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Figure 18. Erosion in Independence Wellfield
Photo: James Powell 2013
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ACT I: MAJOR PROCESSES OF THE EASTERN SIERRA

Hydrology 
Intricate interactions between the Eastern 

Sierra’s topography, climate patterns, and 
evapotranspiration cycles heavily impact 
both surface and groundwater processes 
within the area. In addition to these natural 
phenomena, long-term and large-scale water 
diversions have served to alter and sometimes 
damage the hydrologic function of the area. 
Without understanding of both surface and 
groundwater cycles and conditions, land 
management within the area would not 
be effective and could be detrimental. 

Topography and Geology
The Mono Basin and Owens Valley 

watersheds, which define the study area of this 
project, are both topographically endorheic 
basins: all the water that flows into them enters 
a terminal lake, rather than emptying into other 
bodies of water. Mono, the northern basin, 
makes up roughly a quarter of the study area 
(including the Adobe Valley which borders 
Mono Basin to the southeast), while the Owens 

Valley watershed to the south comprises the 
majority of the study area (see Figure 19).

The Sierra Nevada Mountains, defining 
the western side of the project area, represent 
the westernmost edge of the Basin and Range 
geologic province, which is dominated by 
alternating mountain ranges and valleys roughly 
oriented North to South. This physiography 
is the result of extensional tectonic forces 
that were initiated around 40 million years 
ago (Nelson 1981). It was, however, only 20 
million years ago that the earliest extensional 
deformation may have affected the Sierra 
Nevada and White-Inyo Mountains region 
(Hollett et al. 1991). This has created some 
of the most dramatic physical relief in the 
United States, as the superlative summits 
of the southern Sierra Nevada include 15 of 
California’s 17 peaks with summit elevations 
over 14,000 feet (4,267 meters) (Peakbagger 
2004a). This includes Mount Whitney, 
the tallest peak in the contiguous U.S. at 
14,505 feet (4,421 meters) (National Geodetic 
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Figure 20. Eastern California Shear Zone
Adapted from Lee et al. 2001

2001, Unruh et al. 2002), a large area north of 
the Garlock Fault with abundant strike-slip 
faults that trend roughly northwest to southeast 
(Figure 20). Lee et al. (2001) reported that the 
ECSZ accommodates roughly 20-25% of the 
relative motion between the Pacific and North 
American tectonic plates. One of the most 
significant faults in the ECSZ is the Owens Valley 
Fault, which extends roughly 60 miles (96.5 km) 
through the southern half of the Owens Valley. 

Within the study area, millions of years 
of erosion have created a broad bajada - fan 
shaped sediment deposits - at the base of all 
the ranges in the Mono Basin (see Figure 21). 
Similar alluvial features in the Owens Valley 
slope gently down to the riparian corridor of the 
Owens River. The northern reaches of the river 
spill from a gorge cut through a volcanic plateau 
between the Owens Valley and Long Valley 
and then it meanders south before reaching its 
historical terminus in the now dry Owens Lake. 
The Owens Valley floor extends northward from 
Bishop into the Chalfant, Hammil, and Benton 

Survey 1994a), and Mount Williamson, the 
second tallest peak in California at 14,379 
feet (4,383 meters) (Peakbagger 2004b).

The eastern side of the Owens Valley 
is bounded by the combined wall of the 
White Mountains to the north and Inyo 
Mountains in the south, with Deep Springs 
Valley separating the two ranges. White 
Mountain Peak is the third highest peak in 
California at 14,252 feet (4,344 meters) (National 
Geodetic Survey 1994b). The Inyo Mountains’ 
high point is 11,123 feet (3,390 meters).

Roughly concurrent with the onset of 
Basin and Range spreading in western North 
America was the formation of the San Andreas 
Fault at the boundary between the Pacific and 
North American tectonic plates. This boundary 
stretches along most of California and allows 
for lateral displacement between the two plates 
as they slide past one another. A significant 
element of the movement between the two plates 
is accommodated by the Eastern California 
Shear Zone (ECSZ) (Lee, Spencer and Owen 

DSV Deep Springs Fault
DVFC Death Valley - 

Furnace Creek Fault Zone
FLV Fish Lake Valley Fault Zone
HMF Hunter Mountain Fault
IF Independence Fault
INF Inyo Mountains Fault Zone
OVF Owens Valley Fault
PVF Panamint Valley Fault
QVF Queen Valley Fault
TPEF Towne Pass - Emigrant 

Valley Fault System
WMF White Mountains Fault
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Figure 22. Long Valley Volcanic Hazards and Faults 
Data Sources: USGS NHD 2010, Rundle and Hill 1988

al. 1976). This event exhumed roughly 140 
cubic miles (584 cu km) of rock and ash 
(Bailey 1989), now most prominently exposed 
as the aforementioned volcanic tablelands 
immediately north of Bishop. Volcanism 
continued in the vicinity of the Long Valley 
Caldera with the eruption of the Mono Craters 
between 35,000 years ago and 600 years 
ago, and the Inyo Craters between 6,000 
and 600 years ago (Hill 2006) (Figure 22). 

Since the beginning of extension 
between the Sierra Nevada and the White-
Inyo Mountains, the history of the region has 
included a variety of passive and violently active 
processes. The Sierra Nevada Mountains and 
the White Inyo Mountains were uplifted by the 
extensional tectonic stress regime associated 
with Basin and Range development, while the 
valley between subsided. This subsidence 
has allowed the valleys to fill with sediments; 
Hill (2006) reports that the Mono Basin has 
accumulated approximately 4,000 feet (1,219 
meters) of sediment. The basin’s defining 
feature is Mono Lake, a 70 square mile (182 sq 
km) saline lake. The surface of Mono Lake was 
at 6,382 feet (1,945 meters) in 2013, but has in 
the past dropped to as low as 6,372 feet (1,942 
meters), which is 45 feet (14 meters) below the 
lake level before Los Angeles Aqueduct related 
water diversions began in 1941. Lake level 
is especially important for Paoha and Negit 
Islands, which vary in area based on water depth. 
These islands are valuable nesting grounds for 
many birds along the Pacific Flyway. If the lake 
levels drop to 6,372 feet (1,942 meters), a land 
bridge exposes the nesting habitat to terrestrial 
predators via the north shores of Mono Lake. 

West of Mono Lake, the Sierra Crest rises 
to approximately 12,000 feet (3,658 meters). To 
the east, the land slopes gradually upward to 
the base of the Anchorite Hills, outside of the 
study area. This broad basin floor is marked 
by bathtub rings from ancient lakeshores of a 
much fuller Mono Lake, referred to as Russell 
Lake in geologic terms (Reheis, Stine and Sarna-
Wojcicki 2002). North of the lake, and defining 
the northern limits of the study area are the 
Bodie Hills and Conway Summit, the highest 
pass on Highway 395 at 8,143 feet (2,482 meters). 
To the south, a chain of volcanic craters connects 
to the Glass Mountains, visible from most points 
within the basin. Filling the gap between the 
Mono Basin and the Benton Valley is the Adobe 
Valley. While the Adobe Valley is included in 
the study area, it drains internally to Black (dry) 
Lake (CDWR 2003) and during the Pleistocene 

Valleys, and east to Round Valley. By some 
accounts, the Chalfant Valley is considered the 
northernmost reach of the greater Owens Valley, 
but current residents have informed the team 
that the name Owens Valley refers to the valley 
floor between the Sherman Grade on Highway 
395 in the north and Olancha in the south. 

As Highway 395 climbs north on the 
Sherman Grade, it traverses the southwestern 
edge of a plateau built from the solidified 
ash (tuff) of prehistoric eruptions within 
the Long Valley Caldera. These volcanic 
tablelands border the caldera to the south, 
with the Glass Mountains in the northeast, 
the Sierra to the southwest, and Mammoth 
Mountain to the west. Crowley Lake occupies 
the depression of the caldera at around 6,800 
feet (2,073 meters) in elevation, while the 
summits of Glass Mountain and Mammoth 
Mountain rise to 11,122 feet (3,390 meters) 
and 11,059 feet (3,371 meters), respectively. 

The Eastern Sierra has been the site 
of abundant volcanic activity in the last 
three million years (Bailey, Dalrymple and 
Lanphere 1976, Hill 2006). Most significant 
was the eruption of the Long Valley Caldera 
approximately 700,000 years ago (Bailey et 
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Figure 24. Olancha Snowline
Photo: Eric Haley 2012

of the project area is provided as Figure 23.
Snowy remnants of these prehistoric 

glaciers can still be found throughout the 
Sierra in shaded north and northeast facing 
cirques below the highest peaks. As of 1991, 
over 100 perennial glaciers were documented 
on the slopes of the Sierra within the study 
area (Raub, Brown, and Post 2006). The Sierra 
are, like other mountainous regions in the 
United States, experiencing a drastic reduction 
in ice area due to warmer air temperatures, 
decreased precipitation, and increases in 
atmospheric black carbon. This has resulted 
in a 44 to 72% loss in glacial extent since 
measurements began in the 1900s (Basagic 
2008). This loss of snowmelt from vanishing 
glaciers and ice patches will decrease 
water supplies to the Los Angeles Aqueduct 
watershed over the next century (Ficklin, 
Stewart, and Maurer 2012a) (Figure 24).

Era it was part of a series of great interconnected 
lakes in the region that terminated in historic 
Lake Manly in Death Valley (Reheis et al. 2002). 

