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Climate change is disrupting the already 

scarce water resources of the Western United 

States. Research by scientists from the Union 

of Concerned Scientists and University 

of California, Merced, finds that, across 

the western United States, climate change 

has reduced snowpack by 36 percent and 

streamflow by 13 percent, and has increased 

irrigation demand by 4.3 percent. Roughly 

half of these impacts is attributable to the 

emissions of the largest fossil fuel companies 

and cement manufacturers. Emissions from 

these companies can also be traced to a tenth of 

the observed groundwater loss in California’s 

Central Valley. 

The economic consequences of climate-

driven disruptions to the water cycle are 

tremendous—and too often, states and cities 

are left covering the billions of dollars in 

related expenses. These findings underscore the 

dire need for the fossil fuel industry to pay its 

fair share as communities are forced to adapt 

to this new climate reality.

  

Water scarcity has long been a defining feature of the western United States. Its 
dry climate and the high water demand from the region’s multibillion-dollar agri-
cultural industry have created an unsustainable water system (Figure 1, p. 2). Cli-
mate change is compounding this crisis by simultaneously reducing supply and 
increasing demand (Figure 2, p. 3). The consequences span escalating legal battles 
over water rights, threats to agricultural economies, reduced hydroelectric power 
generation, ecosystem collapse, and multiple public health issues, including poor 
air quality and loss of access to drinking water. 

These dramatic changes raise questions of responsibility and accountability 
related to climate change and its harms, an idea being explored by scientists, at-
torneys, and policymakers. While nation-states are at the center of this debate in  
international negotiations, corporations have become the focus of state, county, 
and Tribal government legal action. These actions align with previous practice, as 
corporations have historically been held accountable for the damages caused by 
their products, like tobacco, pesticides, and asbestos. 

Regarding accountability for climate change, fossil fuel companies have con-
tributed an outsize share of heat-trapping emissions. The 122 largest industrial 
carbon producers—fossil fuel companies and cement manufacturers collectively 
called the Carbon Majors—account for nearly 70 percent of global industrial car-
bon dioxide emissions since 1854, with 97 percent of those emissions occurring 
after 1950 (Heede 2014; InfluenceMap 2024).

By 1959, some fossil fuel companies knew of the climate risks their products 
posed (Franta 2018). Rather than share this knowledge with the public, plan an 
energy transition, and adapt to projected impacts, these companies and their 
trade groups engaged in coordinated disinformation and deception campaigns to 
protect their profits (Merner et al. 2025). Due to their outsize contributions of 
carbon to the atmosphere and their decades-long deception concerning climate 
change, fossil fuel companies should face accountability for their climate harms.

This analysis by the Union of Concerned Scientists (UCS) and the University 
of California, Merced, uses observational data and climate modeling to quantify 
how emissions traced since 1950 to the Carbon Majors (including companies like 
BP, Chevron, ExxonMobil, and Shell) have contributed to disruptions in the water 
cycle across the western United States (E. L. Williams et al. 2026). Our findings 
show that human-caused climate change has reduced April snowpack by roughly 
36 percent, decreased warm season streamflow by approximately 13 percent, and 
increased irrigation demand by 4.3 percent. Roughly half of these impacts are at-
tributable to emissions traced to the Carbon Majors since 1950, translating to a 
nearly 15 percent reduction in snowpack, a 6.1 percent decrease in streamflow, 
and a 2.4 percent increase in irrigation demand.
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Water Cycle Woes 
Water resources in the western United States are inherently  
constrained by a seasonal mismatch in supply and demand.  
Precipitation, as both rain and snow, regulates supply, whereas 
evaporation and irrigation drive demand (Figure 2). Most pre-
cipitation falls in the winter and is stored as snow, contributing 
to more than 50 percent of surface runoff in the spring and sum-
mer months (Li et al. 2017; Qin et al. 2020). During this warm 
season, demand is highest due to greater evapotranspiration 
(evaporation from soil and surface water plus transpiration from 
plants) driven by warmer temperatures as well as increasing ag-
ricultural water use for crop irrigation and industrial farming 
operations. 

