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GC ID GC text

GC.001
Biodiversity: Understanding the regulation of biological diversity and its functional consequences for 
ecosystems.

GC.002
Biogeochemistry: Understanding and predicting the impacts of human activities on Earth’s major biogeo-
chemical cycles.

GC.003
Climate change: Understanding and predicting climate variability, including directional climate change, and 
its impacts on natural and human systems.

GC.004 Ecohydrology: Understanding and predicting changes in freshwater resources and the environment.

GC.005
Infectious diseases: Understanding and predicting the ecological and evolutionary aspects of infectious 
diseases.

GC.006
Invasive species: Understanding and forecasting the distribution of biological invasions and their impacts 
on ecological processes and ecosystem services.

GC.007
Land use: Understanding and predicting changes in land use and land cover that are critical to biogeochem-
ical cycling, ecosystems, and human welfare.

Table ES1. Grand challenges (GC) in the environmental sciences. Summarized from National Research 
Council (2001).

ES281NOVEMBER 2019AMERICAN METEOROLOGICAL SOCIETY |



REQ ID REQ text
Traceability  

to GC

NEON.001

NEON’s measurement strategy shall include coordinated and collocated measure-
ments of drivers of environmental change (physical and chemical climate, land use, 
and biological invaders) and biological responses (matter and energy fluxes, biomass 
and plant productivity, diversity and genomics of key organismal groups, infectious 
diseases, and community, phenological, and population indicators).

GC.001

GC.002

GC.003

GC.005

GC.006

GC.007

NEON.002

NEON’s spatial observing design shall systematically sample national variability in 
ecological characteristics, using a quantitative a priori division of the nation to allow 
extrapolation from the limited intensive sampling of core wildland sites back to the 
continental scale.

GC.001

GC.002

GC.004

GC.007

NEON.003

NEON shall allow extrapolation from the observatory’s local sites to the nation. 
NEON shall integrate continental-scale data (via the NEON Land Use Analysis Pack-
age) with site-based observations to facilitate extrapolation from the local measure-
ments to the National Observatory.

GC.001

GC.002

GC.003

GC.004

GC.007

NEON.004

NEON shall sample managed landscapes in order to understand land-use effects. 
Relocatable sites will be selected and paired with either core sites or other relocat-
ables to allow measurements of contrasts between different land-use practices (e.g., 
wildland vs. managed, intensively vs. extensively managed).

GC.007

NEON.005
NEON infrastructure and observing system signal-to-noise characteristics shall be 
designed to observe decadal-scale changes against a background of seasonal-to-inter-
annual variability over a minimum 30-yr lifetime.

GC.003

NEON.006
NEON observing strategies shall be designed to support ecological forecasting, 
including requirements for state and parameter data, and timely and regular data 
delivery schedule to support new and ongoing ecological forecast programs.

GC.003

GC.004

GC.005

GC.006

Table ES2. National Ecological Observatory Network (NEON) science requirements (REQ).
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REQ ID REQ text
Traceability  

to GC

NEON.007

NEON shall observe abrupt events triggered by long-term trends using facilities 
that can be deployed in response to events. Climate change, land use, and biological 
invasions trigger ecological responses on time scales best observed with stable sites 
(e.g., core sites) and include processes that must be observed with a rapid response 
capability.

GC.003

GC.006

GC.007

NEON.008

NEON shall enable experiments that accelerate drivers of ecological change toward 
anticipated future physical, chemical, biological, or other conditions to enable param-
eterization and testing of ecological forecast models and to deepen understanding of 
ecological change.

GC.003

GC.004

GC.005

GC.006

NEON.009

NEON measurements shall be standardized and calibrated to allow comparison 
across sites and over time to enable understanding of ecological change in time and 
space. Calibration and standardization shall also allow new sensors/measurements to 
be calibrated against the old.

GC.003

NEON.010

The NEON data system shall be open and enable a free and open exchange of sci-
entific information. Data products will be designed to maximize the usability of the 
data. The NEON cyberinfrastructure will be designed to be open and modular to en-
able the addition of new capabilities. The NEON sites (core, mobile, and relocatable) 
will be designed to be as open as possible to new measurements and experiments to 
effectively provide NEON infrastructure to scientists, educators, and citizens.

