Stressor and Threat Assessment of Nevada Groundwater Dependent
Ecosystems

Torrance Ranch (S. Williams/TNC)

Laurel Saito, Sarah Byer, Kevin Badik, Louis Provencher
The Nature Conservancy

Dan McEvoy
Desert Research Institute

April 2022 (rev. May 2022)

(T:heNature W
! onscrvanc
~ Nevac?;

Desert Research Institute




This page intentionally left blank.



2022 Stressor and Threat Assessment for Nevada GDEs Executive Summary

Stressor and Threat Assessment of Nevada Groundwater Dependent
Ecosystems

EXECUTIVE SUMMARY

Groundwater dependent ecosystems (GDEs) are those ecosystems that rely on groundwater for
all or part of their water needs. GDEs are extremely important to plants and wildlife in Nevada, the
driest state in the United States, and they are also important resources for human uses, including
drinking water, agriculture, water quality improvements, and recreation. However, the future viability of
GDEs can be impacted directly or indirectly from human uses and activities.

In 2019, The Nature Conservancy (TNC) produced a database and maps of indicators of GDEs
(iGDEs) to assist with identifying where GDEs occur across the state. The purpose of the assessment
presented here was to identify and evaluate stressors and threats to GDEs in Nevada by using the TNC
Nevada iGDE database along with additional best available data. For the purposes of this report, we
define a GDE stressor as any physical, chemical, or biological alteration of the GDE directly or indirectly
caused by humans that reduces the viability of an individual, population, or a species or the viability of its
habitat, and a GDE threat as a potential (or impending) physical, chemical, or biological alteration of the
GDE directly or indirectly caused by humans that is reasonably likely to negatively affect an organism,
population, species or its habitat.

The authors focused on five themes of stressor and threat risk factors that are critical for the
sustainability of GDEs (Table ES-1): a) groundwater withdrawals; b) climate; c) ungulates; d) non-native
species; and e) additional impacts due to human development. Risk factors due to stressors and threats
were assessed on a scale of 0.00 (negligible risk) to 1.00 (high risk). To assess overall risk for each iGDE in
the Nevada iGDE database, the five themes of risk factors were combined using a weighted approach
that assigned the highest weight to groundwater withdrawal stressors and threats, followed by climate
stressors and threats, with stressor and threats due to ungulates, non-native species, and additional
impacts from human development equally assigned the lowest weight. This resulted in mean risk factor
values by GDE types that ranged between 0.00 and 8.00 (Figures ES-1 through ES-5).

Results were focused on highlighting the amount of five GDE types at high risk for stressor and
threat risk factors: 1) springs; 2) wetlands; 3) phreatophyte communities; 4) lakes and playas; and 5)
rivers and streams. Figures ES-6 and ES-7 show the amount of iGDEs at high risk for each of the stressor
and threat risk factors assessed, and Figure ES-8 and Tables ES-2 and ES-3 summarize stressor and threat
risks in each risk factor theme by GDE type.

Key takeaways from this assessment include:

e QOverall, more than 2,000 springs, over 16,000 hectares (>40,000 acres) of wetlands, over 300,000
hectares (>700,000 acres) of phreatophyte communities, over 16,000 hectares (>40,000 acres) of
lakes and playas, and over 1,300 kilometers (>1,000 miles) of rivers and streams are at moderate to
high risk for combined stressor risk factors.

e Qver 800 springs, over 60,000 hectares (>160,000 acres) of wetlands, almost 175,000 hectares
(>425,000 acres) of phreatophyte communities, over 160,000 hectares (>400,000 acres) of lakes and
playas, and over 1,000 kilometers (>650 miles) of rivers and streams are at moderate to high risk for
overall combined threat risk factors.

ES-1
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e Among stressors overall, phreatophyte communities had the largest percentage at moderate to high
risk, followed by springs and GDE rivers and streams.

e For threats overall, lakes and playas had the highest percentage at moderate to high risk, mostly due
to threats for the groundwater withdrawals and climate themes.

e The stressor and threat risk factors that pose the highest risk for springs and rivers and streams are
the ungulate stressor and threat risk factors, with over 22,000 springs at high risk, and over 13,000
km (over 8,000 miles) at high risk.

e More than 370,000 hectares (> 900,000 acres) of wetlands, 1.3 million hectares (3.3 million acres) of
phreatophyte communities, and over 320,000 hectares (>800,000 acres) of lakes and playas are at
high risk for the surface water diversions stressor risk factor.

e The proximity of potential groundwater withdrawals in areas with shallow groundwater was the
threat risk factor that had the largest areas at high risk for wetlands (>850,000 hectares [>2.1 million
acres]), phreatophyte communities (>1.7 million hectares [almost 4.3 million acres]), and lakes and
playas (>430,000 hectares [>1 million acres]).

e On average, about one-fifth of all GDEs, regardless of type, are in hydrographic areas that had
groundwater withdrawals greater than the perennial yield, which can put them at risk of having
groundwater they use captured by excessive groundwater withdrawals.

o At least 40% of all GDE types are at high or moderate risk for the appropriation status threat risk
factor.

e QOver 70% of wetlands, phreatophyte communities, and lakes and playas are at high risk for the
threat of potential groundwater withdrawals within 800 m (0.5 mile) when shallow groundwater is
present.

e Out of 6,536 wells analyzed for groundwater level trends, 39% had significantly falling trends,15%
had significantly rising trends, and the remainder did not have significant trends.

e Qver half of the hydrographic areas in Nevada had at least one well site with significantly falling
water level trends, but only 8 had most of the wells in their basins with significant falling trends.

e Over 40% of phreatophyte communities (over 800,000 hectares [~2 million acres]) are within 800 m
(0.5 mile) of a well with a significantly falling water level trend, which could affect their sustainability
and lead them to transition to a community with less ecological value.

e The small percentage of springs and GDE rivers and streams that were within 800 m (0.5) miles of a
well with a significantly falling water level trend could reflect decisions by the Nevada State Engineer
in evaluating water right applications for groundwater use near surface waters, indicate that
groundwater development has been more prevalent where surface water resources are unavailable,
or occur because of capture of surface water from springs, rivers, or other water bodies.

ES-2
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e Because they are often located in recharge areas with local flow paths at higher elevations, more
springs and GDE rivers and streams are at high risk for the current climate stressor risk factor than
other GDE types, and this high risk will continue into the future.

e Between 2022 and 2060 and across all Localized Constructed Analogs (LOCA) models, all
hydrographic areas in Nevada had mean Standardized Precipitation and Evapotranspiration Index
(SPEI) values that indicated more droughty conditions than current conditions are expected
throughout the state.

e Over 20% of all GDE types were at moderate to high risk for the climate threat risk factor, with
almost 50% of lakes at playas at moderate to high risk, which are important locations for endemic
fish, migratory bird species, and aquatic invertebrates.

o Almost 90% of springs and over 70% of GDE rivers and streams are at high risk for ungulate stressor
and threat risk factors.

e QOver 60% of lakes and playas are at high risk from the non-native species presence stressor risk
factor.

e Springs had the lowest percentage at high risk from the non-native species presence risk factor,
which may reflect a lower rate of reporting of non-native species at springs in the databases used
for this report.

o Over 60% of phreatophyte communities and GDE lakes and playas are at high risk for the surface
water points of diversion stressor risk factor.

Table ES-1. Risk factors to groundwater-dependent ecosystems assessed in this report.

Theme Risk factor Stressor Threat
Groundwater withdrawals

Water right appropriation status of hydrographic area X

Pumping status of hydrographic area X

Proximity of GDE to potential groundwater withdrawals X

Nearby lowering of water tables X
Climate

Current climate X

Future climate X
Ungulates

Herd management areas, elk distribution areas, grazing allotments X X
Non-native species

Known presence X

Road density X
Other human development

Housing density X

Nearby surface water diversion X

Future housing density X

ES-3
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Figure ES-1. Overall stressor and threat risk factor values for GDE springs. Blue gradations indicate strength of stressor risk

factors, and red gradations indicate strength of threat risk factors. Darker hues indicate stronger risk.
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Figure ES-5. Overall stressor and threat risk factor values for GDE rivers and streams. Blue gradations indicate strength of
stressor risk factors, and red gradations indicate strength of threat risk factors. Darker hues indicate stronger risk.
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Figure ES-6. Amount of iGDEs in Nevada at high risk for stressor risk factors (asterisk [*] indicates amount of iGDEs at moderate
to high risk for current housing density). Legend abbreviations for stressor risk factor themes: GW = groundwater withdrawal; C
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Figure ES-7. Amount of iGDEs in Nevada at high risk for threat risk factors (asterisk [*] indicates amount of iGDEs at moderate to
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Figure ES-7. Percentages of GDE types at moderate to high risk by stressor theme (top) and threat theme (bottom). Percentages
are percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE types. PY =

perennial yield.

Table ES-2. Amount of GDE types at moderate to high risk for stressor risk factors by theme and overall.

Springs Wetlands Phreatophyte Lakes and Rivers and

Theme (number) (ha/ ac) communities playas streams
(ha/ac) (ha/ac) (km / mi)

Groundwater 5,299 397,464 /982,155 1,135,113 /2,804,922 140,523 /347,241 3,806 / 2,365
withdrawals
Climate 10,119 75,691 / 187,036 212,697 / 525,584 48,357 / 119,492 6,011 /3735
Ungulates 22,008 250,567 /619,165 567,064 / 1,401,244 -/ 13,431/ 8,346
Non-native species 1,713 220,057 /543.773 991,967 /2,541,202  375,109/926,914 2,716/ 1,688
Other human 735 86,828 /214,557  931,567/2,301,951  157,794/389,916  2,241/1,393
development
Overall stressors 2,284 16,284 / 40,238 314,650/ 777,517 16,678 / 41,212 1,322/821
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Table ES-3. Amount of GDE types at moderate to high risk for threat risk factors by theme and overall.

Springs Wetlands Phreatophyte Lakes and Rivers and

Theme (number) (ha/ ac) communities playas streams
(ha/ac) (ha/ac) (km / mi)

Groundwater 1,621 507,914 /1,255,081  921,375/2,276,765  302,348/747,118  3,036/1,886
withdrawals
Climate 7,127 308,032/ 761,163 476,661 /1,177,854 293,433 /725,088 4,470/ 2,777
Ungulates 22,008 250,567 / 619,165 567,064 / 1,401,244 -/ 13,431/ 8,346
Non-native species 1 13/33 0/0 0/0 4/2
Other human 22 1,713 /4,234 9,085 / 22,449 34,579 / 85,447 56/35
development
Overall stressors 807 66,746 / 164,933 173,488 / 428, 698 163,705 / 404,523 1,053 / 654
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Stressor and Threat Assessment of Nevada Groundwater Dependent

Ecosystems

Groundwater dependent ecosystems (GDEs) are those ecosystems that rely on groundwater for all or
part of their water needs. GDEs include species and ecological communities such as wetlands, seeps,
springs, lakes, playas, rivers, and streams. Although it is the driest state in the United States, Nevada
ranks 6™ among US states in the number of endemic species (i.e., species found nowhere else in the
world), with almost half of those endemic species associated with GDEs. Many GDEs have relatively
small footprints on the landscape but groundwater can provide constant environments that support the
persistence and evolution of endemic species that may only be found in one or a few locations
(Cantonati et al. 2020; Ostoja et al. 2013).Thus, GDEs are extremely important to plants and wildlife in
Nevada, and they are also important resources for human uses, including drinking water, agriculture,
water quality improvements, and recreation (Brown et al. 2011; Saito et al 2020). However, the future
viability of GDEs can be impacted directly or indirectly from human uses and activities. For example,
Sada and Lutz (2016) found that 83 percent of the 2,256 springs that were inventoried between the late
1980s to 2013 in the Great Basin and Mojave Desert had evidence of human disturbance, and that 27
populations of rare aquatic springs taxa had been extirpated from these springs over that time period.

