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2 Introduction 

Scott Valley is an agricultural groundwater basin in Northern California, within the Scott River 
watershed, part of the Lower Klamath Basin watershed straddling the California-Oregon border.  
The Scott River provides important habitat for salmonid fish, including spawning and rearing 
habitat for coho (Onchorhynchus kisutch) and fall-run Chinook salmon (Onchorhynchus 
tschawytscha) and steelhead trout (Onchorhynchus mykiss). Sufficient flows at adequately low 
temperatures during summer, for rearing, and fall, for spawning, are critical for healthy fish 
habitat in the mainstem and tributaries. 

During the dry summer, streamflow in the Scott River system is low and relies almost entirely on 
groundwater return flow (baseflow) from the alluvial aquifer system underlying Scott Valley. 
Summer streamflow in dry years have been markedly lower since the late 1970s, when compared 
to the 1940s to 1960s. This change is concurrent with large scale adoption of efficient wheel-line 
irrigation (and later: center pivot irrigation) using groundwater instead of surface water, which 
also allowed for extending the alfalfa irrigation season, consistently yielding an additional third 
cutting. Van Kirk and Naman (2008), using statistical analysis, asserted that groundwater pumping 
for irrigation and the accompanying increased consumptive water use was a significant cause of 
the decline in July and August streamflow. The changes have been exacerbated by climate change. 
Van Kirk and Naman (2008) and Drake et al. (2000) concluded that lower streamflow in the fall is 
due to climate effects represented by reduced snowpack at lower elevations. 

As a result of low streamflow, but also due to the lack of widespread riparian vegetation, 
temperatures in the Scott River may exceed critically high temperatures during the summer 
months (North Coast Regional Water Board, Staff Report for the Action Plan for the Scott River 
Watershed Sediments and Temperature TMDLs, 2005). A groundwater (GW) study plan (Harter 
and Hines, 2008) was adopted by Siskiyou County to meet the Action Plan for the Scott River 
Watershed Sediment and Temperature Total Maximum Daily Load (TMDL, adopted Dec. 2005 by 
the North Coast Regional Water Board [NCRWB]). The Scott Valley Integrated Hydrologic Model 
(SVIHM) was developed (Foglia et al., 2013a, b, 2018) and calibrated (Tolley et al., 2019) to 
support the Scott Valley Groundwater Advisory Committee (GWAC) and the implementation of a 
Groundwater Management Plan (GMP) adopted by Siskiyou County during the 2010s and the 
development of the Scott Valley Groundwater Sustainability Plan in 2017 - 2021. A key role of 
SVIHM has been to 

1. understand how past and current pumping affects groundwater flows to the Scott River 
and how alternative future water management activities affect groundwater flow, surface 
water flows, and water quality. 

2. help mediation of conflicts between: 
a. Landowners in Scott Valley, mostly farmers depending on agricultural pumping for 

crop production, 
b. Indian tribes downstream and commercial fisheries off-coast that depend on 

healthy fish populations, 
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c. California Department of Fish and Wildlife, the U.S. Fish and Wildlife Service and 
the U.S. National Marine Fisheries Service responsible for the implementation of 
the state and federal Endangered Species Act (ESA;  16 U.S.C. 1531 et seq.)  

d. North Coast Regional Water Board, State Water Resources Control Board, and U.S. 
Environmental Protection Agency responsible for the implementation of California’s 
Porter-Cologne Water Quality Control Act and the Federal Clean Water Act. 

The two most promising strategies developed with the support of SVIHM are managed aquifer 
recharge (MAR) and in-lieu recharge (ILR).  In 2015, UC Davis, the GWAC, and the Scott Valley 
Irrigation District implemented an innovative pilot project to test the feasibility of managed 
aquifer recharge approaches.  The Scott Valley Groundwater Study project, led by UC Davis and 
funded by the Waterboards, has pioneered approaches for increasing instream flows through 
conjunctive use of groundwater and surface waters.  The project has resulted in a first-of-its-kind 
water rights project in which surface waters are temporarily stored in the Scott Valley aquifer 
solely for the benefit of instream flows. This unique approach differs from previous groundwater 
banking projects in the U.S. that are typically designed to bank water for later retrieval via 
groundwater pumping.  The 2015 pilot project has led to the Water Board’s Division of Water 
Rights considering the permitting of this type of project for the first time. It resulted in 
development of a water rights permit for groundwater recharge to augment stream flows. (Dahlke 
et al., 2015 http://www.caes.ucdavis.edu/news/articles/2015/09/farmland-may-provide-key-to-
replenishing-groundwater.)  

The pilot project was a success, though at a small scale.  SVIHM simulation were used to assess the 
implementation of MAR and ILRP strategies at a larger scale.  SVIHM simulation results indicated 
that MAR and ILR have potential to substantially increase late summer stream flows, as much as 
3x-4x of current low flows as estimated by the SVIHM (see UC Davis presentation to NCRWB for 
more details: 
https://www.waterboards.ca.gov/northcoast/board_info/board_meetings/06_2017/3/Item_3_Dr
_Harter_Tolly_Presentation.pptx, Tolley et al., 2019). The initial SVIHM scenario results were 
promising but were conceptually limited.  For example, the scenario design did not reflect real-
world constraints on diversion amounts, such as bypass flows to protect salmonids. 

Since the development and implementation of the original implementation scenarios, other 
entities have stepped forward with additional modeling ideas.  The National Marine Fisheries 
Service (NMFS) developed a list of scenarios to better define the impacts of groundwater use on 
stream flows.  The outcome of those scenario estimates would be incorporated into NMFS 
discussions related to their safe harbor process, as well as the SGMA process and related activities.   

The SRWC has been implementing an innovative approach to restoring stream habitats using 
beaver dam analogues (BDA), which mimic the function of beaver dams. Many of the BDAs have 
been occupied and maintained by beavers since construction.  The BDAs provide habitat 
improvements, and raise the local water table.  The increase in water table elevation leads to 
more groundwater storage, better riparian vegetation conditions, and heat exchange with the 
aquifer, which will benefit water temperatures.  The level of benefits that can be expected from 

https://www.waterboards.ca.gov/northcoast/board_info/board_meetings/06_2017/3/Item_3_Dr_Harter_Tolly_Presentation.pptx,
https://www.waterboards.ca.gov/northcoast/board_info/board_meetings/06_2017/3/Item_3_Dr_Harter_Tolly_Presentation.pptx,
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larger scale implementation of the BDA approach is another potential scenario to be evaluated 
with SVIHM.  

Following the adoption of the Sustainable Groundwater Management Act (SGMA) by the State of 
California in 2014, the Siskiyou County Flood Control and Water Conservation District became the 
Groundwater Sustainability Agency for the Scott Valley groundwater basin. An advisory committee 
(AC) was established in 2017 to develop a Groundwater Sustainability Plan (GSP). The GSP was 
adopted by the GSA Board in December 2021. The GSA Advisory Committee, during development 
of the Groundwater Sustainability Plan, developed additional projects and management actions 
related to groundwater management that may potentially benefit streamflow in the Scott River 
system. These included improvements in irrigation efficiency, reduction in crop consumptive use, 
and building off-stream surface storage.  SVIHM was employed to quantify their potential benefits. 

The goals of the work presented in this report included the following:  

• Develop and present SVIHM simulation scenarios to further define the impacts of 
groundwater pumping on instream flows in collaboration with the North Coast Regional Water 
Board and the Scott Valley Groundwater Sustainability Planning efforts. 

• Develop and present scenarios to quantify instream flow benefits from beaver dam 
analogue structures. 

• Refine management actions and anticipated results from aquifer recharge and other 
stakeholder-identified projects. 

• Communicate simulation outcomes to stakeholders to support the development of 
sustainable management criteria in the Scott Valley Groundwater Sustainability Plan. 

Earlier versions of SVIHM simulated water years 1991-2011 and are documented in the report by 
Foglia et al. (2013a) and the study by Tolley et al (2019). Applications of the model are published in 
Foglia et al. (2013b) and Foglia et al. (2018). A final calibrated version of the 1991-2011 SVIHM 
version is currently available as a GitHub repository at https://github.com/UCDavisHydro/SVIHM.  

This report summarizes the Water Board-funded efforts performed by UC Davis from 2019-2022. 
This includes an update of SVIHM to expand the modeling period to 2018 (simulation period from 
water year 1991 to water year 2018) and documentation of the SVIHM scenario development 
efforts, and their use in the development of the Scott Valley GSP.  These efforts provided the 
technical underpinnings for the SGMA process in Scott Valley. The 1991-2018 SVIHM model and 
the many scenarios developed in this project have been designed to constructively inform the 
development of sustainability criteria and of projects and management actions in the Scott Valley 
GSP. The GSP for Scott Valley is poised to have statewide ramifications for how these issues are 
handled in other California groundwater basins.   

https://github.com/UCDavisHydro/SVIHM
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3 Study Area 

3.1 Physical Setting 

Scott Valley is located in the Klamath Mountains of Northern California, approximately 30 miles 
south of the Oregon border in Siskiyou County. Scott Valley is approximately 25 miles long and 10 
miles wide at the largest point, although much of Scott Valley is less than 3 miles wide. The Scott 
River flows through the eastern and northern part of the valley, from south to north and across its 
northern flank to exit the valley at its northwest corner toward the Klamath River. Approximately 
8,000 people live in Scott Valley and its two towns of Fort Jones and Etna. Land use and the local 
economy are dominated by agriculture, primarily beef cattle-raising and forage production (alfalfa 
and grain hay and pasture). 

The Scott River watershed (8-digit Hydrologic Unit Code 18010208) encompasses 714 sq mi (1,849 
sq km) of mountainous terrain centered on 100 sq mi (259 sq km) of valley floor (Figure 1). Along 
the course of the mainstem of the Scott River, the valley floor slopes from 2900 ft (884 m) amsl 
near the confluence with Sugar Creek to 2620 ft (799 m) amsl at the north end of the Valley 
(Figure 1). The area that overlies the aquifer (the Scott River Valley Groundwater Basin, hereafter 
the Basin) includes the broad central area between the cities of Fort Jones and Etna and the 
mouths of multiple canyons which convey tributaries on the western side of the Basin and are 
typically dry gulches on the eastern side.  

The valley floor transitions sharply to the mountains bordering the Valley, all of which are 
subranges of the Klamath Mountain Range. The Scott Bar, Marble, Salmon, and Scott Mountains 
bound the Watershed to the north, west, southwest, and south, respectively. The mountains on 
the west side of Scott Valley are steeper and reach higher elevations (8,000 to 8,350 ft amsl; 2438 
to 2545 m amsl) than the hills that border the east side of Scott Valley, known as the Mineral 
Range (6,000 to 7,000 ft amsl; 2,438 to 2,545 m amsl). Elevations in the watershed range from 
8,350 ft (2,545 m) amsl on Boulder Peak, part of the Marble Mountains, to 1,535 ft (458 m) amsl 
where the Scott River joins the Klamath at River Mile 143. Tributaries to the Scott River from the 
western mountains have deposited steep alluvial fans on the valley floor (Mack 1958). 

Vegetation on the mountains to the north, south, and west of Scott Valley mainly consists of 
mixed conifer and hardwood tree species (ESA 2009). The mountains on the eastern side of the 
watershed host annual and perennial grasses and shrubs, in addition to conifer stands with 
ponderosa pine and juniper (ESA 2009; Mack 1958). Scott Valley and headwater tributaries of the 
surrounding mountains provide key spawning and rearing habitat for native anadromous fish 
species, including Oncorhynchus tschawytscha (Chinook salmon), Oncorhynchus kisutch (coho 
salmon) and Oncorhynchus mykiss (steelhead trout). Coho salmon in the Southern Oregon 
Northern California Coast Evolutionary Significant Unit (SONCC ESU) are listed as threatened at 
both the federal and state levels (NCRWQCB 2005). 
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Figure 1: Topography of the Scott River Valley Groundwater Basin and surrounding watershed, Scott 
River main-stem, and location of the adjudicated zone within the Basin. 

 

3.2 Climate 

Scott Valley has a Mediterranean climate with distinctive seasons of cool, wet winters and warm, 
dry summers. The orographic effect of the mountains to the west and south of the Valley creates a 
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rain-shadow in eastern areas of the Valley. Long-term records are available from National Oceanic 
and Atmospheric Administration (NOAA) weather stations in and around Scott Valley; relevant 
stations are listed in Table 1. The higher elevation areas to the west and south of the Valley 
historically receive greater annual precipitation (60–80 inches (in); 152–203 centimeters (cm)) in 
comparison to annual precipitation on the east side of the Valley (12–15 ins; 30–38 cm) (Scott 
River Watershed Council (SRWC) 2005). At elevations below 4,000 ft (1219 m), precipitation 
mostly occurs as rainfall, as is the case on the valley floor. Precipitation accumulates as snow in 
the surrounding mountains, with a rain-snow transition zone between 4,000 and 5,000 ft (1219 
and 1524 m) (McInnis and Williams 2012). Accumulation of snowfall in the surrounding mountains 
results in runoff during spring melting (Deas and Tanaka 2006). Long-term mean annual 
precipitation on the valley floor is 18 in (46 cm) with most accumulation occurring during the 
winter and early spring months (October–May), with peak precipitation in December and January 
(Figure 2). Mean daily low and high temperatures for January and July are -5 to 7°Celsius (C) (23–-
45°Farenheit (F)) and 9 to 33°C (48–92°F), respectively (Figure 3). Reference evapotranspiration 
(ET) ranges from 0.01 to 0.31 in/day (0.03-0.79 cm/day) (Figure 3). 

