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Science Questions

How is flora responding to changes in biotic and abiotic conditions, and what are the impacts on ecosystem structure and function?
TBMs are mature in representing floral changes to environmental conditions through structure and function, yet uncertainties remain large in the ABR. Models
will be evaluated against remotely sensed structural and functional observations. A critical evaluation will assess decadal greening/browning and biome
expansion/contraction. Individual-scale tree models target this question directly.

How is fauna responding to changes in biotic and abiotic conditions, and what are the impacts on ecosystem structure and function?
TBMs do not typically explicitly represent faunal characteristics; however, habitat distribution and connectivity are represented in TBMs, and the models will be
evaluated for these characteristics.

What processes are contributing to changes in disturbance regimes and what are the impacts of these changes?
Fire (and, to a lesser extent, insects and pathogens) is included in many TBMs. While fire sparks are difficult to model in an exact sense (they are typically
represented as probabilistic in prognostic models), the pre-cursers to fire and extent (fuel load, quality, distribution, moisture) and regrowth dynamics should
be captured in models. TBMs will be evaluated in their representation of fire pre-cursers prior to remotely sensed fire observations and regrowth dynamics
relative to vegetation remote sensing observations. Moreover, models will be evaluated for burned area/frequency over decadal temporal integration periods.
Finally, burn severity, as linked to the pre-cursers, will be evaluated as a high quality burn severity dataset will be produced in ABoVE. While spatial data on
wildfire occurrence, extent, and severity are readily available across Alaska and Canada, information on other important disturbances such as insects,
pathogens, rapid thaw events (thermokarst) and land use change are not. As modeling representatives, we will engage with the ABoVE Science Team early in
the campaign planning process to solicit existing and new data and research activities related to the more comprehensive suite of disturbance types from
investigators working across the various Research Areas of the Domain.

How are the magnitudes, fates, and land-atmosphere exchanges of carbon pools responding to environmental change, and what are the

biogeochemical mechanisms driving these changes?
TBMs suffer in representing soil carbon pools well. We will evaluate with critical priority TBM ability to capture soil carbon stocks and changes, and
environmental sensitivities leading to changes.
What processes are controlling changes in the distribution and properties of permafrost and what are the impacts of these changes?
Modeled soil thermal and hydraulic properties will be evaluated against the NASA MEaSUREs 25 km historical freeze/thaw product. Some of the uncertainty
with respect to modeled permafrost is outside the control of model parameterization, instead lying in the uncertainty inherent in the forcing data (e.g.,
temperature, radiation). Nonetheless, models will be evaluated in their qualitative ability to represent seasonal dynamics of freeze/thaw.
What are the causes and consequences of changes in the hydrologic system, specifically the amount, temporal distribution, and discharge of
surface and subsurface water?
TBMs have fully coupled hydrological cycles, and can thus be evaluated directly against remotely sensed hydrological observations.
How are environmental changes affecting critical ecosystem services - natural and cultural resources, human health, infrastructure, and
climate regulation - and how are human societies responding?
This question will not be directly addressed in the scope of this Working Group. In the final year, we will provide direction on how to address this goal from a
modeling perspective in ABoVE Phase II.




Science Objectives

The overarching objective is to evaluate and improve model performance
of ABR ecosystem dynamics focusing on critical data gaps in initializing,
driving, and validating process-based simulations for the ABoVE domain.

| Societal Drivers, C 1ces and Resp Research |

| Integration and Scaling R2search |

Model Refinement,
Calibration, Validation

1
1 Modeling

Our Modeling Working Group coalesces a suite of modeling teams and model
elements within field- and/or remote sensing-based teams within the ABoVE
Science Team to provide a meta-synthesis of TBM requirements for the
ABoVE campaign data collection.



Modeling Approaches: Models
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g2 Fisher et al., 2014. Modeling the terrestrial biosphere. Annual Review of Environment and Resources 39: 91-123.

The terrestrial biosphere as represented in terrestrial biosphere models.
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Modeling Approaches: Models

Model Collaborator(s) Selected Reference

CLM4-VIC Maoyi Huang, PNNL, USA [Lietal., 2011]

GTEC Dan Ricciuto, ORNL, USA [Ricciuto et al., 2011]
Hyland Joshua Fisher, NASA JPL, USA [Levy et al., 2004]

TRIPLEX-GHG Changhui Peng, University of Quebec at Montreal, [Peng et al., 2013]
Canada
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Modeling Approach: Detailed

Foundational [Y1] Structural [Y2] Synthesis [Y3]
Initial evaluations Framework construction: Simulation
data assembly & org. benchmarking
|dentify & prioritize Model-data integration | Evaluate model progress
process uncertainties & refinement
Identify & prioritize Model simulation Develop ABoVE
data gaps modeling for Phase Il

