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Colorado Headwaters 

Around the world, headwater regions face 

unprecedented challenges as they seek to develop 
and utilize their water resources.  In these regions, 

catchments produce water that is used successively 

by many users as it descends downstream toward the 
oceans. In many parts of the world, “water towers” 

or mountainous source areas are tributary to arid and 

semi-arid zones, which are vulnerable to water 

scarcity and conflict (Messerli et al. 2004). 
Headwaters are critical to ecosystem health as areas 

of biological diversity, altitudinal gradients that 

support significant ecological niches, and main-
tenance of the natural discharge regime where flow 

originates. They are embedded within the socio-

economic systems at both the regional and national 
scale where shared governance is essential to water 

management across political boundaries.   

This paper examines the headwater watersheds 

located in the state of Colorado (Figure 1).  For this 
discussion, these watersheds are defined by the main 

rivers that cross the Colorado state border.  The 

nested spatial scale of contributing streams within 
increasing watershed area reveals the connectivity of 

water across the landscape. The hydrosocial system 

provides a framework to reinvigorate a von 
Humboldtian approach to understanding the com-

plexities of water management in the Anthropocene 

(Callisto et al. 2019). 

Humboldt described the importance of 
mountains as areas of high diversity due to the 

compression of multiple climates and terrestrial 

biomes across an elevational gradient (Korner and 
Spehn 2019). Anthropogenic “biomes” reveal con-

temporary, human-altered forms on the landscape 

(Ellis and Ramankutty 2008) – the outcomes of the 

hydrosocial system. As terrestrial biomes shift 
upward in elevation so do anthropogenic biomes 

concentrating pressure on fragile habitats 

(Appenzeller 2019; Kelly and Goulden 2008) 
(Figure 2). The anthropogenic biomes are not only 

the legacy of past human activity but also the  

 

Figure 1.  Colorado Watersheds.  Cartographer: J. 

Reyling, CSU Geospatial Centroid. 

result of rapidly changing climates and economic 

transition.  

The continental divide of the Rocky Mountains 
creates a north-south continuum across the state of 

Colorado. With the highest peaks in central North 

America, over one hundred of the tallest peaks are 
located within the state boundaries forming the 

central water tower of the continent.  Colorado is a 

snowmelt dominated system where the seasonal 
snowpack and mountain run-off provides water 

supply across the US west (Figure 3). Water takes 

on different roles across the elevational gradient; it 

has different uses (e.g., agricultural, municipal 
supply, ecosystem needs) and is bound to different 

water management sectors (i.e., water supply 

agreements, water quality regulations, water use 
requirements).  

These watersheds straddle a complex critical 

gradient that includes the alpine snow accumulation 
zone essential for water supply, a forested zone that 

represents a transitional ecological landscape that 

has been disturbed by large scale wildfires and 

widespread beetle infestation, and a semi-arid lower 
elevation zone that has experienced rapid population 
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Figure 2.  Terrestrial and Anthropogenic biomes of Colorado juxtaposed with the hydrosocial system. 
1Highest and lowest point in Colorado.  
2Hydrosocial system demonstrates the connectivity water provides from the headwaters to downstream areas.   Snowpack is monitored 
for water supply for human and ecological requirements.  Wetlands/meadows are upstream regions for groundwater recharge and 
stream base flows; ecosystem services are dependent upon instream flows for fisheries and aquatic health.  Water storage, delivery and 

transfer include infrastructure (reservoirs, ditches, canals) and tunnels for trans-basin water transfers.  Downstream users include out-
of-state water compact obligations, return flows to rivers, and groundwater management plans. 

 

 
 
Figure 3. Extent of watershed with origins in 

Colorado. Cartographer:  J. Reyling CSU Geospatial 

Centroid. 
 

growth dependent upon a permanent reallocation of 

water from agricultural to urban uses. Colorado is a 

bellwether in terms of exposure to changing climatic 
conditions in headwater areas as well as a leader in 

identifying complex solutions for sustainable 

solutions and reflects conditions found in mountain 
regions around the world. 