The long-term historical precipitation record indicates that recent average precipitation and 
snowfall are lower than levels recorded in the middle of the 20th century. Between 1945 and 
1979, the 10-year trailing rolling average precipitation ranged from 19.1 to 23.5 in (48.5–59.7 cm; 
water years 1950 and 1959, respectively); since 1980, it has ranged between 11.5 and 18.7 in 
(48.5-59.7 cm; water years 1989 and 1980, respectively; Figure 2). Additionally, average snow 
depth at snow measurement stations near the western boundary of the watershed has gradually 
decreased over time. Although, at three stations near the southern boundary of the watershed the 
snow depths have remained relatively stable. Regression lines fit through the record of each 
station suggest that the average snow depths in the five western stations have declined by 0.5 to 
1.11 in (1.3 to 2.8 cm) per year. In the southern part of the watershed, long-term average snow 
depths at three stations have remained stable, increasing at a rate between 0.01 and 0.06 in (0.03 
to 0.2 cm) per year (Figure 4). 

Table 1: Station details and record length for NOAA weather stations in and near Scott Valley. 

Station ID Station Name Elevation 
(ft amsl) 

Record 
Start Date 

Record End 
Date 

Record 
Length 
(years) 

No. 
Missing 
Days 

USC00041316 CALLAHAN, CA US 3085 1943­10­01 2018­11­30 75.2 62 
USC00042899 ETNA, CA US 2960 1930­01­29 1951­09­30 21.7 10 
USC00043182 FORT JONES 

RANGER 
STATION, 
CA US 

2729 1936­01­09 2020­04­17 84.3 2030 

USC00043614 GREENVIEW, CA 
US 

2820 1941­08­01 2008­05­31 66.8 738 

USC00049866 YREKA, CA US 2709 1893­02­01 2020­04­18 127.2 1690 
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Figure 2: Annual (Panel A) and monthly precipitation (Panel B) over the period 1944-2018 as measured at 
the Callahan weather station (USC00041316). The Callahan data is shown because this weather station 
has the most reliable precipitation data (i.e., fewest missing values) over the longest period in Scott 
Valley. 
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Figure 3: Monthly averages of daily maximum and minimum air temperature (top panel) over the 1936-
2019 record at the Fort Jones Ranger Station (USC00043182), and reference evapotranspiration (ET) from 
2015-2019 calculated at CIMIS Station 225 near Fort Jones. 
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Figure 4: Annual maximum snow depth measured at eight California Data Exchange Center (CDEC) snow 
stations in the Scott Valley watershed. For more information see table below. 
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Table 2: Station details CDEC snow measurement stations in the Scott River watershed. 

Station ID Station Name Elevation (ft amsl) Operator 
mbl Middle Boulder 1 6,600 Salmon/ Scott River Ranger District 
bxc Box Camp 6,450 Salmon/ Scott River Ranger District 
mbv Marble Valley 5,900 None Specified 
mb3 Middle Boulder 3 6,200 US Bureau of Reclamation 
log Log Lake 5,300 None Specified 
sct Scott Mountain 5,900 US Bureau of reclamation 
dym Dynamite Meadow 5,700 Salmon/ Scott River Ranger District 
etn Etna Mountain 5,900 Salmon/ Scott River Ranger District 
swj  Swampy John 5,500 Salmon/ Scott River Ranger District 

 

3.3 Geologic Setting 

The geologic formations in Scott Valley can be divided into two units, the surficial alluvial deposits, 
and the underlying bedrock that also comprises the upland areas surrounding the Valley (Figures 
5-7).  The consolidated bedrock history of the Scott Valley area consists of a complex process and 
accretion and metamorphosis of several Klamath terranes.  The Scott Valley is a tectonic 
Quaternary basin situated within the Paleozoic/Mesozoic Klamath Mountains Province.  The 
terranes identified in the Scott Valley area contain similar rock type and all are of marine origin, 
except for plutons and intrusions.  The formation of the modern alluvial Scott Valley occurred in 
recent geologic time, approximately 2 million years ago (MYA), by Basin and Range extensional 
tectonics.   

Consolidated bedrock terranes in the Scott Valley area are, from east to west, progressively 
younger, with older terranes situated structurally beneath younger deposits.  The Trinity and Rail 
Creek terrane plagiogranites, located in the southeastern uplands of the Scott Valley area and 
forming a portion of the uplands drained by the East Fork of the Scott River, are the oldest 
tectonic rocks identified in North America and mark the oldest convergent (non-cratonic) margin 
identified in North America (Elder, personal communication, 2009).  A succession of terranes were 
accreted or deposited on the area between 450 and 130 MYA and are, in succession:  Yreka 
terrane, Central Metamorphic belt, Stuart Fork terrane, and Western Paleozoic and Triassic belt 
(Sawyers Bar, Western Hayfork, Rattlesnake terranes).  Several intrusive events occurred over this 
time period as well, creating the mafic intrusive complex (MIC) rocks that intruded into the Trinity 
terrane and consist of pyroxenite and gabbro, and the intrusion of major Klamath plutons (Russian 
Peak) consisting of diorite to granodiorite in the period between 174 to 138 MYA (Elder, personal 
communication, 2009).   

Structurally, the Scott Valley consolidated bedrock deposits range from pre-Silurian to Jurassic and 
possibly Early Cretaceous age and consist of the following strata in order of upward succession:  
Abrams and Salmon schists, the Chanchelulla formation of Hinds, greenstones which correlate to 
either the Copley greenstone or the Applegate group, and ultrabasic and granitic intrusive rocks 
(Mack, 1958; State of California, State Water Resources Control Board, 1975). 
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Over time, the current Klamath Mountains underwent an uplifting sequence with the last major 
episode occurring 4 MYA, which accompanied a tilting of the Western Cascade ranges.  Faulting 
and subsequent uplift of the Klamath Mountains caused the formation of a tectonic graben, of 
which Scott Valley is the western-most portion (Elder, personal communication, 2009).  The 
current hydrographic position of the Scott Valley is controlled by activity that occurred along two 
of the principal faults forming the tectonic graben, the northern Greenhorn fault and the western 
Scott Valley fault. Indications are that the early course of the Scott River ran south-north and 
intersected the Klamath River at a point further to the east than currently, with the area 
comprising the current lower Scott River canyon belonging to a separate watershed.  The activity 
along the Greenhorn and Scott Valley faults, however, caused a dip in the alluvial Scott Valley 
during the Quaternary period which resulted in the Scott River altering its course in the northern 
section of the alluvial valley and turning almost due west, capturing several tributaries as well.  
The activity along the Scott Valley fault also contributed to this stream capturing, and resulted in 
the realignment of several existing tributaries, which has left remnant alluvial fans which are now 
stranded (referred to as Pleistocene alluvium in Mack, 1958). The dip associated with activity 
along the Scott Valley fault has also resulted in a tilting of the bedrock across the valley floor from 
east to west, with a dip also in the northerly direction associated with the Greenhorn fault (Elder, 
personal communication, 2009). 

The maximum exposed thickness of these remnant alluvial fan deposits is projected to be less than 
50 feet.  The deposits are poorly sorted and consist of sand and silty clay with well-rounded 
granodiorite, serpentine, chert, and quartzite boulders that average one foot in diameter.  In the 
northern portion of the Scott Valley, the remnant alluvial fan deposits are found in isolated 
patches along the edges of the Oro Fino Creek Valley and Quartz Valley, and possibly near Etna 
Creek near the town of Etna.  Those deposits along Quartz Valley and Etna Creek represent old 
alluvial fans formed by Shackleford and Etna Creeks.  The alluvial fans consist of poorly sorted 
boulders of western-mountain origin set in a matrix of brown sandy clay to a depth of 
approximately 100 feet (Mack, 1958).  

The remainder of the alluvium located in the Scott Valley is from a more recent time. It is 
composed of alluvial fan deposits, and stream-channel and floodplain deposits related to the 
present course of the Scott River and its tributaries. The recent alluvium ranges in thickness from 0 
feet to possibly greater than 400 feet in the western portion of the Scott Valley, at its widest point. 
However, there is no evidence of alluvial material sufficiently coarse to support groundwater 
pumping below depths of 250 feet. The thickness of the alluvium decreases to both the north and 
the south.  The alluvial deposits vary greatly in composition based on spatial distribution.  Along 
the west side of the valley, from Etna northward to Quartz Valley, the principal streams have built 
large bouldery and cobbly alluvial fans which are generally most permeable in their mountainward 
reaches (fan apex).  The channel deposits of these streams differ in the percentage of granitic 
bouldery material which they contain, ranging from mainly finer clay and sand to larger gravel and 
granitic boulder debris.  The composition of the alluvium deposited by the tributary streams to the 
Scott River differs widely.  While most of the tributaries run dry during the early part of the 
summer, due to irrigation diversions and infiltration of streamflow into the coarse gravel of the 
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fanhead areas, other tributaries such as Crystal Creek maintain flow throughout the year owing to 
the relatively impervious nature of the underlying granitic rocks which prevent infiltration of 
streamflow to the groundwater aquifer (Mack, 1958).  

At the downstream edge of the alluvial fans, the alluvium becomes progressively less coarse 
ranging to fine sand, silt, and clay.  Groundwater well logs from these areas have shown that 
alluvium consists of lenses of water-bearing gravel confined between relatively impermeable beds 
of clay. The alluvium in this zone is much less permeable than the floodplain and stream channel 
deposits of the Scott River (Mack, 1958).  

 

3.4 Aquifers 

The Basin underlying the alluvial floodplain is the primary groundwater feature in the area. Valley 
alluvium is mostly Recent in age with a few isolated Pleistocene sections along the edges of the 
Valley as defined by CDWR (2004).  The Basin is 28 mi (45km) in length, 0.5 to 4 mi (0.8 to 6 km) in 
width and covers a surface area of 100 sq mi (259 sq km). The predominant water-bearing units in 
Scott Valley are Quaternary stream channel, floodplain, and alluvial fan deposits (CDWR 2004). 
The Basin is recharged by infiltration from Scott River and its tributaries, snowmelt, precipitation, 
winter flooding of the floodplain, and water used for irrigation (Mack 1958). Recharge affects the 
groundwater levels, locally determining if sections of the Scott River are gaining or losing streams. 
In dry years, sections of the Scott River have become dewatered and channels have run dry as the 
water table dropped to a level beneath the bottom of the river channel (NCRWB 2005). 

The Holocene stream channel deposits, comprised of unconsolidated sands, gravels, and clays that 
were deposited by the Scott River, are up to 260 ft (79 m) in thickness (SWRCB 1975). Permeability 
varies throughout these deposits with the highest permeability noted in the alluvium in the 
eastern portion of Scott Valley, a 1.5 mi (2.4 km) wide region between Etna and Fort Jones. This 
area is noted to have specific capacities of 67 to 100 gallons per minute (gpm) per foot of 
drawdown (Mack 1958). Wells in this region are mostly used for irrigation. Lower permeability 
areas located on the floodplain have been found to contain poorly sorted gravel and clay, 
potentially representative of alluvial deposits form intermittent streams from Hamlin Gulch (Mack 
1958). Regions to the west of Fort Jones and to the south of Etna contain mostly shallow, domestic 
wells. 

To the west of the Scott River floodplain are the lower permeability alluvial fans, deposited by 
streams that discharge from mountains west of the valley (Mack 1958). Gravelly deposits in 
stream channels and fans from West Patterson, Kidder, Etna, and Shackleford Creeks are the most 
permeable of these deposits (Mack 1958). Discharge from the base of the alluvial fan deposits in 
the western portion of Scott Valley, east of Hwy. 3 between Etna and Greenview, has resulted in a 
series of wet areas (“Discharge Zone”), with the water table close to or at land surface. The most 
notable of these areas is due to discharge of water from the West Patterson and Kidder Creek 
alluvial fans. Wells in the alluvial fan deposits generally tap permeable sand and gravel deposits, 
confined by impermeable clay layers above and below. On the western side of the valley, a 
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perched water table of approximately 100 acres (0.4 sq km) is comprised of permeable alluvial fan 
material deposited by Kidder and West Patterson Creeks and is located above silty clay deposits. 
Sources of water inputs include precipitation and seepage from the springs in the surrounding 
bedrock. The older alluvium is not a significant aquifer as it is generally situated in localized areas 
above the water table and is limited in extent (Mack 1958). 
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Figure 5: Scott River Valley Groundwater Basin map of cross-section locations. 
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Figure 6:  Scott River Valley Groundwater Basin Cross Section A-A’. 

  

Figure 7: Scott River Valley Groundwater Basin Cross Section D-D’. 
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3.5 Soils 

Soils in Scott Valley have developed on the floodplains, alluvial fans, and mountain slopes, with 
distinct characteristics in each location. The following discussion references map units, named for 
major soil components, in the 1983 soil survey of central Siskiyou County (USDA 1983). A map of 
soil orders in the Watershed is shown in Figure 8. The soil series discussed below are members of 
the soil orders shown on this map. The Settlemeyer, Diyou, Stoner, Duzel, Copsey, Bonnet, and 
Esro soils are Mollisols; the Stoner and Odas soils are Inceptisols; the Pit soils are Vertisols and the 
Deetz soils are Entisols (USDA 2019). 

3.5.1 Floodplain Soils 

The floodplain soils are deep and level to gently sloping. These soils consist of poorly to somewhat 
poorly-drained loams derived from medium to moderately fine-textured alluvium derived from 
various source rock. These soils tend to have a high water table and are prone to flooding in the 
winter and spring when contributions from rainfall and snowmelt are high. Present on the 
floodplains to the south of Fort Jones, Settlemeyer and Diyou soils have low slopes of 0 to 5% and 
0 to 2% respectively and drainage is generally poor (USDA 1983). Both the Settlemeyer and Diyou 
soils have a stratified loam profile with fine sandy loam, silt loam, and sandy clay loam (USDA 
1983). The floodplain soils also include minor amounts of poorly drained soils including Copsey, 
Odas, Pit, and Settlemeyer Variant soils, concentrated near streams and in higher areas in the 
floodplain in addition to Bonnet and Deetz soils. The very poorly-drained Esro soils, Xerofluvents, 
and Riverwash are present in the lower areas of the floodplain (USDA 1983). The Settlemeyer-
Diyou map unit was identified as providing excellent habitat for birds and mammals (USDA 1983). 