In 2019, The Nature Conservancy (TNC) produced a database and maps of indicators of GDEs? (iGDEs;
Byer et al. 2019) to assist with identifying where GDEs occur across the state. The database revealed
that out of Nevada's 28.6 million hectares (70.8 million acres), over 10% is within or associated with
iGDEs (Saito et al. 2020). The database includes maps of 6 types of iGDEs: phreatophytic communities,
wetlands, springs, lakes and playas, rivers and streams, and species. The maps can be viewed on a story
map (https://arcg.is/qyjOv) and can be downloaded from the Nevada Division of Natural Heritage
(NDNH; https://heritage.nv.gov/programs/wetland-program). Saito et al. (2020) and the story map
provide background on the types of GDEs in Nevada and where they are.

This report identifies and evaluates stressors and threats to GDEs in Nevada by using the TNC Nevada
iGDE database along with additional best available data. For the purposes of this report, we define a
GDE stressor as any physical, chemical, or biological alteration of the GDE directly or indirectly caused by
humans that reduces the viability of an individual, population, or a species or the viability of its habitat,
and a GDE threat as a potential (or impending) physical, chemical, or biological alteration of the GDE
directly or indirectly caused by humans that is reasonably likely to negatively affect an organism,
population, species or its habitat?. Thus, a stressor is something that currently impacts GDEs, and a
threat is something that potentially can impact them in the future (Box 1). The results of this assessment
will be used in future work to consider strategies for sustaining and improving freshwater resilience in
Nevada.

TNC Nevada staff met with other TNC colleagues working on GDEs, scientists, and tribal and agency staff
while doing this assessment. A list of entities who met with us and in some cases provided data and
expertise are listed in Appendix A. As a result of these conversations, TNC staff focused on five themes
of stressor and threat risk factors that are critical for the sustainability of GDEs (Box 1; Table 1):

! Detailed local data on land use, hydrology and geology were not available throughout Nevada, so the database
incorporates existing datasets to identify and map ecosystems that potentially rely on groundwater, which we
called iGDEs. See Byer et al. (2019) and Saito et al. (2020) for more details. Throughout this report we will use the
abbreviation GDE unless we are specifically referring to the Nevada iGDE database.

2 The definitions of stressor and threat are similar to definitions used in Springsnail Conservation Team (2020).
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groundwater withdrawals
climate

ungulates

non-native species
additional impacts due to
human development
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As with the Nevada iGDE mapping,
we used the best available data
for this assessment (i.e., we did
not collect any new data). Risks
due to stressors and threats were
assessed on a scale of 0.00
(negligible risk) to 1.00 (high risk).
Many of the risk factor ratings
were qualitative based on
judgment of TNC staff and
reviewers. The assessment was
intended to assist with
determining iGDEs at high risk for
stressors and threats, so results
were focused on highlighting the
amount of iGDEs at high risk. In
the next sections we describe the
stressors and threats in the five
themes, the methods we used to
assess them, and the combined
assessment of all these themes.

Box 1: Stressor and threat risk factor rating approach

Stressors are due to the legacy of past management and
impacts and are affecting GDEs now, whereas threats could
potentially impact GDEs in the future. While it is true that all
stressors are also threats because they could continue into the
future, we chose to assess them separately, and in most cases
assessed threats as risks that were not included in the stressor
assessment. The exception was ungulates where the stress is
due to the legacy of past management, and we assumed there
were no different threats for the future from ungulates
because we had no data to estimate that.

We rated all risk factors on a scale of 0.00 (negligible risk)
to 1.00 (high risk). Most of the stressor and risk factors were
assessed qualitatively and given discrete values of 1.0, 0.5, 0.1
and 0.0. The intermediate values of 0.5 and 0.1 were intended
to indicate uncertainty in the data used in evaluation of the
respective risk factors. The future climate threat risk factor was
based on the most quantitative evaluation. Road density and
housing density risk factors were also based on more
guantitative methods. Thus, the future climate threat risk
factor and the road density and housing density risk factors
were scored using continuous values ranging from 0.00 to 1.00.

We chose this risk factor approach to provide a high-level
(generalized) assessment of the risks with the available data
across Nevada. This approach did require assumptions as
outlined in the “Assumptions” section of the report, and the
thresholds used (e.g., 800 m distance, 50 m depth to water,
etc.) are not absolute. For example, it is possible that GDEs
may be more impacted in an area with groundwater deeper
than 50 m as compared to another site where the groundwater
is less than 50 m deep depending on the distribution of the
hydraulic properties of the aquifer. Thus, readers are
encouraged to consider this assessment as a first-cut approach
of where stressors and threats are likely for GDEs, and to
perform site-specific regional and localized studies of potential
impacts to GDEs, which may require additional data collection
and the development, calibration, and use of numerical
groundwater models. The assessment is non-regulatory, which
means that no information presented is intended to imply
whether a project can or should be approved or denied and the
assessment is not legally binding in any way.
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Table 1. Risk factors to groundwater-dependent ecosystems assessed in this report.

Theme Risk factor Stressor  Threat
Groundwater withdrawals

Water right appropriation status of hydrographic area X

Pumping status of hydrographic area X

Proximity of GDE to potential groundwater withdrawals X

Nearby lowering of water tables X
Climate

Current climate X

Future climate X
Ungulates

Herd management areas, elk distribution areas, grazing allotments X X
Non-native species

Known presence X

Road density X

Other human development

Housing density X
Nearby surface water diversion X
Future housing density X
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GROUNDWATER WITHDRAWALS

As Theis (1940) noted, water withdrawn by wells from a groundwater aquifer is balanced by a change in
the amount of water somewhere, which could be from one or more of three sources: 1) more water
entering the aquifer through precipitation or seepage from another water source like rivers, lakes or
wetlands (an increase in recharge), 2) removal of water stored in the aquifer, or 3) less water leaving the
aquifer through natural discharge. Natural discharge of groundwater is the release of water from the
aquifer in the absence of pumping, which can be through water uptake by phreatophytic? or riparian
vegetation or discharge to surface waters such as springs, rivers or lakes (Bredehoeft 2002). All of these
are considered GDEs. The combination of decrease in discharge and increase in recharge as a result of
groundwater pumping is referred to as “capture” (see Box 2).

Box 2: Capture concept for groundwater management

Lohman (1972) published the following definition of capture:
Water withdrawn artificially from an aquifer is derived from a decrease in storage in the
aquifer, a reduction in the previous discharge from the aquifer, an increase in the recharge, or a
combination of these changes. The decrease in discharge plus the increase in recharge is
termed “capture.”

In other words:

Pumpage = increased recharge + decreased discharge + water removed from storage

| ]
|

capture

If groundwater pumping exceeds the capture (the combined decrease in the natural discharge and the
increase in recharge), then the system will continue to be depleted and water levels will never stabilize
(Bredehoeft and Durbin 2009). Two additional capture terms that are important for this report are:

e Stream (or surface water) capture is a reduction in streamflow or surface water resources because
of groundwater pumping. This can occur because of reduced discharge from the groundwater
system to the river or surface water body as illustrated by comparing conditions in Figures 1a and
1b. This can also occur because of increased recharge because there is more water going from the
river or surface water body to the groundwater system as illustrated by comparing conditions in
Figures 1a and 1c. This type of capture can occur from any surface water resource, including rivers,
springs, lakes and reservoirs. Stream capture can also be referred to as streamflow depletion.

e Evapotranspiration capture is a reduction in evapotranspiration by vegetation that was sourced by
groundwater. This occurs as a result of water level declines due to groundwater pumping as
illustrated by comparing conditions depicted in Figures 1a or 1b and Figure 1c, noting that the
water table has declined beneath the phreatophytic vegetation.

The upper elevation of water in the aquifer is called the water table, which naturally fluctuates over
time. Figures 1 and 2 illustrate how GDEs like streams, vegetation, and springs, seeps and wetlands

3 Phreatophytic vegetation are plants, trees, and shrubs that have roots that tap into groundwater or can draw
water from groundwater to their roots
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interact with groundwater.
These GDEs could be affected
if water withdrawals cause
the water table to drop
because of a loss of water
stored in the aquifer or if
pumped water is replenished
through induced recharge
from surface waters. For
example, streams or lakes
that usually receive inputs
from groundwater (Figure 1a)
can experience reduced
inflows from groundwater
(reduced discharge; Figure
1b) or can have their water
captured by the groundwater
aquifer (induced recharge;
Figure 1c) if water tables drop
too low. Some of these
streams may completely dry.
Figure 1 also illustrates that
trees and shrubs with roots
that tap into groundwater
(i.e., phreatophytes) can lose
their access to the
groundwater source through

capture of natural discharge if

the water table drops below
their root zones.

When pumping from a well
begins, initial withdrawals
remove groundwater stored
in the aquifer, and
groundwater eventually will
also come from surface water
or other sources that use
natural discharge such as
vegetation (Theis 1940).
Furthermore, water levels will
continue to drop until the
withdrawal is balanced by
capture (Box 2; Bredehoeft

Figure 1. lllustration of how lowered water tables due to groundwater
withdrawals can affect GDEs in cases where groundwater naturally
contributes to streamflow (i.e., “gaining” stream. (A) Groundwater naturally
discharges to a stream and vegetation. (B) A well placed near the stream
pumping at a rate Qg will intercept part of the groundwater that would have
discharged to the stream and lowers water tables near the well. (C) With
continued or greater pumping (Qz) the well can draw water from the stream
and lower water tables enough to affect vegetation, causing mortality of
riparian and upland vegetation. lllustration adapted from Winter et al. (1998).

and Durbin 2009). In a global assessment of environmentally critical streamflow, deGraaf et al. (2019)
estimated that by 2050, environmental flow limits could be reached in as much as two-thirds of
watersheds where groundwater pumping occurs because in many cases pumping would decrease
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groundwater inputs to streams such that streamflows would
be reduced before large losses in groundwater storage would
occur.

Stressors and threats to GDEs from groundwater withdrawals
were estimated by assessing the following:

e Stressor risk factors associated with Nevada water
right appropriation status of hydrographic areas
containing GDEs

e Threat risk factors associated with amount of water
being pumped relative to perennial yield in
hydrographic areas containing GDEs

e Threat risk factors to GDEs due to proximity of
groundwater withdrawals where water tables are
near the ground surface

e Stressor risk factors to GDEs because of nearby
lowering of water tables.

Surface water diversions also impact GDEs (Sada and Lutz
2016) and are accounted for in the “Additional impacts to
human developments” theme.

Hydrographic area stressor and threat risk factors
Administration of groundwater in Nevada is the responsibility
of the Nevada Division of Water Resources (NDWR) and is
managed by hydrographic area, with each of the 256
hydrographic areas across the state having an assigned
“perennial yield” that is used as general guidance for
evaluating the amount of water available for use in each
hydrographic area (Nevada State Engineer Order 1308).
Perennial yield is defined by as “the maximum amount of
groundwater that can be withdrawn each year over the long
term without depleting the groundwater reservoir. Perennial
yield is ultimately limited to the maximum amount of natural
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Figure 2. Water table interactions with (A) springs
and seeps at breaks in the slope of the water table,
(B) riparian wetlands where streams interact with
groundwater, and (C) wetlands fed by precipitation
and groundwater gradients slope away from the
wetland, which is most likely to occur in upland
locally sourced systems. Source: Winter et al.
(1998).

discharge that can be utilized for beneficial use. The perennial yield cannot be more than the natural
recharge to a groundwater basin and in some cases is less” (Nevada State Engineer Order 1308).

Another term for perennial yield is “safe yield” (http://water.nv.gov/WaterPlanDictionary.aspx). Most

perennial yields were established in the 1950s to 1970s (Sullivan 2021).

Total perennial yield for Nevada is about 2.5x10° m* (2 million acre-feet (af)), of which about 2.0x10° m3
(1.6 million af) were being used for human purposes in 2015 (Dieter et al. 2018). According to Wilson
(2019), 128 of the hydrographic areas (50%) were fully- or over-appropriated (overcommitted), which
means that water rights were committed at or above the perennial yield in those hydrographic areas
(Figure 3). Of these, 62 were over-appropriated by more than 200%, and 49 (19%) of the hydrographic
areas had more groundwater withdrawn than the perennial yield (Wilson 2019).

