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1. Executive Summary
Environmental research at Rocky Mountain Biological Lab has a rich history spanning nearly a century,
resulting in a detailed composite picture of the natural history of organisms and the long-term dynamics
of ecosystems surrounding the Lab. Despite this rich history and base of knowledge, it remains
challenging to synthesize work done at different scales and in different disciplines into a coherent
understanding of the structure, function and dynamics of ecosystems. Assembling such a picture is
critical for addressing the major scientific challenges posed by rapid global changes in the systems that
support the biosphere and human society.
We propose to support integrative and synthetic environmental science at RMBL by developing a set of
standardized, citable, and high-quality spatial data products covering the structure and function of
ecosystems in the RMBL vicinity. We anticipate that researchers will use these data products to put
observations and experiments in a more detailed environmental context and generate new scientific
knowledge about how the structure of ecosystems relates to their function. In producing these data
products, collectively known as the RMBL Spatial Data Platform (RMBL SDP), we will leverage new
advances in remote-sensing, machine learning, and cloud computing to create high-resolution maps of
key aspects of the physiography, microclimate, vegetation, and ecosystem function of the RMBL vicinity,
selected in close collaboration with the RMBL scientist community.
The construction of the RMBL SDP’s will be guided by the principles of open science: reproducibility,
barrier-free public use, and respect for the intellectual property of data contributors. The RMBL staff
scientist will head these efforts, assisted by a shifting and dynamic team of collaborators. We will
release these data products to the general public under a permissive Creative Commons license.
Although we will release the data products and source code publicly, collaborating scientists can retain
control over data that was contributed to the SDP project for model training or validation for up to two
years after contribution. We will deliver the gridded data products in a standard, easily accessible
format (GeoTiff), and archive the data products on the cloud storage platform Amazon S3, as well as
ESS-DIVE, an archive for citable earth science data run by the US Department of Energy. We will
generate SDP data products in three different nested domains (the Gothic Townsite, the Upper East
River Watershed, and the Upper Gunnison Watershed) on 6 predefined spatial grids, varying from 1/3 m
to 81m per pixel depending on the product.
The planned timeline for the initial development and release of SDP data products is three years and
consists of two phases. Initially (through December 2022) we will share SDP data products with the
research community and the public through several discrete releases in each year. Preceding the
production of data products in each release, we will issue a call for collaborators to the RMBL PI list.
Collaborating scientists will gain early access to draft data products in exchange for help in producing
them. We will release all data products to the public as soon as they are finalized and documented.
After the data product expansion phases, the focus will shift to keeping the SDP products up-to-date and
reducing data latency towards the long-term goal of near-real-time data assimilation.
The success of the SDP hinges on the fostering of successful scientific collaborations that use aspects of
the data platform. To help researchers take advantage of the SDP data, we will prepare tutorial
materials and hold workshops and webinars on how to access, query and subset the SDP data. We will
measure the success of these collaborations (and update our work plans accordingly) by tracking
citations of the data products and associated publications, as well as by soliciting regular formal and
informal feedback from the scientist community. An annual survey, sent to the RMBL PI list in the
Spring, will provide us with detailed feedback on how researchers are using the data products, the
barriers that prevent them from doing so, and their suggestions for improving the platform.
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Our goal is that as the project matures, we will have the opportunity to build on the RMBL SDP and
extend it to be a system that supports near-real-time modeling and forecasting. Doing so will require
significant additional investment in automating data collection and assimilation procedures, as well as
investments in data management and collaboration tools. Although much of this work is outside the
scope of this near-term plan, we will work to build the SDP in a way that can grow and evolve over time,
providing a solid basis for future work that extends the platform in new ways if the scientific community
sees the value in that investment.

2. Background and Purpose
A major research infrastructure objective identified in the 2019 RMBL Strategic Plan [html] was to create
a data rich environment for scientists which leverages new advances in computing and sensors, as well
as RMBL’s long-term datasets. As part of this effort, RMBL has launched a program to create a “Spatial
Data Platform” (SDP), a set of standardized, citable, high-quality, and high-resolution geospatial data
products which will be made available to the RMBL research community and the public with few
restrictions on their distribution and use. The overall objective of the SDP project is to make RMBL the
best place in the nation for basic research in the spatial ecology, hydrology, and geophysics of
mountain environments by assembling an unprecedented archive of detailed spatial environmental
data, and helping the scientific community leverage this data for scientific discovery. We envision that
the SDP data products will be used in a variety of ways, including in the design of field studies, the
analysis of environmental effects on study organisms and processes, and the scaling and extrapolation
of field studies across space and time.
Achievement of this strategic objective will rely on dialogue with the RMBL research community to
identify the priorities, scope, and implementation tactics. In the fall of 2019 and spring of 2020, RMBL
research scientist Ian Breckheimer began the dialogue to understand community priorities for data
products to be incorporated into the SDP and investigated the feasibility of generating data products
identified as high priorities by the research community. He also did extensive research on data formats,
licenses, and archiving procedures to make the SDP data products as transparent, reproducible,
accessible, and secure as possible.
This document describes the results of that process, the data products that are proposed to be
incorporated into the SDP, the process for generating those data products, and the platforms and
procedures for their dissemination and archiving. This document is meant to be a starting point for the
project, not a definitive guide. This acknowledges that the mature form of the SDP may look different
from the planned program as technologies, resources, and community priorities continue to evolve. The
planning horizon covered in this document is approximately three years.
We anticipate that this planning document will be used in three primary ways by different groups of
users. For the RMBL research scientist and collaborators, it provides shared expectations around
methodologies, data sharing, reporting, and publication. For other RMBL staff, it provides a clearer
picture of the time and resources required to accomplish the goals of the project. For the research
community, it will provide some initial guidance on what the products will be, how to access them, and
when and under what terms they will be available.