3.5.2 Alluvial Fan Soils 

Alluvial fans form from steep tributary streams that flow onto alluvial deposits of the mainstem 
and tributaries. The predominant tributaries form expansive alluvial fans, which spread into the 
valley (ESA 2009). Soils that are formed on alluvial fans are nearly level to strongly sloped gravelly 
sandy loams that are very deep and well drained. The alluvium from which these soils formed is 
moderately coarse to medium textured and is derived from a variety of rock sources from 
tributary source areas. Stoner Soils are primarily located on alluvial fans in Scott Valley and have 
slopes ranging from 0 to 15%. These soils usually have a profile with a gravelly sandy loam and a 
very gravelly loam subsoil (USDA 1983). This unit also includes minor amounts of the Atter soil, 
which is somewhat excessively drained and contains rock fragments, and the well drained Duzel, 
Kinkel, and Kindeg soils that are located on the upper slopes of the alluvial fans. In the upper 
Moffett Creek area, Bonnet soil can also be present. It is a gravelly loam and a gravelly loam 
subsoil with accumulation of lime (USDA 1983). 

3.5.3 Klamath Mountain Soils 

Soils that develop on the slopes of the Klamath Mountain Range vary in character from shallow to 
very deep, well drained to excessively drained and medium to moderately coarse textured (USDA 
1983). 
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3.5.4 Soil Agricultural Banking Index (SAGBI) 

The Soil Agricultural Banking Index (SAGBI) identifies the potential for groundwater recharge on 
areas of land based on five factors: deep percolation, root zone residence time, topography, 
chemical limitations, and the condition of soil surfaces (O’Geen et al. 2015). SAGBI ratings for the 
soil series in the Scott Valley area can be viewed on a web application (app), developed by the 
California Soil Resource Lab at the University of California at Davis and University of California 
Agriculture and Natural Resources (UC Davis Soil Resource Lab and University of California 
Agriculture and Natural Resources 2019). The soils on the valley floor, predominantly of the 
Settlemeyer and Diyou type, have SAGBI ratings of “poor”. In contrast, areas that are primarily 
composed of Stoner soils, located on the alluvial fans at the edges of the valley floor, have a SAGBI 
Rating of “good”, and the isolated patches of soils of the Atter series have SAGBI ratings of 
“excellent”. 
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Figure 8: Soil classifications in Scott Valley. 
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3.6 Development of Land and Water Use 

3.6.1 Historic Development of Land Use 

Land management practices in the Scott Valley and the surrounding upland areas (Watershed) 
have had significant impacts on the hydrology and geomorphology of Scott Valley (ESA 2009). 
Practices such as beaver removal, mining, timber, flood control, population growth, and 
agriculture methods have altered the natural landscape and influenced current conditions in the 
Watershed (ESA 2009). 

Historically inhabited by the Shasta Tribe, abundant natural resources drew additional people to 
the Scott Valley area. Hudson’s Bay Company trappers arrived in Scott Valley in the 1830s, at a 
time when beaver were so abundant that Scott Valley was referred to as “Beaver Valley” (SRWC 
2005). The subsequent decline in beaver population resulted in the loss of beaver ponds and dams 
(SRWC 2005).The removal of beaver populations from the area represented the first major 
anthropogenic change to the Scott River stream system, likely altering the channel morphology 
and influencing timing and duration of groundwater recharge (Kennedy, Shilling, and Viers 2005). 

Coinciding with the California Gold Rush, gold miners reached Scott Valley in the early 1850s 
(SRWC 2005). Mining methods, and corresponding impacts to streams and the surrounding 
landscape, changed over time. Placer gold mining in the 1850s took place in Shackleford Creek, 
Oro Fino Creek, French Creek, and in the East and South Forks of Scott River (Sommarstrom, 
Kellogg, and Kellogg 1990). Hydraulic and sluice mining were predominant in the 1880s; later 
dredging activities on the upper Scott River and Wildcat Creek in the 1930s to early 1950s resulted 
in extensive movement of material that resulted in tailings piles in the upper Scott River 
Floodplains (SRWC 2005; Sommarstrom, Kellogg, and Kellogg 1990). Hydraulic and dredge mining 
activities significantly increased sediment loads in the streams, increasing the susceptibility of the 
main channel to flooding (Kennedy, Shilling, and Viers 2005). Small-scale gold mining activity has 
continued since 1950 near Scott Bar, and mining of gravel and sand continued in the mainstem of 
Scott River and Kidder Creek (SRWC 2005). 

Following influx of residents during the Gold Rush, farmers and ranchers cultivated Scott Valley to 
support the local population. Land was used for cattle ranching, pasture, and crop cultivation, 
primarily growing alfalfa hay and grain (SRWC 2005). In 1958, CDWR reported 29,000 acres to be 
irrigated in Scott Valley, not including 2,000 irrigated acres in the East Fork (CDWR 1963, Table 8). 
In 1964, CDWR provided a similar estimate and reported the actual irrigated acreage to be 27,500 
acres (CDWR 1964, Table 58). A decade later, in 1970, irrigated acreage had increased by 9% from 
31,000 acres around 1960 to 33,700 acres including the East Fork irrigated area (CDWR, 1976, 
Table II-14). In 1970, pasture (19,300 acres), alfalfa (9,000 acres), and grain (5,000 acres) already 
were the dominant crops. Acreage with irrigation equipment in CDWR’s year 2000 landuse survey 
(not including the East Fork above Callahan) is 28,000 acres (Foglia et al., 2018). In addition, the 
survey reports 3,400 acres of “DRY” and 2,100 acres of “SUB”-irrigated land parcels (Foglia et al., 
2013). Hence, irrigated acreage in Scott Valley has been relatively stable over the past 50-60 years. 
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Timber has historically been a major industry in Scott Valley. However, a decline in the timber 
industry, combined with increased regulations and protections resulted in reductions in timber 
harvests since the 1970s with the final two timber mills closing in 2002 (SRWC 2005; Charnley et 
al. 2006). In a 1990 watershed analysis, logging roads, skid trails, and other roads constructed on 
highly erosive granitic soils were found to contribute significant sources of sediment to the 
streambeds of the Scott River and certain tributaries. These human activities caused about a 60% 
increase in accelerated sediment yield to the streams. Resulting sedimentation in lower gradient 
reaches negatively impacted the quality of spawning gravels and egg survival for salmon and 
steelhead (Sommarstrom, Kelloggg, and Kelloggg 1990). In Scott Valley, the impacts from logging 
are particularly notable in the steeper western and northwestern sections of the Watershed with 
erosion and sediment loading to streams (California NCRWQCB 2005). 

Natural events, specifically major floods, have contributed to altering the landscape and stream 
system in Scott Valley. Floods have been recorded in Scott Valley since the 1800s and large 
flooding events, such as the 1955 and 1964 floods, had profound effects on the Scott River, 
moving large quantities of sediment to the Valley floor (Sommarstrom, Kellogg, and Kellogg 1990). 
Following flooding that occurred in 1937–1938, the United States Army Corps of Engineers 
implemented flood control measures including construction of levees along the middle section of 
the Scott River, channel straightening, and removal of riparian vegetation and debris (SRWC 2005). 
Further flooding events that occurred from 1940 to 1974 caused increased erosion and widening 
of the channel, prompting application of riprap for bank stabilization and levee construction along 
Etna, Kidder, and Moffett Creeks (Kennedy, Shilling, and Viers 2005). 

3.6.2 Irrigation Practices 

Early agricultural activities, prior to the late 1960s, were supported mostly through surface water 
diversions from the mainstem of the Scott River and its tributaries. In 1953, irrigated acreage was 
reported to total around 30,370 acres (123 sq km), with approximately 15,000 acres (61 sq km) 
relying on surface water for irrigation, 15,000 (61 sq km) acres relying on natural sub-irrigation, 
and 370 acres (1.5 sq km) dependent on wells (Mack 1958). Very little groundwater pumping 
occurred until the 1960s. In the early 1960, groundwater reportedly supplied only 3,400 acre-feet 
of irrigation water (CDWR 1964 [Table 58]) 

During the 1960s and 1970s, efficient wheel-line irrigation with sprinkler systems were introduced 
to Scott Valley, necessitating pressurization. Water pumped from wells provided the necessary 
pressure, but also a more certain water supply, allowing to expand crop acreage and the cropping 
season for alfalfa, but at much higher irrigation efficiency than flood irrigation with surface water:  
Prior to the 1970s, growers typically obtained two cuttings, with irrigation in average and dry years 
seizing sometime in July.  After the 1960s, groundwater-irrigated alfalfa produced three cuttings 
with irrigation extended into August and early September. Furthermore, well drilling increased 
following periods of drought, with the most wells drilled following the drought of 1976 to 1977 
and increasing again in 1992 (ESA 2009). Reliance on groundwater has increased with more than 
50% of water used for irrigation at turn of the 21st century coming from groundwater (Van Kirk 
and Naman 2008). 



UC Davis 38 December 28, 2023 

While the irrigated acreage has not significantly changed in Scott Valley since the late 1950s, crop 
types have transitioned with decreasing amounts of small grains and increasing alfalfa through the 
1990s (Harter and Hines 2008). In the past two decades, the center pivot method has been applied 
for irrigation, a change from the traditionally used and less efficient wheel-line irrigation method 
(Harter and Hines 2008). Primary irrigation methods used in the Valley are flood, wheel-line, and 
center-pivot. One area of the Valley known as the “Discharge Zone” also uses sub-irrigation, or 
direct uptake of water from the aquifer, as groundwater levels are at or near the land surface. Low 
elevation spray application (LESA) systems on center pivots, which further reduce spray 
evaporation (consumptive water use), have recently been introduced but are not common. 

3.6.3 Water Diversions 

Stream diversions began during the early gold mining era of the 1850s to deliver water through 
mining ditches and flumes on almost every stream from the South Fork down to Scott Bar. 
Hydraulic and sluice mining in the 1880s diverted large volumes of water to wash hillsides for gold 
recovery. Some of these ditches were later converted for irrigation use to fields.” (SRWC 2005).  
Diversions are currently used for stock watering and domestic purposes throughout the year and 
irrigation diversions generally occur in the spring, summer, and early fall (ESA 2009). The majority 
of the diversions in Scott Valley are not monitored or managed by a watermaster. 

Under the Scott River Decree of 1980, water rights were determined for the Scott River, the South 
Fork and East Fork of the Scott River, Wildcat Creek, Oro Fino Creek, other tributaries and lakes, 
and a defined zone of interconnected surface and groundwater. Under this decree, water is 
diverted for irrigation from April through mid-October. Allocations to USFS land for instream uses 
for fish and wildlife are also included under this decree (CDWR 1991). 

Two notable diversions are located on the mainstem of the Scott River. Farmers Ditch is allocated 
36.0 cfs from the Scott River Decree and supplies water to 10 users for irrigated pasture, while the 
SVID Ditch diverts water at Young’s point and has an allocation of 43 cfs (CDWR 1991). 

 

3.7 Hydrology 

The major surface water feature in Scott Valley is the Scott River. Contributing 5% of the Klamath’s 
total annual runoff, the Scott River is one of the four main tributaries to the Klamath River, with 
the confluence at River Mile 143 (Harter and Hines 2008). Major tributaries to the Scott River, 
shown in Figure 9, include Shackleford/ Mill, Kidder, Etna, French, and Moffett Creeks, as well as 
the East and South Forks of Scott River (ESA 2009). The East Fork of the Scott River originates on 
China Mountain and the South Fork originates in the mountain lakes to the southwest of Callahan 
(ESA 2009). After the two forks converge at Callahan, the Scott River meanders through the flat 
lands of the valley and then descends into a canyon prior to joining the Klamath River. The Scott 
River is 58 mi (93 km) in length, 30 mi (48 km) of which are located in Scott Valley, from the 
convergence of the East and South Forks to the head of the canyon. The portion of Scott River that 
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flows through Scott Valley is a lower grade area between the steeper headwaters and the canyon 
reach of the river (ESA 2009). 

Precipitation stored in the snowpack is an important water source of both stream flows and 
groundwater recharge. The mountains to the west of Scott Valley are drained by perennial 
streams which tend to flow southwest-to-northeast (Figure 9). The most significant of these 
tributaries have formed alluvial fans, on which the stream channels become braided or 
anastomosing prior to joining the Scott River (ESA 2009). These alluvial fans are locations where 
groundwater recharge occurs. The mountains to the east of the Valley receive less precipitation 
than the higher elevation western mountains and many of the eastern streams are ephemeral for 
most of their length and do not reach the Scott River, with the notable exception of Moffett Creek 
(ESA 2009; NCRWQCB 2005). 
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Figure 9: Main tributaries to the Scott River and locations of stream gauges.  

Six subwatersheds, grouped by geographic region, have been defined in Scott Valley: the East 
Headwaters, West Headwaters, the Valley, Westside Mountains, the Eastside foothills and Moffett 
Creek, and the Canyon (SRWC 2005). 

The East Headwaters encompass the East Fork of the Scott River above Callahan, which drains a 
113.5 sq mi (294 sq km) area in the Scott Mountains and converges with the South Fork at River 
Mile 58. Elevations range from 8,540 ft (2603 m) on China Mountain to 3,120 ft (951 m) at 
Callahan; tributaries tend to be small and steep, flowing into low gradient channels at the base of 
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valleys (SRWC 2005). Land uses in the surrounding areas are predominantly forest, rangeland, and 
irrigated agriculture. 