GC.001

GC.002

GC.003

GC.004

GC.005

GC.006

GC.007

NEON.011

NEON shall produce usable information from its observations to enable access to 
NEON information by a wide range of scientific, educational, and environmental 
decision-makers and users and to enhance understanding and ecological forecast-
ing. NEON shall convert primary observations into useful and credible derived data 
products and make these data products available widely.

GC.001

GC.002

GC.003

GC.004

GC.005

GC.006

GC.007
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Identifier Disease

SCI.001

Along with Culex mosquitoes, some bird species distributions may also shift in response to climate 
change. In what regions will competent West Nile Virus vectors [C. pipiens and C. restuans; (Kilpatrick, 
et al., 2005)] and bird hosts [e.g., American robins; (Kilpatrick, Daszak, Jones, Marra, & Kramer, 2006)] be 
expected to overlap or become disjunct?

SCI.002
Given a specific set of climate change model assumptions, how quickly and where specifically is the vector 
for dengue fever (Aedes aegypti) expected to advance north in the southern United States?

SCI.003
How are biodiversity, infectious disease dynamics, and invasiveness/invasibility of pristine and managed 
ecosystems interrelated?

SCI.004
How are Lyme disease dynamics different on the East and West Coasts of the United States? Which spe-
cies are involved in the transmission of the pathogen in these different ecosystems?

SCI.005 How are the predicted shifts in species distribution expected to affect disease risk at regional scales?

SCI.006 How do changes in biodiversity affect infectious disease dynamics?

SCI.007
How is the phenology of important disease vectors (e.g., Aedes, Culex, and Anopheles species) expected to 
shift in response to climate change? What implications do phenological shifts have for disease risk?

SCI.008
What are the ecological and evolutionary properties of pathogenic organisms and vectors that influence 
health risks?

SCI.009
What are the specific local habitat traits (e.g., vegetation, slope, soil moisture, insect abundance) favored 
by Peromyscus that constitute refugia for hantavirus dynamics?

SCI.010
What biotic and abiotic factors regulate distributions and control the ecological and evolutionary dynam-
ics of key vectors, hosts, reservoirs, and pathogens?

SCI.011 What implications do breeding bird phenological shifts have for West Nile virus disease risk?

SCI.012
What is the time frame for the response of Peromyscus populations to bioclimate-driven resource pulses, 
and what is the threshold density for increased hantavirus transmission?

SCI.013
What will the distribution and abundance of important mosquito vectors (e.g., Culex, Aedes, Anopheles) 
look like in future decades?

SCI.014 Where and when are infectious diseases of humans, nonhuman animals, and plants expected to emerge?

Identifier Aquatics

SCI.015 Can molecular markers be used to indicate a disturbance in aquatic ecosystems?

SCI.016
Can nutrient export from small streams be modeled as a function of climate or precipitation regimes at 
national spatial scales?

SCI.017
How are thermokarst lakes changing on an annual basis, and how does this relate to interannual climate 
variability?

SCI.018
How do changes in thermokarst lake size and the surrounding vegetation influence carbon balance and 
especially the release of methane?

SCI.019
How do human-caused changes in biotic structure influence rates of whole-system water use and 
water-use efficiency?

SCI.020
How do human and land-use impacts on hydrologic processes influence rates of in-stream metabolism 
and nutrient processing?

SCI.021
How do patterns of human population distribution and land and water use alter regional fluxes of 
materials in low-order streams?

SCI.022 How does the algal community structure change across the NEON domains?

SCI.023
How does algal community structure vary at a site over the long term, and what characteristics of the 
environment (i.e., hydrology, nutrient, water chemistry, growing season) cause this variation?

SCI.024 How does aquatic productivity relate to terrestrial productivity?

SCI.025
How does channel morphology change when the riparian canopy is altered (e.g., when vegetation is 
removed or burned, or exotic species invade)?

SCI.026 How does local geomorphology control terrestrial and aquatic primary productivity?

Table ES3. NEON science-use cases.
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Identifier Aquatics

SCI.027 How does the extent and timing of sediment pulse inputs impact algal population dynamics?

SCI.028
How will hydrological regimes be affected by shifts in dominant species? How will these changes feed 
back to the atmosphere?

SCI.029
How will the manipulation of freshwaters and land-use change affect fluxes of N, P, C, and Si in headwa-
ters?