3. Community Priorities
In the fall of 2019, Ian Breckheimer and RMBL staff circulated an online survey to the RMBL PI listserv
seeking feedback on researchers’ priorities associated with the spatial data platform. Forty-three
scientists responded to the survey, which asked respondents to rank possible data products, and
provide detailed feedback about how they might use them. Respondents also gave feedback about
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anticipated barriers that could limit the use of SDP data products in their research programs. We
summarized responses to the survey in detail in a previous report (“Highlights from RMBL Data Products
Community Survey”, distributed via the RMBL PI listserv on 13 January 2020). The key findings were:
A. There is broad community support for the development of the SDP. 84% of respondents
indicated that the data products would be “Very Important” or “Critical” to their research.
B. The survey identified a suite of data products with the high perceived utility to respondents’
research projects. These products center on land surface dynamics (snow cover, phenology),
near-surface microclimate (temperature, snowpack, precipitation), and ecosystem processes
(GPP, NPP).
C. Respondents identified potential barriers to SDP use due to design decisions and accessibility
of data product formats. Key anticipated barriers to using these data products include lack of
availability of data at non-RMBL field sites (which hinders large-scale comparative work), lack of
skill in manipulating spatial data, and mismatches in scale between field measurements and
spatial data products.
D. Ease of use throughout the research project lifecycle—from design to publication—will be
essential for widespread adoption. RMBL scientists want data products to be accessible and
citable, suggesting investment in making the platform easy to use, and publishing methods /
data papers along with the products themselves.
E. Integration with existing historical/long-term field data products has broad appeal among
researchers. Researcher enthusiasm for congruence with existing long-term field datasets
indicates that it would be profitable to invest time and resources in extending some of the
products to include long historical time-series where possible.
In this implementation plan, we have attempted to align our plans for the SDP as much as possible
with the priorities and concerns of RMBL’s research community. This will allow us to produce a
platform that is useful to a wide variety of researchers working on different types of scientific questions.
Our plans also reflect constraints on the data that is available, as well as the limitations of staff time,
expertise, and resources. Much of our work will be made possible by fostering cross-discipline
collaborations within and among research teams at different institutions. As with many other aspects of
the science done at RMBL, it will be the product of many minds and many hands.

4. Spatial Domains of the SDP
Data products generated as part of the SDP will primarily be in the form of geospatial raster datasets,
in which data are stored in a regular (usually rectangular) grid with consistent extent and pixel size. The
source data for SDP products will be diverse, incorporating information from field measurements, drone
imagery, data from airplane-based sensors such as LiDAR and imaging spectroscopy, and satellites.
These datasets each provide coverage of different geographic areas at different grid resolutions. In
order to simplify the process of reconciling these different data sources, and providing consistent
products to the scientific community, SDP data products will be delivered across one of 3 spatial
domains at one of 6 grid resolutions (0.33, 1 m, 3 m, 9 m, 27 m, or 81 m) depending on the available
source data and the spatial properties of the quantity being mapped. Figure 1 shows three of these
resolutions (3 m, 9 m, and 27 m) overlaid on an aerial photo of the Gothic townsite.
The three domains for SDP data products are depicted in Figure 2. The smallest domain (Gothic
Townsite, GT, Figure 1A) encompasses approximately 170 hectares around the historic town of Gothic,
including the immediate townsite vicinity, the research meadow, Maxfield meadow, and RMBL-owned
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property to the west of Judd Falls. In 2019 43% of active RMBL research sites were within this domain.
Data products in the Gothic domain will primarily be derived from repeat drone imagery which captures
the landscape at very fine resolution (~3 cm). Although calibrated imagery will be released at its native
resolution, most scientific data products derived from these images must be coarsened because of small
spatial misalignments in subsequent images. This means that the finest-scale derived data products
derived from drone imagery (such as snow and land surface phenology) will be delivered at a resolution
of 1/3m per pixel.

Figure 1: Three grid resolutions for SDP data products compared to roads and buildings in the Gothic townsite. Two of the
smaller (1/3 m, 1m) and one of the larger (81m) SDP grids are not shown. Details of all the SDP grids are found in Section 7.