The West Headwaters encompass the South Fork of the Scott River above Callahan, which drains a 
39.3 sq mi (101.8 sq km) area with elevations from 7,400 ft (2,256 m) to 3,120 ft (951 m) at 
Callahan (SRWC 2005). Tributaries are generally small and steep and are impacted by snowpack 
and runoff. Land in this subwatershed is predominantly used for commercial forestland and 
wilderness areas. 

The Valley encompasses the area from Callahan to the lower end of Scott Valley. Land in this area 
is predominantly used for agriculture. This subwatershed includes 60, 000 acres (243 sq km) and 
includes the alluvial deposits by tributaries to Scott Valley (SRWC 2005). Flood control and bank 
stabilization measures have been implemented along much of the channel in this subwatershed. 
Main tributaries include French, Etna, and Kidder Creeks. The mainstem of the Scott River in this 
subwatershed has a sinuous channel pattern, with a wide, flat floodplain and off-channel habitat. 
The average slope of the Scott River in this subwatershed is less than 0.1% (SRWC 2005). 
Streambed composition varies throughout this section from cobble-dominated in the steeper 
reaches near Callahan, sand-dominated in the low-slope reaches by Fort Jones and cobble-
dominated in the rest of the channel (SRWC 2005; Sommarstrom, Kellogg, and Kellogg 1990). 

The Westside Mountains are the source of some of the major tributary streams to Scott River 
including: Sugar Creek, French Creek, Etna Creek, Kidder/Patterson Creeks and Shackleford/Mill 
Creeks. Elevations fall in the range of 2,700 ft (823 m) in Quartz Valley to 8,200 ft (2,499 m) at 
Boulder Mountain. This subwatershed drains 181 sq mi, with precipitation at elevations above 
5,000 ft (1,524 m) falling as snow (SRWC 2005). Headwater tributaries in this area are mostly 
steep, small, and low order with streamflows heavily influenced by snowfall. These high-gradient 
streams flow into lower gradient alluvial channels at valley bottoms. Most of the land in this area 
is wilderness and commercial forestland with some residences in the lower areas. 

The largest watershed in the Eastside Foothills is Moffett Creek which drains 227.1 sq mi (588 sq 
km) with elevations ranging from 2,700 to 6,050 ft (823–1,844 m) (SRWC  2005). Other streams in 
the eastside foothills are ephemeral. The Canyon is a small subwatershed that includes 20 mi (32 
km) of the Scott River that flows through a steep canyon, and is fed by perennial tributaries of 
Canyon, Kelsey, Middle, Tompkins, and Mill Creeks (SRWC 2005). 

Within the recently developed functional flows framework for managing California rivers 
(Grantham et al. 2020), the Scott River system flows exhibit all five natural functional flow 
components:  fall flush flow, winter storm flows, winter baseflow, spring recess, and summer 
baseflow. These five flow components characterize the strong seasonal variations in flows in the 
Scott River system. Fall flush flow in this Basin is the increasing discharge after the first significant 
period of fall precipitation, typically beginning sometime between September and November; 
winter storm discharge refers to peak discharge periods, typically in January or February, fed by 
winter storms,  with intervening conditions of winter baseflow (typically several 100 cfs); spring 
recess is a period of mostly decreasing baseflow, as the snowpack melts off, from April to July; 
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summer baseflow (from less than 10 cfs to over 50 cfs) is a period of relatively steady flow 
conditions, fed mostly by groundwater discharge into the Scott River system, observed in August 
and September (USFS 2000).  

Mean annual runoff from Scott Valley, measured at the Fort Jones USGS stream gauge (11519500) 
located in the Scott River Canyon just below the valley, is 440 thousand acre-ft (TAF). Discharge 
can be variable between different years, as illustrated in the Basin’s history of floods and 
droughts. The total average annual Scott River flows range widely -  from 54 to 1082 thousand 
acre-feet per year. For comparison, average annual applied water needs in Scott Valley are about 
67 thousand acre-feet (with a range of 53-84 TAF). 

Flows also vary widely within the same year. Winter and spring flows (December–May) average 
about 1,000 cubic feet per second (cfs) (28 cubic meters per second (cms)) but have peaked at 
39,500 cfs (1,119 cms). Mean summer streamflow is 30 cfs (0.8 cms), but commonly drops below 
20 cfs (0.6 cms) in the late summer and early fall. Most of the tributaries contributing to the Scott 
River come from the western side of the Valley, due to the eastern mountains experiencing a rain 
shadow effect as storms generally tend to track from west to east in the area. The streamflow 
record at the Fort Jones gauge from 1942 through 2019 is shown in Figure 10.  
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Figure 10: Streamflow record at the Fort Jones USGS Stream Gauge (11519500) from 1942 through 2019. 

Much shorter stream flow records (one to few seasons) exist for the following tributaries: 

• Shackleford Creek (1955-1960),  

• Mill Creek (2004-2005),  

• Moffett Creek (1958-1972),  
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• Kidder Creek (1972, 2002-2010),  

• Patterson Creek (1972),  

• Etna Creek (1955-1965, 1972),  

• French Creek (2004-2016),  

• Sugar Creek (1957-1972, 2009-2016),  

• South Fork Scott River (1955-1972, 2001-2015), and  

• East Fork Scott River (1955-1974, 2002-2015).  

The magnitude of flows on these tributaries is strongly correlated to the magnitude of flow at the 
Fort Jones gage (Foglia et al, 2013, Deas and Tanaka, 2005). 

The natural flow regime in the Basin determines the key ecosystem functions and supports aquatic 
species in the Basin (chapter 3.1). The five natural functional components of flows: the fall pulse 
flow, peak magnitude flow, wet-season baseflow, spring recession flow and dry season baseflow, 
are related to requirements of aquatic species at differing life stages. Each of these five flow 
regime components has key implications for the ecological functions of aquatic species in the 
Basin, particularly anadromous fish.  The fall pulse flow is important for fall migrations, instream 
water quality and transportation of nutrients (California Environmental Flows Framework 
Technical Team 2020). The base flows during the wet season are vital to support migrations during 
this time period, peak magnitude flows transport sediment and influence channel geometry. 
Spring recession flows are vital for reproduction and migration and play a role in sediment 
redistribution. Finally, baseflows during the dry season support species through providing water 
quality and quantities during the dry season.  

Of the five functional flow components, the timing of the spring recess, the amount of summer 
baseflow, and the timing of the fall pulse flow are particularly important to anadromous fish in the 
Scott River system.  They are the most sensitive functional flow components with respect to 
depletion of surface water due to groundwater pumping. 

Reaches of some major tributaries in the Scott Valley dry out every year (e.g., Kidder Creek 
between the Basin boundary and the confluence with Big Slough, or Moffett Creek from the Basin 
boundary to the confluence with the mainstem), and the duration of flow is highly dependent on 
precipitation timing and volume. During the summer baseflow season, most tributaries are dry or 
include dry sections (Figure 11). Only French and Shackleford Creek and the mainstem Scott River 
are largely perennial in average years.  During dry years, all tributaries, and significant portions of 
the mainstem Scott River dry out. Flowing sections are entirely groundwater-fed.  

Since the introduction of groundwater pumping in the 1970s (chapter 3.6.2), summer baseflow at 
the Fort Jones gauge has been measurably lower compared to gauge measurements from the 
1940s to the 1960s, for comparable water year types. Dry year flows are typically less than 10-20 
cfs with much of the Scott River and lower tributaries (within the GSA boundaries) falling dry until 
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the first major fall precipitation events (fall pulse flow). Low stream flows have ecological 
implications, particularly for anadromous fish in the Basin that rely on sufficient flows for fall 
migrations and for suitable habitat. As shown in Figure 12, streamflow (as measured at the Fort 
Jones gauge) has often not been sufficient to meet the USFS water right and has generally been 
below the CDFW instream flow recommendation (CDFW 2017). 

Lower baseflow conditions since the 1970s have also been attributed to climate change in addition 
to the onset of groundwater pumping after the 1960s, among others.  Groundwater pumping has 
been shown to be the most significant factor causing the decline in base flow during July and 
August after the 1960s relative to the period prior to the 1970s (Van Kirk and Naman, 2008).  In 
contrast, lower baseflow in September and October since the 1970s has been attributed to climate 
change as the dominant factor (ibid. Figure 6; Drake et al., 2000).  Over the past 22 years, the 
relative frequency of below average and dry years has been much higher than during any period in 
the 20th century during which Scott River flows at Fort Jones have been measured (Figure 10). 
This has resulted in more frequent occurrence of baseflow conditions of less than 20 cfs, although 
low flows measured in recent years have not been lower than low flows measured prior to 2015 
(Figure 10).  
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Figure 11: Baseflow (i.e., late summer and fall) conditions in the Scott River stream system during an 
average water year. Data from SRWC 2018. 
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Figure 12: Range of historical monthly flows, January through December, as measured at the Fort Jones 
gauge, in comparison to CDFW recommended flows and the USFS water right.  Monthly flows are the 
mean of daily average flow rates (measured in cubic-feet per second) over a given month. The observed 
median flow line indicates the flow that separates the wetter 14 months from the drier 14 months. In 14 
of 28 years, flows fell within the dark grey shaded area. In 7 of 28 years, flows were within the lower light 
grey shaded area or just below that flow rate. Similarly, in 7 of 28 years, flows were within or just above 
the upper light grey shaded area. 
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3.8 Identification of interconnected surface water systems and stream 
depletion due to groundwater pumping 

SGMA calls for the identification of interconnected surface waters (ISWs) in each GSP. ISWs are 
defined under SGMA as:  

23 CCR § 351 (o): “Interconnected surface water” refers to surface water that is hydraulically 
connected at any point by a continuous saturated zone to the underlying aquifer and the overlying 
surface water is not completely depleted.” 

Because the water table in many parts of Scott Valley can be relatively shallow, the Scott River 
surface water network contains many miles of stream channel that are connected to groundwater. 
The direction of flow exchange (i.e., gaining vs losing stream reaches) varies over both space and 
time, and simulated rates of stream leakage or groundwater accretion to tributaries and the Scott 
River can vary by orders of magnitude. 

Figure 13 illustrates the temporal and spatial variations in the direction of water exchange 
between groundwater and surface water. Losing sections are indicated by red colors and the 
positive value of the logarithm of the rate of stream leakage to groundwater.  Gaining stream 
sections are indicated by blue colors and the negative value of the logarithm of the rate of stream 
accretion from groundwater. The vertical axis indicates the stream mileage location along the 
main stem of the Scott River with the lowest, most downstream location near the Fort Jones USGS 
stream gage at the top and the highest, most upstream location near Callahan at the bottom. The 
horizontal axis indicates the time, beginning with October 1990 and ending with September 2018 
(Tolley, Foglia, and Harter 2019). White areas indicate locations and times when flow in the 
streambed is insignificant (effectively dry streambed conditions), although local, disconnected cold 
water pools may exist (not explicitly modeled). 

This figure demonstrates that the stream and aquifer are highly connected in this system; water in 
the Scott River mainstem weaves in and out of the aquifer on its journey south to north. Long 
stretches of dry riverbed, both within the tailings and (less often) between the confluences of 
French and Shackleford Creeks, are common seasonal occurrences.  

Similarly varying conditions exist along the tributaries of the Scott River where they flow over the 
groundwater basin. However, the uppermost section of tributaries, near the apex of their alluvial 
fans (e.g., near Etna and Greenview, close to the mountain front) are generally losing streams 
contributing significant recharge to the groundwater system. 

Over the entirety of the basin, the streamflow system generally makes a net gain during wet years, 
but has a net loss to groundwater during dry years (see below, Figure 20).  Gains and losses also 
fluctuate seasonally (see below, Figure 21) with most losses during the late rainy season (January 
through May) due to the large amount of recharge from tributaries when they first enter the 
basin, over the upper alluvial fans. Largest net accretion occurs during the dry season. During that 
period, recharge from the tributaries near the mountain front is small.  
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Figure 13. (Previous Page) Spatiotemporal heat map of fluxes between groundwater and surface water 
for the Scott River with geographic locations noted. Fluxes are highly spatially variable, despite relatively 
homogeneous parameterizationof the stream. White areas indicate dry reaches. Colors along the bottom 
of the plot indicate dry/critical (red) and wet (blue) water year types according to the Sacramento Valley 
water year hydrologic classification. The absolute value is the magnitude of the flux, while the sign 
indicates flux direction: Red and blue indicate losing and gaining reaches, respectively (reproduced from 
Tolley et al., 2019).  

 

Across the stream system in Scott Valley (Figure 11), there are no known stream reaches that are 
flowing and also entirely and permanently disconnected from surface water, separated from the 
water table by thick unsaturated zones. For purposes of this plan, the Scott River and its major 
tributaries (Mill, Shackleford, Oro Fino, Moffett, Kidder, Patterson, Crystal, Johnson, Etna, French, 
Miners, Sugar, and Wildcat Creeks, South Fork and East Fork Scott River, Figure 9) are therefore all 
considered part of a single interconnected surface water system in the basin.  The interconnected 
surface water system supports significant fish habitat and riparian vegetation. 

The Scott Valley Integrated Hydrologic Model (Tolley et al., 2019) was used to compute the 
amount of stream depletion in interconnected surface water due to groundwater pumping within 
the basin as a whole, but also separately for both, the areas outside and within the adjudicated 
zone. The amount of stream depletion is computed for the location of the Fort Jones gage, by 
month, for the period 1990 – 2018 (see Chapter 6 for detailed description of methods and results). 
It is computed by comparing simulation of actual 1990 – 2018 conditions (basecase conditions) to 
hypothetical no-pumping scenarios, either outside or inside the adjudicated zone or across the 
entire basin (see Chapter 6). 

In the no-pumping scenarios, individual fields that partly or fully depend on groundwater wells for 
irrigation are assumed to be covered by natural vegetation using rainfall and soil moisture only to 
meet its ET demand, with no access to groundwater.  The potential ET of natural vegetation is 
assumed to be 60% of reference ET (well-watered grass). This potential ET rate is consistent with 
recent studies of natural vegetation (such as oak savannah and rainfed grasslands) transpiration 
(Maurer et al. 2006; Howes, Fox, and Hutton 2015).  Actual ET is computed by SVIHM based on 
available soil moisture and may be lower than potential ET due to soils drying out during the 
summer and fall. 