Multiple headwater streams contribute to these 

watersheds forming major rivers (Figure 4).  The 

Yampa, White, Gunnison, Dolores, and San Juan 
rivers originate in Colorado (with their own tributary 

streams) and flow west to the Colorado River, 

eventually ending at the Gulf of California. The 
North and South Platte Rivers flow east to the Platte 

River and join the Missouri. The Republican River 

originates in eastern Colorado, meets the Kansas 
River and flows to the Missouri River and beyond to 

the Mississippi River. The Arkansas River flows to  
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Figure 4. Colorado headwater rivers. 
1The headwaters of the Republican River are located in the eastern high plains of Colorado.  The Republican River is included due to 
its importance as a transboundary river (Kansas and Nebraska) and surface flow contributing to groundwater recharge to the Ogallala 
Aquifer. 

 

the Mississippi River which discharges into the Gulf 
of Mexico.  

 

The Hydrosocial System of Colorado Headwaters 

The hydrosocial system of Colorado is complex.  

Headwater rivers face a common suite of issues 

associated with water security.  The United Nations 
(UN) defines water security as “sustainable access 

to adequate  quantities of acceptable quality water 

for sustaining livelihoods, human  well-being, and 

socio-economic development, for ensuring 
protection against  water-borne pollution and water-

related disasters, and for preserving  ecosystems in 

a climate of peace and political stability” (UN 
Water 2013).  The Colorado hydrosocial systems 

exemplify the need to develop comprehensive and 

integrated planning strategies that interlink humans 

and ecology. This Colorado hydrosocial system is 
summed up by the fact that approximately 80% of 

the precipitation falls west of the Continental Divide 

while 85% of the population and twice the amount 
of irrigated acres are situated east of that divide 

(State of Colorado 2015).  

 
Wildlands 

The headwaters of Colorado are found in the 

alpine and sub-alpine biomes of the Rocky 

Mountains where the annual snowpack provides the 
basis for the water supply. The wildland biome is 

made up of predominately public lands supporting 

essential ecosystem services in the Colorado head-
waters that include providing water, regulating local 

micro-climates, supporting nutrient cycles, 

recharging groundwater and baseflow of streams 
(Millennium Ecosystem Assessment 2005). These 

biomes are representative of the public commons or 

wildlands where the upper watersheds and forests 

are owned by federal and state agencies. These 

federal lands are concentrated in the US Forest 
Service (FS) (14,483,003 acres), the US National 

Park Service (NPS) (661,506 acres) and in the 

Bureau of Land Management (BLM) in the lower 
elevations (8,313,557 acres) (Vincent et al. 2017). 

Colorado state lands are approximately 3,243,258 

acres (Martinuzzi et al. 2010) made up of state 
forests and parks.  

 

Public/Private Lands and the Wildland-Urban 

Interface 

Located at lower elevations from the wildland 

biome is the transitional zone made up of a mixture 

of public and private lands. This zone is considered 
transitional for several reasons. Over the past 30 

years, Colorado has warmed by approximately 2⁰ F 

(Lukas 2018). Due to climate change and seasonal 

fluctuations (Dettinger et al. 2015), multiple 
infestations of bark beetle have dramatically 

impacted the forests of Colorado.  Since 1996, 3.4 

million acres of pine forests have been impacted by 
mountain pine beetle and 1.78 million acres of 

Engelmann spruce have been affected by the spruce 

beetle.  These infestations have caused tree mortality 
on approximately one-fifth of Colorado’s forests 

(State of Colorado 2017). 

The extent of the forest die-off has contributed 

to increased fire danger across the headwater area.  
Combined with warmer temperatures, extended 

summer season, long-term droughts, and the legacy 

of past forest management, fire occurrence and 
intensity have greater impact.  Although some plants 

and ecosystems benefit from fire, the increasing 

frequency and intensity of wildfires have detrimental 
results (Schoennagel et al. 2017).  Local fire impacts 

include riparian vegetation loss, effects on the 

hydrology and stream flows, increased erosion and 

sedimentation in streams, and impacts on aquatic 

micro-climates, supporting nutrient cycles, and

to increased fire danger across the wildland-urban interface.  