As the mountains of Eastern California rose, 
glaciers developed where regional and global 
climate allowed for the appropriate conditions. 
Significant glaciation is known to have occurred 
in the Pliocene and Pleistocene epochs between 
3.2 million years ago and 400 years ago (Hollett 
et al. 1991). This has left its mark on the eastern 
escarpment of the Sierra with deep erosion 
caused by glaciation and fluvial processes. Signs 
of glaciation are extant at the foot of the ranges 
in both basins, growing more pronounced 
from south to north. Topographic clues to the 
once massive ice rivers include terminal and 
lateral moraines – ridges of loose, unsorted 
rubble that mark the peaks of glacial advances. 
In places like the Bishop Creek valley multiple 
ridges paralleling the creek mark many glacial 
advances and retreats (Phillips et al. 2009). These 
geologic features are some of the most recently 
formed in the area. A map of the modern geology 
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Figure 25. Climate/Hydrology Block Diagram
Data Source: NOAA 2013

Precipitation
The abrupt elevation changes of the Sierra 

Nevada largely define the climatic zones of 
the study area. As wet weather systems from 
the Pacific Ocean move across California, the 
airflow is pushed upward by the Sierra. This 
process decreases atmospheric pressure on the 
air mass, causing it to cool below its adiabatic 
dew point and pour precipitation onto the 
westward slopes. By the time air drops down the 
leeward side of the Sierra Crest, it has usually 
lost most of its moisture, creating a rain shadow 
over the Eastern Sierra (Figure 25). This weather 
pattern creates a great disparity in precipitation 
amounts reaching various parts of the study 
area. The peaks of the Sierra can receive 
upwards of 45 inches (114 cm) of precipitation 
per year, while Bishop, only 15 miles (24 km) 
away, receives an average of five inches (13 cm) 
per year (NCDC 2004). The Inyo and White 
Mountains to the east receive slightly more 
precipitation than the valley floor due to the 
same process of orographic lifting and adiabatic 
cooling that bring precipitation to the Sierra, 

but still accumulate less than a third of the 
annual precipitation as the Sierra (NCDC 2004).

In addition to precipitation differences, 
topographic variations also alter temperature 
ranges and zones throughout the study area. As 
air sinks down the leeward side of the Sierra it 
warms with increases in atmospheric pressure. 
Summer highs in Bishop commonly reach 100°F 
(38°C) during the summer, while Mammoth 
Lakes, just below the Sierra Crest, has average 
highs below 80°F (26.6°C ) (NCDC 2004). The 
separation from the moderating climatic effects 
of the Pacific Ocean allows temperatures to 
plummet during winter nights in the valley. 
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Mono Lake, it neither rises nor falls, apparently, and what 

it does with its surplus water is a dark and bloody mystery.

– Mark Twain
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Between the Mono Craters Tunnel East 
Portal and the Los Angeles Aqueduct diversion 
near the community of Aberdeen, 15 major 
creeks flow into the Owens Valley. The largest 
creeks are Hot Creek, Convict Creek, McGee 
Creek, Rock Creek, Bishop Creek, Baker Creek, 
Big Pine Creek, and Tinemaha Creek. Six of these 
creeks are at least partially diverted into canal 
systems, including the Big Pine Canal, which is 
diverted from and empties into the Owens River 
(LADWP 2012a). All 15 creeks drain directly 
from the Sierra Nevada except two: McLaughlin 
Creek derives from the Glass Mountains and 
Fish Slough from the uplands of the Bishop Tuff.

Surface Water
The Sierra Nevada receive 90 to 95% of 

the precipitation in the study area during 
the winter months (Güler and Thyne 2004), 
creating a snowpack that persists into the 
spring and early summer. Once it begins to 
melt, this icy irrigation feeds the creeks that 
run off the Sierra Nevada into the Owens 
Valley and Mono Basin during what would 
otherwise be very dry seasons (see Figure 
26). The three major tributaries to Mono 
Lake (from north to south) are Mill Creek, 
Lee Vining Creek, and Rush Creek. The two 
largest, Lee Vining Creek and Rush Creek 
(and its tributaries Walker and Parker Creeks) 
have been at least partially diverted into the 
Los Angeles Aqueduct since 1941, leading to 
drastic declines in lake levels. The Aqueduct 
water is diverted from the basin through the 
Mono Craters Tunnel, which empties into the 
Owens River above Crowley Lake (Figure 27). 



PROCESSES

42

$$$
$$$$$
$$$$$$$$$$ $$$ $$$$$ $$$ $$$$$$$$ $$ $$$$$$ $$ $$ $$$$$$
$
$$ $$$ $$$$

$$$$ $$ $$$$$$ $$ $$$
$ $$$ $$ $$$$$$$$ $$$ $$ $$$ $ $$$$ $$$$ $$$ $$ $$ $$$$$$$ $$ $$$ $$$ $ $$$$ $$$ $$$$$$ $$$$ $$$ $$$$$ $$$ $$$ $$$ $ $ $$$$$$ $$ $$$ $$$$$$$ $$ $$ $$ $$$$ $$$$$$$$$$ $$$

$$$ $$$$$ $$$ $$$$$
$$$

$$$
$$$

$
$

$$ $$$$$$$$$$ $$$$$$ $$$ $$$$

$
$$$$

$$ $$$$$$$$$$$$$$$ $$$$$$ $$ $$$ $ $
$ $$$$$$$ $$$ $$$$ $$$ $$$$ $$$ $$$$ $$$$ $$$$ $$ $$ $$ $$$ $$ $$$$ $$ $$$$ $$$$$$$$$$$$ $ $$$ $$ $$ $$$ $ $$$$$$$ $$ $$ $$ $$ $$ $$$$$$$$ $$$ $$$ $ $$$ $$ $$ $$$ $$$$$$ $ $$$ $$

$$$$
$$$
$$ $$ $$ $ $$$ $$$$ $$$$ $$$ $$$$ $$$ $$$$$$ $$$$$ $$ $$$$$ $$$$$$$ $$ $$$$$ $$$

$ $$ $$ $$$$$$$$$$$
$$$$$$ $$$$$ $$$$$ $$$$$ $$$$$ $$$$$$ $$ $ $$ $ $$$$$$$$$$$$$ $$ $$ $$$$$$$ $$ $ $$$$$$$$$$$$$$ $$$ $$$$$ $$$$ $ $ $$$ $ $$$$$ $ $$$$$$ $$ $$$$$$$ $$ $$ $$$ $ $$$$$ $$$ $$$$$$$$$$$$ $$$ $ $$ $$$ $$$$ $$$$ $$$$ $$$ $$$ $$$$ $ $$$$$$ $$$ $$ $$ $$$$$$$$$$$$$ $$$$ $$$$$ $$$$$$$$$$$$$$$$ $$$$ $$$$ $$$ $$ $$$$$$$$ $$$

$ $$$$
$$$ $$$$$ $$$$$$$$ $$

$$$ $$$$
$$

$$$ $$$$$$$$ $$$$$ $ $$ $$$ $$ $$$
$$$$$$

$$$$

Lee
Vining

Mammoth
Lakes

Bishop

Lone
Pine

° 0 10 20 305
Miles

Legend

$ Spring or Seep

Aquifer

Basin-Fill Aquifer

Figure 28. Groundwater Resources
Data Source: National Hydrology Dataset 2012



PROCESSES

43

Hydrogeology
Accumulation of alluvial sediment in 

the subsided valleys has allowed significant 
groundwater aquifers to coalesce in 
this material. Those aquifers are largely 
unconsolidated, close to the surface, and 
allow a great deal of hydrologic transmissivity 
throughout the valley floor (Danskin 1998). The 
structure of the Owens Valley is such that the 
Sierra Nevada to the west, Volcanic Tableland 
to the north, and White-Inyo Mountains to 
the east act as impermeable barriers to the 
aquifers stored in the valley fill sediments 
(Hollett et al. 1991). Figure 28 illustrates the 
groundwater resources within the project area.

Despite the high desert climate of the 
majority of the study area, elevated groundwater 
tables are common throughout the valley and 
alluvial slopes because of this extended source 
of water and quick recharge from surface water. 
As creeks tumble from the Sierra Nevada they 
begin to percolate into the soils of the alluvial 
fan materials east of the mountain slopes. 
Though this groundwater-holding geologic 
layer reaches up to 1,200 feet (366 meters) at its 
thickest point (CDWR 1964), the Sierra creeks 
are the greatest source of groundwater recharge 
in the study area (Danskin 1998). Beginning in 
the 1970s with the construction of the Second 
Aqueduct, groundwater sources were pumped 
by the LADWP to supplement the surface flow 
diversions into the Los Angeles Aqueduct 
(Hollett et al. 1991). Those same aquifers are 
pumped to supply some domestic water supplies 
as well. Recommended pumping levels are an 
average of 75,000 acre-feet or below for the 
watershed to maintain equilibrium, but this 
amount has been regularly exceeded since 
pumping began (Danskin 1998). This has resulted 
in a persistent lowering of the groundwater table, 
which in turn reduced vegetation coverage, 
desiccated soils, and removed wildlife habitat. 

Groundwater
To take full advantage of surface water 

assets, the Los Angeles Aqueduct diversion 
near Lone Pine, California was planned 
and constructed at 8,836 feet (2,693 meters) 
elevation. With a gradient running south out 
of the Owens Valley across the Coso Mountain 
Range, this was the lowest elevation in the valley 
that allowed the Aqueduct to flow by the force 
of gravity alone (City of Los Angeles 1916, HAER 
2010). Downstream from the Aqueduct diversion, 
13 major creeks that were once tributaries of 
the Owens River and Owens Lake now run, at 
least partially, into the Los Angeles Aqueduct. 
Filled with this water, the Aqueduct continues 
in an open channel until it empties into Haiwee 
Reservoir at the very southern end of the study 
area. From the reservoir, the water drains into 
the conduits of the First or Second Los Angeles 
Aqueduct, which were carefully engineered to 
move water to Los Angeles using different pipe 
pressures (LADWP 2002). In addition to the main 
input of the Aqueduct channel, two ephemeral 
creeks known respectively as Summit and 
Hogback also drain into the reservoir.
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Figure 29. Historical Diversions
Adapted from Gagnon 2001, Lawton 1976

PRE-1800’S 1850-1913 1913-PRESENT

Historical Water Diversions
Water in the Owens Valley has a long 

history of diversions and manipulation, going 
back 20,000 years to the first Native American 
inhabitants (Figure 29) (Gagnon 2001). Paiute 
tribes cut irrigation ditches to divert water 
from the Owens River into seasonally-flooded 
fields, where native plants were cultivated 
for food (Lawton et al. 1976). These ancient 
farming practices give insight into the origins 
of agriculture and provide some of the earliest 
known evidence of crop production within 
the United States (Lawton et al. 1976).