The next largest spatial domain for SDP products will encompass the watersheds of the Upper East
River, Slate River, and Coal Creek (Upper East River, UER, Figure 1B). In 2019, 91% of active RMBL
research sites were within this domain. This region includes all of the USGS 12-digit hydrologic units
140200010205, 140200010204, and 140200010201, and portions of four other hydrologic units. This
domain also incorporates the vicinity of Lake Irwin, a small area outside of the UER watershed. The
boundaries of the UER domain are largely determined by availability of data from the NEON Aerial
Observing Platform (AOP), which collected LiDAR and imaging spectroscopy (hyperspectral) data across
the UER domain in June and July of 2018 (Chadwick et al. in prep). The availability of NEON AOP data will
enable the detailed mapping of topography, vegetation structure and composition at 1m spatial
resolution.
The largest domain for SDP products will incorporate the entirety of the watershed of the Upper
Gunnison River (UGR, Figure 1C), including all areas that drain into the Gunnison before it’s confluence
with Tomichi Creek, including the entire Taylor River watershed. The Upper Gunnison River domain will
also include the hydrologic unit that includes Mexican Cut Nature Preserve and North Pole Basin
(140100040701), along with the vicinity of Lake Irwin east of Ruby Peak, and Hartman Rocks Recreation
Area south of Gunnison. Less than 1% of active RMBL research sites were located outside of this domain
in 2019. Data products generated in this domain will generally be lower-resolution than products
generated for the GT and UER domains (3- 81m) because of a general lack of high-resolution source
data. Primary sources for UGR data products will be satellite imagery (10 – 30 m), although some
products will also incorporate information from a LiDAR acquisition over Gunnison County completed in
Fall 2019, and snow data from the Airborne Snow Observatory (ASO), which may allow some UGR
products to be delivered at higher resolution than satellite imagery. Although Mexican Cut and North
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Pole Basin are sites of intense research use, we currently lack high quality and high-resolution source
data to include this area in the UER domain. This may change as more data becomes available.

Figure 2: Three spatial domains of the proposed SDP data products.

5. Proposed Data Products
We propose to generate a wide variety of spatial data products as part of the SDP. Detailed proposals
for each set of products will be covered in subsequent planning documents (see Section 10 “Timelines
for Production and Updating” below), but here we discuss the overall scope and vision for the data
products and how they relate to community priorities and data availability.
Our primary goals in selecting SDP products were two-fold. First, we wanted to satisfy community
priorities for research data. This means that we are prioritizing data products that have the most
widespread utility across research sub-disciplines, as expressed by the ratings of participating
researchers in the community survey. Second, we want to build a coherent picture of the structure and
function of ecosystems in the RMBL vicinity that allows us to deliver the high-quality data products that
the community expects. This means that we will invest considerable time an energy to generating and
synthesizing datasets that will make other datasets better. For example, relatively few researchers in
our survey indicated that canopy height and structure measurements were directly useful in their
research, but because these variables have a strong influence on near-surface microclimate measures
(high priorities for the community), it makes sense to produce these estimates so they can later be used
to generate better microclimate products.
Proposed data products, their source data, spatial domain, and grid resolution are summarized in Table
1. In this table the "Variable" is the general physical or biological property that is being represented, and
the "Products" are the measurements or estimates of that property that are being represented. For
example, we are proposing to create four types of datasets that track air temperature: daily minimums
and daily maximums at 10cm and 2m above the surface. This means we've got four "Products" for this
one "Variable".
Physiography
Much of our work relies on extrapolating field datasets and downscaling remote-sensing datasets
using detailed maps of the physical structure of environments in the vicinity of RMBL. As such, it is
critical that the underlying maps of this physical structure are as accurate as possible, and we propose to
generate as part of our early work, high-resolution (1m) maps of the topography of the UER domain
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based on NEON LiDAR datasets (a Digital Elevation Model or DEM). This data will also allow us to
generate derived products such as slope, aspect, potential insolation, flow accumulation and relative
topographic position. Although a raw DEM derived from NEON LiDAR data is available, we propose to
perform additional QA / QC on this data to correct known problems, as well as generate a hydrologically
corrected version in which we use ancillary data to align the DEM with known patterns of surface water
flow, including “cutting” known road culverts and bridges (Callow et al. 2007). As part of this process, we
will also generate detailed (1m resolution) maps of surface water cover and flow lines derived from the
AOP LiDAR and spectrometer data.
Microclimate
Among the data products considered of the highest value to the research community were maps of
near-surface microclimate variables. We propose to generate detailed microclimate time-series and
summaries based on fusing measurements from existing weather stations and additional microclimate
sensors with remotely sensed measurements of snow cover land surface temperature. Because our
work builds off of high-resolution datasets of landscape and vegetation structure, and incorporates data
from a dense sensor network, we will be able to produce products at much higher grid resolution than is
available from national-scale gridded products such as PRISM (Daly et al. 2013, Strachan & Daly 2017)
and GridMet (Abatzoglou 2013). Where possible, we will also work to generate these products in a
multivariate fashion, such that estimates are physically consistent across different aspects of
microclimate. The methods we will use to generate gridded estimates from point measurements will
generally statistical in nature (e.g. Regression-Kriging Fortin et al. 2012, or ML-Kriging Hengl et al. 2018),
but some variables such as wind speed or soil moisture will likely require process-based simulations to
adequately capture spatial patterns and dynamics (Wagenbrenner et al. 2016).
Phenology and Land Surface Dynamics
Because RMBL is a hub for research into the timing of biological events (phenology), we will prioritize
the generation of phenology and land-surface dynamics products based on remote-sensing datasets.
The launch of new observation platforms over the past five years (e.g. Sentinel, Landsat 8, VIIRS, Planet
Doves, UAVs), has greatly enhanced our ability to track these dynamics at high spatial and temporal
resolution. We propose to use these new observations to build detailed maps of snow dynamics and
land-surface phenology of recent years. We will also attempt to extrapolate these records back in time,
taking advantage of sparser long-term satellite records, field data, and long-term observing networks
such as SNOTEL. Although the phenology measures typically derived from remote sensing typically focus
on changes in aggregate greenness of the land surface, we will also generate remotely sensed estimates
of flower phenology and nectar abundance for common plant species.
Vegetation Properties
New data sources will also allow us to produce maps of the structural and functional composition of
plant communities at high spatial resolution. These maps include estimates of canopy height and plant
cover, as well as detailed community classifications, and in some cases, the identification of individual
species or genera. What makes this proposal feasible for the UER domain is data from the NEON AOP
platform, captured near the peak of the growing season in 2018, which provides detailed structural
information from LiDAR, and detailed spectral information from an imaging spectrometer. We will use
these data, along with field data collected contemporaneously (Chadwick et al., in prep), to map plant
communities and their structural and functional properties. Although these data provide a single
temporal snapshot of plant traits and communities (and 2018 was an unusually dry summer), many
plant communities in the UER domain are dominated by long-lived plants and are stable at short
timescales.
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Table 1: Proposed data products for the RMBL Spatial Data Platform. Abbreviations and data sources are detailed below.
Variable
Products
Sources
Res. Domain
Formats
Retrospective
Physiography
Elevation (DEM)