Despite engineered systems that store and transport water, 
like dams and canals, demand often exceeds supply (Dettinger, 
Udall, and Georgakakos 2015; Grantham and Viers 2014; Slaugh-
ter et al. 2010). In the Colorado River Basin, for example, water 
demand has consistently outpaced supply since the early 2000s 
(Wheeler et al. 2022; Womble et al. 2025), and in the San Joaquin 
Valley, a critical agricultural region in California, surface water 
allocation exceeds 100 percent of available supply (Grantham and 
Viers 2014). To fill this gap, groundwater has been rapidly depleted 
(Liu et al. 2022), leading thousands of wells to go dry (Jasechko 
and Perrone 2020; Perrone and Jasechko 2017; Rodríguez-Flores 
et al. 2023) and reducing overall resilience across the region  
(Fernandez-Bou et al. 2021). 

On top of historically unsustainable water use, observed 
changes to water supply and demand highlight how climate 
change may further disrupt water resources. On the supply side, 
warmer temperatures have resulted in both earlier snowmelt 
(Dudley et al. 2017) and reduced snowpack (Gottlieb and 
Mankin 2024; Mote et al. 2018), leading to smaller amounts of 
runoff earlier in the season (Xiao, Udall, and Lettenmaier 2018). 
On the demand side, the region already experiences elevated 
rates of water loss from plants, soil, and bodies of water during 
spring and summer months (Albano et al. 2022), leading to 
greater irrigation demand and groundwater extraction to main-
tain agricultural productivity (Moyers et al. 2024; E. L. Williams 
and Abatzoglou 2025). Together, agricultural demand, ground-
water overdraft, and climate change have precipitated a water 
crisis across the region. 

Research Findings
Our findings demonstrate that emissions traced to the Carbon 
Majors since 1950 have substantially reduced water availability 
and increased agricultural demand across the western United 
States, accounting for roughly half (~40–64 percent) of the im-
pacts of human-caused climate change (see Figure 3, p. 4). The 
consequences of these emissions translate to a 15 percent annual 

The combined impact of these changes is particularly acute 
in agricultural regions, which depend on water for food produc-
tion. Two such regions are the Central Valley in California and 
the Middle Columbia River Basin in Washington and Oregon.  
In California’s Central Valley, human-caused climate change  
accounts for 20 percent of observed groundwater loss, and 
roughly half of that—10 percent of the total—is attributable to 
emissions from the Carbon Majors. In addition, this research 
illustrates that the timing of water flows is changing substantial-
ly due to these emissions. For instance, the midpoint of stream-
flow now occurs between 5 and 30 days earlier in basins across 
the region.  

FIGURE 1. Western United States Study Area  

This map shows the study region, the contiguous United States west of 
the Continental Divide. The “hot-spot” basins (in red) identified in this 
analysis are where large reductions in water supply coincide with large 
increases in irrigation demand. The agricultural importance of these hot 
spots underscores the far-reaching impact of Carbon Majors' emissions.
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up to 30 days earlier, creating an even larger disconnect between 
periods of water availability and periods of peak demand. 

In addition to broad trends across our study’s domain, this 
research also identified “hot spots” in the Pacific Northwest and 
California, where the consequences of emissions from the Car-
bon Majors are particularly pronounced when reduced snow-
pack, reduced streamflow, and increased irrigation demand are 
considered together. Given the agricultural importance of these 
hot spots, including the Middle Columbia, San Joaquin, and Sac-
ramento Basins, our findings underscore how the consequences 
of the Carbon Majors’ emissions in the western United States 
extend beyond its geographic boundaries.  