SCI.030 What are the relationships between terrestrial and aquatic species richness and abundance?

SCI.031 What is the aquatic biological response to sustained increases in nutrients?

SCI.032
What is the relationship between algal diversity, dominance, and community resilience to extreme 
events (i.e., high discharge, nutrient pulses) across a landscape gradient?

SCI.033
What is the relative importance of ice-cover dynamics (thickness and spatial and temporal extent) on 
aquatic primary production?

SCI.034
What is the relative importance of top-down and bottom-up control on aquatic primary production 
across a hydrologic gradient?

SCI.035 What is the role of extreme flood events on benthic community structure (e.g., community resilience)?

SCI.036
What is the role of sediment (e.g., size, type, distribution, residence time) in structuring aquatic benthic 
communities (i.e., algae, invertebrates)?

SCI.037
What molecular markers characterize an aquatic microbial population at different stages of community 
succession?

SCI.038 What molecular markers define r vs. K strategists in aquatic systems?

SCI.039
Will the increased frequency of hydrological disturbance promote irreversible regime shifts that alter 
species composition and ecosystem function in the Sierra Nevada (domain 17)?

Identifier Land use

SCI.040
Do edges in forest landscapes facilitate the invasion and spread of nonnative species by disrupting resource 
availability?

SCI.041
How can we predict potential rates of geographic spread and population growth of invasive species and 
how are these rates affected by land use and climate change?

SCI.042 How do microclimatic changes associated with edges affect the regeneration of plant communities?

SCI.043
How do patterns of human population distribution and land and water use alter regional transport of dust 
and reactive nitrogen in airborne pathways?

SCI.044 How do soil moisture and temperature conditions control the response of the seed bank following fires?

SCI.045 How do vegetation boundaries (edges) affect plant community diversity and composition?

SCI.046 How does plant biodiversity change with land-use practices?

SCI.047 How does the changing pattern of land use affect terrestrial productivity at the continental scale?

SCI.048
How does land use affect plant and animal biodiversity and function in wildland and exurban landscapes, 
and are there detectable regional patterns?

SCI.049
How will changes in land use, including fossil fuel extraction and recreation, lead to a change in the genera-
tion and transport of dust in the Great Basin and Colorado Plateau?

Identifier Small mammals

SCI.050
How do climate-driven plant and insect resources determine the population growth, fecundity, and density 
of Peromyscus populations?

SCI.051 How do small mammal communities vary both within core sites and across land-use types and ecoregions?

SCI.052 Which bioclimatic and habitat factors best predict the species composition of small mammal communities?

SCI.053
Across domains, which small mammal species are favored by human land-use impacts (e.g., urban, agricul-
tural vs. wildland)?

SCI.054 How does the peridomesticity of Peromyscus species vary across different ecoregions of the continent?
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Identifier Mosquitos

SCI.055
How do mosquito communities vary both within core sites and across land-use types and ecoregions? 
Which bioclimatic and habitat factors best predict the species composition of mosquito communities?

SCI.056
Which mosquito communities, aquatic habitats, land-use types, and bioclimatic conditions are associated 
with invasive mosquito species establishment?

SCI.057
At the continental scale, how does DNA barcoded sequence data inform the taxonomy of mosquito spe-
cies?

SCI.058
If new cryptic species of mosquitoes are discovered, how do they differ from known species with regard 
to which pathogens they carry and which habitats they occupy?

Identifier Insects

SCI.059 How do carabid beetle communities vary both within core sites and across land-use types and ecoregions?

SCI.060 Which bioclimatic and habitat factors best predict the species composition of beetle communities?

SCI.061 How are beetle species distributions expected to shift in response to climate change?

SCI.062
Which insect communities, terrestrial habitats, land-use types, and bioclimatic conditions are associated 
with invasive ground-dwelling insect species establishment?

SCI.063
How do invasive terrestrial plant species and their biogeochemical environments impact the community 
composition of ground dwelling-insects?

SCI.064 How do insect communities respond to invasive plant species?

Identifier Birds

SCI.065 How do breeding bird communities vary both within core sites and across land-use types and ecoregions?

SCI.066 Which bioclimatic and habitat factors best predict the species composition of breeding bird communities?

SCI.067 How is the phenology of breeding bird activity expected to shift in response to climate change?