Rather than the intensive cultivation 
associated with most agriculture, the Paiute’s 
involvement in the farming process was 
to irrigate the land, “tuvadut,” under the 
supervision of the tribal expert, the “tuvaiju,” 
and encourage growth of native vegetation 
(Sauder 1990, Stringfellow 2012). Seasonal 
flooding was imposed upon two- to four-square 
mile (5 to 10 sq km) plots, and these plots were 
rotated to allow soils to recover (Steward 1933).

Unlike much of California, the Eastern 
Sierra remained without impact from the 
Spanish. But by the mid-1800’s, immigrant 
farmers, miners, and prospectors from the 
mid-west, east coast, and Europe had begun 
to arrive in Owens Valley, leading to conflict 
with existing Paiute settlements (Gagnon 
2001). Farming efforts by these Europeans 
and Easterners within the area were some of 
the earliest examples of immigrants engaging 
in individual acts of colonization within the 
American West (Sauder 1990). After 1860 the 

mining and farming population in Owens Valley 
grew rapidly, creating further demand for both 
agriculture and ranching (Sauder 1990). With 
the growth of these industries, cattle destroyed 
a great deal of the native vegetation (Sauder 
1990) and after 1878, Owens Lake levels began 
to decline due to extensive irrigation projects 
(often using existing Paiute ditches) that were 
established at ranches and farms throughout 
the valley (Gagnon 2001, Harrington 2004). By 
1890, a decline in small family farming was 
observable, and cattle ranching on large open 
tracts of land became the primary economic 
driver in the valley (Sauder 1990). The scope of 
grazing and agriculture dramatically altered the 
Owens Valley landscape, possibly permanently.

Though early farming and mining took 
their toll on the original landscape of the 
area, the most drastic changes to the Owens 
Valley took place after 1913, when the Los 
Angeles Aqueduct was completed. Although 
agricultural activity throughout the valley 
had already begun lowering lake levels, 
Aqueduct diversions entrenched this effect 
and Owens Lake was dry by 1927 (Gagnon 2001). 
Subsequent groundwater pumping, in addition 
to diversions from creeks and the Owens 
River, further dried the valley and produced 
changes in much of the valley’s remaining 
native vegetation (LADWP and ICWD 1991).
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the Aqueduct and their electricity actually 
arrived in the City of Los Angeles before the 
water did (LADWP 2002). Though some are no 
longer in commission, the remaining power 
plants still provide a small portion of Los 
Angeles’ power demands, contributing 7% in 
2010 (LADWP 2012a). This makes it one of the 
only major water supply systems in California 
to generate power rather than require it for 
delivery (Cohen, Nelson and Wolff 2004). 

In order to manage the aqueduct system 
within the Eastern Sierra, the LADWP operates 
nine well fields, 200 production wells, 800 
monitoring wells, and 600 surface-water gaging 
stations to assess the creeks that flow from the 
Sierra Nevada into the Mono Basin and Owens 
Valley (Danskin 1998). The use of gages and 
sluice gates has resulted in changes in the flows 
of all of the perennial tributaries into Mono Lake. 
The damage to Rush Creek has been especially 
severe, to the point where the original delta that 
mediated its flow into Mono Lake has completely 
disappeared (Hasencamp 1994). Although flow 
levels are now kept at levels mandated by legal 
settlements, water infrastructure in the Mono 
Basin is still very extensive. Grant Lake and 
June Lake were both constructed to manage 
water supplies, and each of the tributaries into 
Mono has a diversion gate (see Figure 27 on 
page 41). This infrastructure dates from the 

Begun in 1908 and completed in 1913, 
the first barrel of the Los Angeles Aqueduct 
measured out 98 miles (158 km) of concrete 
conduit, 12 miles (19 km) of steel and concrete 
pipeline, and 52 miles (84 km) of tunnels that 
brought water from the Haiwee Reservoir to 
the Cascades, the open air waterfall of Eastern 
Sierra water into the San Fernando Valley (City 
of Los Angeles 1916, HAER 2010). In 1970, Haiwee 
Reservoir was split i1nto two sections, and a 
second pipeline was added to the Aqueduct. The 
annual capacity of this section is 152,000 acre-
feet and its course runs mostly underground. 
This second portion of the aqueduct is composed 
of 64 miles (103 km) of concrete conduit, 
69 miles (111 km) of steel pipeline, and four 
miles (6 km) of other facilities (HAER 2010). 

In addition to new pipelines and conduits 
to construct the Aqueduct, the channel 
of the Owens River was also changed to 
accommodate the needs of the Aqueduct. 
Three dams were constructed within the 
channel in order to create Crowley, Pleasant, 
and Tinemaha Reservoirs for water storage 
and flow management. In addition to these 
water control systems, there are 14 power 
plants along the Aqueduct system that take 
advantage of steep drops in elevation to 
generate hydroelectric power. Several of 
these were built to aid in the construction of 

Figure 30. Aqueduct Cross-Sections
Source: Historic American Engineering Record 2010
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Figure 31. Water Infrastructure
Data Source: National Hydrology Dataset 2012
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The amount of water pumped by the LADWP 
is determined by measurements of the snowpack 
from precipitation that falls before April of that 
year. Pumping amounts are then projected in 
an annual report by the LADWP and submitted 
to Inyo County for review, though LADWP is 
not bound by any disagreements the county 
might have (LADWP 2012b). This process is also 
controlled by the LTWA and follows the terms 
laid forth to preserve relations between the two 
entities. Ungoverned by the agreement, however, 
is the water supply given to local towns within 
the valley. The LADWP does have contracts 
for water with several of the ranchers that 
lease land from the company, but the supplies 
to Lone Pine, Big Pine, and Independence are 
exempt from the LTWA (LADWP 2006). For this 
reason, most of the inhabited areas throughout 
the valley and Mono Basin derive their water 
supply from small mutual water companies 
and community well or spring supply.

1930s and has not been updated. Interviews 
with members of the Mono Lake Committee 
revealed that there are only two people who 
know how to work the gates on Grant Lake and 
the structure is in danger of breakage due to age. 

Below the Mono Craters Tunnel, mountain 
runoff is heavily monitored in the Owens Valley 
as well. With over 600 gages placed along 
the creeks and waterways, these managed 
flows for the most part follow the historic 
channel of the Owens River until just north of 
Owens Lake where a 325 foot wide diversion 
structure directs the flow westward into the 
Aqueduct channel (HAER 2010). This weir was 
responsible for the desiccation of the lower 
Owens River and has since been restructured 
to allow flows to restoration areas as part of 
the Lower Owens River Project (ICWD 1997).

The Owens Valley in particular has 
been outfitted with a large amount of 
water infrastructure, which includes three 
hydroelectric power plants and a large and 
carefully engineered series of pipes. This 
development is a constant reminder of Los 
Angeles’ presence in the valley, and a visible 
indication of hydrologic manipulations that have 
altered the surface water and the environmental 
systems dependent on it. In addition to gaging 
stations and sluice gates, the LADWP operates 
large well fields, which have at times pumped 
over 100,000 acre-feet out of the valley aquifers 
(LADWP 2011a). The amount pumped is governed 
by the rules of the Long Term Water Agreement 
(LTWA), which also controls the status and 
extractive capability of groundwater pumping 
wells. For the location of wells and gaging 
stations throughout the valley, see Figure 31.

In addition to diverting water into the 
aqueduct, the LADWP maintains wells for 
monitoring the groundwater depth and 
monitoring sites for tracking the health of 
vegetation communities. These areas were 
established to maintain the health of plant 
communities on the valley floor and to ensure 
that groundwater extractions will not lead to 
desertification and loss of viable soil quality 
(Manning 1992). Mitigation measures are 
triggered when vegetation falls below a certain 
coverage percentage and the pumping well is 
turned off (LADWP and ICWD 1991). This does 
not, however, mean that there is a corresponding 
decrease in the amount of pumping, as the 
stoppage of one well means that another one 
will be turned on. Several wells are also exempt 
from these restrictions as they supply water 
to towns or reservations (LADWP 2012b). 
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Figure 32. LADWP Water Source Proportions
Adapted from LADWP Urban Water Management Plan (UWMP) 2010
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Sources of Water for the City of Los Angeles
Outside of the Eastern Sierra, the Los 

Angeles Department of Water and Power is 
the sole water provider for over four million 
residents in the City of Los Angeles, as well as 
nearly 30,000 residents in West Hollywood 
and Culver City (LADWP 2011b). Before 1913, 
the primary water supply for the City of Los 
Angeles was the Los Angeles River, but rapid 
population growth, rumors of a water crisis, and 
real estate speculation spurred the development 
of the Los Angeles Aqueduct (Libecap 2005). 
Today, the LADWP obtains its water supply 
from the Eastern Sierra via the Los Angeles 
Aqueduct, purchases from the Metropolitan 
Water District that are sourced from the State 
Water Project and the Colorado River Aqueduct, 
local groundwater, and recycled water (Water 
Education Foundation 2006) (see Figure 32). 