For the “no pumping” scenario and the basecase alike, only vegetation in the Discharge Zone is 
assumed to be able to consume groundwater for ET.  The Discharge Zone is a known area of very 
shallow groundwater in the western central Basin, in a contiguous area of sub-irrigated pasture 
east of Highway 3 between Greenview and Etna (see below, Figure 22).  The “no-pumping” 
scenario does not account for ET directly from groundwater due to groundwater-dependent 
ecosystems that would likely be in place in lieu of agricultural crops. It is therefore considered to 
provide a book-end, conservative maximum estimate of stream-depletion due to groundwater 
pumping.  Truly unimpaired scenarios were developed separately at a late stage in the GSP 
process (see chapters 6 and 7). 
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Table 3: Estimated stream depletion, in September and October of 1991-2018, due to groundwater pumping in 
three geographic areas defined by the Adjudicated Zone (Superior Court of Siskiyou County 2018). “Days of Earlier 
Reconnection (FJ Flow > 20 cfs)” refers to the number of days between (a) the first fall date in the no-pumping 
scenario simulation when stream flow at the Fort Jones gage exceeds 20 cfs and (b) the date for the same event in 
the basecase simulation.  The date is later in the basecase simulation due to groundwater pumping during the 
summer. We find that similar numbers of “Days of Earlier Reconnection” occur when flow thresholds of 10 cfs, 30 
cfs, and 40 cfs are considered rather than 20 cfs. 

Well Area 

Average Stream Depletion, 
Sep-Oct ’91-’18, due to 
groundwater irrigation in this 
area (cfs) 

Days of Earlier Reconnection (FJ 
Flow > 20 cfs) if no pumping 
occurred in this area 

SGMA Wells (Wells outside 
Adjudicated Zone, OAZ) 25 – 29 cfs 22-23 days 

Adjudicated Zone Wells (IAZ) 24 – 30 cfs 23-27 days 
All pumping (all wells) 43 – 65 cfs 23-27 days 

 

With simulation of these no-pumping scenarios it is possible to estimate the stream depletion 
attributable to groundwater irrigation inside the adjudicated zone (IAZ), outside the adjudicated 
zone (OAZ), and in the valley overall, by simple differencing: 

FJNPA1 - FJBasecase = Depletion Pumping, A1 (all in cfs) 

Where: 

 FJNPA1 is the Flow at Fort Jones Gauge, No-Pumping in Area 1 Scenario;  

FJBasecase is the Flow at Fort Jones Gauge, Basecase; and  

Depletion Pumping, A1 is the Stream Depletion at Fort Jones Gauge due to groundwater irrigation in 
Area 1, where “Area 1” either corresponds to the entire basin, to the adjudicated zone, or to the 
area outside of the adjudicated zone. 

The depletion is an important metric related to summer baseflow.  But equally important from a 
functional ecological flows perspective (Figure 24) are changes in the timing of the spring recess and 
fall flush flow that may occur due to groundwater pumping.  The same simulation scenarios used to 
compute stream depletion can also be used to compute the change in date, for a given year, at 
which flows first fall below (spring recess) or exceed (fall flush flow) various streamflow thresholds.  
Table 3 shows the difference, measured in number of days, of the fall date at which simulated 
streamflow at the Fort Jones gage first exceeds 20 cfs (“Days of Earlier Reconnection (FJ Flow > 20 
cfs)”), between the no-pumping reference scenario described above and the calibrated basecase 
scenario (where the latter most closely simulates actual conditions over the 1991-2018 period). 
Table 3 provides both, the average September-October stream depletion and the range of days of 
earlier reconnection, between water years 1991 and 2018. 
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The annual September-October mean stream depletion varies between 25 and 29 cfs for wells 
regulated under the Scott Valley GSP. It is of similar magnitude (24-30 cfs) for wells in the 
adjudicated zone. Their combined mean September-October stream depletion effect (both areas 
not pumping simultaneously) varies from 43 cfs to 65 cfs across the 1991-2018 water years.  In years 
when flows do not already exceed 20 cfs throughout August, flows climb above 20 cfs about 3 to 4 
weeks earlier under the no-pumping scenario (Table 3).  
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4 SVIHM Update 1991-2018: “SVIHM-2018” 

4.1 SVIHM Overview 

The Scott Valley Integrated Hydrologic Model (SVIHM) is an integrated hydrologic model of the 
Scott Valley watershed above the Scott River canyon, that is, the catchment of the USGS Fort 
Jones gage on the Scott River (https://waterdata.usgs.gov/monitoring-location/11519500/).  
SVIHM consists of four separate conceptual models contained within three separate simulation 
tools: 

1. An upper watershed model, based on statistical regression, representing daily runoff in the 
major tributaries at the locations where these enter the Scott Valley alluvial basin 

2. A Soil Water Budget Model (SWBM) representing the landuse and vadose zone hydrology 
across the Scott Valley alluvial basin 

3. A stream flow routing model representing the surface water system overlying the Scott 
Valley alluvial basin, using the MODFLOW 2005 Stream-Flow Routing (SFR) package 

4. A groundwater model of the Scott Valley alluvial basin, using MODFLOW 2005 (Harbaugh 
et al., 2017) 

SVIHM Model Structure. SVIHM simulations consist of a sequential execution of three software 
codes: the SVIHM tributary streamflow regression model (upper watershed model, written in the 
programming language R), the SVIHM SWBM (written in the programming language Fortran), and 
the SVIHM MODFLOW 2005 software (MS Windows executable code). The SVIHM tributary 
streamflow regression model provides streamflow estimates at the margin of the alluvial basin. 
These values are provided as input to SWBM and, subsequently, to the SFR package.  The SWBM, 
which also uses climate, land use (including crop type, irrigation type, and irrigation water source), 
and soil data as input, computes soil moisture content, applied surface water amounts, applied 
groundwater amounts (groundwater pumping), evapotranspiration (ET), and recharge to 
groundwater.  The streamflow routing model, using the tributary inflows computed by the upper 
watershed model, and subtracting the surface water diversions computed by SWBM, routes 
surface water through the Scott Valley stream systems, considering direct interactions with 
groundwater, through an integrated MODFLOW 2005 simulation with the groundwater model. 
The SFR model provides flow rates throughout the stream system. The groundwater model, using 
input from SWBM (recharge, pumping) and user-defined inputs (mountain front recharge, aquifer 
properties, aquifer structure), computes water levels and groundwater fluxes throughout the Scott 
Valley groundwater basin. 

SVIHM Discretization in Time and Space. The streamflow regression model provides daily 
streamflow at 12 discrete tributaries entering the Scott Valley (Figure 9). The SWBM is a vertically 
one-dimensional tipping-bucket-type soil water routing model, applied to each of 2,119 landuse 
polygons, at daily time-steps (Figures 16 and 17). The SFR and groundwater model, simulated with 
MODFLOW-2005, is discretized into 328 ft x 328 ft (100 m x 100 m) grid cells, in two layers.  The 

https://waterdata.usgs.gov/monitoring-location/11519500/
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upper layer has uniform thickness of 50 ft (15.24 m). The thickness of the lower layer is variable 
depending on the depth to bedrock. Cell thickness in the lower layer is largest in the center of 
Scott Valley, with a maximum thickness of 201 ft (60.9 m) between Etna and Fort Jones.  The 
model includes nearly 200 individually represented wells each associated with one or multiple 
land use polygons with groundwater irrigation needs. The model uses daily time-steps and 
monthly stress periods. 

Previous SVIHM Documentation. The hydrologic conceptual model, the upper watershed model, 
and the SWBM model are described in detail in Foglia et al. (2013a, b).  The SWBM model was 
subsequently updated with additional field information to adjust the irrigation rates, which is 
described in Foglia et al. (2018). An initial uncalibrated version of the Scott Valley groundwater 
and stream model using the MODFLOW “River” package, simulating the period for water years 
1991-2011 is documented in Foglia et al. (2018). The final, calibrated version of that model uses 
the MODFLOW stream flow routing (SFR) package rather than the “River” package and is 
documented in Tolley et al. (2019). Here we refer to this latter model as “SVIHM-2011”. A 
sensitivity and uncertainty analysis of a potential managed aquifer recharge project, and an 
application of SVIHM-2011 to develop stream depletion functions were published in the 
dissertation by Tolley (2019). 

The SVIHM Update “1991-2018” extends the simulation period of SVIHM-2011 to and including 
the water year 2018 and is here referred to as “SVIHM-2018”.  SVIHM-2018 became the basis for 
multiple additional versions of SVIHM, representing numerous future scenarios as well as 
streamflow depletion scenarios, implemented for the 1991-2018 climate period. Scenario 
simulations are represented as specific, user-defined changes to the hydrologic “stresses” in the 
system. Therefore, they require changes in the input to the upper watershed model, the SWBM, 
the SFR, and the groundwater model.  Some scenarios also require significant changes in the 
coding of the SWBM model. 

Streamflow Regression Model: Though some flow monitoring exists for these locations, the stream 
gauge records do not cover the entire model period and are largely incomplete. Statistical analysis 
showed that existing daily flow records for tributary streams are best estimated using linear 
regression of the normalized, log-transformed daily flow data at the tributary stream gauge 
against the normalized, log-transformed daily flow data at the USGS Gauge 11519500 (Fort Jones 
Gauge). The Fort Jones gauge represents stream outflow from the Scott Valley. Two separate 
linear regressions were performed - one for the period period prior to water year 1973, prior to 
the occurrence of frequent summer flows below 30 cfs, and one for records falling into the period 
October 1, 1973, to September 30, 2011. Normalization with respect to mean and standard 
deviation of log-transformed daily flow data was performed separately for the time series records 
at each gauging station. The streamflow regression model is used to estimate a continuous daily 
flow record for the model period at each of the 12 inflow points from the upper watershed. 

Soil water budget model (SWBM). SWBM is a FORTRAN-based calculator used to simulate water 
fluxes into and out of the soil zone, on a field-by-field basis, for 2,119 fields in the Scott Valley. It is 
described in more detail in Section 6 of Foglia et al. (2013a) and Section 3 of Tolley et al. (2019). In 
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the SWBM, agricultural irrigation is calculated based on daily crop demand. Perfect farmer 
foresight of daily irrigation demand is assumed, and the water volume is attributed to either 
diverted surface water (i.e., Surface Water Irrigation in Figure 20) or pumped groundwater (i.e., 
Groundwater Irrigation/Wells in Figure 20) depending on which source(s) is (are) available for each 
field. Irrigation technologies associated with each field (i.e., flood irrigation, wheel line or center 
pivot) are used to calculate irrigation efficiencies. The soil root zone of each field is treated as a 
"tipping bucket" object: at the end of each day, any water remaining in the soil zone beyond its 
field capacity is assumed to recharge to groundwater. A small number of fields in the so-called 
"discharge zone" between Greenview and Etna, east of Highway 3, are sub-irrigated; ET in these 
fields is assumed to come not only from soil water storage but also directly from shallow 
groundwater (rather than applied irrigation), where the latter is simulated by the groundwater 
model. Additionally, all precipitation falling on cultivated fields or native vegetation is assumed to 
infiltrate into the soil column (i.e., runoff is neglected). 

MODFLOW Model. The finite difference groundwater-surface-water model is built using 
MODFLOW-NWT (Niswonger et al., 2011), a version of MODFLOW-2005 (Harbaugh et al., 2017) 
that solves for unconfined flow using the Newton-Raphson solver. The packages used in the 
MODFLOW-NWT model include: 

* SFR, streamflow routing package (Prudic, Konikow, and Banta 2004) 

* WEL, well package (Harbaugh 2005) 

* RCH, recharge package (Harbaugh et al. 2000; Harbaugh 2005) 

* ETS, evapotranspiration segments package (Banta 2000) 

* DRN, drain package (Harbaugh et al. 2000) 

The integrated SVIHM is weakly coupled in that calculated fluxes are passed from the upper 
watershed streamflow regression model and from the SWBM to the MODFLOW model, but there 
are no direct feedbacks from the MODFLOW model back to the streamflow regression model or 
the SWBM (Tolley et al., 2019). The exception is direct uptake of evapotranspiration from 
groundwater in the "discharge zone". An explicit iterative process between MODFLOW and SWBM 
ensures appropriate allocation of the ET demand to the unsaturated (soil) zone and to 
groundwater. 

A description of the structure of the MODFLOW groundwater-surface water model can be found in 
section 3.4 of Tolley et al. (2019). Key model construction information is summarized below. The 
model domain (i.e. the extent of active cells) is shown in Figure 22: 

• 440 rows 
• 210 columns 
• 100-m (328 ft) gridcell lateral resolution 
• cell depths of 0-61 m (0-200ft) thick 
• 46,618 total acres within model domain (Figures 16 and 17) 
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o 17,232 acres alfalfa in rotation with wheat 
o 16,362 acres pasture 
o 11,246 acres natural vegetation (ET, no irrigation) 
o 1,626 acres of pavement or cobbles (no ET, no irrigation) 
o 152 acres of water surface 

• 164 irrigation wells and 55 monitoring wells (Figure 14) 
• Nine hydrogeologic zones and three surface water channel zones (Figure 15) 
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Figure 14. Map of the irrigation type and of the available irrigation wells for Version 2 of the integrated 
hydrologic model. Locations have been refined by inspection (see text) and may not coincide with those 
reported by the California Department of Water Resources. The irrigation type reflects recent (2011) 
conditions. The year of conversion from “Other Sprinkler” (typically wheelline) to “Center Pivot” is an 
attribute of the “Center Pivot Sprinkler” polygons, if the conversion occurred after 1990, and is taken into 
account in the soil water budget model. 
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Figure 15. Map of the Scott Valley with the boundaries of the integrated hydrologic model study and the 
nine subwatersheds. 
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Figure 16. Land use categories based on CDWR 2000 map and updated for 2011 using suggestions from 
GWAC and local landowners. 
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Figure 17. Aggregated five land use categories developed for the new conceptual soil water budget 
model from the landuse map shown in Figure 16. 
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4.2 Summary of Model Calibration and Sensitivity Analysis 

Model calibration is a process for estimating parameter values that are unavailable or difficult to 
measure, such as the hydraulic conductivity of a geologic formation. The goal of calibration is to 
select parameter values that minimize the error in the model output (e.g., minimizing the 
difference between simulated and observed values for surface flow rates and groundwater 
elevations). Typically, this involves building the model using initial "best-guess" values for the 
difficult-to-measure parameters, then running the model many times using different parameter 
values, and recording the output to evaluate which parameter set generates the minimum error. 
"Gradient-based" methods use the information from past runs to select the next set of 
parameters. 

