The Potential Water and Carbon Costs of Oil Shale Development in the Upper
Colorado River Basin
Policy Brief
Overview
The related problems of the global
climate change and declining
Colorado River flows compelled
conservation groups to commission
an analysis and technical
memorandum by EcoShift
Consulting that estimates the water
and carbon footprints of developing
oil shale and tar sands in the Upper
Colorado River Basin. The
EcoShift memo estimates those
footprints for thirteen individual
projects on federal and non-federal
lands, and for the 810,000 acres of
federal lands in Utah, Colorado and
Wyoming allocated by the U.S.
Bureau of Land Management as
available for commercial oil shale
and tar sands leasing by industry.
This policy brief presents and
discusses that memo’s major
findings.
The backdrop for that memo and this brief includes a global climate crisis where, in order to
prevent dangerous global temperature rise of 1.5 or 2 degrees Celsius (°C), it is estimated that
more than 80 percent of existing fossil fuel reserves must remain undeveloped. It also includes a
regional water crisis in the Colorado River Basin, where increasing demand and reduced water
supply, in part driven by climate change, are magnifying shortfalls of an already over-allocated
supply for human use, ecosystems, and endangered species recovery. Forecasts of worsening
climate change and water shortages compel scrutiny of plans to develop high-carbon, waterintensive energy deposits in the Colorado River Basin. The Colorado River Basin’s oil shale and
tar sands are among the most high-carbon and water-intensive fossil fuels in the world.
What Are Oil Shale and Tar Sands?
Oil shale and tar sands are sedimentary rocks that can be mined and processed to create oil-like
liquid fuels and other petroleum-like products. Oil shale is rock that contains bituminous
materials called kerogens that can produce petroleum-like liquid fuels when the rock is mined,
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processed, and heated. Tar sands are a mixture of clay, sand, and bitumen – a thick, black tarlike material that can be mined and processed to yield oils similar to those produced in
conventional oil development. Unlike conventional and fracked shale oils however, oil shale and
tar sands—because they occur naturally as rocks—require extensive mining and processing in
order to yield liquid fuels. As a result, their development entails higher energy, carbon, water,
and financial costs per unit of energy produced than conventional and fracked oil development.
Oil shale deposits span southern Wyoming’s Green River Basin, Utah’s Uintah Basin, and the
Piceance Basin of Western Colorado. Tar sands deposits of the Upper Colorado River Basin are
located in Utah. Despite numerous attempts to commercialize oil shale and tar sands resources,
high production costs and technical hurdles have thus far precluded commercial industrial
development.
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The Climate Context
Climate change is already affecting ecosystems, the food supply and public health, and further
increases in warming will have even more significant impacts on human health and the
environment. The 2015 Paris Agreement reached by 195 countries around the globe aims to hold
global warming “well below 2°C above pre-industrial levels” and commits parties to “pursu[e]
efforts to limit the temperature increase to 1.5°C above pre-industrial levels.” Immediate and
aggressive greenhouse gas emissions reductions are vital to achieving both of these goals.
Federal lands accounted for 23.7 percent of fossil fuel production in the U.S. in 2014.
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According to the IPCC, to maintain just a “likely” (66 percent probability) of limiting global
warming to 1.5°C requires adherence to a stringent carbon budget of only 556 gigatons of
equivalent carbon dioxide pollution (GtCO2e) beginning in 2011, of which about 334 GtCO2e
remained at the start of 2015. Further, to maintain a 66 percent chance of keeping global
temperatures under 2℃, a threshold that countries agreed to stay “well below” in the Paris
Agreement, the global carbon budget was 1,390 GtCO2e in 2011, of which only 1181 GtCO2e
remained as of 2015. With global annual emissions amounting to about 50 GtCO2e in 2015 ,
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US Department of Interior. 2017. About Oil Shale. http://www.ostseis.anl.gov/guide/oilshale/index.cfm
Paris Agreement, article 2, § 1(a), at http://unfccc.int/paris_agreement/items/9485.php.