Depending upon the depth and water 
quantity of snowpack in the Sierra Nevada 
Mountains, the amount of water available 
from the Los Angeles Aqueduct varies 
from one year to the next. The city’s water 
demand does not fluctuate proportionately, 
leading to varying pressures on other state 
water systems in the event of a dry year in 
the Eastern Sierra (see Figure 32) (LADWP 
2011a). Disruptions in the water supply of 
this system impact not only the ecosystems 
of the Owens Valley and Mono Basins, but 
also those of the Colorado, Sacramento, 
and San Joaquin watersheds (USGS 1998).

Costs to Bring Water from the Owens Valley
In 1967, the cost to bring an acre-foot of 

water from the Owens Valley to Los Angeles was 
$30.60 ($213.26 adjusted for inflation to 2013) 
(Phillips 1976). Of that cost, 82% is related to 
direct delivery, while the rest consisted of land 
and delivery taxes (Phillips 1976). They are also, 
however, governed by the Charles Brown Act, 
which was passed in 1968. This amended the 
California constitution to allow property taxes 
to be taken from the LADWP, but preventing 
taxes being levied on their water exports (James 
2005). In 2011, the LADWP paid $4.5 million 
in taxes to Inyo County (Carunchio 2012).

Uses of LADWP Water
Over the past 40 years, the LADWP has 

delivered from 500,000 to 700,000 acre-feet per 
year to the City of Los Angeles (LADWP 2011) 
(see Figure 33). Per capita water use within the 
city has varied greatly, from over 306 gallons 
per capita per day (GPCD) in 1902 (LADWP 2002) 

to 152 GPCD in 2011 (CDWR 2012). Throughout 
California cities, use ranged from 591 GPCD 
in Coachella to 78 in Daly City (CDWR 2012). 
With a general trend toward GPCD reduction, 
overall water demand in Los Angeles has 
remained somewhat constant despite population 
growth. As Figure 34 indicates, however, water 
conservation will not be able to offset demand 
in the face of limitless population growth, and 
projected demand is expected to increase by 
nearly 90,000 acre-feet/year by 2035 to a total 
of 710,800 acre-feet/year (LADWP 2011b).

While GPCD is a useful measure to gain 
an overall picture of a city’s water usage, 
actual consumption by sector (residential, 
commercial, industrial, etc.) varies greatly 
(Figure 35). The LADWP does not calculate 
water consumption per sector per capita, but 
instead per unit (per single-family home, per 
dwelling unit in a multi-family structure). In Los 
Angeles, single-family homes use an average 
359 gallons per unit, compared to 224 gallons 
per unit in a multi-family home (LADWP 2011b). 
This discrepancy is understandable once the 
ratio of indoor to outdoor water use is revealed, 
with 54% of single-family water use being used 
outdoors, compared to 32% in multi-family 
units (LADWP 2011b). The amount of water 
used for irrigation in single-family homes 
in Los Angeles equates to roughly half of all 
water drawn from the Los Angeles Aqueduct. 
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Figure 36. Design Species

valley have developed diverse management 
plans that either identify or plan for some 
of the needs of threatened, endangered and 
special concern species. The U.S. Bureau of 
Land Management (BLM) and Forest Service 
(USFS) both have designated design species 
within their management plans that help to 
identify areas of special concern and also 
provide metrics of ecosystem health. Managing 
leases and projects under the USFS, the U.S. 
Department of Fish and Wildlife (USFWS) has 
also become involved with the protection and 
study of rare and endangered species within the 
study area (Jennings and Hayes 1994). Despite 
these provisions, however, the plans remain 
disconnected and do not address habitat needs 
or threats that cross land ownership boundaries. 
The flora and fauna of the Eastern Sierra have 
evolved with special adaptations for their native 
habitat. Best planning practices would allow 
the creation of continuous habitat areas across 
ownership boundaries and nurture stewardship 
efforts within the local communities.

Two of the more successful habitat 
restorations have taken place on Owens and 
Mono Lake, where bird species provide a 
highly visible attraction for locals and visitors. 
Avian species provide important evidence 

With such a large external demand for water 
from Los Angeles, resource extraction has and 
continues to be one of the major problems for 
the Eastern Sierra. This is reflected in the severe 
toll that human use has taken on overall wildlife 
and plant species health through the disruption 
of habitat availability and connectivity. The 
presence of mining, groundwater extractions, 
grazing, and infrastructure development 
have served to disconnect habitat patches 
and corridors that are vital to maintaining 
optimal ecosystem function (Andren 1994). 

The loss of historic fire regimes due to 
concerns over human safety, the introduction of 
non-native plant species, and plant community 
conversion has also had detrimental effects on 
the health of habitat and the diversity of plant 
material available. Pritchett and Manning (2009) 
found that in the groundwater-dependent alkali 
meadow plant community, fire could encourage 
regeneration of native perennial grasses as long 
as the groundwater level is appropriate. In areas 
where pumping has drawn the groundwater table 
too low however, fire would promote conversion 
to a more shrub-dominated xeric landscape.

In response to both agency mandates 
and external pressure from environmental 
groups, the major decision makers within the 
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of habitat health within the project area as 
their populations fluctuate significantly with 
the amount and quality of water within the 
region (Ballard et al. n.d.). Mono Lake has been 
designated as an area of Western Hemispheric 
Importance for bird migrations due to the 
amount and variety of avian visitors that 
arrive at the lake each year (WHSRN 2009). 
With the return of water to its surface, Owens 
Lake has also been defined as an ‘Important 
Bird Area’ by the Eastern Sierra Audubon 
Society (2012). Annual survey days sponsored 
by the society invite the public to take part in 
monitoring species’ presence on the lake and 
the Audubon’s data shows a yearly increase in 
the number of birds entering the area since 
1998 (Eastern Sierra Audubon Society 2012). 

Even as birds welcome the rising water 
levels, concern remains about 
the overall ecosystem health that 
supports migrant bird populations 
as well as more permanent residents 
of the valley. Connectivity of 
resources and the chance to move 
freely throughout the valley are 
vital to many wildlife populations. 
The installation of anthropogenic 
systems such as the highways 
and canal networks that wind 
across the valley floor breaks 
habitat areas into fragments. The 
remaining areas can be too small to 
maintain healthy population levels 
or to provide for the spatial requirements of 
herd mammals (Andren 1994) (Figure 37).

 The effects of this environmental 
degradation can be seen especially in the 
heightened levels of species diversification 
within such populations as the Southwestern 
Pocket Gopher (Thomomys bottae bottae) 
(Davis et al. 2007). This animal occurs across 
the southwest, but is developing new subspecies 
most rapidly in the Owens Valley due to habitat 
fragmentation and loss. Caused by management 
policies, the different types of land uses have 
effectively created a biodiversity hotspot within 
the project area (Davis et al. 2007). While 
California’s diversity offers countless benefits 
to its human, plant and animal populations, the 
localized hotspot effect in the Eastern Sierra 
has been artificially created by the effects of 
habitat fragmentation, resource extraction, and 
urbanization. As such, it is not at all clear that 
the segmented populations have enough genetic 
material or habitat stability to preserve their 
numbers at any healthy level (Nelson 2004). 

In order to maintain healthy habitat 
areas, management is best aimed at providing 
habitat of sufficient quality and quantity to 
stabilize populations at every level of the food 
chain. The historic plant communities of the 
Eastern Sierra developed according to specific 
interactions with topography, fire, and resource 
availability. The vitality of these communities 
can be more healthfully maintained with the 
concurrent management of species adapted 
to that ecotone and plant coverage. In order to 
promote the health of vegetation and wildlife 
throughout the Eastern Sierra, select design 
species were identified in this project for 
their diverse but also complimentary land, 
water, and plant needs (see Figure 36). 

Figure 37. Habitat Fragmentation
Data Sources: Inyowater 1987, LANDFIRE 2008
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Owens Pupfish (Cyprinodon radiosus)
These small desert fish use riparian and 

lacustrine habitats throughout their lifespan. 
As they grow, males establish territories around 
suitable spawning grounds and females avoid 
these territories until ready to reproduce. 
These fish display a remarkable fidelity to their 
habitats, and if displaced, will return to their 
recognized home range (Hammerson 2010).

Historically, these fish preferred the 
warmer, more saline waters of the Owens River 
though they will inhabit any clear water sloughs, 
irrigation ditches, springs, or tributaries close 
to the river. In order to spawn successfully, 
the pupfish require silt or sand substrate in 
the river that is covered in vegetation, algal 
clumps, rocks or crevices. These fish feed 
on small invertebrates and detritus found 
on submerged rocks and vegetation.

Though once found throughout the 
Owens River, these fish are now listed as an 
Endangered Species due to low population 
from predation by non-native fish species, loss 
of habitat due to water diversions and cattail 
overgrowth, and the effects of climate change 
on hatching temperatures (Hammerson 2010). 
Today their populations are restricted to four 
places in the Owens Valley: Fish Springs, Warm 
Springs, Mule Springs, and Well 368 under 
BLM and LADWP management (BLM 2008).