For GDEs, there are several considerations related to application of perennial yield to hydrographic
areas in Nevada. First is the concept of perennial yield and its calculation. As Theis (1940) described and
Bredehoeft et al. (1982) also explained, under natural conditions (i.e., no withdrawal of groundwater
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from wells), an aquifer is in a state of dynamic
equilibrium, where natural recharge is balanced by
natural discharge so that overall, the water stored
in the aquifer does not change. When new water
use by wells is imposed upon this stable system,
the water will come from a combination of stream
or surface water capture, evapotranspiration
capture, a reduction of aquifer storage, or a
combination of these (see Box 2). The concept of
perennial yield or safe yield applies the idea that
pumping must not exceed recharge for
groundwater development to not deplete the
groundwater aquifer in the long term (Bredehoeft
2002). However, Bredehoeft (2002) demonstrates
how capture is dynamic and depends on how close
pumping is to areas of natural discharge, as well as
aquifer characteristics like transmissivity, so that
even if the pumping rate equals the discharge rate,
water can still be withdrawn from storage until the
system eventually reaches a new equilibrium
amount of water stored in the aquifer that can
take hundreds or even thousands of years to

Pumping = PY
I:l Commitment < PY
I:] Commitment = 100% PY
- Commitment 2 200% PY

achieve.
Figure 3. Actual pumping and water right commitments for
hydrographic areas in Nevada. PY = perennial yield. See Bredehoeft (2002) notes that the total
Table 1 for risk factor designations for GDEs in these groundwater discharge in Nevada is mostly

hyd hi .S : Wilson (2020). . A
ydrographic areas. Source: Wilson (2020) evaporation from playas and evapotranspiration of

phreatophytic plants, and this discharge is what was used to estimate perennial yield in many of
Nevada’s hydrographic basins. Thus, the premise of perennial yield in Nevada is that withdrawals can be
allowed to the rate of natural discharge, which is the water used by GDEs. In other words, if
groundwater use was exactly the perennial yield, GDEs would be progressively diminished as water
stored in the aquifer reaches a new equilibrium.

A second consideration is that although groundwater pumping will likely not capture all discharge
immediately, recovery of GDEs and the water table if detrimental effects are seen is also not immediate
and could take longer than the time over which withdrawals occurred (Barlow and Leake 2012;
Bredehoeft and Durbin 2009). Thus, there is a long-term threat to GDEs if pumping captures their
discharge. Bredehoeft and Durbin (2009) showed that if a hydrographic area is primarily underlain by a
basin-fill aquifer, groundwater withdrawals will eventually capture GDE discharge if pumping continues
long enough. Because springs and streamflows are considered surface water and are regulated by
surface water law, but groundwater is the source of spring discharges, and often contributes to
streamflows and lake waters, capture of surface waters can be problematic for administration of water
law. In 2017, the Nevada Legislature declared that it is the policy of the state to manage and administer
groundwater and surface water together (§NRS 533.024). Since Nevada is a prior appropriation state
and most surface waters were appropriated before groundwater (King 2019), there have been conflicts
when junior groundwater right holders (i.e., those with more recent priority dates for their water rights)
are pumping water that diminishes surface water flows from springs or GDE rivers that affect senior
surface water right holders (Nevada State Engineer Order 1329; Taylor et al. 2021).
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Another consideration is that the calculation of the perennial yield was done for most of the
hydrographic areas in the 1950s to 1970s using approaches that used the best available data and science
at the time, but which often were estimations based on approximate mapping of discharge areas, and
generalizations about evapotranspiration and other components of the water balance. These
calculations also often assumed that water used by vegetation was “wasted water” (Robinson 1958),
that discharge by evapotranspiration is a good estimate of recharge, and that the “safe yield” was
therefore equal to the discharge, which in Nevada was called the perennial yield. Better methods for
estimating evapotranspiration and other components of the water budget are now available, and
appreciation of the benefits of GDEs may be something that could be factored into updated calculations
of water available for appropriation. The uncertainty associated with the outdated estimates of
perennial yield could mean that it was overestimated and even hydrographic areas that are not fully
appropriated could be experiencing continued declines in aquifer storage already. The Nevada Division
of Water Resources is planning to implement the Nevada State Water Initiative to update estimates of
water availability in Nevada (Allander et al. 2021).

A fourth consideration is that states administer groundwater, but groundwater does not adhere to state
boundaries. Thus, hydrographic areas that may appear to have uncommitted water in Nevada may still
be experiencing impacts to GDEs because of water use in neighboring states that have different rules
about administering groundwater. Although Nevada administrators consider what is happening in
neighboring states, those neighboring states may not regulate water development that could affect
Nevada hydrographic areas.

We based our quantification of the risk factors for hydrographic areas solely on Nevada’s accounting of
whether a hydrographic area is fully or over-appropriated or if pumping in the hydrographic area is at or
above its perennial yield as of 2017 according to Wilson (2019). This approach does not address the
third and fourth considerations about uncertainty associated with the perennial yield estimate or
impacts from water use in neighboring states. Risk factors were assigned to hydrographic areas as
summarized in Table 2, and GDEs in each hydrographic area were given the associated risk factors.

We considered groundwater pumping as a stressor risk factor and assigned all GDEs in hydrographic
areas where pumping equals or exceeds perennial yield according to Wilson (2019) a stressor risk factor
value of 1.0. All GDEs in hydrographic areas that had pumping less than the perennial yield were
assigned a stressor risk factor value of 0.1 because even though the pumping in the hydrographic area
may not exceed the perennial yield, there could still be groundwater withdrawals near GDEs that could
be problematic since the stressor risk factor rating was basin-wide.

Hydrographic areas that were over-appropriated were considered to have higher threat risk than basins
that were not fully appropriated because if all water rights are fully used on those basins, water use at
or beyond the perennial yield could affect GDEs. Therefore, we assigned a threat risk factor value of 1.0
for GDEs in hydrographic areas that are over-appropriated by 200% or more and a threat risk factor
value of 0.5 for GDEs in hydrographic areas that were fully or over-appropriated by less than 200%
(Table 2; Figure 3). Basins that were not yet fully appropriated were assigned a threat risk factor value of
0.0 because although there still could be withdrawals near GDEs, that should be accounted for by the
stressor risk factor for proximity of withdrawals to GDEs discussed later in this report.
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Table 2. Risk factors assigned for stressors and threats to GDEs by hydrographic area appropriation and pumping status.

Hydrographic area appropriation and pumping status  Stressor Threat

Pumping = perennial yield 1.0
Pumping < perennial yield 0.1
Over-appropriated by 2200 % 1.0
Fully or over-appropriated by <200% 0.5
Not fully appropriated 0.0

According to Wilson (2019), pumping in 19% of the hydrographic areas exceeded the perennial yield in
2017, and the percentages of the five types of GDEs in the NV iGDE database (i.e., springs, wetlands,
phreatophyte communities, lakes and playas, and rivers and streams) that were stressed due to
pumping exceeding the perennial yield were between 18.8% and 28.6% (Table 3). Over-appropriation
status applied to 50% of the 256 hydrographic areas in Nevada, and at least 40% of all GDE types were at
high or moderate risk for the appropriation status threat risk factor (Table 4). Notably, almost 40% of
lakes and playas were in hydrographic areas that were over-appropriated by more than 200% (Table 4).
GDE rivers and streams generally had the lowest percentage of risk for pumping status stressor risk
factor (Table 3) and appropriation threat risk factor (Table 4). Still, thousands of springs and thousands
of kilometers of rivers and streams were at high or moderate risk for these groundwater withdrawal risk
factors.

Table 3. Percentage and quantity of GDE types at high risk for hydrographic area pumping status stressor risk factor.
Percentages are percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE types.
PY = perennial yield. ENU = English units.

2017 pumping = PY stressor

GDE type

% Amount (metric / ENU)
Springs 20.1 5,116 /5,116
Wetlands 28.6 340,051 ha / 840,283 ac
Phreatophyte communities 25.1 545,116 ha / 1,347,011 ac
Lakes and playas 19.1 114,452 ha/ 282,817 ac
Rivers and streams 18.8 3,525 km / 2,191 mi

Table 4. Percentage and quantity of GDE types at high or moderate risk for hydrographic area appropriation status threat risk
factor. Percentages are percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE
types. PY = perennial yield. ENU = English units.

Over-appropriated by 2200 % Fully or over-appropriated by
GDE type threat (high risk) <200% threat (moderate risk)

% Amount (metric / ENU) % Amount (metric / ENU)
Springs 17.9 4,501/ 4,501 27.0 6,789 / 6,789
Wetlands 25.7 305,395 ha / 756,646 ac 25.4 302,324 ha / 747,058 ac
Phreatophyte communities  23.6 513,248 ha/ 1,268,262 ac  24.5 532,481 ha /1,315,789 ac
Lakes and playas 38.8 233,339 ha /576,592 ac 16.1 96,608 ha /238,725 ac
Rivers and streams 15.2 2,858 km / 1,776 mi 25.2 4,730 km / 2,939 mi
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Threat risk factor due to proximity of water
withdrawals to GDEs

There is always a decline in water levels at
and near a well that is withdrawing
groundwater (Alley et al. 1999), so GDEs that
exist where the water table is fairly shallow
are likely to be affected if water withdrawals
are nearby (Patten et al. 2008). However,
due to local and regional conditions and
geology, the relationship of threat risk to
GDEs to groundwater withdrawal proximity
does not decay or decline uniformly with
distance from the GDE (Alley et al. 1999).
We therefore assigned a threat risk factor
value of 1.0 to areas within 0.8 km (0.5 mile)
of GDEs where water tables are 15 m (50 ft)
or less according to Lopes et al. (2006; Figure
4) because it was presumed that when a
water withdrawal occurs close to a GDE that
is accessing the same shallow groundwater,
the threat risk is high for impact to the GDE.
All other areas were given threat risk factor
values of 0.0 for proximity to water
withdrawal (Table 5), although we stress
that it is important to do site-specific
regional and localized studies of potential
impacts of groundwater withdrawals to
GDEs, which may also require development,
calibration, and use of numerical
groundwater models. In cases with deeper
water tables (i.e., >15 m), assessment of the

Shallow
groundwater
areas

< 15 m depth,
buffered by 800 m

Figure 4. Shallow groundwater areas that have depth to
groundwater of 15 m (50 ft) or less according to Lopes et al. (2006)
which defines where GDEs are more threatened by groundwater
withdrawals.

specific situation is necessary to understand impacts and potential threats because of local and regional

complexities of groundwater dynamics as explained in Appendix B.

Table 5. Threat risk factor values for proximity of potential groundwater withdrawals to GDEs in Nevada when shallow

groundwater is present. DTW = depth to water.

Proximity of potential groundwater withdrawals to GDE  DTW Threat
<800m <15m 1.0
>800m <15m 0.0
<800 m >15m 0.0
> 800 m >15m 0.0

High percentages of phreatophyte communities, wetlands, and lakes and playas were affected by this
threat risk factor (Table 6), which was not surprising since the presence of these types of GDEs often
signal that shallow groundwater is present (Chambers et al. 2021; Naumberg et al. 2005; Provencher et
al. 2020). Only 13% of springs were in areas with shallow depth to groundwater, as many springs are not
sourced from shallow groundwater (Springer and Stevens 2009).
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Table 6. Percentage and quantity of GDE types affected by proximity of potential groundwater withdrawals to GDEs threat risk
factor when shallow groundwater is present. Percentages are percent of points for springs, percent of length for rivers and
streams, and percent of area for other GDE types. ENU = English units.