California’s Central Valley, the most productive agricultural 
region in the United States, illustrates how these changes cas-
cade through local water systems, ultimately affecting the resil-
ience of groundwater resources and communities. From 2003 to 
2024, cumulative groundwater loss across the Central Valley’s 
three subregional basins—Sacramento River, San Joaquin River, 
and Tulare Lake—totaled nearly 34 million acre-feet, more than 
1.5 times the volume of Oregon’s Crater Lake (Liu et al. 2022;  

reduction in April snowpack (typically the peak of total snow 
accumulation), or more than 28 million acre-feet of water—a vol-
ume roughly equivalent to the maximum capacity of Lake Mead, 
the largest reservoir in the United States by volume. Similarly, 
we found an annual reduction of roughly 12 million acre-feet in 
warm season streamflow attributable to Carbon Majors’ emis-
sions, which is approximately the combined volume of Califor-
nia’s four largest reservoirs. Interestingly, our results also show 
an increase in annual October-to-March streamflow attributable 
to the Carbon Majors, accounting for more than half of the an-
nual reduction during the warm season. 

On the demand side, our results attribute an annual increase 
in crop irrigation demand of 720,000 acre-feet to Carbon Majors' 
emissions since 1950—nearly 1.6 times the amount of water used 
annually by the city of Los Angeles (LADWP, n.d.). Beyond 
changes in total volumes of water, we also find that water arrives 
earlier in the year. In many western river basins, the midpoint of 
annual streamflow now occurs roughly six days earlier than if 
the Carbon Majors had not released the emissions traced to 
these companies. In some mountainous regions, the midpoint is 

FIGURE 2. Water Cycle in the Western United States
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Inputs and outputs to the water cycle are illustrated with arrows indicating the direction of movement. Key aspects of the water cycle shown here 
include snowpack as a water storage reservoir, streamflow as a primary mode of water transport, and irrigation and agriculture as major areas of 
evapotranspiration and water loss from the system.
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E. L. Williams et al. 2026). Drawing on satellite data and statisti-
cal modeling, we show that nearly a fifth of this total loss can be 
traced to climate change, and 10 percent can be attributed to the 
emissions from the Carbon Majors since 1950, suggesting that 
reductions in streamflow and increases in irrigation demand limit 
natural groundwater replenishment, or recharge, and lead to in-
creased reliance on groundwater to meet agricultural demand (E. 
L. Williams and Abatzoglou 2025; E. L. Williams et al. 2026). Put 
simply: Part of the Central Valley’s water crisis can be traced di-
rectly to the emissions of the world’s largest fossil fuel producers.

Implications
The changes in water cycle dynamics materialize across commu-
nities and ecosystems and are compounded by escalating climate 
impacts like drought, poor air quality, and land subsidence. Rural, 
agricultural, and often low-income communities bear a heavy 
burden, including declining water quality and dry wells that are 

costly to replace, if replacement is even affordable (London et al. 
2018). Even when wells remain functional, lower groundwater 
levels require more energy to pump, resulting in higher energy 
costs. In community water systems, providers pass the costs of 
new infrastructure and additional water supplies to consumers 
by increasing rates and surcharges (Rachunok and Fletcher 
2023). The harms also extend to Indigenous communities whose 
cultural and economic livelihoods depend on healthy river sys-
tems. Reduced streamflow and rising temperatures diminish 
salmon and other traditional resources, threatening food sover-
eignty and spiritual practices tied to these species (OEHHA 
2025). Further, our results show an increase in cool-season 
streamflows, which can result in larger pulses of water and in-
creased flood risk for downstream communities while decreas-
ing water availability in summer months (Persad et al. 2020).

The economic consequences of climate-driven disruptions 
to the water cycle are profound. California’s 2020–2022 drought 

FIGURE 3. Percent Change in Snow Water Equivalent, Streamflow, and Irrigation Demand Due to Climate Change 
and Carbon Majors’ Emissions Since 1950  

© 2026 Union of Concerned Scientists
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This figure represents the average annual difference over the past decade (2014–2024) in water supply (left side) and water demand (right side) in 
the Western United States, calculated as a percent of observational data. Across all variables, roughly half of all climate-attributable impacts can be 
traced to emissions from the Carbon Majors since 1950. 
Notes: Water supply is modeled using April 1 snow water equivalent and warm season streamflow. Irrigation demand is used as a proxy for water demand. Green bars indicate 
changes due to human-caused climate change, while blue bars represent changes due to emissions from the Carbon Majors since 1950. Whiskers show 10th and 90th percentile 
confidence intervals.  

