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The Rocky Mountains and the Colorado River Basin in 
the Western United States represent complex, interconnected 
systems that sustain a number of species, including tens of 
millions of humans. These systems face several challenges, 
including worsening drought, altered wildfire regimes, climate 
change, and the spread of invasive species. These factors can 
exacerbate one another, further contributing to habitat loss and 
affecting species of conservation concern. Characterizing and 
managing these challenges require interdisciplinary communities 
of scientists to develop information and decision-support tools 
that can inform holistic land and water management solutions. 
The U.S. Geological Survey (USGS) Rocky Mountain Region 
2022 Science Exchange focused on the use of interdisciplinary 
and state-of-the-art science being conducted by USGS scientists 
in the region to address these complex problems.

The USGS Rocky Mountain Regional Office organized 
its first Science Exchange in 2017 to share scientific informa-
tion between leaders and early career scientists throughout the 
region. Science Exchanges held in 2018 and 2020 focused on 
drought science relevant to the region and the Earth Monitoring, 
Analyses, and Prediction (EarthMAP) concept, which is 
designed to facilitate interdisciplinary, timely, and actionable 
science related to drought in the Colorado River Basin and other 
areas. Based on the emerging need for more holistic approaches 
to address increasingly complex natural resource issues that 
affect society, the Region hosted a virtual fourth Science 
Exchange for three days in April 2022. This event focused on 
barriers and bridges to interdisciplinary science and highlighted 
studies from the Region to inspire collaboration across disci-
plines. Presentations described recent and ongoing research that 
applied collaborative and state-of-the-art methods to address 
problems in the fields of geology, hydrology, ecology, and natu-
ral hazards. Science collaboration and outreach to all levels of 
stakeholders are vital elements needed for providing timely and 
actionable data, interpretations, analytical tools, and products. 
These presentations led to active online chats and panel discus-
sions and showcased interdisciplinary science and advanced 
methods that may inform and lead to more effective, holistic 
management decisions as the Western United States adapts to 
ongoing and future changes.

U.S. Geological Survey 
Rocky Mountain Region 
2022 Science Exchange
Showcasing Interdisciplinary 
and State-of-the-Art  
USGS Science



Interdisciplinary Science as a Tool for Policy Making and Product Development
Addressing the complex problems inherent to interactions 

between natural systems and humans, as well as the fast-paced 
policy decisions needed to resolve them, requires interdisciplin-
ary approaches and incorporation of emerging technologies and 
methods. For example, a holistic understanding of river systems 
that sustain the Western United States necessitates interdisciplin-
ary knowledge of hydrology, geochemistry, water quality, geo-
morphology, and ecology coupled with technologies including 
remote sensing, spatial and temporal modeling, and sophisticated 
ground-based monitoring methods. This diverse set of knowl-
edge and skills contributes to a comprehensive understanding 
of how and why these systems change over time and provides 
useful data for designing optimal strategies and promoting the 
adaptive capacity of these systems. USGS scientific efforts in the 
Rocky Mountains and associated basins, including the Colorado 
River Basin, illustrate how interdisciplinary approaches improve 
scientific understanding, address the multiple needs of stakehold-
ers, and inform management decisions in a timely manner.

On the first day of the Science Exchange, keynote speak-
ers called for interdisciplinary science to be part of the fabric of 
USGS science practices. USGS managers recognize that cultural 
and structural changes at the organizational level are required to 
enable development and successful implementation of interdisci-
plinary science projects, making them as familiar to design and 
manage as single-discipline projects. Speakers also emphasized 
the need for USGS science to be readily used by managers and 
policy makers and introduced the “Participatory Science” model 
(fig. 1A) in which scientists and stakeholders work together to 
design projects and develop relevant products, based on co-
production of science with external partners and other bureaus 
in the Department of the Interior. Speakers built upon the idea 
of co-production through the discussion of interdisciplinary 
science (fig. 1B). By involving other disciplines in USGS work, 
including social sciences, urban planning, and Indigenous and 
community knowledge, the USGS can better translate its work to 
policy makers and resource managers, resulting in the develop-
ment of useful products and analytical tools for communities 
who need them.