(Colorado State Forest Service 2017). 



COLORADO HEADWATERS AND WATER SECURITY IN THE ANTHROPOCENE 
 

 

AAG 2020 DENVER, COLORADO 4 

communities, food webs, and processes (e.g., 
nutrient cycling) (Bixby et al. 2015). Downstream 

results from fires include increased sedimentation in 

streams, impacts on water infrastructure facilities, 

and effects on municipal water supplies (Venable et 
al. 2017).    

In 2018, Colorado experienced the worst fire 

season on record with five of largest wildfires 
reported burning over 274,000 acres concentrated in 

the wildland-urban interface (Mitchell 2018).  The 

Wildland-Urban Interface (WUI) is defined as the 
zone where houses meet or intermingle with 

undeveloped wildland vegetation (Radeloff et al. 

2005).  Colorado’s WUI extends across 2,335,640 

acres in the headwater counties (Martinuzzi et al. 
2010). From 2000 – 2016, Colorado ranked second 

in percentage of burned area in the WUI where 

property damage to homes and communities, 
evacuations and fire-fighting are not only increasing 

but are more costly to lives and livelihoods 

(Schoennagel et al. 2017).   
Mountain towns located within the transition 

zone are undergoing a demographic change. 

Seasonal homes, new subdivisions, and retirement 

communities are drivers of environmental and 
economic change in Colorado’s watersheds in the 

form of new roads, services, infrastructure, and 

demands for resources (i.e., water and energy) as 
well as exposure to risk from fires in the WUI. Of 

the top fifteen US communities with the largest 

increase in the 65-plus population between 2010 and 

2016, four Colorado mountain communities were 
listed (Steamboat Springs, Edwards, Breckenridge, 

Glenwood Springs) (Svaldi 2018).  These 

communities are also evidence of an economic 
transition where traditional sectors (agriculture and 

mining) are in direct competition with emerging 

economies based on recreation, tourism, and 
community services (i.e., medical and health 

centers).   

The legacy of past land use practices is evident 

in this transitional zone causing other water 
management issues.  Past forestry practices, road 

and rail construction, mining, and trans-basin water 

infrastructure altered ecological habitats (Wohl 
2001). Scattered throughout the Rocky Mountains 

are numerous abandoned mining sites where acid 

mine drainage cause water pollution and 
contamination downstream (Graves et al. 2017).  

There are 200 Superfund sites in Colorado.  Of the 

twenty-four listed on the National Priority List, ten 

are located in the Colorado headwaters associated 
with active and inactive mines (Superfund National 

Priorities List, accessed January 5 2020).   

 

Urbanizing Areas/Croplands/Oil & Gas 

Development  

The eastern plains and western plateaus of 

Colorado are experiencing rapid urban growth.  
From 2010 to 2015, Colorado was the second fastest 

growing state in the nation with people moving to 

Front Range communities (Colorado Population, 
accessed January 5 2020). These communities are 

dependent upon water resources from Rocky 

Mountain snowpack, mountain diversions, and water 

transport systems. Although agriculture remains the 
top water consumer in the state (4,717,000 acre 

feet/year - AFY), growing cities and industry 

(371,000 AFY) place a demand on water resources, 
shifting water planning to these needs (Colorado 

Water Knowledge, accessed January 5 2020). 

Infrastructure projects in the form of new or 
improved water conveyance and storage facilities are 

needed for downstream users and growing 

communities. Innovative approaches to water 

management are being explored through water 
banking, alternative transfer methods, and water 

sharing efforts to reduce the complexity and costs of 

outright water purchases.   
Agriculture is central to Colorado’s economy. 