Bare earth, canopy surface

1

1m

UER

Static map

N

DEM Derivatives

Slope, Aspect, TWI, Insolation

1

1m

UER

Static map

N

Surface Water

Summer surface water cover

1,2

1m

UER

Static map

N

Hydro-corrected DEM

Bare earth, canopy surface

1

1m

UER

Static map

N

Soil Properties

Particle Proportions, Hydr. Cond.

1,2,3

27m

UER

Static map

N

Snow water

Peak SWE

5

27m

UER

A time-series

Y

Snow

Peak depth, fractional cover

4,5,6

3m

UER

A, W time-series

Y

Air Temperature

10cm, 2m, tmin, tmax

1,7,8

9m

UG

D,M,S times-series

Y

Skin Temperature

tmin, tmax

1,7,8

9m

UG

D,M,S time-series

N

Microclimate

Accumulated Precipitation

Precipitation sum

1,7,8

27m

UG

D,M,S time-series

N

Temperature sums

GDD, snow-free GDD

1,4,5,6,7,8

9m

UG

S time-series

Y

Wind Speed

Min, Max, Mean, Direction

7,8

81m

UG

D, M, S time-series

N

Soil Moisture

% VWC, matric potential

3,8

27m

UER

D, M, S time-series

N

Climatic water

Reference ET, CWD

1,4,6,7,8

27m

UER

D, M, S time-series

N

Phenology and Land Surface Dynamics
Snow Dynamics
Snow Dynamics

FSD, LSD, LSFD, FSD
FSD, LSD, LSFD, FSD

4,5,6
4,5,6

9m
0.33m

UER
GT

A time-series
A time-series

Y
N

Surface Water

Surface water cover

2, 4

9m

UG

W time-series

N

Greenness
Leafing Phenology
Leafing Phenology

NDVI, EVI, NDWI
Green-up and brown-down dates
Green-up and brown-down dates

4
4
6

9m
9m
0.33m

UG
UG
GT

W time-series
A time-series
A time-series

Y
Y
Y

UER

W time-series

N

Floral Resources
Vegetation Type

Flower density; nectar & pollen
1,4,5,6,7,8
1m
density
Vegetation Properties
1,2

1m

UER

Static map

N

1,2,4,5

1m

UER

Static map

N

Canopy Structure

Functional Type Cover
Common Species and Community
Type
Height, Maximum Cover

9

1m

UER

Static map

N

Understory Structure

Height, Maximum Cover

9

1m

UER

Static map

N

Functional Traits

LMA, C/N Ratio

1,2,4,5

1m

UER

Static map

N

Productivity

GPP, NPP

2,4,6,7,8,10

27m

UER

W time-series

N

Biomass

Aboveground Biomass

2,4,9,10

27m

UER

W time-series

N

Leaf Area Index

Seasonal Min, Max, Max Timing

2,4,9,10

9m

UER

W, S time-series

N

Vegetation Composition

Ecosystem Processes

Transpiration
Leaf Temperature, AET
2,4,7,8
27m
UER
D time-series
N
Abbreviations:A– Annual, M – Monthly, W – Weekly, S – Seasonal, D – Daily , DEM – Digital Elevation Model, AOP – Airborne Observation
Platform, TWI – Topographic Wetness Index, SWE – Snow Water Equivalent, Tmin – minimum daily temperature, Tmax – maximum daily
temperature, GDD – Growing Degree-days, %VWC – Percent Volumetric Water Content, ET – Evapotranspiration, CWD – Climatic Water
Deficit, FSD – First Snow Date, LSD – Last Snow Date, LSFD – Last Snow-free Date, FSD – First Snow Date, NDVI – Normalized Difference
Vegetation Index, EVI – Enhanced Vegetation Index, NDWI – Normalized Difference Water Index, N – Leaf Nitrogen, P – Leaf Phosphorus,
GPP – Gross Primary Productivity, NPP – Net Primary Productivity, AET – Actual Evapotranspiration. Data Sources: 1. NEON DEM / DSM 2.
NEON AOP Spectrometer Data 3 USDA Soil Survey and CO Geological Survey Maps 4. Landsat 8 / Sentinel 2 Multispectral Imagery 5. Airborne
Snow Observatory Lidar / Spectrometer data. 6. Drone-based multispectral / thermal imagery 7. Weather station network data (MesoWest)
8. RMBL microclimate sensor network 9. Gunnison County Lidar data. 10. Other field measurements.
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Ecosystem Processes
Finally, we propose to combine our data on vegetation structure, function, phenology, and near-surface
microclimate to generate high-resolution data-based estimates of important ecosystem processes and
dynamics, including ecosystem productivity, biomass, leaf area index, and transpiration. These data
products are possibly the most challenging to produce with high fidelity but would allow the testing and
calibration of land-surface models and allow researchers to ask important questions about the