Sensitivity analysis is used to calculate an overall index of how sensitive a desired model output 
(such as a flowrate in a single location, or the aggregate error in simulated groundwater elevation) 
is to a change in the value of a given parameter, such as the  infiltration rate of a soil type. 
Sensitivity analyses can be "global" (covering the full range of possible values for all parameters) or 
"local" (starting with an initial parameter and deviating from it by set "perturbation" values). 

In the calibration analysis, the end point of the analysis is typically determined by: 1) the 
convergence of the error function on an assumed irreducible value or 2) limitations imposed by 
computational resources. For a model like the SVIHM, which takes 4-5 hours to complete one 
simulation, global sensitivity analysis methods are commonly too expensive.  

SVIHM Calibration Results. Calibration and sensitivity analysis of the 1991-2011 version of SVIHM 
was performed using the inverse modeling software suite UCODE_2014 (Poeter and Hill 1998; 
Poeter et al. 2014) and is described in more detail Section 3.5 of (Tolley, Foglia, and Harter 2019).  

UCODE_2014 was used to automate the model calibration process, which included the following 
steps: 

Sensitivity Analysis: 

1. Select initial values for 61 parameters, including hydraulic properties of nine hydrogeologic 
zones, the amount of mountain front recharge, canal seepage, stream channel properties, 
and values in the SWBM related to deep soil moisture depletion, irrigation efficiency, and 
crop evapotranspiration.  

2. Run the model forward to simulate groundwater heads and daily stream flowrates for the 
1991-2011 model period.  

3. Vary each of the 61 parameters by a small amount to determine sensitivity of simulated 
water levels and flow rates at monitored locations. Select the parameters for which model 
outcomes are significantly sensitive (14 parameters). 

Calibration: 

1. Run the model forward to simulate groundwater heads and daily stream flowrates for the 
1991-2011 model period. 
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2. Compare the observed groundwater elevations and flowrates with corresponding 
simulated values. Record the difference; summarize the differences as the result of a 
weighted objective function. (Lower flow rates, for example, were weighted higher in the 
SVIHM calibration than higher flowrates to prioritize minimizing errors in low flows.) 

3. Select a new set of 14 calibration parameters based on the results of past calibration runs 
and repeat steps 1-3 until parameters or the objective function no longer change 
significantly between calibration runs. 

To account for the potential nonlinear effects of the initial parameter values, calibration of SVIHM 
was performed five times, using five sets of initial values for each of the 14 calibration variables 
(Table 2 in Tolley et al. 2019). Sections 4 and 5 of (Tolley, Foglia, and Harter 2019) describe the 
SVIHM calibration results in detail; key summary quotations are included below for convenience: 

• The largest variations were observed in Kx1, Kx3, and Sy1, which ranged over an order of 
magnitude for hydraulic conductivity and varied up to 50% for specific yield. Parameters 
contained within SWBM showed similar variations across runs but with much less 
variability due to tighter imposed constraints. None of the parameters were calibrated to 
unreasonable values, with only a few limited by upper or lower calibration bounds.  

• Values of DFBETAS and Cook's D show that timing of the most influential observations 
occurs during or immediately following the lowest period of streamflow during the year. 

• The most sensitive parameters in SVIHM are crop coefficients for alfalfa and pasture, which 
control water demand (ET), and the SMDF for alfalfa/grain fields, which affects how much 
irrigation water is applied and therefore recharge rates for that land use type. 

 

4.3 Model Extension and Validation 

SVIHM development began nearly a decade ago in 2011, and the initial data summary and model 
input production was documented in Foglia et al. 2013 and Foglia et al. 2018. The calibrated 
version of SVIHM documented in Tolley et al. 2019 simulated conditions in the 21-year period 
between Oct. 1990 and Sept. 2011. Here, this SVIHM version is referred to as SVIHM-2011. 

SGMA requires water budgets to include the 20 years prior to 2015, so an extension of SVIHM was 
necessary in order to use it for the Scott GSP. Work on this model extension began in 2019, so the 
extension period was 7 years, ending in Sept. 2018. Here, this version of SVIHM is referred to as 
SVIHM-2018. 

While not re-calibrated, model results for this extended period version of SVIHM are an 
opportunity for an important model validation experiment, which analyzes how closely the 
parameter values, calibrated on observations in water years 1991-2011, can replicate observations 
from Oct. 2011 - Sept. 2018.  
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4.3.1 Methods for Extending Precipitation, Tributary Inflow, and ET 

Extending the model period consists of extending key climate records that drive model behavior: 
valley floor precipitation, tributary inflow, and ET. 

Precipitation. The precipitation record consists of a daily depth value and is calculated as the 
average of the rainfall values for the Callahan and Fort Jones weather stations. On days with 
missing values in these two rain records, the value is calculated based on data at other stations. 
More details are included in Section 4 of Foglia et al. 2013 and below. 

Though evidence exists of higher rainfall on the western side of the valley, the location of existing 
gauges did not allow estimation of a rainfall gradient at the time, so a single daily value was used. 
In a future version of the model, it may be possible to develop a spatially-explicit rainfall record 
that reflects this rainfall gradient, using the data from several new private rain gauges installed 
during monitoring efforts for the GSP in 2019-2021. 

Based on methodology described in Foglia et al. 2013, the original rainfall record was generated in 
Excel. To extend the model, a researcher implemented the same methodology in R (R Core Team 
2020), the statistical programming language. The steps in the method are: 

1. Align all available precipitation data by date in one table. For this extension, the records 
used were from the following weather stations (with their NOAA identification code): 
• Callahan (USC00041316) 
• Fort Jones (USC00043182) 
• Etna (USC00042899) 
• Greenview (USC00043614) 
• Yreka (USC00049866), long-term record 
• Yreka (US1CASK0005), more recent record 

The original precipitation record relied only on the first four stations in this list, but for this 
extension, it was necessary to add the two Yreka stations (which, notably, are outside the 
Scott River watershed) to fill in gaps with no records at the other stations in the 2012-2018 
period. 

2. Make a table of relevant values (slope and R^2^) for the set of 0-intercept linear 
regressions in which the Callahan and Fort Jones stations' precipitation record is predicted 
using each other station's record, segregated by month. The total set of linear models 
calculated is [2 predicted values] * [6 predictors] * [12 months] - [24 combinations where x 
= y] = 120 total linear regressions. 

3. For each missing value in the daily Callahan and Fort Jones records, estimate the 
precipitation on that day using the linear regression model for the relevant month with the 
highest R^2^ value. 

4. Once all gaps have been filled in this manner, average the values for each day for Callahan 
and Fort Jones. 
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Due possibly to corrections in the online databases from which records were obtained, this 
method was unable to exactly reproduce the original 1991-2011 precipitation record in the 2019 
version of SVIHM. Therefore, the daily rainfall values produced using the R software were used 
only for water years 2012-2018 (and for five leap days, which were not included in SVIHM-2011). 

Tributary Inflow.  The daily flow records for tributary inflow to the model domain were extended 
using the Fort Jones record, Oct. 2011 - Sept. 2018, and the existing Streamflow Regression Model 
script in R. Although at least one tributary flow gauge has recorded additional observations since 
2011, the tributary flow records used to build regression models with the Fort Jones record were 
kept consistent between the 2019 SVIHM version and the extended version. In future work, 
expanding the tributary datasets may improve the Fort Jones Gauge-tributary flow predictions. 

Evapotranspiration. The evapotranspiration data that drives irrigation demand in SVIHM is 
denoted as  ETref, or the ET measured over a reference short grass crop. Crop coefficients are used 
to convert this daily value into irrigation demand for different crops. The ETref model input for the 
2019 version of SVIHM was calculated using the NWSETO program (Snyder, Orang, and Matyac 
2002). Additional details are in Section 6 of  Foglia et al. 2013.  

For this extension, two data sources were used. CIMIS Station 225 was installed in northeastern 
Scott Valley in 2015, and this  ETref record is used for the days in which it is available (CDWR 2021). 
The second source, used to bridge the gap between the end of the 2019  ETref record in Sept. 2011 
and the start of the CIMIS Station 225 record in 2015, was interpolated Spatial CIMIS data 
products (CDWR 2007). The location used to generate the Spatial CIMIS output was the location of 
the current CIMIS Station 225. 

4.3.2 Flow Matching 

Methods of validating the quality of flow-matching include: 

• Visual comparison on time series plots (Figure 18, Panel A) 
• Exceedance plots to compare overall abundance of high and low values (Figure 18, Panel B) 
• Calculations of flow-matching indices, such as the Nash-Sutcliffe Efficiency (NSE) (Nash and 

Sutcliffe 1970) and, to account for high variability in flow, a modified NSE (Tolley, Foglia, 
and Harter 2019) (Table 4). 

These results indicate that SVIHM flow-matching performance in the 2012-2018 period is about 
the same, or slightly better, than in the 1991-2011 period (Table 4). This might simply be a 
consequence of the fact that SVIHM generally performs better at low flows, and that the 2012-
2018 period (18.4 average annual inches of rainfall) was drier than 1991-2011 (21.8 inches).  

A known limitation of the model is that it does not capture large storm flow peaks, because these 
happen in a matter of days, while the MODFLOW stress periods in SVIHM are monthly (Figure 18, 
Panel A). This is reflected in the seasonal difference in NSE values: SVIHM matches dry season 
flows better than wet season flows. The season in which flow-matching performance is highest is 
during the spring recession and early growing season. This probably reflects the fact that longer-
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term processes control streamflow during this time, such as snowmelt or the draining of the 
subsurface, rather than short-term storm events.   

Due to the aforementioned limitation, SVIHM tends to underpredict flows >1,000 cfs (Figure 18, 
Panel B). Conversely, it tends to overpredict flows <10 cfs. This overprediction may be due to the 
high sensitivity of the low-flow hydrologic system to small deviations from simulated conditions or 
behaviors (e.g., irrigation behavior not captured by the logical statements in the SWBM). However, 
overpredictions during low-flow conditions tend to be small, on the order of 1-5 cfs. The middle 
area of discrepancy in the exceedance plots ranges from 10-70 cfs; SVIHM simulates fewer of 
these daily flowrates than are observed. This may reflect a lag in the fall, i.e., the model is slower 
to respond to fall rain events than the physical watershed (Figure 18).  

Table 4: Nash-Sutcliffe Efficiencies (NSE) and modified NSE values for various SVIHM-2018 time periods.  
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Figure 18: Daily flow at the Fort Jones Gauge, simulated vs. observed. Furthest extent of SVIHM-2018 
model version is indicated as a brown dashed line. 
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4.3.3 Groundwater Head Matching 

The model performance regarding groundwater head (elevation) matching can be evaluated using 
several methods or indices: 

• Visual inspection of scatter plots 
• The R2 of the correlation between simulated and observed values 
• The root mean squared error (RMSE) of simulated and observed values 
• The percentage of groundwater elevation residuals less than a given number of feet or 

meters 

Based on these results, the extended version of SVIHM performs about the same, or slightly 
worse, than the original 1991-2011 version at matching groundwater heads. 

Observed and simulated groundwater head values show a strong correlation (Figure 19, Panel A; 
R2 value of 0.98). The RMSE for the 1991-2018 period is 9.31 feet, compared with 7.48-9.12 feet in 
the 1991-2011 version (Tolley, Foglia, and Harter 2019). 

Residuals range from -38 to 72 feet (Figure 19, Panel B). The proportion of residuals less than 3.3, 
6.7, or 10 ft (1, 2, or 3 m) is 48%, 67%, and 78%, respectively, compared with 50%, 70%, and 80% 
in the 1991-2011 version. 
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Figure 19: Groundwater elevations or heads, observed vs. simulated and observed vs. residuals 
(calculated as [simulated] - [observed]). 
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5 SVIHM-2018 Water Budget 

5.1 Water Budget Overview 

The historical water budget for the Basin was estimated for the period October 1991 through 
September 2018, using the Scott Valley Integrated Hydrologic Model (SVIHM). This 28-year model 
period includes water years ranging from very dry (e.g., 2001 and 2014) to very wet (e.g., 2006 and 
2017). On an interannual scale, this period includes one multi-year wet period in the late 1990s 
and two multi-year dry periods in the late 2000s and mid-2010s. The CDWR SGMA Water Year 
Type dataset for Scott Valley was used to identify water year types within the water budget 
analyses. 

Because surface water conditions and the potential occurrence of undesirable outcomes are 
heavily dependent on water year type, this section will include water budget quantities during 
example wet (2017), dry (2014) and average rainfall years, as well as in the overall 28-year model 
period. Two years with near-average annual rainfall (2010 and 2015) are used to illustrate the 
effect of temporal distribution of rainfall within a water year. In 2015 the rainy season ended 
earlier and rain fell in a smaller number of larger storms than in 2010.  