New farming methods are based on improved 

technologies, crop varieties adapted to drought, and 

water conservation.  Additional water to meet 
municipal demand will likely come from irrigated 

agriculture.  Water transfers that permanently 

remove water from agriculture (i.e., buy and dry) 
have been undertaken in both the South Platte and 

Arkansas River basins (Parmer et al. 2018).  A key 

component of Colorado water law and key aspect of 
the hydrosocial cycle is the relationship between 

water rights, return flows, and water use.  Water use 

produces ground and surface water return flow 

needed for downstream water rights holders, 
instream flows, and water delivery for interstate 

compacts (Water Education Colorado 2015). The 

eastern plains have experienced serious overdrafts of 
groundwater and over-appropriated water basins are 

part of the mounting concerns over agricultural in 

Colorado. 
Gas and oil shale development are generally 

downstream activities from mountain headwaters.  

In the form of hydraulic fracturing or fracking, this 

burning over 274,000 acres concentrated in 

with active and inactive mines (Environmental Protection 
Agency, accessed January 5 2020).   

Front Range communities (World Population Review, 
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mining activity is dependent upon water.  Studies 
indicate that gas and oil shale development will 

continue to increase at levels within existing water 

supply. In 2010, less than one-tenth of one percent 

of water in the state was used for hydraulic 
fracturing (Colorado Oil and Gas Conservation 

Commission 2016).  However, the past decade has 

seen the expansion of oil and gas drilling adjacent to 
communities throughout Colorado concentrated in 

the eastern plains and western plateaus.  Concerns 

over hydraulic fracturing include issues related to 
water supply, water spills, contamination of local 

water supplies and streams, and impacts on 

groundwater aquifers (EPA 2015).  

 
Colorado water governance 

Water governance dictates the hydrosocial 

system. Colorado headwater rivers deliver water 
downstream to 19 other states and Mexico, 

providing water resources to approximately 

55,000,000 people. Rivers create connectivity across 
a broad geographic area, as do the governance 

structures put in place to manage this resource. The 

western US has a complex set of rules and 

regulations that rely upon cooperation and 
coordination at local, state, national, and 

international governance levels.  

The headwaters of Colorado are carefully 
managed based on the doctrine of prior 

appropriation (“first in time, first in right”), 

established water rights for beneficial use (senior 

and junior rights), and interstate and international 
compacts that articulate water sharing and 

allocation.  The state of Colorado has numerous 

municipalities, public utilities, ditch companies, and 
water districts that manage water flows. In 2015, the 

Colorado Water Plan was completed that provides 

guidance on strategies to meet future water demands.  
Within the state, water is transported across 

watershed divides via natural waterways, ditches, 

storage reservoirs, and tunnels to meet agricultural 

and municipal needs. While there are approximately 
44 such diversions, in Colorado the majority of these 

(35) shift water across the continental divide to 

eastern Colorado. For example, seventeen ditches 
and tunnels move water from the west slope to the 

South Platte River Basin to meet the domestic and 

agriculture needs in Front Range communities 
(Colorado Office of the State Engineer 2005).  

Colorado collects data on surface flows that flow 

from the major river basins. These measurements are 

critical for annual water planning and are 
foundational for meeting interstate and international 

agreements (Figure 5). Several interstate compacts 

manage water sharing and allocation with 

downstream states.  For example, the Colorado 
River Basin is central in defining water management 

in the western US. The Colorado River Compact 

(1922) between the states of the upper Colorado 
River Basin (Wyoming, Colorado, Utah, and New 

Mexico) and the lower basin states (California, 

Arizona, and Nevada) define the allocation of water 
rights of the river. International water agreements 

are also important.  Overseen by the International 

Boundary Water Commission (IBWC), the 1944 

Boundary Treaty addresses international water 
allocation with Mexico focusing on the Colorado, 

Tijuana, and Rio Grande Rivers.   

 

 
Figure 5.  Surface Water Flows from Colorado 

River Basins and out-of-state Compacts 

AFY:  Acrefeet per year. Source:  Colorado Water 
Knowledge, Colorado Water Uses, accessed January 

6 2020.  