relationship between landscape structure and heterogeneity and ecosystem function.
Static Maps vs. Time-series
Maps become outdated even before they are finished, but the rate of decrease in value varies
considerably across data types and contexts. Some of the proposed data products, such as the digital
elevation models, will continue to be useful for many years, since topography is fairly stable over time.
These products will generally only be updated if improved source data becomes available, or problems
with the products are found. These products are called “static maps” in Table 1 above. Other products,
such as the microclimate products, will be delivered both as long-term summaries (which should be
fairly stable), and as time-series (which will not be). A daily or weekly time-series of climate products is
most useful if it includes the most recent years, so these products will need to be updated regularly. As
our work proceeds, we anticipate spending more time on keeping time-series products current, and less
time on developing new products. Section 10 describes the timelines for production and updating of
products in the RMBL SDP.
Retrospective Products
RMBL has facilitated the collection of numerous long-term ecological and climate datasets, and a major
goal of our work with the SDP is to produce gridded historical maps that complement these long-term
field data. This is not possible for all of the SDP products, but for some (indicated with “Y” in the
“Retrospective” column of Table 1), we will use historical archives of remote sensing data along with
other long-term records (such as from the SNOTEL station network) to produce gridded annual or
seasonal time-series which cover several recent decades. Our highest priority for these retrospective
analyses will be products related to snow, as numerous snow properties have been monitored at field
sites in the RMBL domain for decades, and some snow properties can also be directly estimated from
satellite data collected as far back as 1984. If our retrospective work with snow is successful, we will
apply similar techniques to reconstruct historical patterns of microclimate and land surface phenology.

6. Data Product Production Principles
Our work will be guided by open data and reproducible research principles (see Stodden et al. 2013 for a
thorough treatment). This means that we will:
A. Automate the production process using well-documented programming scripts whenever
possible, and clearly describe other steps in the analysis that are not easily automatable, such as
visual checks of data validity. Scripts that are involved in producing or processing time-series
products, in particular, will be structured to make it straightforward to update products as new
data (i.e. satellite imagery, weather observations) become available. The programming
languages of analysis scripts may vary, but we will emphasize widely-adopted languages such as
R, Python, Javascript, and linux shell (sh).
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B. Host code and raw data (where data sharing agreements permit) in public repositories that
provide collaboration and version control services. We propose that all analysis scripts be
hosted on GitHub in a set of repositories associated with the SDP. This will take the form of a
GitHub organization (“rmbl-sdp”, [html]) containing individual repositories for groups of related
data products.
C. Package and archive computing environments in which code was run to produce data
products. These environments will be packaged as Docker containers hosted on Docker Hub
[html]. The environments will not be public by default because of security concerns (they
include access credentials to associated accounts), but access can be granted on request by Ian
Breckheimer (ikb@rmbl.org). Archiving the computing environment as well as the computer
code used to generate products ensures that results are reproducible even as software packages
and computing environments continue to evolve.