Sierra Nevada Yellow-Legged Frog  
(Rana sierrae)

A small mountain frog, this species 
is notable for the pale orange and yellow 
markings on the underside of their legs. 
Their preferred habitat is composed of gently 
sloping lakes, ponds, streams or sunny 
riverbanks where the waters do not freeze all 
the way to the bottom. Tadpoles need areas to 
overwinter for three or four summers before 

reaching maturity (California Herps 2010). 
The frogs usually remain near breeding 

ponds, and do not need to migrate. They 
spend winters at the bottom of frozen lakes, 
and emerge in May after initial snowmelt. 
Their diet consists mainly of insects, but they 
may also feed on tadpoles, dead frogs, and 
their own eggs (Vredenburg et al. 2007) 

The Sierra Nevada yellow-legged 
frog historically ranged from north-east 
Plumas County to the southern end of 
the Sierra Nevada in Inyo County. Loss of 
habitat and the introduction of non-native 
predators have reduced the population in 
the Eastern Sierra to the Glass Mountains 
and slope of the Sierra Nevada south to 
Matlock Lake (Hammerson 2008). 

Figure 38. Owens Valley Pupfish
Photo: Joe Ferreira 2009

Figure 39. Sierra Nevada Yellow-Legged Frog
Photo: Pierre Fidenci 2009

Figure 40. Least Bittern
Photo: USGS 2008
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the population is still declining due to habitat 
loss from excessive grazing and invasion by 
cowbirds (Hatten, Paxton and Sogge 2010).

Owens Valley Vole (Microtus californicus 
vallicola)

A mainly subterranean inhabitant of the 
rich soil of alkali meadows, these small voles 
create burrows 5 to 39 feet (1.5 to 12m) in length. 
They may sometimes reuse gopher burrows, but 
will create a blind, or dead end rather than have 
two entrances. As they dig, the voles become 
important soil curators by turning over and 
remixing nutrients for the roots of plants above. 

When choosing sites for their burrows, voles 
prefer irrigated soil with sufficient shrub cover 
to avoid predators both in the air and on land. 
Their diet consists of plant roots and tubers 
that they extract from the soil (Nelson 2004). 

The Owens Valley vole is currently 
listed as a California Department of Fish and 
Wildlife species of special concern. The loss 
of alkali meadows and disruption of plant 
coverage from groundwater pumping has 
reduced the vole habitat significantly. Their 
habitat has also been severely disconnected 
by the patchwork of canals and highways that 
have been implemented on the Owens Valley 
floor. As this vole is resistant to trapping 
and study efforts, the current population 
and range is not known (Nelson 2004).

Least Bittern (Ixobrychus exilis) 
These birds are important indicators of 

the health of bankside riparian vegetation 
and habitat as they have certain plant density 
requirements for food and nesting. A very small 
member of the heron family, the least bittern 
nests in dense stands of vegetation with a canopy 
made by pulling tall marsh plants over the top 
of the nest (Gibbs, Reid and Melvin 2003). 

Though small, it can feed in water too 
deep for other herons by straddling reeds and 
striking downwards into the water from its 
perch. Using this method, it hunts small fish 
and insects (Gibbs, Reid and Melvin 2003).

Willow Flycatcher (Empidonax traillii 
extimus)

These birds nest in hardwood trees along the 
banks of rivers and streams. Their presence is a 
good indicator of healthy riparian vegetation, as 
they are dependent on specific habitat types and 
water requirements. They prefer to nest in dense 
willow stands in wet meadows that are near 
flowing water (Hatten, Paxton and Sogge 2010).

The flycatcher is listed as endangered in 
the State of California and throughout much of 
the southwest, as riverine vegetation has been 
leveled to make way for human development and 
water diversions. The remaining wet meadows 
in the Sierra Nevada and isolated areas in 
California’s Central Valley preserve the largest 
amount of habitat for the bird in California, but 

Figure 41. Willow Flycatcher
Photo: USFWS 2010

Figure 42. Vole
Photo: Peter J. Trimming 2011
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From the spring throughout the fall, sage 
grouse consume a wide variety of forbs and 
insects, especially ants and beetles. During 
winter, however, their diet consists almost 
exclusively of sagebrush leaves and they are 
highly dependent on the quantity and quality 
of vegetation coverage (Connelly et al. 2000). 

Pronghorn Antelope (Antilocapra americana)
Herds of pronghorn antelope can 

cover immense distances if open land is 
available. Historically found across much 
of the United States, today those living in 
cold areas may still migrate up to 200 miles 
(322 km) to escape deep snows, but the 
more southern herds do not migrate. 

Optimal habitat for pronghorn is heavily 
dependent on grassland health and water 
quality. They prefer to occupy a less than 5% 
slope on rolling grasslands with at least 50% live 
vegetation (40% grasses, 10 to 30% forbs, 5 to 
20% browse). Healthy grasslands will also have 
a variety of plant species available on which 
they can graze throughout their feeding range 
(5 to 10 grass species, 20 to 40 forb species, 5 
to 10 shrub species). They eat mainly shrubs 
and succulent plants throughout the year, but 
during the spring they subsist on succulent 
plants. They prefer areas with a 10 to 15 inch 
annual rainfall that will maintain vegetation 
coverage and their greatest survivorship 
rates occur when water supply is accessible 
within three miles (5 km) (Howard 1995). 

In addition to grazing needs, antelope 
require low vegetation structure across their 
grazing lands for safety purposes, so they may 
both see and escape predators. For fawning 
purposes, however, the pronghorn require 
areas with much greater shrub coverage. 
Pronghorn are unable to move very far for the 
first three days after birth, and there must be 

Tule Elk (Cervus canadensis nannodes) 
The tule elk move from riparian plant 

communities into sagebrush scrub, migrating 
from valleys to low foothills during the 
rainy winter season. They prefer to graze 
in wide-open riparian areas and grasslands 
throughout the spring and summer. During 
the winter months, the elk transition to a forb 
diet on the higher elevations of the sagebrush 
scrub. They eat a variety of forbs, grasses, 
leaves and twigs, aquatic vegetation, and 
will consume alfalfa when it is available.

The tule elk nearly went extinct because 
of hunting and habitat loss and today only 
occupy three areas in California: Button 
Willow, Inyo County, and Tupman. They 
still face the threat of habitat loss, but 
populations are much more stable than they 
were during the 1800s (Phillips 1976). 

Greater Sage-Grouse (Centrocercus 
urophasianus) 

Depending greatly on healthy sagebrush 
habitat, the sage grouse requires areas with 
greater than 20% sagebrush coverage during 
the winter and spring to provide enough food 
and habitat to survive. During the summer, the 
grouse move down in elevation to irrigated 
areas such as wet meadows or farmland 
while their fall habitat is varied depending 
on how far they choose to migrate to their 
winter abodes (Connelly et al. 2000). 

Grouse migrations can differ greatly 
depending on the forage needs and home 
territories of the population. Some populations 
remain static, while others make two annual 
trips and can cover a range up to 1,042 square 
miles (2,700 sq km). Whether or not they 
migrate, the females prefer to return to 
the same or very close to nesting grounds 
that they occupied the year before. 

Figure 43. Tule Elk
Photo: David Jordan 2008

Figure 44. Sage Grouse
Photo: USFWS 2010
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Mountain Lion (Felis concolor)
As the top predator in the Sierra Nevada 

since the extirpation of the grizzly bear, 
mountain lions are able to range where they will 
throughout the mountains. They do, however, 
prefer wooded areas with downed trees in 
order to store the remains of their kill and 
shield their young as they grow. If no wooded 
areas are available, they can also occupy rocky 
sites with suitable crevices (Beier 1993). 

When defining territories, female 
mountain lions will maintain established areas 
for raising their young, while males require 
larger ranges that take them away from cubs. 
Young males must expand their range out 
beyond the edges of their parents’ territory 
in order to avoid conflict with their sires.

Mountain lions enjoy a wide variety of prey. 
Though mule deer are a popular dining choice, 
smaller mammals are also hunted and eaten 
throughout the year. Mountain lions are not 
currently listed as endangered or threatened, 
but due to hunting and habitat curtailment, 
they have not historically maintained stable 
populations in California. They require a 
geographically suitable range and habitat to 
prevent infanticide and allow the establishment 
of healthy populations (Dickson and Beier 2002).

sufficient coverage for the fawns to escape the 
notice of carnivorous mammals and birds. This 
patchwork of habitat areas and the variety of food 
materials were originally developed by historic 
fire regimes, but fire suppression policies have 
resulted in degraded habitat for many existing 
pronghorn populations (Howard 1995). 

Pronghorn also require a great deal of 
connected habitat to run, and have suffered 
from the proliferation of cattle fencing. Herds 
were successfully reintroduced to the sagebrush 
communities of Mono County, and appear 
sporadically in Owens Valley. There, however, 
population numbers are threatened by hunting, 
overgrazing of their range by cattle, loss of 
healthy vegetation coverage due to groundwater 
diversions, and lack of available water supply. 

Sierra Nevada Bighorn Sheep (Ovis 
canadensis sierrae)

These endangered ungulates occupy Great 
Basin scrub and alpine meadows, ranging from 
4,000 to 13,000 feet (1,219 to 3,962 meters) in 
elevation. They prefer the patchiness of the 
mountain meadows to thick forest areas in order 
to secure a food supply and maintain a clear 
line of sight to predators. These habitat areas 
require a high water table in order to maintain 
sufficient meadow vegetation coverage, as 
well as a suitable fire regime that prevents 
juniper and pine trees from encroaching on 
meadow lands. Non-carnivore threats to the 
bighorn include habitat degradation from 
human settlements at the lower elevations 
and alteration of high elevation habitat 
because of climate change (USFS 2008). 

Bighorn herds display distinct seasonal 
migrations as they take advantage of sparser 
snowfall at lower elevations that allows them 
to still reach the shrubs and forbs on which 
they feed during the winter. Because of the 
many threats to their habitat, historic hunting, 
and continued predation by mountain lions, 
the Sierra bighorn now occupy only a few 
areas within the Sierra Nevada: Lee Vining 
Canyon, Wheeler Ridge, Mount Baxter, Mount 
Williamson, and Mount Langley (USFS 2008). 