 

The Colorado Water Plan (State of Colorado 
2015) situates Colorado as a leader in 

transdisciplinary water management and stakeholder 

collaboration. The CWP provides a roadmap of 
action items to meet explicit water management 

goals and objectives built upon a series of state-wide 

Roundtable activities.  Another outgrowth of 

Colorado water management is the growing number 
of watershed groups representing stakeholders 

organizing across the state.  Initiated in the early 

2000s, the Colorado Watershed Assembly facilitates 
a network of organizations and provides resources to 

water organizations.  A list of active watershed 

groups indicate that there are approximately 90 
organizations in Colorado addressing issues related 

to water quality, aquatic habitats, and water planning 

continue to increase at levels impacting existing water 

Colorado Water Governance 

(Colorado Deepartment of Natural Resources 2005).  
Colorado collects data on surface flows 

critical for annual water planning and  

Arizona, and Nevada) defines the allocation of water 

  Surface water flows from Colorado 
river basins and out-of-state compacts 

The Colorado Water Plan (CWP) (State of Colorado 

roundtable activities.  Another outgrowth of 
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(Colorado Watershed Assembly website:  
https://www.coloradowater.org/colorado-watershed-

basins-map, accessed 2020-01-05).    

 

Colorado Headwaters River Basins 
These common issues of the hydrosocial system 

and governance of Colorado river water are 

compounded by several unique problems in each of 
Colorado’s headwater regions. 

 

Colorado River Basin 

The Yampa, White, San Juan, Dolores, and 

Gunnison rivers are tributaries to the Colorado River 

that extends across the western US.  Each of these 

watersheds exhibit a variety of issues that expose the 
changing nature of the western slope of Colorado 

and the multiple demands upon water resources. The 

Colorado River is the major western river of the US 
southwest.  Seventy-five percent of the water 

originates in Colorado and much of this water flows 

out of the state to meet compact obligations (State of 
Colorado 2015).  Increasing competition on the 

Colorado River Basin between water users have led 

to multiple efforts for collaborative planning, basin 

studies, and conservation efforts. Coordination with 
Mexico has resulted in Minute 319 (2012) to better 

meet the demands at the Colorado River Delta. 

Innovative water planning to address the anticipated 
gap in water supply include creative water banking 

or water sharing pilot projects. These projects aim to 

fallow irrigated lands, reduce consumptive water 

use, and implement conservation efforts in drought 
years (Colorado River District, accessed January 27 

2020).  

 
Yampa/White River Basins 

 Located in the northwestern corner of the state, 

the Yampa and White river flow west joining the 
Green River. Yampa is unique in that it remains 

undammed. The river provides critical habitat for 

fisheries, rafting and recreation opportunities. 

Pressures include a changing economy where gas 
and oil shale development will directly impact water 

use.  

Dolores and San Juan River Basins 
The Dolores and San Juan Rivers are located in 

the southwest corner of Colorado.  The San Juan and 

its tributaries flow through two Native American 
reservations – the Ute Mountain Reservation and the 

Southern Ute Indian Reservation.  Instream water 

flow protection is needed for high elevations 

streams. The region is undergoing a demographic 
shift with increasing urban development, particularly 

in the Four Corners region. Legacy impacts from 

abandoned mines threaten high elevation water 

resources and downstream communities as 
evidenced by the Animas River spill in 2015 from 

the Gold King Mine. This spill contaminated with 

heavy metals flowed downstream impacting 
Durango and communities in Utah and New Mexico 

(Paul and Finley 2015).   

 
Gunnison River Basin 

In western Colorado, the Gunnison River Basin 

is experiencing growth and expansion of small 

mountain towns (e.g., Crested Butte, Gunnison, 
Pitkin) in the upper watershed.  Adequate water 

supply strategies are needed as these areas continue 

to grow.  Trans-basin diversions to the Colorado’s 
eastern Front Range are of concern to local residents 

and water users. 

 
Rio Grande River Basin 

The Rio Grande drains the southern portion of 

state and borders New Mexico.  The Rio Grande is 

considered an endangered river with multiple 
problems associated with water overuse, rapid 

urbanization, and international water management.  

Downstream impacts include municipal water 
demand that is expected to increase by one hundred 

percent in the next fifty years and industrial water 

use will increase by forty percent (International 

Boundary & Water Commission, accessed January 5 
2020). The upper Rio Grande experiences risks to 

water supplies due to changes in snowpack, 

groundwater recharge, and competing water 
demands. 