7. Forms and Formats
We will produce SDP geospatial data products in commonly used open formats that can be accessed
by a wide variety of software including desktop GIS programs such as ArcGIS and QGIS, as well as
commonly used scientific computing languages such R and Python. The primary format for raster data
products will be Cloud-Optimized GeoTiff (COG, [html]). These files are similar to standard TIFF imagery
files, and they can be read with all common GIS software. What distinguishes COGs from ordinary image
files is that they are structured with an internal tile scheme and index that makes it possible to access
and subset data efficiently when the files are hosted on the web (such as in an Amazon S3 bucket), using
the ubiquitous and open-source Geospatial Data Abstraction Library (GDAL) tools. In practice, this
means that clients such as QGIS, R, or python can access and process subsets of the data on-the-fly for
analysis with no need to locally download (potentially huge) files locally, and the data can be streamed
in parallel for large-scale analysis on platforms such as Google Cloud or Amazon EC2. Any vector data
products that are part of the SDP will be integrated into RMBL’s ArcGIS online platform, where they will
be available for download in a variety of formats and as web feature services (WFS) that can be added to
desktop and web maps without downloading source files.
Raster data products generated as part of the SDP will be aligned to one of 6 standardized raster grids
with one of three extents (Gothic Townsite, Upper East River, and Upper Gunnison River, described in
Section 4). The six grids will have different raster resolutions (1/3 m, 1 m, 3 m, 9m, 27m, 81m) but pixels
of different grids will align cleanly to minimize errors in resampling or interpolation The grids will be
defined in a projected UTM coordinate system based on the WGS84 Datum (EPSG:32613 - WGS 84 /
UTM zone 13N). The choice of a UTM coordinate system based on WGS84 (as opposed to NAD83,
another common datum), makes the projected coordinate system consistent with those used by the
NEON AOP, as well as modern earth observation systems such as Sentinel 2. All data products will
include Open Geospatial Consortium (OGC) compliant metadata.
Wherever possible, we will quantify and report uncertainty in SDP data products along with estimated
values. Sources of uncertainty in these data products are diverse, including measurement error, error
associated with pre-processing, and error associated with spatial extrapolation and downscaling. In
many cases, these uncertainties can be quantified spatially using techniques like block cross-validation
or geostatistical procedures such as Kriging. In other situations, it will be feasible to estimate uncertainty
by comparing estimates to independent datasets. We will incorporate maps of predicted uncertainty
into published data products wherever possible. In situations where this is not feasible, we will also
report detailed analyses of uncertainty in the product metadata and the associated scientific
publications.
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8. Dissemination and Archiving
To facilitate easy access and expose the SDP data products to cloud-computing systems, we propose to
host interim and final SDP datasets on the Amazon S3 cloud storage platform ([html]). Data products
will be made public as soon as they are finalized and archived with complete metadata. We will facilitate
discovery and programmatic access to these data products by structuring the data with standard Spatiotemporal Asset Catalog (STAC, [html]) metadata. Static STAC catalogs consist of static JSON-formatted
text files hosted with the data products that include links to data and metadata for each data item and
collection. Structuring the catalog as a STAC exposes the data in a way that it can be discovered by web
search engines, as well as a variety of tools for browsing spatial data.
Cloud-storage providers like Amazon S3 offer high levels of reliability and performance for scientific
computing, but do not provide for long-term archiving of scientific datasets in ways that enable the data
to be citable and discoverable independent of RMBL’s active maintenance. To address these issues, in
addition to hosting SDP data products on Amazon S3, we will also archive data products in the ESS-DIVE
data portal (Varadharajan et al. 2019, [html]) which is maintained by the US Department of Energy’s
National Laboratories. ESS-DIVE provides the ability to archive large geospatial datasets and assign them
a citable Digital Object Identifier (DOI), associate them with existing scientific publications, and provide
fine-grained control over their distribution. The repository also integrates with the DataOne metacatalog service, meaning that data products will be discoverable in many different centralized data
catalog and search tools including the DataOne catalog ([html]) and Google’s Dataset Search ([html]).
In addition to archiving in ESS-DIVE, SDP data products will be indexed in a new web-based data
catalog hosted on RMBL’s website (https://rmbl.org/data/), which will be operational in late Spring
2020. The RMBL data catalog will index and link to SDP data products, as well as other GIS data hosted
on RMBL’s ArcGIS Online portal. The data catalog will also index and link to scientific datasets associated
with RMBL that are hosted on other platforms such as the Open Science Framework ([html]), and the
Environmental Data Initiative ([html]). The objective of the catalog is to increase the discoverability of
RMBL-associated datasets, which are currently hosted on several different archive platforms.

9. Licensing and Attribution
The SDP data products will be released to the scientific community and the public under a Creative
Commons Attribution Version 4.0 International license (CCby4.0, [html]). This license allows sharing,
adaptation, and redistribution of the data products (even for commercial purposes), but requires that
(1) appropriate credit be given to the originators of the data, (2) users provide a link to the license, and
(3) users indicate if changes were made when incorporating the data products into new works.
Although all SDP derived data products will be released publicly under the CCby4.0 license, individual
researchers and research teams will retain control over raw datasets that were used in the production
of the SDP products for two years after data product publication. This means that these underlying
datasets will only be made public with the expressed permission of collaborating scientists, or in the
case when data has already been released with a compatible license, or after two years since data
product publication. This restriction will make it easier to assemble datasets from different research
groups, some of which may not want to share raw data with the public until analysis or manuscripts are
complete. Although we will strongly encourage public release of raw datasets concurrent with the
release of data products, and will facilitate the curation and archiving of the data if collaborating
scientists agree to make it public, we will not mandate public release of raw data contributing to the SDP
until two years after publication. We anticipate that most scientists contributing data will allow public
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release of raw data and contributing data to the SDP products can help fulfil data sharing requirements
from funders such as the National Science Foundation.