Figure 1.  A, The model of 
participatory science involves a shift 
from informational to co-produced 
scientific results. This process is 
built upon increased consultation, 
involvement, and collaboration 
with stakeholders and end users 
of scientific products (modified 
from William H. Werkheiser, U.S. 
Geological Survey, written commun., 
2022). B, Interdisciplinary science 
stems from participatory science 
by involving researchers and 
end users from numerous fields, 
including, but not limited to, earth 
science, engineering, ecology, 
science communication, and public 
health, all of which are vital to the 
USGS mission areas (modified from 
Geoffrey S. Plumlee, U.S. Geological 
Survey, written commun., 2022).
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Challenges to Interdisciplinary Science
Although interdisciplinary science is widely recognized 

as a necessity for the USGS, it presents challenges at both 
the organizational and project level. The keynote speakers 
addressed major obstacles at the organizational level, includ-
ing (1) discordant funding structures and cycles across bureaus 
and USGS mission areas, and (2) the melding of scientific goals 
across mission areas. To address issues in funding structures, 
USGS leadership is working actively to create integrated project 
plans that will facilitate interdisciplinary science across USGS 
programs. In addition, the USGS is developing network analysis 
and data mining tools that will facilitate connections between 
working groups to better integrate projects with similar goals 
across regions.

At the scientific project level, challenges to interdisciplinary 
work include (1) group dynamics, (2) psychological safety, (3) 
managing resources and deadlines, and (4) merging disparate 
data types and vocabularies. On the first day of the Science 
Exchange, USGS scientists discussed solutions to some of these 
issues, including building team science capacity at the level 
of the scientists, encouraging scientists to be students of team 
processes and dynamics, making assumptions and expectations 
explicit within teams, and fostering a safe environment for 
brainstorming and project development. Other presentations pro-
posed information-management technology, such as data lakes, 
common semantics, artificial intelligence, and machine learning 
as tools for evaluating datasets across disciplines. The following 
sections highlight projects presented at the Science Exchange 
that exemplify the integration of interdisciplinary collaborations 
and cutting-edge scientific tools needed for effective science.

Integrated Science and Technology in 
the Colorado River Basin

The Colorado River Basin Actionable and Strategic 
Integrated Science and Technology (ASIST) Pilot Project 
was formed after the Rocky Mountain Region 2020 Science 
Exchange to demonstrate the effectiveness of addressing 
complex problems through stakeholder involvement and the 
use of cutting-edge technology to deliver holistic, integrated 
science products (fig. 2). During this session, four speakers 
reported on their progress developing the ASIST framework 
and the challenges, successes, and opportunities related to work 
across USGS science centers, regions, programs, and mission 
areas. Presentations also highlighted approaches for incorporat-
ing stakeholder needs and promoting their engagement with 
upcoming interdisciplinary projects and collaborative meetings 
and evaluating the use of advanced information management 
and technology to facilitate integrated science in the Colorado 
River Basin. More information about the ASIST Pilot Project 
is available online at h​ttps://www​.usgs.gov/​special-​topics/​
colorado-​river-​basin.
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Figure 2.  U.S. Geological Survey approach to advance 
interdisciplinary drought science. 

https://www.usgs.gov/special-topics/colorado-river-basin
https://www.usgs.gov/special-topics/colorado-river-basin


Swapping a clean precipitation collector with a collector from the previous 
week at Loch Vale in Rocky Mountain National Park.

Water as an Integrated System—
Sources, Sinks, and Storage

On the second day of the Science Exchange, several presen-
tations focused on the integrated water system and its sources, 
sinks, and storage. Scientists at the USGS Colorado Water 
Science Center presented a holistic assessment of Fountain 
Creek, Colorado, which included results from ecology, water 
quality, geomorphology, and surface-water studies. USGS 
Southwest Biological Science Center researchers presented 
information about the narrowing of the Green and Colorado 
Rivers through time and the effects of that change on aquatic 
habitats, as well as the development of a remote-sensing river 
vegetation monitoring system and accompanying web applica-
tion to track trends in water use and habitat health. Scientists 
from the USGS Wyoming-Montana and Utah Water Science 
Centers shared the development of new snow models for water-
resource forecasting (fig. 3). Presenters from the USGS Colorado 
Water Science Center introduced a methodology that uses tritium 
as a tracer to calculate base flow volume estimates, and research-
ers at the USGS New Mexico Water Science Center shared their 
work investigating sources of elevated nitrate in the groundwater 
of the Chihuahuan Desert. These complex water resource stud-
ies, which span groundwater, surface water, and snow, highlight 
the increasingly integrated nature of USGS science.