 

Republican River Basin 

The Republican River originates in the eastern 

plains of Colorado. This is a river of critical 

importance due to the relationship between surface 

and groundwater.  In 2004, the Republican River 
District was created to coordinate between surface 

and groundwater issues and work with multiple 

stakeholders.  The river flows over the Ogallala 
Aquifer where compact compliance is important to 

river basin health and water planning strategies. The 

management structure of the Republican River is 
complex, including both the Republican River 

Compact (with Kansas and Nebraska) and the 

Gunnison Rivers are tributaries to the Colorado River 

Mexico has resulted in IBWC Minute 319 (2012) to better 

the Yampa and White River flow west joining the 

heavy metals flowed downstream impacting the city of

to grow.  Trans-basin diversions to Colorado’s 

The Rio Grande River drains the southern portion of 

demand expected to increase by one hundred 

plains of Colorado. This river is of critical 
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Northern High Plains Groundwater Management 
District. 

 

Arkansas River Basin 

The Arkansas is dependent on agriculture and 
efforts to improve conservation for efficient farming.  

The Arkansas has approximately 10 in-state 

diversions providing water for agriculture needs 
(State Engineers Office 2005), a growing tourism 

industry, and gold medal fisheries.  The relationship 

between water demand and water rights is 
particularly evident in this watershed.  Water rights 

(generally junior water rights) established during 

years of high precipitation mean that the basin is 

over-appropriated where decreed rights exceed water 
availability. The aging infrastructure of the water 

conveyance system needs repair and investment. 

 
South Platte River Basin 

Eighty-five percent of Colorado’s population 

live in the South Platte River Basin. Located within 
the South Platte River basin is the Metro district 

(Denver and surrounding communities) identified as 

an explicit water management unit of the Colorado 

Water Plan.  The Front Range communities of the 
South Platte River Basin drive the future water needs 

and set the precedent for water planning. Both the 

Arkansas and the South Platte River basins are 
critical in determining water sharing strategies that 

include irrigated agriculture, groundwater 

management, and municipal supplies. Innovation in 

water management have been adopted in these 
basins through alternative transfer methods (ATMs) 

that allow for temporary, flexible water transfer that 

is less costly and complicated (WestWater Research 
2016). Additionally, the South Platte has 

experienced rapid gas and oil shale development, 

another demand on water supply.   
  

North Platte River Basin 

The North Platte Basin is located on the northern 

border and drains to Wyoming. Water management 
is linked to irrigation practices and endangered 

species.   Downstream flows are critical for 

endangered species recovery plans on the Platte 
River in Nebraska.  Efforts to diversify economic 

opportunities are desired by local communities.  The 

potential to identify new areas for agricultural 
development will need studies into determining and 

developing unappropriated water in the basin.  

Additionally, aging water infrastructure are needed 
to increase water efficiencies. 

 

Conclusion 

Colorado’s hydrosocial system is a result of long-
term coordination between multiple users within the 

state and across the US west. The rivers have been 

redesigned to accommodate human needs moving 
water to where human populations are located.  

Efforts to assure upper elevation ecological health 

have long been a part of Colorado’s stewardship of 
headwater regions. Climate change and economic 

transitions are driving governments and 

communities to collaborate in new ways to develop 

innovative solutions to the looming water crisis. 
Mountain runoff provides water for downstream 

users and ecosystems. Global environmental change, 

population growth, urbanization, and pollution are 
all indicators of the age of the Anthropocene where 

human impacts influence global cycles of carbon, 

water, and energy (Crutzen and Stoermer 2000; Diaz 
et al. 2019).  Headwaters are particularly vulnerable 

to fluctuations in global cycles. Equally, local 

activities impact headwater areas:  roads, mining, 

agriculture, and high-elevation recreation (i.e., ski 
resorts).  Water is the connective element central to 

future livelihoods, human well-being, and ecosystem 

health.  Innovative, and integrated management built 
on sound science is necessary to provide water 

security for future generations. 
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