Proximity of potential groundwater withdrawals

GDE type to GDEs threat

% Amount (metric / ENU)
Springs 13.3 3,359/3,359
Wetlands 72.1 858,568 ha /2,121,567 ac
Phreatophyte communities 80.0 1,736,921 ha / 4,292,022 ac
Lakes and playas 84.7 508,612 ha/ 1,256,808 ac
Rivers and streams 30.3 5,685 km / 3,533 mi

Stressor risk factor due to declining groundwater level trends

Declining trends in groundwater levels can lead to reduced flows to springs, rivers, and lakes, and detach
groundwater from vegetation (Figures 1 and 2), which can result in extirpation of native plants and
animals (Fleishman et al. 2006). For example, excessive groundwater pumping led to extinction of the
Pahrump Ranch poolfish (Empetrichthys latos pahrump) and Raycraft Ranch poolfish (E. I. concavus)
(Williams and Sada 2020). We applied a simplified approach to locate GDEs near areas with declining
groundwater levels using best-available data.

Well data from the US Geological Survey (USGS) were obtained using the ‘dataRetrieval’ package in R
(De Cicco et al. 2021) to access water level data from the National Water Information System (NWIS)
online database. Water level data from the Nevada Division of Water Resources (NDWR) was obtained
from the WellNet database (http://water.nv.gov/WaterLevelData.aspx). Water level data collected by
the Central Nevada Regional Water Authority in 2021 (https://cnrwa.com/resources-
documents/groundwater-monitoring/) were used to update the trends of some USGS and NDWR wells
because that data had not yet been incorporated into the NWIS or WellNet databases.

Both USGS and NDWR data were queried for data recorded between 1984 and 2021 so that we could
use an approach similar to that used by Albano et al. (2021) and Rohde et al. (2021a) to analyze trends
from wells with at least 5 years of data. Such data were not available in 23 of the 256 hydrographic
areas (Figure 5). If a well had multiple readings in a single calendar year, levels were averaged to create
an annual groundwater level (see Figure 6 for an example). The Modified Mann-Kendall approach was
used to test whether the ordinary least squares slopes were significantly different than zero with the
‘modifiedmk’ package in R (Patakamuri and O’Brien 2021) at p < 0.05. A positive trend indicated the
groundwater level was getting closer to the ground surface, whereas a negative trend indicated the
groundwater was getting further from the ground surface over time.

Some well sites existed in both NWIS and WellNet databases, so the trend was calculated with the
dataset with the most recent groundwater level measurements. For example, well 064 N34 E45 04ABDD
in the WellNet database had data for 1991 to 2005. This well was the same as site number
40512116542801 in NWIS, which only had data for 1991 to 1996. Thus, the NWIS record for this site was
not used, and the trend was calculated using the WellNet data. For sites that had the same data in both
databases, the USGS data were used.
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Hydrographic Areas - Groundwater Trends
Proportion of sites with falling gw trends
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Hydrographic Areas - Groundwater Trends

Figure 5. Left: Proportion of well sites with significantly declining groundwater trends in each hydrographic area. Right:
Number of wells with significantly declining groundwater trends in each hydrographic area.

USGS Groundwater Well: 364329116402902
Amargosa Valley, NV
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Figure 6. Example of analysis of groundwater trends. Annual average values were
calculated where multiple measurements were made in a calendar year. The trend is
significantly decreasing at p < 0.001, indicating that the groundwater level is falling.

GDEs within 800 m (0.5 miles)
of wells with significantly
declining trends (p < 0.05)
were given a stressor risk
factor value of 1.0 as it was
assumed that the close
proximity of the wells was
highly probable for impacting
the GDEs (Bredehoeft and
Durbin 2009; Noordujin et al.
2019). GDEs in hydrographic
areas that were within 800 m
(0.5 miles) of wells that did
not have significant declining
trends were given stressor
risk factor values of 0.1 to
account for uncertainty
associated with data
availability. GDEs that were
more than 800 m from wells
regardless of the trend were

given stressor risk factor values of 0.1 because distance may delay the impact of groundwater pumping
on GDEs, but not the magnitude of the impact (Bredehoeft and Durbin 2009). GDEs in hydrographic
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areas that did not have any wells with sufficient data for a trend analysis were assigned stressor risk
factor values of 0.5 because there could be more risk if data are unavailable (Table 7). The final product
from the groundwater level analysis was a point shapefile of well sites. The well sites have attributes
describing whether the groundwater levels are significantly falling, rising, or if there is no significant
trend. The sites with significantly falling groundwater levels were buffered by 800 m (0.5 mile) and all
GDEs that intersected with these areas were given a stress risk factor value of 1.0 (see Figure C-1 in
Appendix C for an example). Although statistically some trends were stronger than others, because not
all wells had the same number of data points for this analysis, we did not consider the magnitude of the
trend, only whether the trend was significantly declining.

Table 7. Stressor and threat risk factor values for declining water level trend impacts for GDEs in Nevada.

Water level trend significance Stressor
GDE within 800 m of well with significant (p < 0.05) declining trend 1.0
GDE within 800 m of well with no significant declining trend 0.1
GDE > 800 m from well regardless of trend 0.1
GDE in hydrograph area with no well data 0.5

Figures showing the direction of well trends in each hydrographic basin are in Appendix D. An online tool
to see wells colored by whether the calculated groundwater levels are rising/falling/no significant trend
is at https://arcg.is/1eCXLO0 and includes well IDs that correspond with USGS or NDWR databases.

Over half (54%) of the hydrographic areas had at least one well site with significantly falling water levels,
but only 8 hydrographic areas had most (>50%) of the wells in their basins with significant falling trends
(Figure 5). We considered data from 17,121 wells in assessing water level trends, but only 6,536
satisfied our data criteria and 2,542 (39%) had significantly falling trends and 999 (15%) had significantly
rising water level trends. The remainder did not have significant trends.

Over 40% of phreatophyte communities (over 900,000 hectares [~2.3 million acres]) were within 800 m
(0.5 mile) of a well with a significantly falling trend and had a stressor risk factor value of 1.0 (Table 8).
Phreatophytes can be obligate groundwater users (i.e., they must have access to groundwater to be
sustained) or facultative (i.e., they grow more vigorously when groundwater is available; Naumberg et
al. 2005). The loss of access to groundwater can affect the sustainability of either type of phreatophyte
and can lead to transitions of these communities to ones with less ecological value (Provencher et al.
2020). Very small percentages of springs and GDE rivers and streams were near wells with significantly
falling trends (Table 8), which could reflect past decisions by the State Engineer in evaluating
applications for water rights for groundwater that may impact surface water rights. This result for
springs and GDE rivers and streams could also reflect that groundwater development has been more
prevalent where surface water resources are unavailable or that capture of surface water from springs
and rivers could be occurring.

With the exception of GDE phreatophyte communities, the percentages of GDEs affected by the falling
trend stressor risk factor were much less than the 43.7% of California GDEs affected by decreasing
groundwater level trends over a similar time period to our assessment in Rohde et al. (2021a). That
assessment used a random forest model to estimate groundwater levels wherever GDEs were located,
whereas the assessment presented here relied on points where adequate well data were available,
which could explain the lower estimate. Future work could consider applying the approach of Rohde et
al. (2021a) to estimate groundwater levels wherever GDEs are located in Nevada.
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Table 8. Percentage and quantity of GDE types at high risk of falling water level trend stressor risk factor. Percentages are
percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE types. ENU = English
units.

Declining groundwater level trend

GDE type stressor (high risk)

% Amount (metric / ENU)
Springs 1.0 251 /251
Wetlands 7.6 90,869 ha / 225,542 ac
Phreatophyte communities 42.9 932,346 ha /2,303,874 ac
Lakes and playas 8.4 50,224 ha /124,106 ac
Rivers and streams 2.6 480 km / 298 mi

Combined groundwater withdrawal stressor and threat risk factor values

Since we had more than one risk factor that we rated for stressors and threats from groundwater
withdrawals, we combined the risk factors by adding the values for each risk factor and normalizing the
values to get combined groundwater withdrawal stressor risk factor values between 0.0 and 1.0, and
groundwater withdrawal threat risk factor values between 0.0 and 1.0 (Table 9). In other words, we
added the hydrographic area pumping status stressor risk factor value and the groundwater level
declining trends stressor risk factor value and then divided the result by 2 (sum of the maximum possible
value for each stressor risk factor) to get a stressor risk factor value between 0 and 1 for each iGDE
element in the Nevada iGDE database. Similarly, we summed the hydrographic area appropriation status
threat risk factor value and the proximity of groundwater withdrawals to GDEs risk factor value and
divided the result by 2 to get a threat risk factor value between 0 and 1 for each iGDE element.

Table 9. Range of groundwater withdrawal risk factor values for GDEs in Nevada. Normalizing factor is the value that summed
stressor or threat risk factors were divided by to get the final risk factor for groundwater withdrawal stressor and threat risk
factors.

Groundwater withdrawal risk Risk factor Values Normalizing Final
type factor range

Hydrographic area pumping status Stressor O.lor1l 20 0.0-1.0

Groundwater level declining trends Stressor 0.0-1.0

Hydrographic area appropriation status Threat 0,0.50r1 20 0.0—10

Proximity of groundwater withdrawals to GDEs Threat Oorl

Overall, the largest percentage of phreatophyte communities (more than 50%) were at moderate to
high risk for groundwater withdrawal stressor risk factors (Table 10; Figure 7) because of high risk for
the falling groundwater level trend threat risk factor. Over 50% of lakes and playas were at moderate to
high risk for groundwater threat risk factors because of large percentages being in over-appropriated
hydrographic areas and also because they were in shallow groundwater areas. Lakes and playas are
important locations in Nevada for endemic fish, migratory bird species and aquatic invertebrates (WAPT
2012). Maps showing overall stressor and threat risk factor values for GDEs due to groundwater
withdrawals are included in Appendices E and F, respectively.

14



2022 Stressor and Threat Assessment for Nevada GDEs

Table 10. Percentage and quantity of GDE types at moderate to high risk (0.5 or greater value) for overall groundwater
withdrawal stressor and threat risk factors. Percentages are percent of points for springs, percent of length for rivers and
streams, and percent of area for other GDE types. ENU = English units.

Combined groundwater Combined groundwater

GDE type withdrawal stressor withdrawal threat

% Amount (metric/ENU) % Amount (metric/ENU)
Springs 21.0 5,299 /5,299 6.4 1,621/1,621
Wetlands 33.4 397,454 ha / 982,155 ac 42.7 507,914 ha/ 1,255,081 ac
Phreatophyte communities  52.3 1,135,113 ha /2,804,922 ac 42.4 921,375ha /2,276,765 ac
Lakes and playas 23.4 140,523 ha/ 347,241 ac 50.3 302,348 ha/ 747,118 ac
Rivers and streams 20.3 3,806 km / 2,365 mi 16.2 3,036 km / 1,886 mi
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Figure 7. Percentage distribution of GDE types for overall groundwater withdrawal stressor (top) and threat (bottom) risk factor
values. Percentages are percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE

types.
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CLIMATE

Climate impacts GDEs primarily through precipitation and air temperature which affect
evapotranspiration, snow accumulation and snowmelt (Klgve et al. 2014), soil moisture, runoff, and
infiltration. In particular, these factors can affect groundwater availability by changing recharge rates
and groundwater levels accessible to GDEs. At the same time, GDEs can provide ecological stability if
they are resilient to climate, which can contribute to the evolution of assemblages of endemic taxa in
environments that, while harsh, are relatively constant due to long flow paths or connections to deep
aquifers such as springs at Ash Meadows, Nevada (Cantonati et al. 2020). We looked at two ways in
which climate may stress or threaten GDEs: current climate interactions, and future climate interactions
with projected climate change.

