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Next Generation Ecosystem Experiments (NGEE) - Arctic

The goal of NGEE Arctic is to support the 
US Department of Energy (DOE) 
Biological and Environmental Research 
(BER) mission to advance a robust 
predictive understanding of Earth’s 
climate and environmental systems by 
delivering a process-rich ecosystem 
model, extending from bedrock to the 
interface between the vegetative canopy 
and the atmosphere, that can simulate 
the evolution of Arctic ecosystems in a 
changing climate at the scale of a 
high-resolution grid cell in DOE’s Energy 
Exascale Earth System Model (E3SM)
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Site Selection, Sampling Design, and Data Synthesis

Site selection and sampling design should be informed by a quantitative multivariate 
analysis of important environmental gradients to optimize the collection of observations 
and field measurements and to upscale them to the larger landscape
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Ecoregions of Alaska
We previously developed a dynamic ecoregionalization for the State of Alaska that 
showed northward movement of ecoregions under projected climate change

This study informed site selection for 
NGEE Arctic Phases 2 and 3

10 ecoregions 2000–2009 10 ecoregions 2090–2099
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Site selection for NGEE Arctic Phases 1–3

Phase 1 research focused on 
polygonal ground tundra in the 
Barrow Environmental 
Observatory in Utqiaġvik, 
Alaska.
Phase 2 and 3 research was 
extended to sites, spanning 
three watersheds, on the 
Seward Peninsula of Alaska. 
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Circumpolar Arctic Vegetation

Circumpolar Arctic Vegetation Map (CAVM)

The circumpolar Arctic represents a 
large and heterogeneous region with a 
wide diversity of vegetation types.

NGEE Arctic aims to improve the 
process representation of the Arctic 
ecosystems in global scale models.

This requires data 
integration across 
many sparsely 
sampled regions to 
constrain model 
processes.  
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Multivariate Characterization of Pan-Arctic Environment
# Variable Source Resolution
1 Annual mean temperature WorldClim 2.0 1km
2 Isothermality WorldClim 2.0 1km
3 Temperature seasonality WorldClim 2.0 1km
4 Mean temperature of warmest quarter WorldClim 2.0 1km
5 Mean temperature of coldest quarter WorldClim 2.0 1km
6 Annual precipitation WorldClim 2.0 1km
7 Precipitation seasonality WorldClim 2.0 1km
8 Precipitation of warmest quarter WorldClim 2.0 1km
9 Precipitation of coldest quarter WorldClim 2.0 1km

10 Available water capacity Soilgrids250m 2.0 250m [1km]
11 Soil bulk density Soilgrids250m 2.0 250m [1km]
12 Soil carbon content Soilgrids250m 2.0 250m [1km]
13 Soil nitrogen content Soilgrids250m 2.0 250m [1km]
14 pH Soilgrids250m 2.0 250m [1km]
15 Compound topographic index HYDRO1k 1km
16 Active Layer Thickness Ran et. al. 2022, ESSD 1km
17 Mean Annual Ground Temperature Ran et. al. 2022, ESSD 1km
18 Permafrost Probability Ran et. al. 2022, ESSD 1km
19 MODIS GPP Cumulative DHI U. Wisconsin 1km
20 MODIS GPP Coeff variation DHI U. Wisconsin 1km
21 MODIS NDVI Cumulative DHI U. Wisconsin 1km
22 MODIS NDVI Coeff variation DHI U. Wisconsin 1km

To inform strategies for pan-Arctic 
model evaluation and site selection, 
we conducted a comprehensive 
quantitative multivariate assessment  
that leveraged and integrated 
best-available observations.

NGEE Arctic will scale up an 
Arctic-informed version of E3SM Land 
Model (ELM) to the pan-Arctic region, 
and our analysis provides a framework 
for synthesis and evaluation of this 
pan-Arctic ELM.
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Mean Annual Air Temperature Mean Annual Ground Temperature
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pH (0–100cm)Active Layer Thickness
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Annual GPPSoil Organic Carbon (0–100cm)
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10 Pan-Arctic Ecoregions

We used all 22 data layers 
across the pan-Arctic in a 
k-means cluster analysis to 
equitably partition the data 
variance into 10 clusters that 
represent ecoregions.

The objective is to select sites 
that provide maximum 
coverage across those 
ecoregions and to use the 
ecoregions as a framework for 
upscaling data to the full 
pan-Arctic region.
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Phase 1: Representativeness (Barrow)
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Phases 1–3: Representativeness (Barrow & Seward)
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Phases 1–4: Barrow, Seward & Evaluation Sites
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Summary
• We employed a cluster analysis method to 

partition a 22-dimensional environmental 
phase space spanning the pan-Arctic to 
create 10 ecoregions

• We selected seven additional “model 
evaluation sites” to improve the sampling of 
these environments

• This ecoregion framework, along with data 
from these partner sites, will be used to 
provide initialization and validation data for 
the Arctic-informed E3SM Land Model 
(ELM)

• A data synthesis cross-cut activity is 
proposed for Phase 4 to integrate 
observations across the pan-Arctic
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