Annual water budgets for the full model period are shown in Figure 20 and monthly values of 
selected budget components are shown in Figure 21 for each of the four example water years. 
Tables 5-7 show a summary of these budgets, and details are provided below. The following two 
sections provide an overview of the Scott Valley Integrated Hydrologic Model, which is used to 
determine the full water budget for the three hydrologic subsystems of the Basin:  the surface 
water subsystem, the land subsystem, and the groundwater subsystem.  The budget also includes 
the total water budget of the Basin. The second section provides a description of the water budget 
shown in the Figures and Tables below and explains the water budget dynamics in the context of 
the basin hydrogeology and hydrology described in previous sections.  

Table 5:  Annual values (TAF) for water budget components simulated in the Surface Water (SW) 
subsystem of the SVIHM. Positive values are water entering the stream network as inflows from 
tributary streams and overland flow entering streams; negative values are water leaving the stream 
network as diversions to the Farmers and SVID ditches and outflow from the valley through the Scott 
River. The net direction of stream leakage and the overall change in water stored in the stream system 
can be both negative and positive in different water years. Inflows to the SW represent the outflows 
from the upper watershed subsystem. 
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Table 6: Annual values (TAF) for water budget components simulated in the Land and soil subsystem (L) 
of the SVIHM. Positive values are water entering the soil volume as precipitation and surface water (SW) 
or groundwater (GW) irrigation; negative values are water leaving the soil volume as evapotranspiration 
(ET) and recharge to the aquifer. The overall change in storage in the soil volume can be both negative 
and positive in different water years. 

 

Table 7: Annual values (TAF) for water budget components simulated in the Groundwater (GW) 
subsystem of the SVIHM. Positive values are water entering the aquifer as recharge from the soil zone, 
canal seepage, and mountain front recharge (MFR); negative values are water leaving the aquifer as 
evapotranspiration (ET), discharge to overland flow, and pumped water from wells. The net direction of 
stream leakage and the overall change in water stored in the aquifer can be both negative and positive in 
different water years. 
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Figure 20: Annual water budgets for the three conceptual subsystems used to represent the hydrology of 
the Basin: the surface water system, the soil zone, and the aquifer. 
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Figure 21: Monthly values of selected water budget components in four example water years: 2010, 
2014, 2015, and 2017. 
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Figure 22: The SVIHM-2011 and SVIHM-2018 model domain boundary, pumping wells explicitly 
embedded in each of the two models and monitoring wells used to calibrate SVIHM-2011 and for 
validation of SVIHM-2018. Water level observations are grouped into four generalized hydrogeologic 
zones, adapted from Mack (1958) and are documented by UC Davis 
(https://groundwater.ucanr.edu/Research/ScottValley/). 

https://groundwater.ucanr.edu/Research/ScottValley/
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Figure 23: Monthly change in volume of water stored in the soil zone (top panel) and groundwater 
aquifer (bottom panel). Total storage volume and interannual variability are both greater of the aquifer 
than for the soil zone. 
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5.2 Description of Historical Water Budget Components 

The section describes the full water budget of the Basin including inflows to the Basin, outflows 
from the Basin, and the internal fluxes between the three hydrologic subsystems of the Basin: the 
surface water subsystem, SW, the land-soil/vadose zone subsystem, L, and the groundwater 
subsystem, GW (CDWR 2020b).  The subsystems into, out of, or between which the fluxes occur 
are explicitly identified using the SW, L, and GW notation. 

Water budget components are described in the following categories: 

1. basin inflows 
2. basin outflows 
3. flows between surface water and land-soil zone (SW and L) 
4. flows between surface water and groundwater (SW and GW) 
5. flows between land-soil zone and groundwater (L and GW) 
6. change in storage in the land-soil zone and in groundwater (L, GW) 

Figure 20 shows the water budgets of each of those three subsystems. Fluxes between subsystems 
are shown twice:  in the subsystem from where the flux originates as output (negative flux, 
analogous to an account withdrawal at a bank), and in the subsystem into which the flux occurs as 
input (positive flux, analogous to an account deposit at a bank). 

This section also describes storage changes in the subsystems.  An increase in storage over a 
period of time occurs when fluxes into a subsystem exceed fluxes out of the subsystem over that 
period of time (similar to deposits exceeding the amount of withdrawals in a bank account:  the 
account balance increases). In Figure 20, a storage increase is depicted as additional negative bar 
length needed to balance the negative bar length (fluxes out of the subsystem) with the positive 
bar length (fluxes into the subsystem). In other words, storage increase is depicted as if it were a 
negative flux. This is consistent with accounting principles in hydrologic modeling. 

Similarly, a decrease in storage over a period of time occurs when fluxes into a subsystem are less 
than the fluxes out of the subsystem over that period of time (similar to withdrawals from a bank 
account exceeding the deposits into the bank account: the account balance decreases). In Figure 
20, a storage decrease is depicted as additional positive bar length needed to balance the positive 
bar length (fluxes into the subsystem) with the negative bar length (fluxes out of the subsystem). 
In other words, storage decrease is depicted as if it were a positive flux, consistent with hydrologic 
modeling practice. 

5.2.1 Basin Inflows 

There are three inflows in the historic water budget: precipitation on the valley floor (to L), surface 
water inflow to the Basin from the upper watershed (to SW), and subsurface inflow or mountain 
front recharge from the surrounding bedrock underlying the upper watershed (to GW).  
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5.2.1.1 Precipitation 
Rainfall on the valley floor is a key input in the SWBM. SVIHM assumes that all precipitation falling 
on cultivated fields or native vegetation infiltrates into the soil column (i.e., runoff is neglected) 
(Tolley et al., 2019).  

Although a west-to-east decreasing rainfall gradient has been observed by Scott Valley residents, 
the locations of weather stations in the Scott Valley does not allow for robust calculation of this 
gradient. As a result, uniform daily precipitation value for the entire model domain is assumed 
(Foglia et al. 2013). That uniform daily value is the mean of the values observed or estimated at 
the Fort Jones and Callahan stations.  

Missing days exist in the rainfall record for the Fort Jones and Callahan stations over the model 
period. On days with missing data, the value at the Fort Jones or Callahan station was estimated 
using data from six NOAA weather stations in the Scott Valley and immediate vicinity (see Table 1). 
On days where precipitation is less than 20% of the atmospheric water demand (reference ET), it is 
assumed that the water evaporates before it infiltrates below the surface of the soil, so no 
infiltration is simulated (Tolley, Foglia, and Harter 2019b) 

5.2.1.2 Surface Water Inflow 
The surface water inflows are derived from monthly tributary flow volumes that are calculated 
using the streamflow regression model (Foglia et al. 2013). These values are passed to the SWBM 
(L budget) as the monthly volume of surface water available for irrigation. Surface water 
diversions are computed as a function of irrigation demand. The conceptual diversion points from 
tributary flows are just outside the Basin boundary, except for two internal diversions (6 TAF, see 
below), which is consistent with most diversions occurring near the Basin margin. The remaining 
inflow from the upper watershed (streamflow regression model) is passed to the MODFLOW 
model domain as stream inflows (SW budget) (Tolley, Foglia, and Harter 2019b). In the water 
budget shown in Figure 20, the total surface water inflow is the sum of “Inflow” into the SW 
budget and “SW Irrigation” in the L budget, minus 6 TAF that are diverted from the mainstem 
Scott River to “SW Irrigation” from within the Basin. 

5.2.1.3 Subsurface Inflow or Mountain Front Recharge (MFR)  
Mountain Front Recharge, the phenomenon of diffuse water flow through mountain soil or 
fractured bedrock into the alluvial sediments of an aquifer along a valley margin, is simulated 
along the western edge of the model domain. It is estimated to be a volume that changes month-
to-month (i.e., greater recharge during the wet season) but which is identical year over year (see 
Appendix 2-C for more details).  

5.2.1.4 Discussion 
Among the three inflows, canal and mountain front recharge is a relatively small amount, 
estimated to average 18 TAF.  Stream inflow (Inflow plus SW Irrigation) is the largest source of 
water for the Basin, with a median inflow of 295 TAF, nearly 4 times larger than median 
precipitation of 81 TAF. Both of these sources of water vary widely between years. Precipitation 
varies, from less than half the median to nearly twice the median value (34 TAF to 151 TAF).  
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Stream inflow varies even more widely from 100 TAF to 664 TAF. Water year 2006 had the highest 
combined inflow and precipitation (788 TAF). Water year 2001 was the driest year, with a 
combined upper watershed stream inflow and valley precipitation of 149 TAF. The variability in 
precipitation and upper watershed inflows is entirely driven by climate variability. 

5.2.2 Basin Outflows  

The three outflows in the historic water budget component are the surface water outflow, 
subsurface outflow, and evapotranspiration.  

5.2.2.1 Surface Water Outflow  
The surface outlet of the Scott Valley is near the USGS Gauge 11519500 (Fort Jones Gauge). The 
record of flow at this location dates back to the 1940s and continues to the present day.  

5.2.2.2 Subsurface Outflow  
Subsurface outflow is assumed to be negligible, and all water leaving the Scott Valley in liquid 
phase does so through the Scott River.  

5.2.2.3 Evapotranspiration  
Evaporative demand, or evapotranspiration by crops and native vegetation (ET), is the primary 
driver of the model. Reference ET (ET0) is measured at CIMIS Station 225 and was modeled for the 
period prior to CIMIS station installation in 2015 (Foglia et al. 2013; Snyder, Orang, and Matyac 
2002). ET0 is multiplied by crop coefficients on each day of their growth cycle to calculate daily 
water demand for each crop or vegetation type (Foglia et al. 2013). ET is primarily simulated in the 
SWBM, but a small amount of ET is also simulated as direct plant uptake from groundwater in the 
MODFLOW model, within the Discharge Zone (section 2.2.1.5). 

5.2.2.4 Discussion 
Among the two Basin outflows, surface water outflow is the largest over the long term: median 
surface water outflow is 292 TAF, slightly more than median inflow after surface water diversions 
are subtracted (276 TAF). Median evapotranspiration is 112 TAF, mostly – but not exclusively – 
from agricultural crops grown in the Basin. 

The magnitude of stream outflow closely follows the magnitude of stream inflows from the upper 
watershed, after subtracting surface water diversions. In 19 of 28 years, stream outflows exceed 
stream inflows in the SW budget (Figure 20). The largest differences between inflow and outflow 
occur in the wettest years (2006, 2017), when outflow exceeds inflow by nearly 50 TAF. In 9 of 28 
years, mostly among the driest years (1992-1994, 2001-2002, 2009-2010, 2013-2014), stream 
outflow is slightly less than stream inflow, with the largest difference being 12 TAF in 1992 (Figure 
20). Except in some of the driest years, the Scott Valley therefore is a net contributor to stream 
outflow from the Scott Valley. 

Like surface water inflows, surface water outflows are highly variable between years, ranging from 
85 and 89 TAF (in 2014 and in 2001) to 689 TAF (in 2006). In contrast, evapotranspiration is much 
less variable from year to year, ranging from 90 TAF (in 1997) to 130 TAF (in 2003).  In half of 
years, evapotranspiration lies within the narrow range of 107 TAF to 116 TAF.  The existing 
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variability in evapotranspiration largely reflects year-over-year differences in average temperature 
and in the number of days with precipitation and significant cloud cover. The lack of larger 
variability in evapotranspiration reflects the land use in Scott Valley. Perennial crops (alfalfa and 
pasture) and perennial natural vegetation in the Basin make up most of the land surface. 

Even in the driest year (2001), stream outflow is only about 5% (5 TAF) less than stream inflow. 
Since the net stream contribution even in 2001 (5 TAF) to valley evapotranspiration in that year 
(110 TAF) is minimal, the remaining contributions to ET come from surface water irrigations (19 
TAF), mountain front recharge (18 TAF), precipitation (42 TAF), and the depletion of groundwater 
and soil storage (23 TAF and 3 TAF, respectively). 

5.2.3 Flows Between Surface Water and Land (Soil) Zone  

5.2.3.1 Surface Water Diversion for Irrigation  
SVIHM simulates the diversion of surface water and the application of that water to fields as 
irrigation. The number and type of available water sources varies between fields; in fields with 
access to both surface and groundwater, it is assumed that irrigators will use surface water 
whenever it is available. In the water budget figures and tables, surface water diversion for 
irrigation is considered an inflow to the Basin, not a diversion from streams within the Basin. It is 
therefore separate from the inflow to the stream channels (“Inflow” in the SW budget), as most 
diversions occur near the Basin margins (see discussion above). In SVIHM, the diversions are 
conceptually located at or just outside the Basin boundary.  In the water budget, these appear as 
surface water irrigation, which also include 6 TAF from the Farmers Ditch and Scott Valley 
Irrigation District diversion (see below).  

5.2.3.2 Farmers Ditch and Scott Valley Irrigation District Diversion 
These are the largest diversions within Scott Valley, located along the mainstem of the Scott River. 
The amount is assumed constant each year, 2 TAF to Farmers Ditch and 4 TAF to the Scott Valley 
Irrigation District.  In SVIHM, these diversions are explicitly represented at the actual diversion 
location. This is an outflow from the SW budget and an inflow to the L budget, where it is counted 
as part of surface water irrigation.  

5.2.4 Flows Between Surface Water and Groundwater  

5.2.4.1 Stream Leakage and Groundwater Discharge to Stream  
The flux of water between the surface water system and the aquifer is simulated in the MODFLOW 
model using the SFR (Streamflow Routing) package (Prudic 2004; Tolley, Foglia, and Harter 2019b). 
When this flux is net positive into the aquifer (negative in the SW budget), it is commonly referred 
to as stream leakage; when it is net positive into the stream (negative in the GW budget), it is 
often referred to as groundwater discharge or baseflow. 