Current climate stressor risk factor

Ecosystems fed by local groundwater flow paths are more likely to respond quickly to variations in
temperature and recharge than larger systems with longer groundwater flow paths (Toth 1963; Klgve et
al. 2014; Figure 8). Thus, GDEs recharged by local groundwater flow paths are naturally less resilient to
drought and more sensitive to changes in hydrology (Miller et al. 2011). As Toth (1963) showed
analytically, areas with more topographic relief (i.e., mountainous areas) will tend to have more local
flow paths. Similarly, Aldous and Gannett (2021) noted that systems with local flow paths tend to be at
higher elevations with smaller contributing areas, resulting in small springs and wetlands with large
seasonal variability. Discharge from these locally-sourced systems is closely coupled with meteorology
and tends to be seasonal from precipitation and snowmelt. On the other hand, systems with longer
regional flow paths have larger contributing areas and may span climatic and landscape gradients with a
larger variety of potential recharge mechanisms (e.g., melting of seasonal snowpack, occasional melting
of incidental snow, or infiltration of rainfall). These recharge sources can also be quite distant from the
GDE (Aldous and Gannett (2021).
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Figure 8. lllustration of local versus regional flow paths (from Klgve et al. (2014) and adapted from Toth (1963)).

For the current climate stressor risk factor, we assessed the vulnerability of GDEs to drought and drying
conditions by focusing on areas of local groundwater flow paths. In his description of the hydrogeology
of the Great Basin, Mifflin (1988) mapped recharge areas of the Great Basin which we have used to
indicate where local groundwater flow paths are likely to interact with GDEs (Figure 9). The following
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portions of Nevada were not included in the map
by Mifflin (1988): 1) a small area of the Columbia
River Basin in the northern part of Nevada; 2) a
small portion of southern Nevada in the Colorado
River Basin; and 3) a portion of the Mojave Desert
in southern Nevada. We assumed that none of
these were areas of significant recharge and
hence, not areas of local flow paths. GDEs in
regions with local groundwater flow paths were
considered to have a stressor risk factor value of
1.0 for current climate, and other GDEs were
assigned a stressor risk factor value of 0.0 for
current climate (Table 11).

Table 11. Stressor risk factor values for current climate on
GDEs in Nevada.

Groundwater flow paths  Stressor
Local 1.0
Regional 0.0

The GDE types with the greatest percentage

affected by the current climate stressor risk factor
were springs and rivers and streams, indicating
that a lot of them are located in recharge areas

Figure 9. Recharge areas mapped in Mifflin (1988). The
recharge areas were used to indicate locations of higher
risk for current climate stressors for GDEs in Nevada.

with local flow paths (Table 12). Much lower percentages of phreatophyte communities, wetlands, and
lakes and playas were vulnerable to current climate because they are often located at lower elevations
with longer flow paths (Aldous and Gannett 2021).

Table 12. Percentage and quantity of GDE types affected by the current climate stressor risk factor. Percentages are percent of
points for springs, percent of length for rivers and streams, and percent of area for other GDE types. ENU = English units.

Current climate stressor

GDE type % Amount (metric / ENU)
Springs 40.2 10,119 /10,119
Wetlands 6.4 75,691 ha / 187,036 ac
Phreatophyte communities 9.8 212,697 ha / 525,584 ac
Lakes and playas 8.1 48,357 ha/ 119,492 ac
Rivers and streams 32.0 6,011 km / 3,735 mi

Future climate threat risk factor

Future climate for Nevada is likely to be warmer which could increase evapotranspiration and reduce
recharge (Somers and McKenzie 2020), thereby affecting the availability of groundwater to GDEs.
Furthermore, much of Nevada’s current hydrology is driven by snowmelt (Stonestrom and Harrill 2007),
but as the climate warms, a greater proportion of precipitation will occur as rain instead of snow
(Meixner et al. 2016; Mote et al. 2005). Siirila-Woodburn et al. (2021) describe how less snowpack could
lead to less mountain recharge of groundwater because snowmelt infiltrates better than rainfall. This is
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especially true in the southwestern US where mountain-block groundwater recharge is prevalent
(Earman et al. 2006; Earman and Dettinger 2011), as in Nevada. On the other hand, focused recharge
from surface water bodies like lakes, rivers and streams may increase if precipitation intensity increases
due to a greater water vapor holding capacity in the atmosphere (Meixner et al. 2016). Another impact
of future climate could be reduced baseflows if groundwater contributions to streams are decreased,
which Miller et al. (2021) project could occur in the Upper Colorado River basin with possible basin-wide
impacts to human and ecological water use. However, reduced mountain recharge if higher elevation
areas transition to more rain than snow could lead to increased streamflows that allow more recharge
through streambeds (Earman and Dettinger 2011). Changes in the water cycle and air temperatures can
also increase the possibility of wildfires and insect outbreaks in GDEs in riparian areas (Dwire et al.
2018).

For lower elevation systems in the Great Basin, Grayson (1993) considered the past Holocene Thermal
Maximum that was hotter and drier and suggested in a hotter future where water tables could fall. The
lower water tables could transition groundwater-dependent vegetation to precipitation-based
vegetation. If the transition period is long (i.e., hundreds of years), soils for phreatophyte communities
like greasewood could become less sodic, allowing vegetation like mixed salt desert scrub and sagebrush
to establish. However, if the transition period is short (as projected by climate change models), soils are
unlikely to change and greasewood would likely be replaced by cheatgrass or, with more time, saltbush
(Provencher et al. 2020).

Aside from the effects of a warming climate on the water balance that can affect GDEs, changes in the
magnitude of air temperatures as well as the timing of seasonal temperatures and precipitation may
affect species viability (Keller and Shea 2020). Mclnerny et al. (2021) noted that riverine ectotherms
have only two options to survive if they reach their thermal maximum: 1) adapt to the warmer
conditions, which can be difficult if the habitat warms faster than the species can adapt or 2) migrate to
cooler water. Several studies have noted the importance of climate refugia for species adaptations to
warming climates (Dobrowski 2011; Lawler et al. 2015). “Convergent environments” that are decoupled
from regional climatic patterns such as valley bottoms, local depressions and sinks often also retain and
accumulate water in arid regions (Dobrowski 2011), and the cooler air can benefit the local water
balance and water temperatures.

We chose to focus the assessment of future climate threat to GDEs on ecological drought conditions. To
estimate the threat that future climate poses, we prepared future temperature, precipitation,
evaporative demand, and Standardized Precipitation Evapotranspiration Index (SPEI; Vicente-Serrano et
al. 2010) time series for the 256 hydrographic areas in Nevada. In semi-arid and arid landscapes, SPEI
has been shown to more accurately describe hydrologic drought conditions over indices that only use
precipitation (McEvoy et al. 2012) and to be a good indicator of ecological drought (Albano et al. 2020).
Additionally, SPEI is calculated at user defined lag periods, unlike the Palmer Drought Severity Index
which represents approximately a 12-month lag (Guttman 1998). The ability to estimate the drought
conditions based on different lags allows the user to match the time period with ecologically relevant
processes.

Global climate model (GCM) output from the Localized Constructed Analogs (LOCA; Pierce et al. 2014,
2015) database were summarized based on Nevada hydrographic area polygons. The following variables
were obtained from the Scripps Institute of Oceanography LOCA database (http://loca.ucsd.edu/):
maximum air temperature, minimum air temperature, precipitation, wind speed, specific humidity, and
incoming shortwave radiation. All data are daily temporal resolution and 6 km spatial resolution. The
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LOCA historical period covers 1950-2005 and the future period covers 2006-2100. Model output using
representative concentration pathway (RCP) 4.5 and 8.5 were available, but only the RCP 8.5 (“business
as usual”) scenario was used for the GDE threat assessment. Seven of the 10 LOCA GCMs (ACCESS1-0,
CanESM2, CNRM-CM5, GFDL-CM3, HadGEM2-CC, HadGEM2-ES, and MIROC5) were used because they
have archived all the necessary variables needed to compute evaporative demand.

Evaporative demand computed from the 7-model LOCA ensemble output and based on the ASCE
Standardized Reference Evapotranspiration approach (Allen et al. 2005) was obtained from an archive
developed by McEvoy et al. (2020). This approach required maximum and minimum air temperature,
wind speed, specific humidity, and incoming shortwave radiation from LOCA.

Because of the 6 km spatial resolution, we performed the analysis of threats to GDEs from future
climate at the level of hydrographic area. Daily LOCA data were averaged over each hydrographic area
using all grid cells that lie within the basin polygon to form hydrographic area timeseries for each
variable. Daily data were converted to monthly timeseries by computing monthly means for
temperature, wind speed, specific humidity, and incoming shortwave radiation, and monthly sums for
precipitation and evaporative demand. The SPEI was then computed using the monthly precipitation
and evaporative demand timeseries.

A nonparametric method developed by Farahmand and AghaKouchak (2015) and adopted by Hobbins et
al. (2016) for the Evaporative Demand Drought Index was used to estimate the probability distributions
for SPEI. Three SPEI timescales were used: 8-month, 48-month, and 72-month. The 8-month lag tends to
correlate with annual fluctuations in soil moisture and the ability for plants to respond to those changes
(Albano et al. 2020), whereas the 48-month and 72-month lags indicate longer and more ecologically
consequential (i.e., causing greater mortality of plant species) drought conditions. For this analysis we
chose the September 8-month SPEI as this period aligns with when the majority of moisture is received
and generally spans the active growing season for semi-arid and arid plants. SPEI converts accumulated
[precipitation — evaporative demand] into a standard normal index in standard deviations from a
specified mean (i.e., a value of 0 indicates the SPEI is at the specified mean), where negative values
indicate drier conditions and positive values indicate wetter conditions than the mean. The mean can be
calculated across the entire dataset or for a reference time period. Since we were interested in the
change in future climate compared to historic conditions, a reference period of 1950 to 2019 was
specified (note that this period does include recent trends in temperature and precipitation due to
human induced climate change). SPEI values for 2020-2099 were estimated relative to the reference
period following the approach of McEvoy et al. (2020), but we focused our analysis of future conditions
between 2022 and 2060 because of higher uncertainty in LOCA estimates in the more distant future.

Additionally, we were interested in understanding not only the predicted changes in the moisture
conditions by each LOCA model, but also if the models had similar results. While increased moisture
would likely have impacts on vegetation structure and composition, we decided to focus on instances of
increased drought conditions where the SPEI was less than -1 standard deviation from the mean (i.e.,
more negative SPEI). For each hydrographic area, we determined the future climate threat (see
Appendix G for equations). Hydrographic areas with a high number of droughty months consistent
across all LOCA models were given higher threat risk factor values. Consistency was measured by the
variance among LOCA models. In other words, greater variance indicated less consistency of prediction
(Appendix G), so more variable projections carried less weight in determining future threat risk factor
values.
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Figure 10 shows the resulting future climate threat
risk factor value for each hydrographic area in
Nevada. Between 2022 and 2060 and across all LOCA
models, all hydrographic areas had mean SPEI values
less than -0.40 (data not shown), indicating droughty
conditions are projected throughout the state. As
noted by McEvoy et al. (2020), although there are
projected increases in precipitation in winter in
Nevada, the very large projected temperature
increases far outweigh the increases in precipitation
and drive the SPEI values to more droughty values. As
evaporative demand is projected to be higher due to
increased air temperature in all assessed LOCA
models, GDEs are expected to experience change in
available soil moisture. Areas of highest climate
threat risk were in southern Nevada and along the Climate Threat by

. Hydrographic Area
western boundary of the state. These hydrographic - i

areas had high threat risk factors because of having [ o0.21-040
high numbers of droughty months and high I 0.41- 060
consistency among LOCA models. Lowest threat risk Bl o6:1-050

. - 0.81-1.00 i
factor values were found in eastern Elko County, More risk

where the models projected consistently less drought Figure 10. Climate threat risk factor values for each

conditions as compared to the historic data. hydrographic area. Range is from 0.00 (lowest risk) to 1.00
(high risk). GDEs were assigned the threat risk factor value

iGDEs were assigned the threat risk factor value in the respective hydrographic areas in which they were
located.

associated with the respective hydrographic areas
they were in. Over 20% of all GDE types were at moderate to high risk for the climate threat risk factor,
with the highest percentage for lakes and playas (Table 13; Figure 11). Lakes harbor endemic fish
species, and both lakes and playas are important locations for migratory birds and aquatic invertebrates,
some of which are adapted to the temporary water presence in playa lakes (WAPT 2012).