SCI.068
How do invasive terrestrial plant species and their biogeochemical environments impact the community 
composition of breeding birds?

Identifier Plants

SCI.069 As vegetation responds to climate variation, what plant species are likely to emerge as dominants?

SCI.070 Can plant phenology be used as an indicator of community- and population-level changes in an ecosystem?

SCI.071 Does changing plant phenology impact the population dynamics of small mammals and insects?

SCI.072 Does the phenology of native and invasive plants differ in different environments?

SCI.073
How does a changing environment affect vegetation structure and species composition, and how do these 
changes affect carbon storage?

SCI.074 How does plant phenology relate to plant fitness?

SCI.075
How does the complexity of vegetation structure correlate with the breeding bird, small mammal, beetle, 
and mosquito diversity at different scales ranging from less than 10 m2 up to an entire core site?

SCI.076 How will changes in snowmelt affect the phenology, productivity, and diversity of alpine vegetation?

SCI.077
How will changing climate influence plant phenology at a continental scale, and what are the atmospheric 
feedbacks of plant phenological changes?

SCI.078
What are the consequences of shifts in dominant vegetation for ecosystem services, including feedbacks to 
the atmosphere?

SCI.079
What are the effects of alterations in seasonal or diurnal patterns of precipitation and temperature on 
primary productivity?

SCI.080
What are the effects of elevated N availability on plant primary production under changing CO2 and 
altered precipitation regimes?
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Identifier Microbes

SCI.081 Is microbial diversity related to the presence of functional genes in soil communities?

SCI.082 At what spatial and temporal scale does microbial diversity vary?

SCI.083 How does microbial diversity respond to land use and climate change?

SCI.084 How is belowground net primary productivity related to microbial diversity?

SCI.085
Does the presence of microbial functional genes in soil relate to the rates of belowground biogeochemical 
processes?

Identifier Invasive species

SCI.086 How are primary productivity and nutrient cycling processes affected by species invasions?

SCI.087
Can we predict the consequences of an introduced species for native biodiversity and ecosystem function? 
What are the reasons for differences among species in their impacts?

SCI.088 How do fire intensity and frequency affect the spread of invasive species?

SCI.089
How do species invasions affect ecosystem processes such as productivity, and how do these processes in 
turn feed back on future invasions and biological diversity?

SCI.090 How does the continental connectivity of the transportation system affect the spread of invasive species?

SCI.091 How will the Hawaiian invasions change biodiversity, especially with regard to native species?

SCI.092
What are the species and ecosystems at greatest risk from invasive species, and how can they be effec-
tively protected?

SCI.093
How can we predict potential rates of geographic spread and population growth of invasive species, and 
how are these rates affected by land use and climate change?

SCI.094
Which communities are most susceptible to high densities and/or diversity of invasives based on environ-
mental factors?

SCI.095

Which ecosystem processes and ecological services will be most affected by invasion? Definition: Ecosys-
tem processes: Nutrient leakage, primary production, decomposition, nutrient cycles, biogeochemical 
cycles, fluxes between trophic levels, etc. Ecosystem services: Water, air quality, disease control, biodiver-
sity maintenance, etc.

SCI.096 Which native taxa will be most affected by invasives?

SCI.097
While it has been shown that, at small scales, invasive species are associated with low diversity and, at 
larger scales, invasive species are associated with high diversity, does this relationship hold true across 
multiple sites across the continent?

Identifier Ecological theory

SCI.098 What are the relationships between terrestrial and aquatic species richness and abundance?

SCI.099 Does species richness affect ecosystem productivity?

SCI.100
What are the impacts of changes in biodiversity (from genes to landscapes) and human activities on eco-
system function/services (across space and time)?

SCI.101
How do variations in climate and human activities (including land use) affect biodiversity (from genes 
through landscapes and across space and time) and invasiveness/invasibility of pristine and managed ecosys-
tems?

SCI.102
What are the critical climate thresholds at which existing ecosystems, together with their characteristic 
services and functional attributes, will disappear?
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Identifier Biogeochemistry

SCI.103
Can albedo and foliar N be used as a proxy for temporal and spatial controls on the variation in carbon 
fluxes?

SCI.104 Can albedo and foliar N be used to detect interannual trends in regional productivity?

SCI.105 How do changes in precipitation regimes (type, quantity, timing) alter nutrient export?