Figure 45. Pronghorn Antelope
Photo: Jack Penny 2012

Figure 46. Bighorn Sheep
Photo: CADFG 2005

Figure 47. Mountain Lion
Photo: K. Fink 2008
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Recreation Opportunities
With dramatic topography, rich geologic 

history, and a wealth of public lands, the Eastern 
Sierra is known for the breadth and beauty of its 
recreation opportunities. Regional adjacencies 
include Death Valley National Park as well as 
Yosemite National Park, which attract visitors 
year round. Death Valley averages just under one 
million visitors a year, with popular destinations 
being Panamint Springs, Scotty’s Castle, and 
Mosaic Canyon (NPS 2011). Yosemite National 
Park averages four million visitors a year, with 
the majority of them staying in Yosemite Valley 
(NPS 2013). Within the project area itself, the 
major landowners maintain the majority of their 
lands open for public access and recreational 
enjoyment, and the striking natural features 
of the area make tourism a mainstay of the 
economy (Schlau 2009). Despite the dependence 
on tourism, however, it is unequally distributed 
throughout the Eastern Sierra, with most 
of the opportunities being clustered in the 
northwest portion of the study area (see Figure 
48). Visitation is also highly seasonal, which 
presents problems for local economic stability. 

Los Angeles Department of Water 
and Power (LADWP)

As the majority landowner on the Owens 
Valley floor, the Los Angeles Department of 
Water and Power (LADWP) requires that 75% 
of its 239,000 acres of leased lands be available 
for recreational use (LADWP 2012). Allowed 
activities include hunting, hiking, fishing, 
camping, water sports, rock climbing, and 
off-highway vehicle (OHV) driving. These 
opportunities are governed mostly by local 
ordinances, but the LADWP also restricts 
camping to areas with established site facilities, 
limits OHV usage to designated roads, and 
prohibits the discharge of firearms within 
150 feet (46 m) of buildings. In addition to 
existing land uses, they also began the Lower 
Owens River Project (LORP) in 2006, a major 
new project that has the potential to increase 
tourism in that area. Funded by a grant from 
the Sierra Nevada Conservancy, the land 
planning firm MIG, Inc. has completed a 
new recreation plan for the area in 2013 that 
would create designed trails and interpretive 
programming for the area (MIG 2013). 

U.S. Bureau of Land Management (BLM)
The Bureau of Land Management (BLM) also 

maintains a majority of its lands for public use 
and enjoyment. There are four campgrounds 
within the study area that are actively managed 

by the BLM, but dispersed camping is allowed 
throughout their land holdings (BLM 2012). 
Besides camping, recreation types include 
hiking, rock climbing, hunting, off highway 
vehicle (OHV) use, fishing, and gold panning. 
Featured sites within Owens Valley include the 
Happy and Sad Boulders, the Alabama Hills, 
driving tours of Movie Road, and historic Fossil 
Falls. Visitor counts at the Happy Boulders 
show a continuous increase in user numbers 
since the creation of the trail, with two distinct 
visitor seasons: November to mid-January, 
and the end of March (BLM 2007). Concerns 
about overuse of recreation areas have led to 
reliance on local stewardship programs and trail 
maintenance. Community interaction is crucial 
for maintaining these sites and preventing 
environmental degradation (BLM 2007). 

U .S. Forest Service (USFS)
The United States Forest Service (USFS) 

has an official mandate to provide recreation 
that will contribute to public good and physical 
health (Brown 2004). Dramatic topography and 
over 800,000 acres of wilderness areas within 
the Inyo National Forest offer a multitude of ways 
to fulfill this goal. There are many hiking and 
backpacking opportunities, with such popularity 
that those climbing Mt. Whitney have to reserve 
a hiking space through a computerized lottery 
system before they can attempt the summit. 
Many mountain bikers use Mammoth Mountain 
Ski Area during the summer months, and OHV 
drivers have access to over 2,200 miles (3,541 
km) of routes. Camping, fishing, hunting, and 
horseback riding are also popular activities. 
The winter months offer skiing opportunities 
in Mammoth Resort and June Lake as well 
as sledding and snowshoeing (USFS 2013). 

Data from the USFS National Visitor Use 
Monitoring Program shows that the greatest 
majority of visitors prefer developed day 
use sites, and the fewest number of visitors 
access the wilderness areas. Almost 90% of 
these visitors enter the forest for recreation 
purposes, and analysis of the age ranges of 
visitors indicated that the majority are family 
groups with children under the age of 16. The 
most commonly reported zip codes showed 
that these families were (in descending order 
of magnitude) from Mono County, outside the 
United States, Inyo, Orange, San Diego, Kern, and 
Los Angeles Counties. Approximately 62% of the 
visitors had traveled between 200 and 500 miles 
(322 to 805 km) to get to the forest (USFS 2006). 
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Mono County, and while the project study area 
does not encompass the whole county, many 
of the activities and attractions that bring 
visitors to the area are within the study area. 

In order to make conclusions about the 
impacts of recreation on the local economy and 
understand the nuances that tourism brings 
to the area, it is very important to quantify and 
analyze visitor behavior. For Mono County, 
Schlau Consulting (2009) reported the most 
frequent activities that visitors participated 
in are sightseeing, eating in restaurants, 
and outdoor recreation (Figure 50); the most 
frequent outdoor recreation activities are hiking, 
fishing, and photography (Figure 51); and the 
most frequently visited sites are Mammoth 
Lakes Town, Lee Vining, and the June Lakes area. 
This information can help to guide planning 
recommendations related to the economic 
benefit of tourism and outdoor recreation. 

To specifically facilitate winter recreation 
planning and enjoyment, a group of concerned 
snow sports enthusiasts (Protect Our Winters) 
contracted the National Resources Defense 
Council to conduct a study of the economic 
benefits of winter sports between the years 1999 
and 2010. The goal of the report by Burakowski 
and Magnussen (2012) was to highlight the 
economic impacts that climate change has on 

Tourism Economy
Studies conducted in 2008 and ongoing 

visitor statistics for the Inyo National Forest 
confirm the importance of recreation as a 
revenue source both for local bank accounts 
and county taxes. Analysis of the Mono County 
recreation economy by a consulting firm 
reported that total visitor spending in the area 
accounted for $517.3 million in direct revenue, 
which generated $16.6 million in sales taxes (91% 
of which was from visitor lodging expenses) 
(Schlau 2009). That $16.6 million represents 
over 31% of the county’s entire sales tax revenue 
for fiscal year 2008 (Muir 2012). Though the 
1.5 million visitors contribute greatly to the 
economy, there is a highly seasonal fluctuation 
in this income stream as summer and fall 
bring nearly double the visitors as winter and 
spring (Schlau 2009). While the majority of 
the overall visitors come in the summer and 
fall, a very important contingent of tourists 
exhibit a different seasonality. The majority of 
outdoor recreation visitors enter Mono County 
in the winter and spring (Schlau 2009) (Figure 
49) and this winter sport tourist demographic 
is an especially significant support for the 
local economy throughout that season. It 
is important to note here that the Schlau 
Consulting study examined the entirety of 
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higher local than national impact. The Leisure 
and Hospitality category (the umbrella under 
which businesses that support recreation 
tourism fall) has an LQ of 2.71 in Inyo County. 
On a related note, the Government category 
has an LQ of 3.1. Given the extreme proportion 
of public land ownership in the county and the 
employment and spending it supports, it is no 
surprise that Government has such a high LQ. 
Since the tourism and recreation in Inyo County 
rely heavily on publicly managed lands, it makes 
sense that the LQ of Leisure and Hospitality is 
high because of the abundant opportunities to 
recreate. Reflecting the economic importance 
of these activities, recreational use of public 
lands in Inyo and Mono Counties apart from 
other tourist activities was valued at $296 
million in 2009 (Sierra Business Council 2012). 

Taken together, these figures demonstrate 
how critical tourism is to the local economy 
of Inyo and Mono Counties. The project 
study area comprises significant portions 
of both of those counties and includes many 
of the public lands and other amenities that 
attract visitors to these two counties. 

winter sports so that the U.S. Congress would 
take climate change more seriously. The study 
made a case for the national economic impact 
of reduced snowfall and the resultant loss 
in revenue generated by winter sports, and 
the winter sports economy of each state was 
examined as well. In California 1,200 fewer jobs 
were supported during low snowfall years, and 
overall economic value of winter sports was $75 
million less during low snowfall years. Schlau 
Consulting (2009) reported that winter sports are 
a significantly attractive activity in Mono County 
(Figure 51), and this decline in snowfall due to 
climate change will have a significant impact 
on local economies in the coming decades. 

Although not possessing the same winter 
recreation attractions that Mono does, Inyo 
County is also heavily supported by tourism 
and recreation. The Sierra Business Council 
released a report in 2012 discussing economic 
cluster strategies for Inyo and Mono Counties. 
Part of this report profiles the economic context 
of the two counties, and describes the relative 
impact of different industry sectors on the local 
economy. Called the Location Quotient (LQ) , 
this measure compares an industry’s share of 
the local economy to the industry’s share of 
the national economy. A value higher than 1.0 
shows that the industry being measured has a 
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Figure 52. Economic Comparisons
Data Sources: U.S. Census Bureau 2010, 2012
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Economic Context
Despite the high value of the recreation 

lands in the Eastern Sierra, and the 
importance of its water resources to Los 
Angeles, the residents of the area have 
not received much return on property or 
economic investments in the area. The 
majority of the land area is currently locked 
into the hands of city and federal agencies, 
which has resulted in a depressed tax base, 
fluctuating local water allocations, and 
highly seasonal commercial vitality. 