We note that the future climate threat risk factor only addresses projections of climate variables,
although areas of local groundwater flow paths are likely to experience the impacts of a changing
climate more quickly than those with regional flow paths, as addressed by the current climate stressor
risk factor. Maps showing climate stressor and threat risk factor values for GDEs are included in
Appendices H and |, respectively.

Table 13. Percentage and quantity of GDE types at moderate to high risk (greater than 0.5) for the future climate threat risk
factor. Percentages are percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE
types. ENU = English units.

Future climate threat

GDE type % Amount (metric / ENU)
Springs 28.3 7,127 /7,127
Wetlands 25.9 308,032 ha /761,163 ac
Phreatophyte communities 21.9 476,661 ha /1,177,854 ac
Lakes and playas 48.8 293,433 ha / 725,088 ac
Rivers and streams 23.8 4,470 km / 2,777 mi
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Figure 11. Percentage distribution of GDE types for climate threat risk factor values. Percentages are percent of points for
springs, percent of length for rivers and streams, and percent of area for other GDE types.

% of GDE group features
(adjusted by feature size except springs)
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UNGULATES

Ungulates such as cattle, domestic sheep, horse, burro and elk outside native range can affect GDEs
through trampling and unsustainable grazing. Trampling can eliminate riparian vegetation and modify
aquatic conditions by raising water temperatures, changing the amount of fine substrates, dispersing
non-native plants and pathogens, and increasing nutrient loading (Armour et al. 1991; NRC 2002; Sada
and Nachlinger 1998; Sada and Pohlmann 2006). Foraging impacts can vary depending on species
characteristics, season, intensity, and water availability (Naumburg et al. 2005). Longer-term impacts of
grazing include changes in hydrology and fire patterns, as well as declines in biotic richness and diversity
(NRC 2002).

In a study of plants and animals protected under the federal Endangered Species Act, livestock grazing
harmed 22 percent of federally endangered, threatened or proposed species, subspecies, or
populations, including 33 percent of listed plants, and 30 percent of listed crustaceans (Wilcove et al.
1998). In the Great Basin, livestock grazing has been a major land use for centuries (Chambers and
Wisdom 2009; Sada and Vinyard 2002). Overgrazing by livestock can result in changes in the structure
and composition of vegetation as well as changes in soil properties and water quality (Chambers et al.
2011; Chambers and Miller 2011). For example, overgrazing by livestock can lead to extensive arroyo
cutting and filling in the southwestern United States (NRC 2002).

The overall impacts of livestock grazing vary by ecosystem, historical context, current condition, and
management. For example, in northern Great Basin sagebrush, strategic grazing has been shown to
reduce exotic species (Davies et al. 2021). Studies that have looked at the effects of excluding or
managing livestock grazing have observed improvements in range conditions and native plant and
animal communities in Nevada (Pendleton et al. 2013), although Courtois et al. (2004) did not find
significant changes in species composition, cover, density, and production within and outside of
exclosures in other parts of Nevada after 65 years. Albano et al. (2020) observed NDVI trends indicating
improved riparian vegetation vigor along the Upper Humboldt River after shifts from year-round grazing
to rest-rotation management.

Surveys by Sada and Nachlinger (1998) in the Spring Mountains in southern Nevada documented
impacts by ungulates at springs, including grazing and trampling by cattle, horse, burro and elk outside
their native range. Sada and Lutz (2016) compiled data from 2,213 springs sampled from the late 1980s
to 2013 and found that cattle use affected over 50% of the springs. Assessment of disturbance at springs
in the Spring Mountains by Fleishman et al. (2006) found that native species richness declined as grazing
intensity increased, but non-native species richness was greater at springs with moderate grazing
intensity as compared to springs with no grazing.

Native ungulates can also impact riparian and wet areas by consuming plants, dispersing seeds,
disturbing soil, affecting geomorphology (NRC 2002), and impacting rare species near springs and seeps
(Pendleton et al. 2013). Some vegetation regenerate because of concentrated seasonal browsing, and
impacts can vary depending on ungulate populations that are affected by predation, competition,
climate, and other factors (NRC 2002). However, the impact of native ungulates is often less than that of
livestock in areas that support both (NRC 2002).

Data on ungulate use of GDEs are very limited, so we made assumptions about how different ungulates
might impact different types of GDEs (Table 14). We assumed that ungulates would not impact GDE

22



2022 Stressor and Threat Assessment for Nevada GDEs
lakes and playas. Playas do not have drinkable water for ungulates and have limited forage. Ungulates
are not usually in lakes and many of Nevada’s lakes are saline so they also do not offer drinkable water.

Table 14. GDEs assumed to be affected by different types of ungulates. The Lakes and Reservoirs layer is not included because it
was assumed to not be affected by ungulates. See Saito et al. (2020) for more information on the Nevada iGDE layers.

Nevada iGDE layer GDE community or system Ungulates
Springs Springs Horse/burro, livestock
Wetlands Palustrine Horse/burro, livestock
Riparian Horse/burro, livestock
Phreatophyte Communities Aspen woodland Livestock, elk
Aspen mixed-conifer Livestock, elk
Mesquite Horse/burro, livestock
Rivers and Streams Rivers, streams Horse/burro, livestock

We relied on the spatial extents for which ungulates are expected to access, as follows (Figure 12):

e Elk: The Nevada Department of Wildlife
has mapped occupied distribution of elk
in Nevada)

e Livestock (cattle and sheep):

o Grazing allotments are mapped
by the BLM and includes polygon
data and information about
allotment seasonal use by
animal type

o Grazing allotments are a feature
class in the Range Management
Unit dataset for the U.S. Forest
Service

e Wild horses and burros: Herd
management areas (HMAs) are federally
managed lands for wild horses and
burros in Nevada

We assigned GDEs within ungulate

management and distribution areas shown Occupied Elk

in Figure 12 stressor and threat values of 1.0. Distribution
GDEs that were not in these areas received Livestock grazing
values of 0.1 because of the possibility that allotments
ungulates could still be present outside of Horse/burro

the management or distribution areas (Table management or
15). We recognize that ungulates may not be grazing areas

present or affect all GDEs in these spatial
extents, and they may also exist outside of
these mapped areas. We considered
ungulates to be both stressor and threat risk

Figure 12. Areas where GDEs may be impacted by horses/burros
(red), elk (blue), or livestock (yellow).
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factors because we assumed they would continue to be a threat in the future and did not have data
about how the threat would change in the future.

Table 15. Stressor and threat risk factor values for ungulate impacts to GDEs in Nevada

Ungulates Stressor Threat
Within an allotment or HMA or elk distribution area 1.0 1.0
Outside of an allotment or HMA or elk distribution area 0.1 0.1

For each Nevada GDE type in Table 14, the maximum number of ungulate types that could impact a GDE
was 2. Thus, ungulate risk factor values for each iGDE in the Nevada iGDE database were normalized by
dividing by 2. For example, an aspen woodland system might be affected by both cattle grazing and
over-use by elk outside its historic range. This would result in a raw ungulate risk factor value of 2.0 for
this system, but it was normalized to an ungulate risk factor value of 1.0. An aspen woodland system
only impacted by elk would have a final ungulate risk factor value of 0.5. We used this approach to note
that different ungulates have different impacts and having more than one type of ungulate affecting a
GDE can have compounded impacts, so that type of situation was assigned a higher risk factor value
than a GDE impacted by only one ungulate type.

Springs and GDE rivers and streams had the greatest percentage at high risk from the ungulate stressor
and threat risk factors (Table 16), which agreed with observations of Sada and Lutz (2016) in their
surveys of Great Basin and Mojave Desert springs. Lakes and playas were not affected by ungulates
because of the assumption that ungulates were unlikely to have interactions with lakes and playas.
Maps showing stressor and threat risk factor values for GDEs from ungulates are included in Appendices
Jand K.

Table 16. Percentage and quantity of GDE types with high risk for the ungulate stressor or threat risk factors. Percentages are
percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE types. ENU = English
units.

Ungulate stressor or threat (high risk)

GDE type % Amount (metric / ENU)
Springs 87.4 22,008 / 22,008
Wetlands 21.1 250, 567 ha / 619,165 ac
Phreatophyte communities 26.1 567,064 ha / 1,401,244 ac
Lakes and playas 0.0 Oha/0Oac

Rivers and streams 71.6 13,431 km / 8,346 mi
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NON-NATIVE SPECIES

As with other ecosystems in Nevada, non-native species can be very problematic for GDEs. Invasive and
non-native aquatic species can displace natural species and affect natural foodwebs (Kolosovich et al.
2012; Vitousek et al. 1996) by competing with natural species, altering habitat conditions and affecting
ecosystem properties (Brooks et al. 2013). Miller et al. (1989) found that 68% of extinctions of fishes in
North America were associated with detrimental effects of introduced species, with the Great Basin
being a region that has lost a substantial proportion of native fish fauna. For example, the Pahranagat
Spinedace (Lepidomeda altivelis) once occupied the outflow of Ash Springs and Upper Pahranagat Lake,
but most likely became extinct due to competition or predation by non-native common carp,
mosquitofish (Gambusia affinis) and bullfrogs (Miller et al. 1989). The disappearance of Pahrump Ranch
poolfish (Empetrichthys latos Pahrump) and Raycraft Ranch poolfish (E. latos concavus) was partly due
to introduction of common carp, goldfish (Carassius auratus), and bullfrogs (Williams and Sada 2020).
Sada and Vinyard (2002) found that the abundance and distribution of over half of 135 distinctive
endemic aquatic taxa in the Great Basin were affected by non-native species. Of 44 springs in Nevada
with springs-dependent taxa in severe decline, extirpation or extinction in the Great Basin and Mojave
Desert, one of the largest causes of the declines, extirpation or extinction was non-native species (37%;
Sada and Lutz 2016). Comer et al. (2013) found invasive aquatic species in lakes, reservoirs, springs and
seeps, and Great Basin foothill and lower montane riparian woodland and shrublands and streams in
their ecological assessment of the Central Basin and Range in the western United States.

Non-native plants can affect the local water balance as well as soil, nutrient, and light dynamics (Stevens
et al. 2020). They can even increase fire frequency; for example, black greasewood systems, the largest
GDE type by area in Nevada (Saito et al. 2020), historically did not experience fires, but can transition to
weedy, fire-prone systems dominated by non-native vegetation if access to groundwater is lost
(Provencher et al. 2020). In an ecoregional assessment of the Central Basin and Range, Comer et al.
(2013) found that invasive plant species were impacting springs, seeps, greasewood flats, rivers and
streams. Several studies have found that non-native plant species richness and cover tend to increase at
GDEs with higher disturbance, whereas native species richness decreases as intensity of disturbance
increases (Bart et al. 2020; Fleishman et al. 2006; Nielson et al. 2019).

Climate change may also provide opportunities for non-native species to invade and change GDEs
(Woodward et al. 2010). Changes in the timing and magnitude of air temperatures can favor species that
have less phenological sensitivity (Keller and Shea 2020). For aquatic species, warmer water
temperatures due to climate warming could increase predation by non-native fishes on native prey
species or enable non-native parasites and pathogens to achieve higher population densities more
rapidly (Rahel and Olden 2008).

To assess non-native species as stressors, non-native animal species in Deacon and Williams (1984) and
non-native plant and animal species well-known to negatively affect GDEs in Nevada according to
experts (Table L-1 in Appendix L). Although non-native equines and livestock can also impact GDEs they
are included in the “ungulate” risk theme so they were not accounted for here. We aggregated available
data on these species from the following data sources to map locations of where these species have
been recorded:

e Non-Indigenous Aquatic Species (NAS) database: Managed by the USGS, this database is a resource
for spatially referenced occurrence data of introduced aquatic species throughout the United States;
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geographic data for all species in Table L-1 were downloaded from the NAS database and converted
to a point feature class.

e Early Detection and Distribution Mapping System (EDDMapS): EDDMapS is a repository of
geographic information on observations of invasive species or pests from agencies and individuals;
point data for Nevada from EDDMapS and were merged to create a single point feature class for
EDDMapS data.

e Springs Stewardship Institute (SSI) data: Data from springs surveys in Nevada were acquired for the
GDE mapping project in 2019 (Byer et al. 2019); springs where non-native species in Table L-1 were
found were saved as point data to represent non-native species occurrence.