10. Timelines for Production and Updating
Production timelines
Many of the proposed spatial data products rely on a complex “dependency tree”, which restricts the
order and timing of their production. For example, accurate estimates of near-surface microclimate
variables like air temperature will likely depend on previously generated maps of vegetation structure
and topography, as well as forest canopy leafing phenology (von Arx et al. 2012) and soil moisture (Wild
et al. 2019). This means that SDP products will be generated in several different releases, with each data
product produced when all of its dependencies are satisfied and resources (including staff and
collaborator time) are available. Below we summarize the anticipated timeline for producing and
releasing the SDP data products listed in Table 1.
Table 2: Proposed Release One data products, targeted to be delivered in Spring - Summer 2020.
Products
Resolution Domain
Form
Time Intervals
Elev., Canopy Elev., Canopy Height
1m
UER
Static map
7/2018
Hydro-corrected Elevation
1m
UER
Static map
7/2018
Flow accumulation, Flowlines,
1m
UER
Static map
7/2018
Watersheds
Slope, Aspect, Wetness Index
1m
UER
Static map
7/2018
Potential Insolation
3m
UER
M Time-series
2018
Summer Surface Water Cover
1m
UER
Static map
7/2018
Peak Snow Water Equivalent
27 m
UER
A time-series
1984 – 2019
Snow Depth, Snow Cover
9m
UER
A, W time-series,
1984 - 2019
First Snowfree Day, Last Snow Day,
9m
UER
A time-series
1984 - 2019
Last Snowfree Day, First Snow Day
Land Cover
1m
UER
Static map
7/2018
Plant Functional Type Cover
3m
UER
Static map
7/2018
Canopy Cover
3m
UER
Static map
7/2018

Table 3: Proposed Release Two data products, targeted to be delivered in Fall - Winter 2020.
Products
Resolution Domain Form
Time Intervals
Vegetation species cover,
1m
UER
Static map
7/2018
community type
Greenness (NDVI, EVI, NDWI)
1m
UG
W time-series
2013 - 2019
Land-surface Phenology
27 m
UG
A time-series
1984 – 2019
Canopy Functional Traits (N, P,
1m
UER
Static map
7/2018
Water, LMA, C/N Ratio)
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Table 4: Proposed Release Three data products, targeted to be delivered in Spring - Summer 2021.
Products
Resolution Domain
Form
Time Intervals
Soil Properties (Sand, Silt, Clay)
Air Temperature (Tmin, Tmax)
Liquid Precipitation Sum
Snow-free Temp Sum
Surface Water Dynamics

UER
UG
UG
UG
UG

27 m
9m
81 m
9m
9m

Static map
W time-series
Static map
S time-series
W time-series

7/2018
2013 - 2020
7/2018
2013 - 2020
2013 - 2020

Table 5: Proposed Release Four data products, targeted to be delivered in Fall - Winter 2021.
Products
Resolution Domain
Form
Time Intervals
Leaf Area Index
Wind Speed
Skin Temperature (Tmin, Tmax)
Soil Water Content, Matric Potential

9m
81 m

UER
UG
UG
UER

27 m
1m

W time-series
D time-series
A time-series
D time-series

2013 - 2020
2013 – 2020
1984 – 2020
2013 - 2020

Table 6: Proposed Release Five data products, targeted to be delivered in Spring – Summer 2022.
Products
Resolution Domain
Form
Time Intervals
Productivity (GPP, NPP)
Aboveground Biomass
Flower density; nectar & pollen
density
Leaf Temperature, AET

27 m
27 m

UER
UG

W time-series
D time-series

2013 - 2021
2013 – 2021

3m

UER

D time-series

2013 - 2021

27 m

UER

D time-series

2019 - 2021

Keeping the SDP Up to Date
Keeping data products up to date as ground conditions, scientific priorities, and technologies evolve is a
major challenge for any project that seeks to build durable understanding of the long-term dynamics of
ecosystems (Baker and Millerand 2016). Although RMBL is investing a large amount of resources in
building out the SDP, and some of the data products will continue to be useful for many years, others
will rapidly decrease in value if they are not updated regularly, and the time and cost associated with
this maintenance will increase as the scope of data products continues to expand.
In the short-term, we are focused on building a platform that will allow data products to be easily
updated as new observations are added. This involves structuring our analysis pipelines such that the
processes for accessing, cleaning, and incorporating new data are as automated as possible. At this time,
we do not anticipate building fully automated systems for data assimilation, model updating, and
forecasting in the next few years, but this is part of our long-term vision for the platform. Towards this
goal, we will actively seek out sources of funding to support this further development, and better define
the use cases and collaborations that would use a dynamically updated and / or forecasted data
products.
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Over the next 3 years and beyond, our work will gradually shift away from releasing new data
products, and towards keeping products up to date. We will prioritize updating the time-series
products that receive the most use and community support but will initially issue updates twice yearly
covering the last 6 months that data is available. For example, microclimate data will be downloaded
from field-based sensors in May – June and again in October – November. We anticipate using this data
to generate and release microclimate products within 6 months of data availability, meaning that
products covering the previous November – May would be made available by the following
November.
Detailed plans and timelines for data updating are still a work in progress, but we anticipate creating a
detailed data maintenance plan within one year of the production of Release One data products. This
plan will identify which datasets will be maintained, their update frequency, as well as the data, time,
and expertise required to satisfy community priorities for data currency. In the longer term, we will
pursue strategies to shorten these updating timelines, including work to design and fund real-time
sensor networks that will allow much more timely assimilation of new datasets. Doing so would require
significant investment in physical and digital infrastructure, and largely lies beyond the timeframe of this
near-term implementation plan.