The Eastern Sierra has experienced several 
economic swings throughout its history. Mining 
provided the initial economic driver in the 
area, but the difficulty of shipping ore from the 
area resulted in the gradual depression of the 
market. Farming replaced mineral extraction, 
but agricultural returns tapered off as delicate 
meadow soils became less viable the longer they 
were worked. Cattle ranching largely replaced 
crop production, but overgrazing of valley 
vegetation made land sales to the LADWP more 
profitable in the 1900s (Sauder 1990). While 

rural economies have, in recent years, generally 
experienced downturns due to a multitude of 
factors, the amount of conserved lands present 
within the study area has to some extent 
buffered it from these effects, as regions with 
significant scenic and recreational resources 
have fared better than most (Sierra Business 
Council 2012). Economic conditions do, however, 
vary greatly from county to county and from 
cities to unincorporated areas throughout the 
study area (United States Census Bureau 2010).

Inyo County and the City of Bishop have a 
low income population when compared to Mono 
County, Mammoth Lakes, the State of California, 
and the United States overall (U.S. Census Bureau 
2010). Mammoth Lakes is the only town or 
unincorporated area within the study area where 
the segment of the population earning $100,000 
or more is comparable to national and statewide 
averages (U.S. Census Bureau 2010). When 
compared to relatively low unemployment 
and average levels of poverty (Figure 52), these 
low income levels indicated that there are an 
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Figure 53. Income and Age
Data Source: U.S. Census Bureau 2012

appropriate number of jobs for the existing 
population, but these jobs are paying relatively 
low wages (U.S. Census Bureau 2000, 2010). 
When income is compared to age group (Figure 
54), the highest-earning groups in Mammoth 
Lakes are those above 65 or below 25, while the 
majority of income in Bishop is being earned by 
those aged 25 to 44 (U.S. Census Bureau 2011). 

Higher incomes outside the incorporated 

cities (see Figure 52) (U.S. Census Bureau 2000, 
2010), combined with higher median ages and 
incomes in most unincorporated areas (Figure 
53) (U.S. Census Bureau 2012) indicate that 
less densely-settled areas outside towns are 
home to an older, wealthier population. This 
extra-urban population shows higher rates of 
retirement income throughout Inyo County 
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(see Figure 52) (U.S. Census Bureau 2000, 2010), 
possibly hinting at more affordable real estate. 

Comparing each county’s incorporated city 
(Bishop and Mammoth Lakes), income disparity 
is drastic, with median annual incomes being 
approximately 40% higher in Mammoth Lakes, 
despite equivalent poverty rates (U.S. Census 
Bureau 2000, 2010). Housing vacancy rates show 
another dramatic difference between the towns, 

as Mammoth Lakes has a 70% vacancy rate, of 
which 90% is due to seasonal occupancy, while 
Bishop has only a 14% vacancy rate, with 44% 
of that being seasonal (Area Vibes, Inc. 2012a, 
2012b) (Figure 55). The increased rate of seasonal 
housing in Mammoth Lakes reveals its heavy 
reliance on tourism, particularly during winter 
months. Job opportunities reveal this as well, 

Figure 54. Income by Age Group
Data Source: U.S. Census Bureau 2010
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with Mammoth Mountain Ski Area supporting 
over eight times as many employees as the next 
largest employer in town (Figure 57 and Figure 
56) (ReferenceUSA 2012). This seasonal economy 
is problematic, where such a large proportion 
of the town is making its income from visitors 
who are only present for part of the year.

The largest private employer in Inyo 
County is the Crystal Geyser bottling plant, 
which is located in the unincorporated 
community of Olancha (ReferenceUSA 2012). 
Countywide, Inyo’s largest employment sectors 
are government (which includes LADWP 
employees, the US Forestry Department, and 
the Inyo Courthouse), healthcare, and the 
aforementioned water bottling plant (Figure 
58) (ReferenceUSA 2012). Mono County’s 

largest employment sector, with over 75% 
of all county jobs, is hospitality, and 2500 
of those 3500 jobs are at the Mammoth 
Mountain Ski Area (ReferenceUSA 2012).
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Native American Populations
The Native American population in 

the study area is approximately 2,500 (U.S. 
Census Bureau 2009). Given the study area’s 
population of approximately 30,000, Native 
Americans make up approximately 8% of the 
total. Statewide, Native Americans make up 
1.7% of the population, and 1.2% nationally (U.S. 
Census Bureau 2013). Historically, the Owens 
Valley Paiute or Eastern Mono tribe had the 
largest population in the study area (Steward 
1933). However, it is difficult to determine the 
exact heritage of current Native American 
residents (EPA 1999). Indigenous settlements 

were distributed throughout the valley before 
Euro-American immigrant farmers began 
displacing them in the 1800s (Fort Independence 
Indian Reservation 2005). Disruptions to 
the Native American population have been 
occurring for 150 years, as they were removed 
from the valley, then allowed to return. The 
current reservations were established in the 
early 20th century by a legal settlement between 
the LADWP and the federal government 
acting on behalf of the tribes (James 2005).

Currently the majority of the Native 
American population is spread across five 
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Demographic Diversity
reservations, which are placed near major towns 
throughout the study area. The largest of these 
groups is the Bishop Paiute Reservation with 
approximately 2,000 tribal members, giving 
it the distinction of fifth largest tribe in the 
state (Bishop Paiute Tribe 2011). Though near 
other large settlements, most reservations 
have their own separate water sources, 
water managers, and environmental quality 
programs. The LADWP supplies water to the 
tribes throughout the Owens Valley, but as 
the reservations are not connected to power 
or sewer lines within the towns, they have to 
acquire utilities from other providers (Figure 59).

Tribal levels of participation in public 
planning processes vary. From public outreach 
information gathered at the October 2012 
Bishop meeting and at an Owens Valley 
Committee meeting from December 2012, the 
general feeling of tribal members and non-
tribal populations is that the Native American 
voice is not being heard. The project team 
made an effort to increase opportunities 
for participation and input through direct 
invitations to tribal organizations.

Minority Populations
Though Native American populations 

are much higher than the state and national 
average, overall diversity is relatively low. Those 
of Hispanic descent represent less than half of 
the statewide average, with 13.2% in the study 
area vs. 38% in the rest of California (United 
States Census 2000). Black or African American 
people make up less than 1% of the population 
of the three largest settlements, and people 
of Asian descent make up only 2.1%. Statewide 
percentages are 6.6 and 13.6, respectively 
(U.S. Census Bureau 2013) (Figure 60).
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A region consisting mainly of open space 
should be one that also exhibits ecological 
health, but continued grazing and groundwater 
withdrawals have stressed native vegetation 
and caused habitat fragmentation. Residents 
within the study area are able to enjoy a variety 
of recreational activities and remarkable views 
of nature, but have also witnessed a lack of 
civic and economic growth, and must rely on 
highly seasonal tourism as a basis for their 
livelihood. Widespread ranching provides 
income for a select few, and the majority of 
this watershed is not protected in the name 
of the environment, but for water rights.

Within the project study area, nearly all 
land is under the control of either the LADWP, 
the US Forest Service, or the Bureau of Land 
Management (USGS 2010). The process of 
acquiring this land occurred over several 
decades, as the City of Los Angeles and the 
federal government worked to secure land and 
water rights in the area (Figure 61). Between 
the years 1904 and 1933 the LADWP purchased 
land throughout Inyo County, eventually 

coming into ownership of 95% of the valley 
floor (Phillips 1976) (Figure 61 and Figure 62). 
These land acquisitions, led by Fred Eaton, J. B. 
Lippincott, and William Mulholland, created 
the initial tensions between the LADWP and 
Owens Valley residents that continue to this 
day. They also provided the backdrop for the 
many contentious histories of this region 
(Hoffman 1992, Hundley 2001, Kahrl 1983).

The Bureau of Land Management, then 
known as the Government Land Office, 

withdrew the majority (150,000 acres) of its 
holdings in the area from private purchase 
from 1931 to 1933 in order to protect the 
overall watershed (Phillips 1976). By the 
20th Century, the US Forest Service, via the 
Inyo National Forest, reserved much of 
the remaining land for the protection of 
the Owens River watershed (Phillips 1976). 
These land ownership patterns prohibit any 
significant new development within the study 
area, and effectively constrain the growth 
potential of communities within the valley.

Naval Air Weapons Station China Lake lies 
in the extreme southeast corner of the study 
area. The facility, founded in 1943, encompasses 
1,718 square miles (4,452 sq km), with 27 of those 
square miles (69 sq km) lying inside the project 
scope (Boo 2006, USGS 2010). The surface of 
Owens Lake is currently under ownership 
of the State Lands Commission (Figure 61) 
(USGS 2010). The Town of Mammoth Lakes lies 
within USFS lands, though agreements have 
been drafted to allow the trade of 21 acres (0.08 
sq km) into private ownership in exchange 
for transferring 1,500 acres (6 sq km) of now-
private land outside the city limits into USFS 
control (USFS 2012b). This deal would allow 
Mammoth Mountain Ski Area to update some 
of its facilities, but is unlikely to pass, as it is 
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Figure 62. Land Ownership Proportions
Data Sources: Inyo County Parcel Database 2012, USGS 
2007, USGS NHD 2010
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Land within the project boundary that is 
not owned or managed by one of the above-
mentioned agencies is sparse (Figure 63), and 
consists of approximately 40 square miles 
(104 sq km), less than 1% of the study area. 
Land use patterns, as defined by the Mono 
and Inyo County general plans, display over 
99% of the study area consisting of open space 
(Figure 64) (California Resources Agency 2006). 
Agricultural lands occupy almost 14,000 acres 
(57 sq km), or 0.16% of land, while residential and 
urban areas combine to claim 8,000 acres (32 sq 
km), or less than 0.1% of total lands (California 
Resources Agency 2006). Within the open 
space defined by county general plans, LADWP 
leases nearly 220,000 of its 250,000 acres (890 
of 1012 sq km) for ranching (LADWP 2010b).

considered incompatible with the Mono County 
general plan (Gervais 2012a). It would increase 
the amount of privately owned land in the town, 
but would greatly reduce privately owned land 
throughout other portions of the study area, 
where private land ownership is already scarce.