Point data from NAS, EDDMapS, and SSI were aggregated to create a single point feature class of non-
native species occurrence. iGDEs within 800 m (0.5 mile) of these locations were assigned a stressor risk
factor value of 1.0. Because the lack of data on non-native species does not necessarily mean that they
do not exist at a location (e.g., there may have been no surveys done, species may not have been
present at time of survey, etc.), all other iGDEs were assigned a stressor risk factor value of 0.1 (Table
17).

Humans activities often increase populations of non-native species (Bart et al. 2020; Nielson et al. 2019;
Sada and Pohlmann 2006; Stevens et al. 2020) in part because people may knowingly or unknowingly
transport non-native species from one system to another as seeds, pollen, or individuals (e.g., stuck on
surfaces like boots, shoes, boats, etc.; intentional release of unwanted fauna, etc.; Fleishman et al.
2006). To assess the threat of human introduction of non-native species to GDEs, we used current road
density to estimate potential distribution and impacts. Roads also provide access to GDEs, which Sada
and Nachlinger (1998) found to be an indicator of disturbance severity of springs in the Spring
Mountains. The TIGER database from the U.S. Census Bureau
(https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html) contains a
road density layer for the entire United States. We clipped this raster to the extent of Nevada and
normalized the density values to be between 0 and 1. At each iGDE, we used the average road density
value to represent the threat risk factor value from non-native species (Table 18). Figure C-2 in Appendix
Cillustrates the application of the non-native species stressor and threat risk factors to iGDEs in the
Nevada iGDE database.

Table 17. Stressor and threat risk factor values due to non-native species on GDEs in Nevada.

Non-native species risk Stressor  Threat
Current non-native species presence 1.0 --
Current non-native species absence 0.1 --
Road density normalized -- Oto1l

Lakes and playas and phreatophyte communities had the highest percentages of area at high risk by
current non-native species presence whereas springs had the lowest percentage at high risk (Table 18).
This result contradicted Miller et al. (1989) and Sada and Lutz (2016) who found that non-native species
were a strong factor in the decline of native species at springs in Nevada and the Great Basin. Since we
used non-native species databases for this analysis, the discrepancy could be due to low levels of
reporting of non-native species at springs in these databases. The larger footprint of phreatophyte
community polygons (as compared to spring point data) could have also affected the determination of
presence or absence in our analysis. On the other hand, Stevens et al. (2021) suggest that springs may
be more protected from non-native species introductions because of their isolated nature.
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All GDE types had very few, if any, iGDEs at moderate to high risk for the road density threat risk factor
(Table 18). The normalized road density values for the threat risk factor were very low because many
GDEs are in rural areas where road density is low. Maps showing stressor and threat risk factor values
for GDEs from non-native species are included in Appendices M and N.

Table 18. Percentage and quantity of GDE types at high risk for non-native species stressor risk factor due to non-native species
presence and at moderate to high risk (greater than 0.5) for non-native species threat risk factor due to road density.
Percentages are percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE types.
ENU = English units.

GDE type Non-native species stressor Non-native species threat

% Amount (metric / ENU) % Amount (metric / ENU
Springs 6.8 1,713 /1,713 0.0 1/1
Wetlands 18.4 220,057 ha / 543,773 ac 0.0 13 ha/33 ac
Phreatophyte communities  45.7 991,967 ha / 2,451,202 ac 0.0 Oha/0ac
Lakes and playas 62.4 375,109 ha / 926,914 ac 0.0 Oha/0ac
Rivers and streams 14.5 2,716 km / 1,688 mi 0.0 4 km /2 mi
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ADDITIONAL IMPACTS DUE TO HUMAN DEVELOPMENT

Many of the stressors and threats we assessed in the other four themes are associated with human
activities, so in this theme we focused on two additional areas of human activities that could impact
GDEs: 1) urbanization and 2) surface water diversions. In addition to dewatering GDEs (covered in the
water withdrawals section), urbanization can impact GDEs by disturbing them, fragmenting them,
covering up areas that would naturally provide recharge for groundwater, and altering local air
temperature patterns (Marchionni et al. 2020). Urban areas can also be sources of groundwater
contamination that can negatively affect GDEs (Cantonati et al. 2020). The Great Basin has experienced
high population growth and increasing urbanization in past decades (Chambers and Wisdom 2009), with
Nevada having the highest growth rate in the nation between 1960 and 2010 (Pendleton et al. 2013).
We used housing density estimates as a proxy for urbanization, with housing density estimates for 2010
from Comer et al. (2013)* as an indicator of stressor risk. We normalized the estimates with the
maximum value to get a range of 0.0 (negligible risk) to 1.0 (high risk; Table 19). Future increased
housing density was considered a threat risk factor, so we compared housing density maps from 2010
and projected maps of 2060 from Comer et al. (2013)° to identify locations where housing density
increased. At each iGDE, the average increase in housing density was calculated, and the values were
normalized across all iGDEs to range from 0.0 to 1.0 (Table 19).

Surface water diversions can impact GDEs such as riparian zones along rivers by altering interactions
between surface water and groundwater (Rohde et al. 2021b). Diversions are also common at springs to
enable use of water for irrigation, drinking water, or livestock watering (Sada and Nachlinger 1998).

In Nevada, spring discharges are administered as surface water, so such diversions are considered
surface water diversions. Williams and Sada (2020) describe extinctions of species like the Tecopa
pupfish (Cyprinodon nevadensis calidae) that were due in part to diversions. In a compilation of data for
2,213 springs surveyed from the late 1980s to 2013, 36% of the springs had been impacted by
diversions, with 24% being highly disturbed (Sada and Lutz 2016). Sada and Lutz (2016) also found 44
springs in Nevada with springs-dependent taxa in severe decline, extirpation or extinction in the Great
Basin and Mojave Desert, and the largest cause of the declines, extirpation or extinction was diversion.
Fleishman et al. (2006) found that species richness of native plants was lower at springs in the Spring
Mountains of southern Nevada with high levels of diversion as compared to springs with no diversion or
moderate diversion, but species richness of non-native plants was higher at springs with slight diversion
as compared to no diversion or high diversion.

To assess the stressor of surface water diversions on GDEs, we used Point of Diversion (POD) from the
Nevada Division of Water Resources (NDWR). GDEs with PODs within 800 m (0.5 mile) were given a
stressor risk factor value of 1.0. All other GDEs were given a stressor risk factor value of 0.1 due to
uncertainty in where actual PODs are located because they are not always located where noted in the
NDWR database (Table 19). Figures illustrating the approach for applying the stressor and risk factors for
additional human development to iGDEs in the Nevada iGDE database are included in Appendix C.

42010 dataset in Comer et al. (2013) is available at
https://landscape.blm.gov/geoportal/catalog/search/resource/details.page?uuid=%7BC4DFABE8-080C-441B-
8E3D-6FOC54A22F5C%7D

52060 dataset in Comer et al. (2013) is available at
https://landscape.blm.gov/geoportal/catalog/search/resource/details.page?uuid=%7B3B268D03-86D5-4D89-
A105-AED557D2D89A%7D
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Because we had two risk factors that we rated as stressor risk factors for additional impacts due to
human development, we combined the risk factors by adding the values for each risk factor and dividing
the result by a normalizing factor of 2.0 to get combined additional human development stressor risk
factor values between 0.0 and 1.0 (Table 19).

Table 19. Summary of additional human development risk factor calculation approach for GDEs in Nevada.

Additional human development risk  Risk factor Values Normalizing factor Final range
type

Current housing (Elen5|ty ' . Stressor 0.0to 1.0 5 0.0t0 1.0

Surface water points of diversion Stressor 0.1o0r1.0

Increased housing density in 2060 Threat 0.0to 1.0 NA 0.0to 1.0

Large percentages of phreatophyte communities and lakes and playas were at high risk for the surface
water POD stressor risk factor (Table 20). This resulted in phreatophyte communities having the largest
percentage at moderate to high overall risk for the combined additional human development stressor
risk factors (Table 21; Figure 13), in part because of the larger areas of the polygons (as opposed to
points for springs, and lines for rivers and streams). AlImost 10,000 springs and over 6,000 km (over
4,000 mi) of rivers and streams were at high risk for the surface water POD stressor risk factor, which
seems reasonable considering where surface water diversions usually occur. All GDE types had fairly low
percentages at moderate to high risk for the housing density stressor because many GDEs are located in
rural areas that have very low housing density values relative to larger urban areas. This causes the
normalized housing density risk factor values to be very small, which also affected the increased housing
density threat (Table 21; Figure 13). Appendices O and P show overall stressor and threat risk factor
values for GDEs from additional human development.

Table 20. Percentage and quantity of GDE types at high risk for surface water POD stressor risk factor and at moderate to high
risk for housing density stressor risk factor. Percentages are percent of points for springs, percent of length for rivers and
streams, and percent of area for other GDE types. ENU = English units.

Surface water POD stressor (high risk) Housing density stressor

GDE type (moderate to high risk)
% Amount (metric / ENU) % Amount (metric / ENU)

Springs 38.7 9,756 /9,756 1.0 191 /191
Wetlands 31.7 377,200 ha / 932,080 ac 1.0 11,432 ha/ 28,248 ac
Phreatophyte communities 61.7 1,340,868 ha/ 3,313,355 ac 1.4 30,127 ha / 74,446 ac
Lakes and playas 66.5 399,304 ha / 986,701 ac 10.9 65,573 ha / 162,035 ac
Rivers and streams 34.9 6,442 km / 4,072 mi 3.1 580 km / 360 mi
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Table 21. Percentage and quantity of GDE types at moderate to high risk for overall other human development stressor risk
factors and other human development threat risk factor. Percentages are percent of points for springs, percent of length for
rivers and streams, and percent of area for other GDE types. ENU = English units.

Other human development stressor Other human development

GDE type (moderate to high risk) threat (moderate to high risk)
% Amount (metric / ENU) % Amount (metric / ENU)

Springs 2.9 735 /735 0.1 22/22
Wetlands 7.3 86,828 ha /214,557 ac 0.1 1,713 ha/ 4,234 ac
Phreatophyte communities 42.9 931,567 ha /2,301,951 ac 0.4 9,085 ha / 22,449 ac
Lakes and playas 26.3 157,794 ha / 389,916 ac 5.8 34,579 ha / 85,447 ac
Rivers and streams 11.9 2,241 km / 1,393 mi 0.3 56 km / 35 mi
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Figure 13. Percentage distribution of GDE types for other human development stressor (top) and threat (bottom) risk factor
values. Percentages are percent of points for springs, percent of length for rivers and streams, and percent of area for other GDE

types.
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COMBINED RISK FACTORS

Most, if not all, GDEs in Nevada are affected by multiple stressors and threats. The combined effects of
multiple drivers can jeopardize species more than indicated in assessments of single causes (Hof et al.
2011). Sada and Lutz (2016) found that 42% of disturbed springs they visited were affected by more
than one disturbance factor. In a literature review of threats to aquatic amphibians in the southwest, 28
of 34 species had identified species:threat relationships in combinations of climate, biological and land
use categories (Mims et al. 2020). Thus, the risk factor values (each ranging from 0.0 to 1.0) from the
five themes of stressors and threats were combined to create an overall risk factor value for each iGDE
between 0.0 and 1.0. We applied weights to each of the themes to emphasize those that are riskier to
GDEs (Table 22). Groundwater withdrawals were given the strongest weight because without water,
GDEs do not function and the other themes will make no difference on the outcome. The next strongest
weight was given to climate because it can create less water availability and it can also exacerbate other
stressors or threats. Stressor and threat risk factor values due to ungulates, non-native species, and
additional human development were given equal weights (Table 22). Applying these weights resulted in
overall risk factor values for each iGDE in the Nevada iGDE database between 0.0 and 8.0.