Figure 3.  Snowmelt dynamics in a typical year (U.S. Geological Survey, 2022). Snow water equivalent (SWE) is a measure of the volume 
of water in snowpack.



Flood damage on Left Hand Canyon highway. 
Photograph by Geoffrey Plumlee.

A convective smoke plume from a managed 
wildfire in New Mexico. Photograph by Rachel 
Loehman.

Rim Fire in Yosemite National Park. Photograph by 
Jon Keeley.

Interdisciplinary Studies of Natural Hazards and Restoration
The broad range of processes that create natural hazards, 

and the effects of those hazards on ecosystems, further under-
score the need for interdisciplinary science. The third day of the 
Science Exchange opened with a presentation about cascading 
hazards, with an example from the USGS Astrogeology Science 
Center of an asteroid impact. The scenario included short-term 
local effects, including blast winds, tsunamis, and forest fires, as 
well as longer-term, more widespread effects, including flood-
ing, water pollution, and crop failure (fig. 4). Addressing such 
a complex scenario of interwoven hazards requires expertise 

from a wide range of scientists, including planetary scientists, 
geologists, climate scientists, and wildlife ecologists as well 
as civil defense and emergency response teams. The ensuing 
presentations in this session from the USGS Fort Collins Science 
Center, the Colorado Water Science Center, and the Forest and 
Rangeland Ecosystem Science Center described the effects of 
wildfires on lake water quality and ecosystems, optimizing con-
servation and restoration of sagebrush ecosystems, and restoring 
sagebrush habitats occupied by invasive grasses that exacerbate 
wildfires.
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Figure 4.  Cascading hazards can evolve from a single event such as an asteroid impact (adapted from Titus and others, 2022).



Looking upstream on the San Miguel River in Colorado in fall 2020 when 
base flow (groundwater flowing to streams) is the primary contributor to 
streamflow. Photograph by Olivia Miller.

Emerging Methodology and Approaches 
to Interdisciplinary Science

The final session of the Science Exchange featured pre-
sentations that highlighted new and emerging methodologies 
that can be used to better address complex and interdisciplinary 
science problems. Multiple presentations described emerging 
uses of remote-sensing data in USGS science. At the USGS 
Southwest Biological Science Center, geomorphologists, plan-
etary scientists, and remote-sensing experts are working to esti-
mate sediment budgets on Mars by adapting methodologies used 
in the Colorado River Basin and Grand Canyon. At the USGS 
Colorado Water Science Center, scientists are developing new 
snow and streamflow monitoring and modeling techniques by 
combining noncontact streamflow monitors and on-the-ground 
measurements with uncrewed aircraft system-based light detec-
tion and ranging (lidar), radar, and photogrammetry and airborne 
snow observatories.

Other presentations in this session focused on new meth-
odologies for improving environmental monitoring and citizens’ 
use of public lands. Scientists at the USGS Fort Collins Science 
Center are developing environmental DNA (eDNA, an approach 
to collect and extract genetic material from a variety of organ-
isms present in environmental samples including sediment, soil, 
water, and air) indicator scores to replace more time-consuming 
methods for monitoring the presence of endangered and inva-
sive fish species and their exposure to toxins. Another ongoing 
project at the Fort Collins Science Center, the Values Mapping 
for Planning in Regional Ecosystems, or VaMPiRE, project 
highlights the coproduction model of science by working with 
stakeholders to develop a public participatory geographic 
information system (GIS) tool via an interactive web mapping 
survey. This project will support Bureau of Land Management 
decision-makers by enabling them to take public land-use goals 
into account.

Outcomes of the Science Exchange
The USGS Rocky Mountain Region 2022 Science 

Exchange provided a platform for USGS scientists to inform 
others about recent and ongoing interdisciplinary science 
projects and stakeholder engagement and to make connections 
for future collaborations. Presentations related to water science, 
cascading hazards, land management, and emerging methodolo-
gies demonstrated the success of interdisciplinary research teams 
in the USGS and the desire to incorporate this type of science 
into USGS funding and management structures. In addition to 
scientific updates, the Science Exchange highlighted ways that 
the USGS has improved interdisciplinary research, stakeholder 
engagement, and coproduced science over the past several years 
by the growing use of online collaborative tools such as virtual 
meetings and file-sharing software, as well as virtual public 
lectures and events.
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