Native American Reservation lands account 
for 4.5 square miles (11.6 sq km) of the study area 
(USGS 2010). While this is a small portion of the 
overall study area, these lands require specific 
consideration in any planning efforts, and the 
populations living on these reservations should 
be consulted throughout any planning process.
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Figure 64. Land Use, Non-Open Space
Data Source: California Resources Agency 2006
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Zone and the Sierra Nevada Frontal Fault Zone 
have also been active during the Quaternary 
period (within the last 11,000 years). North of 
this, Rundle and Hill (1988) reported abundant 
significant seismic activity associated with 
movement of the magma chamber beneath 
the Long Valley Caldera within the last 125 
years. A short list of earthquakes stronger than 
Magnitude 5.5 associated with the Long Valley 
Caldera magma chamber includes events 
in 1889, 1927, 1941, 1978, 1980, and 1986. The 
mechanism for those earthquakes is inflation of 
the magma chamber (injection of new magma 
from a deeper source) and the associated 
relief of stress on nearby faults (Rundle and 
Hill 1988). Coupled with the known recent 
volcanic events in the Mono and Inyo Craters, 
this contemporary magmatic inflation of the 
Caldera gives geologists significant evidence 
that volcanism will continue to be an active 
process in the Eastern Sierra in the future 
(Rundle and Hill 1988). Before exiting the study 
area, the Los Angeles Aqueduct crosses the 
Owens Valley Fault and other faults 25 times 
(Figure 66), and safety measures should be 
taken when planning around hazard areas.

Earthquakes and Volcanism
The current tectonic setting of California 

presents a significant threat to people and 
infrastructure alike. Since 1988, the Working 
Group on California Earthquake Probabilities 
(WGCEP) has published five reports addressing 
the probabilities of significant earthquakes in 
California. Their most recent publication was 
released in 2008 and it demonstrated that the 
Southern California region is at the most risk 
of experiencing a significant earthquake. In 
the 30 year window following their work, their 
study reports that Southern California stands 
a 97% chance of being affected by a Magnitude 
6.7 or stronger event. The southern segment 
of the San Andreas Fault alone stands a 59% 
chance of causing such an event (WGCEP 2008). 
Along the length of its course, the Los Angeles 
Aqueduct crosses the San Andreas Fault, as 
well as the Garlock Fault. Near its terminus at 
the Sylmar Reservoir, a myriad of dangerous 
thrust faults like the one that caused the 1994 
Northridge Earthquake spread beneath the 
water system. Damage to the Aqueduct during a 
seismic event could cause it to be shut down for 
several months, resulting in a surplus of water 
that must be dealt with at or before the aqueduct 
intakes at Aberdeen or the Haiwee Reservoir. 
Due to high earthquake risk throughout the 
state, geologic hazards present more than just 
a regional threat to the aqueduct infrastructure 
and must be considered in the planning process.

Within the study area itself, active tectonic 
processes present one of the most significant 
safety threats for the Eastern Sierra. As required 
by the Alquist Priolo Act of 1972, the California 
Geological Survey has produced maps for all 
areas of the state at risk of surface rupture from 
active faults (State of California Department 
of Conservation 2007). The Alquist Priolo 
Act maps define areas that require special 
geotechnical studies for any new construction 
for human habitation. If an active fault is 
confirmed beneath the planned location of a 
new building, the building must be relocated 
to achieve a 50 foot (15 m) minimum setback 
from the surface trace of the fault (State of 
California Department of Conservation 2007). A 
significant amount of the Eastern Sierra is at risk 
of surface fault rupture as shown in Figure 65. 

In 1872, the Owens Valley Fault produced 
a Magnitude 7.6 earthquake, one of the largest 
seismic events in California history (Bacon et 
al. 2001). It caused another significant tremor 
in 1913 (Stone et al. 2000). Stone et al. (2000) 
reported that the Inyo-White Mountains Fault 
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Figure 67. Fire Management Hazard
Data Source: CDF FRAP 2010

Fire Hazard
As plant communities on the valley 

floor shift from groundwater to precipitation 
dependent communities, they have become 
more fire-prone (Haubensak, D’Antonio and 
Wixon 2009, Lambert et al. 2010). Lambert et 
al. (2010) report that because in some areas of 
the Owens Valley invasive grasses have filled 
gaps between the otherwise sparsely spaced 
shrubs, fires can burn much broader areas than 
would have been possible prior to colonization 
of those non-native grasses. Reduction of the 
groundwater table and topsoil disturbance 
for construction have essentially created a 
new fire regime, where more frequent burns 
cause non-native grasses to repopulate the 
area before native shrubs are able to return. 
In general, the more consistent non-native 
grass cover has created more significant fire 
hazards throughout the area (USFS 2012b).

Cal Fire’s Fire and Resource Assessment 
Program (FRAP) (2007) classifies the majority 
of the project area as a Moderate Hazard. High 
and Very High Hazard classifications are 
important (Figure 67) on the eastern slope of the 
Sierra Nevada Mountains where slopes and fuel 
combine for significant fire hazard. The Town of 
Mammoth Lakes is located within a High Hazard 
area, but Moderate Hazard level in the rest of the 
project area is not to be taken lightly, especially 
in the developed portions of the valley floor. 

Inyo County and Mono County both 
acknowledge wildfire as a significant hazard 
in their general plan safety elements. A 
combination of abundant fuel, vast quantities 
of open space, steep topography, and weather 
that includes low humidity and high winds 
creates ideal conditions for severe fires 
(Inyo County General Plan 2001, Mono 
County General Plan 2012). Exacerbated 
by these conditions, fires in the study area 
can burn hot, fast, and out of control. 

The LADWP does have a fire management 
plan for its lands within the area, but 
responsibility for management and response 
to wildfires rests almost entirely on the Bureau 
of Land Management (BLM) and the U. S. 
Forest Service (USFS) (LADWP 2012, Cal Fire 
2012). Beyond the valley floor, nearly all of 
the study area is under Federal responsibility 
for fire management (see Figure 68). 

The BLM and USFS both have fire 
management plans and work to understand 
natural fire related processes in their 
jurisdictions (BLM 2011, USFS 2012). Both 
agencies understand that fire is a naturally 
occurring disturbance and plays a role in the 
health of many of the ecosystems they manage. 
As a result, prescribed burns are used by 
both agencies to manage fire fuel loads and 
in some cases to restore forests to a healthy 
condition. Recognizing fire as a beneficial 
process may allow for planning strategies 
focusing on maintaining ecosystem health 

or even restoring it in the project area. 
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Data Source: Ficklin et al. 2012
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Climate Change Projections
Although the effects of climate change 

are predicted to accumulate gradually over 
the coming century, it is a considerable hazard 
that should be planned for immediately. The 
Great Basin and Range province of the western 
United States is projected to suffer the largest 
increases in temperature if human greenhouse 
gas emissions are not radically curbed in the 
very near future (Ficklin et al. 2012a). Globally, 
these types of temperature increases are 
expected to have the greatest impact on regions 
that depend on snowmelt for their water supply 
(Barnett, Adam, and Lettenmaier 2005). Ficklin 
et al.’s 2012 study on Sierra Nevada hydrology 
projections states that the region should expect 
a 7°F increase in average annual temperatures 
by 2100 under the A2 emissions scenario 
released by the Intergovernmental Panel on 
Climate Change (IPCC). When used as the 
input for 16 General Circulation Models (GCM, 
a global climate simulation), and statistically 
down-sampled, this scenario also suggests a 
moderate 3% decrease in average precipitation 
over the Mono Basin, a watershed already 
degraded by water exports (Ficklin, Stewart, and 
Maurer 2012b). The decrease in precipitation in 
combination with elevated temperatures should 
create a large jump in evapotranspiration rates. 
This would further stress stream flows, limit the 
effectiveness of surface water impoundments, 
and increase the occurrence rate of drought 
(Ficklin et al. 2012a, 2012b). Annual average 
streamflows throughout the Eastern Sierra are 
expected to drop between 15 and 74% by the 
end of the century (Ficklin et al. 2012a, 2012b). 
Streamflow averages are expected to be highly 
variable throughout the Sierra Nevada as a 
whole (Ficklin et al. 2012a, Young et al. 2009). 
In the study area, however, the subwatershed 
that contains the headwaters of the Owens 
River and Rock Creek is projected to have the 
greatest decline – a 50 to 74% reduction in 
average streamflow by 2050 (Ficklin et al. 2012a). 

These projected regional changes will 
also affect peak streamflow timing due to 
advanced snowpack melting, pushing it 
forward from spring and summer to late 
winter and early spring (Barnett et al. 2005, 
Ficklin et al. 2012a, 2012b, Young et al. 2009). 
This will reduce in-stream water availability 
during the driest months, and it is likely that 
this scenario would lead to a greater reliance 
on groundwater pumping to supply the Los 
Angeles Aqueduct and local water needs. 
The magnitude of this potential problem in 
combination with its spatial variability leads 
many researchers to suggest the importance 
of subwatershed-scale modeling and planning 
to inform watershed management decisions in 
the Sierra Nevada and California as a whole in 
the coming years (Ficklin et al. 2012a, Palmer 
et al. 2008, Young et al. 2009) (see Figure 69).