ABOVE modeling activities also include model analyses and developments focused on targeted variables or ecosystem dynamics:
e Tree-level modeling of forest productivity and demographics will address how mixed species stands are responding to climate
and environment specifically trends in boreal tree mortality, as well as potential range expansion across the ABoVE domain.
Analysis of species-scale models will help unify common trends that can be incorporated into PFT-based TBMs.
* We will use a satellite data-driven carbon model to evaluate CO, and CH, fluxes and Light-use efficiency modeling.
* ABoVE is investigating process-level controls over fire modeling.
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Modeling Approaches: Driver Data

Environmental driver and initialization datasets that we will organize within
the ABOVE Science Cloud and make available for ABoVE modeling research

) Temporal Temporal Spatial Spatial
Driver data sets Source ) ]
Resolution Extent Resolution Extent
NARR hourly 1970s- 0.25° North
Climate fields (surface 2000s America
air temperature . 1980 - 2 North
! DAYMET dail 1 km
precipitation, radiation, d 2014 America
winds, humidity, etc.)
SNAP monthly 1901-2009 2 km? ABOV,E
Domain
SYNMAP - - 0.25° Global
Potential vegetation
EOSD - - 1 km? Canada
CAVM i i 1 km? Circumarctic
tundra
Canadian Large 1950s- 2
I 1k Canad
Fire Database annua 2014 m anada
Area burned AK 1950
nteragency s- 2
I 1k Alask
Database annua 2014 m aska
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Spaceborne & Airborne Remote Sensing

Table 1. Benchmarking data to be used in our project spans the full range of
Indicators for ABoVE ecosystem dynamics.

Variable Dataset Coverage

Carbon Dynamics

NDVI, EVI, LAI, fAPAR, NPP MODIS Global; weekly; 2002-2013
Soil Carbon Stocks / Depth Pedons Regional; static; 100 km
Soil Carbon Residence Time  Incubations Local; static; 1 m
CO, fluxes AmeriFlux, MPI-BGC Local/global; hourly; 1 km
CO,, CH, concentration géli\'/\;’AgS\s(AT’ 0C0-2/3, Regional/global; weekly; 1-3 km
Biomass ICESat/GLAS, G-LiHT, GEDI, CFS Regional/global; static; 0.25-1 km
Canopy height ICESat/GLAS, G-LiHT, GEDI Regional/global; static; 1 km
Water Dynamics
Soil moisture SMAP, SMOS, ISMN Local/regional/global; <weekly; 3-9 km
Evapotranspiration MODIS, ECOSTRESS Regional/global; <weekly; 0.05-1 km
Total Water Column GRACE Global; monthly; >100 km
Snow characteristics NASCN, NOAA Snow Cover, MODIS Regional/local; weekly-annually; 1 km
Energy Dynamics
Soil, surface temperature GTN-P, BOREAS, MODIS Local/regional/global; weekly-static; 1 km
Freeze/thaw SMAP Regional/global; <weekly; 3 km
Active layer depth INSAR, CALM/GTN-P Regional; static; 1 m
Albedo MODIS, VIIRS Global; weekly; 1 km
Fire counts, burnt area MODIS Global; weekly; 1 km
Net radiation MODIS Global; weekly; 1 km
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Geospatial Data Products
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Other expected products [ outcomes
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SYSTEM INTEGRATION TO END-USERS

‘“Lessons Learned” report to guide preparations for ABoVE Phase Il modeling
research addressing Ecosystem Services objectives.

— Direction and guidance for new and continued field and remote sensing data
collections, model refinements and developments, and opportunities for integration
across multiple modeling teams and other research activities within ABoVE.

— In Year 3 we will begin to establish the links to the Ecosystem Services datasets and
modeling requirements, following the foundation and setup we will establish
throughout Phase I. For example, this includes using permafrost projections to inform
infrastructure decisions (e.g., roads, pipelines built on thawing permafrost). The
focus will be on engagement with interdisciplinary research teams toward a goal of
science—data interoperability, including linking TBM frameworks with social systems to
develop hypotheses related to ABoVE’s Ecosystem Services Objectives.
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Institutional Collaborations
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Model Collaborator(s)

CLM4-VIC Maoyi Huang, PNNL, USA

GTEC Dan Ricciuto, ORNL, USA
Hyland Joshua Fisher, NASA JPL, USA

TRIPLEX-GHG Changhui Peng, University of Quebec at Montreal,
Canada
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Institutional Collaborations?
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Institutional Collaborations?
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Summary of your AIP input completed thus far and
plans for advancing your drafts at the meeting

Draft document written.

Drawing the line on what should be included
as ““modeling”.

Integrating the modeling activities into a
cohesive framework.

Needs more blurbs from individual modeling
activities.

Needs more review from WG members and
ABOVE leads.
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