012)



Data Needs for Model Development & Testing

Structural Issues to Implement 
and Processes to Constrain in 
Models (McGuire et al. 2016)

Key variables needed to scale ecosystem studies or parameterize process 
models, and the relevant remote sensing modalities for their retrieval

(Masek et al., 2015)

Green = modality is strongly 
relevant for retrieving variable;
yellow = modality can support 
variable retrieval, subject to 
limitations in accuracy.



A Model–Data Integration Framework (MoDIF) 
for ABoVE Phase I Research

1. Foundational
Initial model inter-comparisons to 
identify and prioritize data gaps

2. Structural
Model-data integration and 
process-structural refinement

3. Synthesis
Simulation and benchmarking 
framework for model evaluation



A Model–Data Integration Framework (MoDIF) 
for ABoVE Phase I Research



MoDIF 1. Foundational

The evaluation is centered on the ABoVE Tier 2 Science Questions:



Role of modeling in ABoVE



Terrestrial Biosphere Models

Multi-scale Synthesis and Terrestrial Model Intercomparison Project (Huntzinger et al. 2013 GMD)



Terrestrial Biosphere Models (TBMs)

Biome-BGC LPJ-wsl
CABLE MC1
CLASS-CTEM-N+ ORCHIDEE-LSCE 
CLM4 ORCHIDEE-JPL
CLM4-VIC TEM6
DLEM SiBCASA
ECOSYS SiB3-JPL
GTEC TRIPLEX-GHG
Hyland VEGAS
ISAM VISIT
JULES

TRENDY
HYLAND JULES
LPJ LPJ-GUESS
CLM4 ORCHIDEE
OCEAN SDVGM
VEGAS



Model-data Evaluation

Benchmarking data to be used in our MoDIF project spans the full range of 
Indicators for ABoVE ecosystem dynamics.



Model-data Evaluation

Established Remote Sensing Data
• MODIS
• GRACE
• ICESat

Newer Remote Sensing Instruments
• SMAP
• OCO-2/3
• ECOSTRESS
• GEDI



Model-data Evaluation Framework



MoDIF 2. Structural

Prognostic models predict LAI (EK), Diagnostic models prescribe LAI based on remote sensing inputs (LUE)
(Huntzinger et al. 2013; Masek et al., 2015)



Diagnostic Modeling

ABoVE Domain Flux Simulations (Aug. 2003-15) from TCF model (Kimball et al.)



MoDIF 2. Structural



Simulation Experiment Protocol

Multi-scale Synthesis and Terrestrial Model Intercomparison Project (Huntzinger et al. 2013 GMD)



MoDIF 3. Synthesis



MoDIF 3. Synthesis

The major terrestrial carbon stock changes and fluxes (Tg C y-1) in northern high latitude ecosystems are 
captured by TEM6 (McGuire et al., 2010)



MoDIF 3. Synthesis

• Model-Data integration and benchmarking system software for 
ABoVE under development in conjunction with the International Land 
Model Benchmarking (ILaMB) framework and the ABoVE Science 
Cloud 

• Survey distributed to 23 modeling groups around the world to collate 
national and international remote sensing and other data needs for 
model improvements in the ABoVE Domain

• Model uncertainty maps for the ABoVE domain produced and 
distributed to the ABoVE Science Cloud to target data acquisitions 

• Existing ABoVE dataset collation; interfacing with the Permafrost 
Carbon Network



Thank You!

daniel.j.hayes@maine.edu
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