Energy Information Agency. 2015. Sales of Fossil Fuels Produced from Federal and Indian Lands, FY
2003 through FY 2014. http://www.eia.gov/analysis/requests/federallands/pdf/eia-federallandsales.pdf
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In this report, we use a ratio of we use the ratio of 1.39 CO2e/CO2 reported in Meinshausen et al. (2009)
to convert the values reported in CO2 to CO2e. CO2e, or carbon dioxide equivalent, is a standard unit for
measuring carbon that expresses the heat trapping power of different greenhouse gases in terms of the
amount of CO2 that would create the same amount of warming. Meinshausen, M. et al. 2009. Greenhouse
gas emission targets for limiting global warming to 2 degrees Celsius. Nature. 458, 1158 – 1162.
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Rogelj, J. et al. (2016) report that the global carbon budget was reduced by ~160 GtCO between 2011
and 2015. See Table 2 in Rogelj, J. et al. (2016). Differences between carbon budget estimates unraveled.
Nature Climate Change 6: 245-252.
Oak Ridge National Laboratories. 2015. Carbon Dioxide Information Analysis Center.
http://cdiac.ornl.gov/GCP/
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scientists predict that at current rates global emissions will exceed the carbon budgets necessary
to stay under the 1.5℃ target by 2021 and the 2℃ target by 2036.
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In 2013, the U.S. emitted 6.67 gigatons of carbon dioxide equivalent (GtCO2e), the majority (85
percent) coming from the burning of fossil fuels and accounting for 15 percent of global
emissions. A 2015 analysis by an international team of climate experts suggests that for a likely
probability of limiting warming to 2°C, the U.S. must reduce its GHG emissions in 2025 by 68
to 106 percent below 1990 levels, with the range of reductions depending on the sharing
principles used. Accordingly, U.S. GHG annual emissions in 2025 would have to range between
2 GtCO2e (i.e., 68 percent below 1990) and negative emissions of -0.4 GtCO2e (i.e., 106 percent
below 1990), significantly below current emissions of ~6.7 GtCO2e. Where negative emissions
are required, the remaining carbon budget has been exhausted.
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Four published studies—Raupach et al. (2014) 10, Peters et al. (2015) 11, Gignac et al. (2015), 12
and Du Pont et al. (2017) 13—have estimated the United States’ portion of the global carbon
budget to range from 47 GtCO2e to 220 GtCO2e, depending on the temperature target used by
the study (1.5°C versus 2°C), the likelihood of meeting the temperature target (50 percent or 66
percent probability), the equity principles used to allocate the global budget among nations, and
whether a cost-optimal model was employed. Under any scenario, the remaining U.S. carbon
budget consistent with limiting global average temperature rise to 1.5°C or 2°C is quite small
and is rapidly being consumed.
The Colorado River Basin Water Context
Carbon Brief. 2016. Data Dashboard: Climate, the IPCC’s carbon budgets.
http://www.carbonbrief.org/data- dashboard-climate-change
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U.S. Environmental Protection Agency. 2015. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 –
2013, available at: http://www.epa.gov/climatechange/emissions/usinventoryreport.html. ES-18-19 (85 percent of
total U.S. GHG emissions in 2013 were produced by fossil fuel combustion) (Carbon dioxide equivalent (CO2e) is
the standard measure of greenhouse gas emissions. The measure accounts for the different global warming potentials
for different greenhouse gases such as N2O, CH4, and CO2)
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Climate Action Tracker, Are governments doing their “fair share”? New method assesses climate action. (March
2015) at Fig. 2 and 3.
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Raupach, Michael et al., Sharing a quota on cumulative carbon emissions, 4 Nature Climate Change
873 (2014) at Supplementary Figure 7.
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Peters, Glen P. et al., Measuring a fair and ambitious climate agreement using cumulative emissions, 10
Environmental Research Letters 105004 (2015).
12

Gignac, Renaud and H. Damon Matthews, Allocating a 2C cumulative carbon budget to countries, 10
Environmental Research Letters 075004 (2015). In a contraction and convergence approach, national
emissions are allowed to increase or decrease for some period of time until they converge to a point of
equal per capita emissions across all regions at a given year, at which point all countries are entitled to the
same annual per capita emissions.