Table 22. Weights applied to each theme to calculate overall risk factor values for GDEs in Nevada

Theme Weight
Groundwater withdrawals 3.0
Climate 2.0
Ungulates 1.0
Non-native species 1.0
Additional human development 1.0

Figures 14 and 15 show the amount of iGDEs at high risk for each of the stressor and threat risk factors
assessed, and Figures 16, 17 and 18 summarize stressor and threat risks in each risk factor theme by
GDE type. The stressor risk factor that had the largest number of springs and rivers and streams at high
risk was the ungulate stressor risk factor, whereas the surface water diversions stressor risk factor had
the largest areas of wetlands, phreatophyte communities, and lakes and playas at high risk (Figure 14).
Large areas of wetlands were also at high risk for the pumping status stressor risk factor. The ungulates
threat risk factor also had the largest number of springs and rivers and streams at high risk (Figure 15),
and the threat risk factor for proximity of GDEs to potential groundwater withdrawals had the largest
areas of wetlands, phreatophyte communities and lakes and playas at high risk.

Among themes, ungulates were the largest stressor and threat risk factors for springs (Figures 16 and
17). More than 25,000 springs are in the Nevada iGDE database and they often are critical sources of
water supply in large, remote areas for both people and wildlife (Williams and Sada 2020). Groundwater
withdrawals had moderate to high stressor and threat risk for the largest areas of wetlands and
phreatophyte communities (Figures 16 and 17), and all GDE types had substantial amounts at moderate
to high risk for the future climate threat theme (Figure 17).

Among GDE types, lakes and playas were at highest risk for the non-native species stressor risk factor
theme, with over 60% at moderate to high risk (Figure 18). Groundwater withdrawals and other human
development stressor themes had moderate to high stressor risk for about 50% of phreatophyte
communities. The latter was due mostly to the surface water points of diversions stressor risk factor
(Figure 14). Among stressors overall, phreatophyte communities had the largest percentage at
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moderate to high risk, followed by springs and rivers and streams. For threats overall, lakes and playas
had the highest percentage at moderate to high risk, mostly due to threats for the groundwater
withdrawals and climate themes. Overall stressor and threat risk factors values could range from 0.0 to
8.0 after the weights in Table 22 were applied (Figures 19-21; larger figures are available in Appendix Q).
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Figure 14. Amount of iGDEs in Nevada at high risk for stressor risk factors (asterisk [*] indicates amount of iGDEs at moderate to
high risk for current housing density). Legend abbreviations for stressor risk factor themes: GW = groundwater withdrawal; C =
climate; U = ungulates; NNS = non-native species; OHD = other human development.
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KEY TAKEWAYS

e GDEs provide important services to people, plants and wildlife, so continued attention to managing
stressors and threats to GDEs is important.

e Overall, more than 2,000 springs, over 16,000 hectares (>40,000 acres) of wetlands, over 300,000
hectares (>700,000 acres) of phreatophyte communities, over 16,000 hectares (>40,000 acres) of
lakes and playas, and over 1,300 kilometers (>1,000 miles) of rivers and streams are at moderate to
high risk for stressor risk factors.

e QOver 800 springs, over 60,000 hectares (>160,000 acres) of wetlands, almost 175,000 hectares
(>425,000 acres) of phreatophyte communities, over 160,000 hectares (>400,000 acres) of lakes and
playas, and over 1,000 kilometers (>650 miles) of rivers and streams are at moderate to high risk for
overall combined threat risk factors.

e Among stressors overall, phreatophyte communities had the largest percentage at moderate to high
risk, followed by springs and GDE rivers and streams.

e For threats overall, lakes and playas had the highest percentage at moderate to high risk, mostly due
to threats for the groundwater withdrawals and climate themes.

e The stressor and threat risk factors that pose the highest risk for springs and rivers and streams are
the ungulate stressor and threat risk factors, with over 22,000 springs at high risk, and over 13,000
km (over 8,000 miles) at high risk.

e Over 370,000 hectares (> 900,000 acres) of wetlands, 1.3 million hectares (3.3 million acres) of
phreatophyte communities, and over 320,000 hectares (>800,000 acres) of lakes and playas are at
high risk for the surface water diversions stressor risk factor.

e The proximity of potential groundwater withdrawals in areas with shallow groundwater was the
threat risk factor that had the largest areas at high risk for wetlands (>850,000 hectares [>2.1 million
acres]), phreatophyte communities (>1.7 million hectares [almost 4.3 million acres]), and lakes and
playas (>430,000 hectares [>1 million acres]).

e On average, about one-fifth of all GDEs, regardless of type, are in hydrographic areas that are over-
pumped, which can put them at risk of having groundwater they use captured by excessive
groundwater withdrawals.

e At least 40% of all GDE types are at high or moderate risk for the appropriation status threat risk
factor.

e Over 70% of wetlands, phreatophyte communities, and lakes and playas are at high risk for the
threat of potential groundwater withdrawals within 800 m (0.5 mile) when shallow groundwater is
present.

e Out of 6,536 wells analyzed for groundwater level trends, 39% had significantly falling trends,15%
had significantly rising trends, and the remainder did not have significant trends.
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e Over half of the hydrographic areas in Nevada had at least one well site with significantly falling
water level trends, but only 8 had most of the wells in their basins with significant falling trends.

e Over 40% of phreatophyte communities (over 800,000 hectares [~2 million acres]) are within 800 m
(0.5 mile) of a well with a significant falling trend, which could affect their sustainability and lead
them to transition to a community with less ecological value.

e The small percentage of springs and GDE rivers and streams that are within 800 m (0.5 mile) of a
well with a significant falling trend could reflect decisions by the State Engineer in evaluating water
right applications for groundwater use near surface waters, indicate that groundwater development
has been more prevalent where surface water resources are unavailable or occur because of
capture of surface water from springs, rivers or other water bodies.

e Because they are often located in recharge areas with local flow paths at higher elevations, more
springs and GDE rivers and streams are at high risk for the current climate stressor risk factor than
other GDE types, and this high risk will continue into the future.

e Between 2022 and 2060 and across all Localized Constructed Analogs (LOCA) models, all
hydrographic areas in Nevada had mean Standardized Precipitation and Evapotranspiration Index
(SPEI) values that indicated more droughty conditions than current conditions are expected
throughout the state.

e Over 20% of all GDE types were at moderate to high risk for the climate threat risk factor, with
almost 50% of lakes and playas at moderate to high risk, which are important locations for endemic
fish, migratory bird species, and aquatic invertebrates.

e Almost 90% of springs and over 70% of GDE rivers and streams are at high risk for ungulate stressor
and threat risk factors.

o Over 60% of lakes and playas are at high risk from the non-native species presence stressor risk
factor, whereas springs had the lowest percentage at high risk, which may reflect a lower rate of
reporting non-native species at springs in the databases used.

o Over 60% of phreatophyte communities and GDE lakes and playas are at high risk for the surface
water points of diversion stressor risk factor.
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ASSUMPTIONS

We made a number of assumptions in doing this analysis. The assessment presented here did not
account for all possible stressors and threats to GDEs in Nevada. For example, we did not consider water
quality and the threat of groundwater contamination. Brown et al. (2011) assessed the threat of
groundwater contamination from agricultural practices by identifying areas where mobile pesticides
were used on agricultural soils in Oregon. For urban areas, they used urban land use as a surrogate for
urban chemical use (Brown et al. 2011). Levy et al. (2021) considered measurements of nitrate water
quality in groundwater as an overall indicator of groundwater quality and found a correlation between
increased nitrate levels and declining groundwater levels. We did not explicitly use water quality data
for this analysis but did consider housing and road density which are both associated with human
interactions that could be sources of water quality impairment.

We also did not consider development of mining or renewable energy sites and their impacts on GDEs.
Comer et al. (2013) had projections of Solar Energy Programmatic Environmental Impacts Statement
Zones (SEZs) in 2025, noting that some of them could counterintuitively overlap with HMAs in their rapid
ecological assessment of the Central Basin and Range. Renewable energy sites could have cascading
effects on GDEs that we didn’t address.

In assessing the future climate threat risk factor, we relied on projections of climatic variables and not
on associated processes other than evapotranspiration. Areas with local groundwater flow paths are
likely to experience the impacts of a changing climate more quickly than those with regional flow paths,
and this was addressed with the current climate stressor risk factor, but not in the future climate threat
risk factor. Our analysis also did not explore the nuances of changing timing and mode of precipitation
(i.e., snow versus rain) which may further impact GDEs.

We used the best available data, but data may have been incomplete or inaccurate. For example, the
location of springs in the Nevada iGDE database are based on a snapshot of data from the Springs
Stewardship Institute’s SpringsOnline database in 2019 (Saito et al. 2020) but many springs are
unmapped because of complex topography, scale issues with remotely sensed data, subaqueous
settings (e.g., caves), and other factors that make them difficult to detect and locate (Stevens et al.
2021). We also used Lopes et al. (2006) maps of groundwater levels to determine where groundwater
levels were 50 m or less from the ground surface, and those maps were based on data from 1947-2004.
It is likely that current groundwater levels are different than those in Lopes et al. (2006) but we could
not find more recent groundwater level maps for Nevada. Based on conversations with experts, we
assumed that 800 m (0.5 miles) was a reasonable distance threshold for the impacts to GDEs from
stressor and threat risk factors like proximity of GDEs to potential water withdrawals, invasive species,
and declining groundwater level trends, but it is possible that GDEs can be impacted by stressor and
threat risk factors located farther away.

The Nevada iGDE database relies on the National Hydrography Dataset (NHD) for the determination of
perennial reaches of rivers and streams that are considered groundwater-dependent, but the NHD is not
always accurate in where these reaches are located in Nevada. This could have affected estimates of the
rivers and streams within 800 m of shallow groundwater (Table 6). In addition, our use of NHD data for
the Nevada iGDE database may not reflect previously groundwater-dependent rivers and streams that
have had discharge captured and become intermittent or ephemeral. Our analysis of well water levels
was dependent on available data, and there were 23 hydrographic areas that did not have enough well
data for our analysis. If multiple well readings were recorded in a year, those readings were averaged,
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which could incorporate measurements in pumping wells during irrigation season. A better approach
may be to only use late winter/early spring water levels before annual pumping for irrigation begins if
adequate data are available.

We did not incorporate explicit projections of future groundwater or surface water withdrawals in our
estimate of future threats due to groundwater withdrawals or additional human development. Our use
of appropriation status to indicate the threats due to groundwater withdrawals did consider those
hydrographic areas that are already over-appropriated to have higher threats to GDEs than those that
were not yet fully appropriated. The Nevada Legislature passed a bill to set aside 10% of available
groundwater from ever being appropriated in hydrographic areas that were not fully appropriated as of
June 5, 2019 (§ NRS 533.0241) to reduce the likelihood that those hydrographic areas would become
fully appropriated. Thus, the risk factor values for the hydrographic areas are unlikely to change
regardless of future groundwater or surface water withdrawals. However, the State is planning to re-
examine estimates of perennial yield in all 256 hydrographic areas in the next ten years (Allander et al.
2021), which could change the status of some of the hydrographic areas and bring new science to
understanding how perennial yield concepts could affect GDEs.

We also recognize that when surface water resources are scarce due to climate, groundwater
withdrawals tend to increase (Aldous and Gannett 2021). Groundwater is easier to develop on an
individual basis because surface water projects often require large amounts of capital and cooperation
with neighbors to deliver and divide the water (Edwards and Smith 2018). We tried to account for the
increased risk to GDEs of increased groundwater withdrawals by having a higher climate threat risk for
hydrographic areas that were likely to experience more dry periods in the future (Aldous and Gannett
2021).

We assumed that HMAs, grazing allotments, and elk distribution areas would not change in the future so
that areas associated with stressors and threats for ungulates remained the same. We also assumed that
ungulates were unlikely to have an impact on lakes and playas. Comer et al. (2013) indicated that rural
private roads were likely to increase in HMAs by 2025, but such increases were not accounted for in our
analysis.
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