11. Collaboration and Feedback
For each SDP data release (target: 2 per year), RMBL staff will work closely with collaborators to produce
cutting-edge data products as well as scientific publications that describe the products and the
(potentially novel) methods used to generate them. To enhance community involvement in the data
products, we will put out regular “calls for collaborators” on the RMBL PI listserv before starting work on
a given set of products. Collaborators will have the opportunity to shape the data products to meet
the needs of their research teams and will have access to draft versions of products before they are
finalized and released publicly. In return, collaborating scientists will assist in gathering field datasets
for generating and testing the products, provide feedback on methods and draft products, and provide
editorial and other feedback on scientific publications associated with each round of releases.
Products will be released to the public as soon as they are finalized, documented, and archived (we will
not wait for publication of associated manuscripts before data release). After a product release
however, the RMBL research scientist and collaborators will spearhead a scientific publication that
describes novel results and methods associated with the data products in that release. Not all
products will have a specific methods paper associated with them, but methods for producing these
products will be described in detail in the products’ metadata, and they will be made citable by the
assignment of a DOI by the data repository (see Section 8 “Dissemination and Archiving”).
The license under which SDP data products will be released (CCby4.0) is quite permissive, allowing
commercial or non-commercial use, redistribution, and adaptation with attribution. Although the license
only requires attribution via an acknowledgement or citation, we request that scientists add the
primary authors of SDP data products as co-authors on scientific publications that make extensive use
of the SDP data products. We take “extensive use” to mean use in the analysis presented in the main
text of a manuscript, such that values from the products (or derived from the products) appear in the
text, figures, or tables. In this context “primary authors” means the person or people listed as first
author (or co-first author) in the methods paper or associated archived dataset. Additionally, if any of
the authors on a data product are involved in interpreting/analyzing them in any significant way for the
purpose of publication, we ask that they be listed as a co-author.
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The potential for co-authorship makes it professionally viable for the RMBL staff scientist to spend time
generating products for the wider community, and the long-term success of this model of collaboration
hinges on staff scientists being able to maintain a steady record of publication.
The RMBL research scientist will solicit regular informal feedback on the SDP data products from
collaborators and the broader community as the data products are generated and released. In addition,
we will perform an annual assessment of SDP data use and community priorities. This assessment will
be in the form of a survey sent to the RMBL PI Listserv in the spring of each year. We will ask scientists
to detail their past and anticipated use of the data products, as well as solicit feedback on the barriers
that may have prevented them from being utilized, and their suggestions for improvement of the
program. RMBL staff will incorporate the results of this survey in making decisions about the subsequent
structure of the program.

12. Education and Outreach
The Data Products Community Survey highlighted the importance of educating scientists and students in
methods for extracting and analyzing spatial data. Specifically, nearly half of respondents noted that a
lack of skills in manipulating spatial data could be a “significant” or “critical” barrier to utilizing the
products in their research. To address this issue, RMBL staff will produce teaching materials for
accessing and manipulating SDP data products using common tools (R, QGIS, ArcGIS). These materials
will be hosted on RMBL’s website and will be used in two workshops held in Gothic over the summer
that are focused on accessing and using the SDP products.
In addition to expanding the visibility of the SDP via scientific publications and workshops, the RMBL
staff scientist will also raise awareness of the SDP and projects that use it by giving presentations at
scientific meetings. We anticipate that this will involve at least two presentations per year and include
presentations at the American Geophysical Union meeting in December 2020 and the Ecological Society
of America annual meeting in August 2021.

13. A View to the Future
This implementation plan is focused on the work that we will do in the next few years to improve
RMBL’s spatial data infrastructure, particularly our knowledge of the biophysical template on which (an
in which) ecology happens. As this data accumulates, our work will expend to include estimating
important ecological processes and how they change over space and through time.
Over the longer term, we want to continue to support the development of platforms, collaborations,
tools, and datasets that enable durable, predictive understanding of mountain ecosystems and their
dynamics. This focus on prediction (or forecasting), is critical as environmental change accelerates and
the ecosystems on which humans and other creatures depend are put under unprecedented stress. As a
research community, RMBL has a big opportunity to leverage our deep natural history knowledge, longterm observations, and new sensing technologies to provide science-based guidance to policy and
management in the Anthropocene.
Increasingly, this guidance will need to take the form of ecological forecasts based on the best available
science. To get there, we need to expand our vision from a Spatial Data Platform, in which we assemble
the best available datasets on the environment and ecological processes, to a Spatial Modeling and
Forecasting Platform, in which we help to build the infrastructure and research culture necessary to
rapidly develop, critique, and improve quantitative forecasts of ecosystems and how they respond to
rapid environmental change. We believe that the SDP, as currently proposed, is a necessary step
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towards this longer-term goal, but achieving it will require significant new investments in data
management and infrastructure.
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