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Du Pont, Yann Robiou et al., Equitable mitigation to achieve the Paris Agreement goals, 7 Nature Climate Change
38 (2017).
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The Colorado River basin drains a total of 243,000 square miles, an area roughly the size of
France and encompassing much of the southwestern United States. As the main water source in
the region, the Colorado River and its tributaries sustain life in the arid western states through
which they flow. More than 33 million people and hundreds of plant and animal species across
Colorado, Wyoming, New Mexico, Arizona, California, Nevada, Utah and Mexico depend on
the Colorado River for their water supply.
Human caused climate change is altering weather patterns in the Colorado River Basin and
diminishing river flows. The Colorado River basin has warmed significantly during the past
century, with average increases in surface temperature of 1.6°F (0.9°C) over the Southwest
during 1901-2010. These increased temperatures have affected snowmelt and snowpack from
the Rocky Mountains, the source of 85 percent of the river’s flow. Across much of the Colorado
River basin, the spring snowpack is decreasing and more winter precipitation is falling as rain
instead of snow. (Hamlet et al. 2005, Das et al. 2009). Approximately half of the observed
decline in snowpack in the western United States during 1950-1999 has been attributed to the
effects of anthropogenic greenhouse gases, ozone and aerosols.
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Annual runoff in the Colorado River basin is also declining, with significant consequences for
reduced streamflow. During 2001–2010, warm temperatures and dry conditions reduced average
naturalized flows in the Colorado River (measured at Lees Ferry) to the second-lowest-flow
decade since 1901, to 12.6 million acre-feet per year compared to the 1901–2000 average of 15.0
million acre-feet per year. Scientists have concluded that anthropogenic climate change is likely
to reduce runoff in the Colorado River basin by 10-30 percent by 2050. In the short term,
models indicate that streamflow may decrease by up to 25 percent during 2006-2030. These
changes are predicted to significantly impact Western water supplies and the Colorado River
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Basin storage systems that supply water to the western states.
Major Findings
Paradoxically, some of the nation’s highest carbon and most water intensive energy deposits - oil
shale and tar sands - are located in the Upper Colorado River Basin, stretching from Utah to
Colorado to Wyoming. As a result of the Energy Policy Act of 2005, the United States has
allocated over 810,000 acres of federal public land in Utah, Wyoming, and Colorado – the
headwaters of the Colorado River Basin – for oil shale and tar sands development. In the context
of worsening climate change and water shortages, it is imperative to scrutinize plans to develop
oil shale and tar sands, and examine the potential carbon and water impacts of large scale
development.
This report’s major findings include the following: if full commercial scale development occurs,
U.S. greenhouse gas emissions from unconventional fuels alone would be over three times the
United States’ total emissions in 2014; the water footprint of the United States’ unconventional
fuel industry would equal between 1/5 to eight times the annual flow of the Colorado River.
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Global carbon budgets necessary to maintain the possibility of limiting warming to 1.5 or 2°C
require that a majority of the world’s existing proven fossil fuel reserves remain undeveloped.
Developing high-carbon oil shale and tar sands resources would be incompatible with those
limitations, and could, by itself, consume more than half of the U.S’s estimated share of the
global carbon budget. Similarly, allocating up to 869 billion barrels of water for oil shale and tar
sands development – up to eight times the Colorado River’s annual flow – would sharply stress
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an already drying and over-allocated Colorado River system. The carbon emissions and water
use that would accompany the commercial oil shale and tar sands development would harm the
Upper Colorado River Basin’s water and climate future.
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The technical report this policy brief precedes was commissioned from the third party firm,
EcoShift by the following organizations:
Center for Biological Diversity
Grand Canyon Trust
Living Rivers
Natural Resources Defense Council
Utah Chapter of the Sierra Club
Southern Utah Wilderness Alliance
Water Keeper Alliance
Western Resource Advocates
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