SCI.106
How do elevated CO2 concentrations, O3 exposure, and reactive nitrogen deposition interact to affect 
net and gross primary productivity, plant litter chemistry, and soil organic matter dynamics?

SCI.107
How do invasive plant and animal species affect soil organic matter quantity and properties (stability) in 
different ecosystems?

SCI.108 Is there a general relationship between biodiversity and nutrient cycling?

SCI.109 How do changing distributions of airborne dust and dust deposition affect ecosystem functions?

SCI.110
How does changing climate and land use affect the stability of soil organic matter and what continental-
scale patterns are evident in these changes?

SCI.111
How does changing snowmelt timing in the middle and high elevations change vegetation phenology, pro-
ductivity, and species composition?

SCI.112
How do climate change (changing CO2 and altered temperature and precipitation regimes) and N deposi-
tion interact to influence ecosystem metabolism?

SCI.113 How does climate change affect carbon uptake and water balance?

SCI.114

How does interannual variability of ecosystem exchange respond to oscillations in general circulation 
patterns, i.e., El Niño–Southern Oscillation (ENSO), North Pacific Oscillation (NPO), North Atlantic Os-
cillation (NAO), Arctic Oscillation (AO), and does the onset of these effects track in time and space with 
general circulation patterns across the continent?

SCI.115
How does the deposition of dust at high and medium elevations in the southern Rockies affect the energy 
balance of the winter snowpack and subsequently the timing of snowmelt?

SCI.116
How have biological carbon stocks in vegetation and soils changed historically from the time of European 
settlement through the present?

SCI.117 How much fossil fuel CO2 is recycled by urban vegetation?

SCI.118
How will changes in species distribution and abundance at landscape to continental scales influence bio-
geochemical cycles with feedbacks to the atmosphere?

SCI.119 How will dust transport affect snow albedo and the timing of snowmelt?

SCI.120 How will ecosystem N retention change under changing climatic drivers?

SCI.121
How will the changing climate influence continental patterns of evapotranspiration, and how do those pat-
terns feed back into regional and continental climate dynamics? What are the feedbacks to cloudiness and 
atmospheric radiation?

SCI.122 To what degree does vegetation contribute to the overall carbon balance in urban landscapes?

SCI.123 What are the chronic and synergistic effects of present and future pollutants on ecosystems?

SCI.124 What are the sources, sinks, and fate of N in ecosystems subjected to elevated N deposition?

SCI.125 What is the importance of extreme events vs. chronic stressors on biogeochemical cycles?

SCI.126
What is the magnitude and direction of the response of soil organic matter stability to changing tempera-
ture and moisture regimes?

SCI.127
What is the mechanism associated with the albedo–foliar N relation? Does this derive solely from foliar 
N content as claimed by Ollinger et al. (2008) or is this relation confounded by leaf area index (LAI) and 
other aspects of ecosystem structure?

SCI.128
What is the relative importance of extreme events vs. chronic stressors on soil solution chemistry and 
biogeochemical pools?
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Identifier Broad pattern questions

SCI.129
How will variations in climate influence ecosystem structure and function at landscape to continental 
scales?

SCI.130 Do changes in biodiversity and risk of infectious diseases affect water quality and vegetation productivity?

SCI.131
How do human activities affect biodiversity (from genes through landscapes) and ecosystem function 
across space and time?

SCI.132
How will climate and land use alter the distribution and types of large-scale disturbance, especially wild-
land fire, at the decadal scale?

SCI.133
How will variations in climate and its variability at multiple scales influence the landscape- to continental-
scale distribution, abundance, and life cycle of key plant species that play (or can potentially play) impor-
tant roles as dominants, primary producers, and determinants of vegetation physiognomy?

SCI.134

How will climate variation, including extreme climatic events (e.g., drought, freezes, floods), interact with 
disturbances (e.g., wildfire), invasive species (including indigenous and nonindigenous), disease and patho-
gen outbreaks, alteration of biogeochemical cycles, and land use (e.g., grazing, suburbanization) to change 
the distribution, abundance, and life cycle of these key species?

SCI.135
What are the critical climatic thresholds at which existing ecosystems, together with their characteristic 
services and functional attributes, will disappear?

SCI.136
What ecosystem services will be jeopardized under changing climate conditions? What species could be 
used to restore altered ecosystem services?
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