SOURCE: E. L. WILLIAMS ET AL. 2026. 

union of concerned scientists



5Wringing the West Dry

resulted in direct crop revenue losses of a combined $2.7 billion, 
with an increase of roughly 10 percent of total irrigated cropland 
left idle in 2021 and 2022 (Rodriguez-Flores et al. 2026). To con-
serve groundwater, California has invested in programs to ex-
pand nature-based solutions and repurpose previously irrigated 
land for multibenefit projects, fostering employment opportuni-
ties and yielding additional environmental benefits (Fernandez- 
Bou et al. 2023; Fernandez-Bou et al. 2025). Moreover, billions of 
dollars are now spent on drought response measures and emer-
gency drinking-water programs while long-term water supply 
engineering infrastructure must be updated to adapt to new cli-
matic conditions and address these compounding impacts 
(Ehlers 2022).  

From land subsidence caused by excessive groundwater 
pumping to water shortages from dangerously low reservoirs 
and depleted aquifers, the consequences of changes to the water 
cycle across the western United States extend beyond agricul-
ture, with implications for wildfire, public health, and communi-
ty resilience. Increasing rates of water loss from ecosystems lead 
to drier vegetation and soils, which contributes to ongoing 
drought in the southwestern United States and elevates wildfire 
risk in the region’s forests (Abatzoglou and A. P. Williams 2016; 
A. P. Williams et al. 2020). Although unsustainable agricultural 
practices like excessive groundwater extraction contribute to 
these realities, this research highlights the reductions in water 
supply and increases in demand attributable to the Carbon Ma-
jors’ emissions since 1950, as well as the growing mismatch be-
tween when water is available and when it is needed for usage. 

These findings add to a growing body of evidence highlight-
ing the climate-impacting emissions traced to the largest fossil 
fuel companies and cement manufacturers. These impacts in-
clude sea level rise (Sadai et al. 2025), area burned in forest fires 
(Dahl et al. 2023), and the likelihood and severity of extreme 
heat waves (Quilcaille et al. 2025). While nations, high-emitting 
industries, and individuals have all contributed to climate 
change, corporate polluters, particularly those in the fossil fuel 
industry that deceived the public and aggressively lobbied 
against climate action across all levels of government, bear dis-
tinct responsibility for the harms caused by their products.

Across the world, national, local, and Tribal governments 
are increasingly seeking accountability through the courts 
(Merner et al. 2025). These include more than a dozen states—
among them, California, Massachusetts, and Minnesota—suing 
Chevron, ExxonMobil, Shell, and other major fossil fuel compa-
nies for their decades-long campaign of deception about climate 
change. Cities such as Chicago and Boulder have filed lawsuits 
under public nuisance laws, and both San Francisco and Oakland 
are pursuing compensation for damages from rising sea levels. In 
the United States, more than 160 cases were filed in 2024 alone 
(Setzer and Higham 2025). 

Emissions traced to the Carbon Majors are exacerbating an 
already unsustainable water crisis across the western United 
States. Although states, municipalities, and communities have, to 
date, borne the brunt of costs associated with adapting to this 
changing reality, these findings provide additional evidence that 
the fossil fuel industry should pay its fair share.  

Methodology
This study used a combination of observational data, satellite 
data, and climate modeling to quantify how emissions traced to 
the Carbon Majors since 1950 have contributed to changes in wa-
ter availability and demand across the western United States. 
First, we retrieved observed temperature, precipitation, relative 
humidity, and hydrologic data from both observational datasets 
and global climate models.  Second, we used a reduced-complexity 
climate model to quantify the annual change in global mean sur-
face temperature between 1854 and 2020 under three emissions 
scenarios: the first included all emissions, the second excluded all 
anthropogenic emissions, and the third excluded emissions 
traced to the Carbon Majors after 1950 (the decade when these 
companies began to understand the risks posed with using their 
products). By comparing these scenarios and using pattern scal-
ing, we calculated how much of the observed changes in snow- 
pack, streamflow, and irrigation demand are attributable to climate 
change and specifically to emissions from the Carbon Majors. Full 
technical details can be found in E. L. Williams et al. (2026).
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