The annual net exchange between groundwater and streams across the basin varies from 8 TAF of 
groundwater discharge into the stream (1992) to 44 TAF of stream losses to groundwater (2006). 
A net groundwater discharge to the stream system occurs only in 1992-1994, 2001-2002, 2009, 
2014, which are among the driest years. The largest net groundwater replenishment from streams 
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occurs in wet years, with 1997, 2004-2006, and 2017 exceeding 30 TAF.  The majority of the 
replenishment occurs along the upper alluvial fans of the tributaries. Most of the groundwater 
contribution occurs along the valley trough (main-stem Scott River). 

5.2.4.2 Drains / Overland Flow  
To simulate groundwater seepage to the surface and into open ditches in a region known to have 
an elevated water table, “drains” were placed at the land surface in the Discharge Zone on the 
western side of the Basin (Figure 22). Groundwater entering these drains is routed to a nearby 
stream segment (Tolley, Foglia, and Harter 2019b). “Overland” flow appears as a negative term in 
the GW budget and as a positive term in the SW budget. It ranges from 1 to 10 TAF with a median 
value of 3 TAF.  

5.2.4.3 Canal Seepage from Farmers Ditch and SVID Ditch  
Two unlined canals are used to transport surface water from the Scott River to diversion points 
along the eastern side of the Basin margin (Figure 22). Seepage from these canals into the aquifer 
is estimated to be a volume that changes month-to-month (i.e., greater seepage during the 
growing season) but which is identical year over year. Together with mountain front recharge (an 
inflow to the Basin), this amounts to 18 TAF of inflow to the GW budget. 

5.2.5 Flows Between Land (Soil) Zone and Groundwater  

5.2.5.1 Recharge to Aquifer  
Each day, a field-by-field tipping-bucket method in the SWBM sub-model of SVIHM is used to 
calculate recharge through the soil zone to the aquifer. Soil zone inputs are infiltrating 
precipitation and irrigation water, and the driving output is ET. The “bucket” is the assumed water 
storage capacity in the soil rooting zone, which is dependent on the soil type of the field. Any soil 
moisture in excess of the field capacity (the amount retained in gravity-drained soil through 
capillary forces) at the end of each day is assumed to recharge to groundwater.  

Recharge from the land surface occurs primarily in winter months but is limited – except under 
flood irrigation – during the summer months. Like precipitation, recharge from the landscape is 
highly variable, ranging from 9 TAF to 87 TAF with a median of 39 TAF. 

5.2.5.2 Groundwater Pumping 
Groundwater pumping is computed by the SWBM sub-model of SVIHM to meet ET demand in 
irrigated crops that is not met by precipitation, surface water irrigation, or – prior to the beginning 
of the irrigation season - by soil water storage.  Groundwater pumping is limited to fields with 
groundwater as the source of irrigation water. Pumping also occurs in fields designated as having 
access to surface water and groundwater, after streamflow inflow from the upper watershed is 
insufficient to meet irrigation demands. The pumping amount varies as a function of soil type, 
crop, and irrigation type, which in turn determine soil moisture, irrigation efficiency, ET, among 
others. Groundwater pumping only occurs during the irrigation season, which is a function of the 
crop type and the dynamics of spring soil moisture depletion (see Foglia et al., 2013 for details). 
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Annual groundwater pumping varies in response to available precipitation and ET demand, from 
27 TAF to 53 TAF, with a median of 40 TAF. The largest amount of pumping occurs in 2001 (53 TAF) 
and other dry years (at or above 45 TAF: 1992, 1994, 2001-2002, 2004, 2007, 2014). The least 
amount of pumping is observed in years with exceptionally wet springs (1997 and 2011). 

5.2.5.3 Groundwater Uptake by Crops 
In the Discharge Zone of the western Scott Valley, water table is sufficiently shallow that sub-
irrigation (direct crop uptake of water from the water table) is used to grow pasture.  In SVIHM, 
the use of groundwater by crops is explicitly simulated to supplement soil moisture contribution to 
ET, which is accounted for in SWBM (Tolley, Foglia, and Harter 2019b). Annually, this flux term is 2 
TAF or less. 

5.2.6 Change in Storage  

5.2.6.1 Surface Water Storage  
Change in storage in the surface water system is calculated, but at an annual timescale; this 
budget component, less than 2 TAF within the stream system, is nearly negligible (Figure 20).  

5.2.6.2 Soil Zone Storage  
The inter-annual change in the water stored in the soil zone (defined as the top of the soil to the 
bottom of the rooting zone, or 8 ft (2.4 m) below ground, in SVIHM) ranges from annual net loss as 
high as 7 TAF to an annual net gain as high as 10 TAF (Figure 23).  Storage gains are typically 
associated with wet and near average years, storage losses occur during near average and dry 
years.  

5.2.6.3 Aquifer Storage  
Groundwater is the largest storage component in the Basin. Annual changes in groundwater 
storage range from as much as 29 TAF increase to as much as 24 TAF in decrease over a 12 month 
period. There is no significant long-term trend indicating groundwater depletion. On September 
30, 2018, total groundwater storage was 23 TAF lower than at the beginning of the simulation 
period (October 1, 1991) due to 2018 being a dry year. One year earlier, total groundwater storage 
was 2 TAF lower than at the beginning of the simulation period (Figure 23). 

5.3 Groundwater Dynamics in the Scott Valley Aquifer System: Key Insights 

The Scott Valley groundwater basin is an intermontane alluvial basin surrounded by an upper 
watershed that has highly variable natural runoff, but no surface storage reservoirs. The Basin 
itself generates additional discharge to the stream system that exits the basin and larger upper 
Scott River watershed just above the Fort Jones gage on the Scott River.  The groundwater system 
receives recharge from both, the stream system, especially along the upper alluvial fans of the 
tributaries, and from the landscape. Groundwater discharges into the main-stem of the Scott 
River, and into the lower sections of the tributaries, but also emerges in springs and drainages 
within the Discharge Zone. Riparian vegetation along the tributaries and the main-stem Scott River 
taps into shallow groundwater. 
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Precipitation occurs predominantly in the winter months, from October through April. Irrigation 
with surface water and groundwater between April and September is used to grow perennial 
crops (alfalfa, in occasional rotation with grains, and pasture). Groundwater has been used for 
irrigation since the 1970s and has allowed for an extended irrigation season, especially on alfalfa. 
Groundwater pumping significantly affects baseflow conditions during the summer. 

Winter rains and winter/spring runoff fill the aquifer system between October and April (Figure 
21). Groundwater discharge to streams along the thalweg drains the aquifer system year-round. 
Groundwater pumping further enhances the natural lowering of water levels during the dry 
season, leading to less baseflow. 

Water levels are highest near the valley margin and slope from both sides of the valley toward the 
valley thalweg, along the main-stem Scott River.  Higher recharge during the winter months 
increases the slope of the water table from the valley margins toward the thalweg. The lack of 
recharge for most of the dry period lowers the slope of the water table toward the thalweg over 
the summer months, decreasing discharge from groundwater into the Scott River system.  
Because the water table slopes toward the main-stem Scott River, seasonal water level 
fluctuations are largest near the valley margin and least near the Scott River (see Section 2.2.2.1).  

Seasonal variability of recharge is accentuated by year-to-year climate variability:  Years with low 
precipitation led to a smaller snowpack and lower runoff from the surrounding watershed, hence 
less recharge from the tributaries into the alluvial fans, less recharge across the landscape of the 
Basin, and therefore less winter groundwater storage increase in the aquifer system. This in turn 
leads to a reduced slope of the water table to the Scott River at the beginning of the irrigation 
season when compared to wetter years, and lower winter and spring water levels, particularly 
near the margins of the Basin. 

Any significant long-term decrease or increase of long-term precipitation totals over the 
watershed will lead to commensurate lowering or raising, respectively in the average slope of the 
water table from the valley margins toward the Scott River thalweg, leading to a dynamic 
adjustment of water levels, even under otherwise identical land use and land use management 
conditions. These climate-induced adjustments will be relatively small near the main-stem Scott 
River, but larger near the valley margins. Such changes, however, are unlikely to lead to 
groundwater overdraft. However, they will affect baseflow conditions, the timing of the spring 
recess in Scott River flows and the arrival of the first fall flush flows in the river system. 

Similarly, any increase or reduction in groundwater pumping leads to an equal decrease or 
increase in groundwater discharge to the stream systems.  Any managed increase in recharge will 
also lead to an equal increase in groundwater discharge to the stream system within the Basin.  
The response of the groundwater discharge to the stream system will be delayed relative to the 
timing of the changes in pumping or recharge – by a few days if changes occur within a few tens or 
hundreds of feet of a stream, by weeks to months if they occur at larger distances from the 
stream. But when these changes occur permanently (even if only seasonally each year), the annual 
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total change to groundwater discharge into the stream system will be approximately the same as 
the change in pumping (leading to less discharge) or in recharge (leading to more discharge). 

This delay in timing can be taken advantage of with managed aquifer recharge or in-lieu recharge 
during periods of excess flows in the stream system, used for recharge or irrigation (in lieu of 
pumping), but creating additional discharge of groundwater to the stream during the critical low 
flow period in the summer and (early) fall. 

Table 8: Annual and summarized annual values (TAF) for water budget components simulated in the 
surface water (SW) subsystem of the SVIHM. Positive values are water entering the stream network as 
inflows from tributary streams and overland flow entering streams; negative values are water leaving the 
stream network as diversions to the Farmers and SVID ditches and outflow from the valley through the 
Scott River. The net direction of stream leakage and the overall change in water stored in the stream 
system can be both negative and positive in different water years. 
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Table 9: Annual and summarized annual values (TAF) for water budget components simulated in the 
land-soil/vadose zone water (L) subsystem of the SVIHM. Positive values are water entering the 
landscape or soil system via precipitation, surface water irrigation, or groundwater irrigation; negative 
values are water leaving the landscape or soil system via ET or recharge to groundwater. The overall 
change in water stored in the soil/vadose zone can be both negative and positive in different water 
years. 
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Table 10: Annual and summarized annual values (TAF) for water budget components simulated in the 
groundwater (GW) subsystem of the SVIHM. Positive values are water entering the aquifer via recharge 
from the soil subsystem or as mountain front recharge and due to canal leakage; negative values are 
water leaving the aquifer via ET directly from the water table (in the “Discharge Zone” of Scott Valley), in 
drains, or via well pumping.  Net basin wide recharge from streams (stream leakage) may be positive or 
negative. The overall change in water stored in the grounndwater system can be both negative and 
positive in different water years. 
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6 SVIHM Scenario Development:  Attribution of Stream Depletion 

6.1 Overview 

SVIHM-18 was developed as a decision-support tool to guide stakeholders, and local and state 
agencies in understanding the relationship between land use, groundwater use, and projects and 
management actions on one hand and streamflow conditions in the Scott Valley stream system on 
the other hand (Figure 9). As a simulation tool, the assessment of these interdependencies is 
achieved by simulating so-called “scenario” simulations that are then compared to the original 
SVIHM-18, which – in the context of scenario simulations – is referred to as the “basecase”.  In the 
interaction with stakeholders and the development of the Groundwater Sustainability Plan (GSP), 
it has been shown to be helpful to distinguish the following categories of scenarios: 

• Stream depletion attribution scenarios 
• Project and management action scenarios 
• Future climate scenarios 

Stream depletion attribution scenarios are simulations that are prepared to determine the total 
stream depletion resulting from modern day (1991-2018) land use and water use.  SVIHM-18 is 
used to attribute stream depletion to various combinations of water users:  groundwater users 
inside and outside the adjudicated zone, and surface water users inside and outside the 
adjudicated zone.  Stream depletion attribution scenarios are also prepared to understand how 
sensitive the computed stream depletion is to the simulated design of the “unimpaired” reference 
landscape, representing pre-historic land use under modern day climate and stream-
geomorphology conditions.  These scenarios are explained and discussed in this chapter. 

Project and management action scenarios are developed to understand how much of the existing 
stream depletion, as defined by the stream depletion attribution scenarios, can be reversed, at 
what locations it can be reversed and at what time periods it can be reversed with (future) 
implementation of projects and management actions.  Projects and management actions may 
include those designed specifically to improve streamflow conditions.  For purposes of this report, 
projects and management actions may also include other changes in land use and water use 
(either groundwater or surface water) that may positively or negatively impact stream depletion.  
These scenarios are further explained and discussed in chapter 7. 

Future climate scenarios are simulations that are prepared to simulate representative conditions 
under various future climate conditions, with land use and water use conditions corresponding to 
those over the recent historic period.  These scenarios are implemented to better understand 
potential threats to groundwater and stream conditions due to climate change.  These scenarios 
are explained and discussed in chapter 8. 

Common to all scenario simulations in chapters 6 through 8 is that they are employed in the 
context of the 1991-2018 basecase:  the informative value of those simulations arises from 
comparisons to the simulation outcomes under basecase conditions, since the only difference 
between a scenario simulation and the basecase simulation is a named set of differences in model 



UC Davis 86 December 28, 2023 

boundary conditions that represents the conceptual scenario. Specifically, the purpose of the 
scenario simulations is to understand the quantitative difference in outcomes relative to 1991-
2018 basecase conditions, whether that is depth to groundwater or streamflow conditions, at any 
location in the Scott Valley, and in any month of any year in the 1991-2018 period. 

Common to all scenario simulations in these three chapters is also that their outcome (and the 
difference in outcomes relative to the basecase) is measured as hydraulic head (for groundwater), 
groundwater flow, and streamflow (in the surface water system) at any location within the Scott 
Valley basin, on each day of the 28-year simulation period. The active groundwater simulation grid 
has 19,869 active cells in layer 1 and 14,054 active cells in layer 2 (33,923 total active cells), all 
with hydraulic head and three-dimensional groundwater flow data, 1,835 active stream cells 
across 30 stream tributaries or segments, each with stream stage, streamflow and groundwater-
surface water exchange data, and 2,869 active drain cells (mostly underneath the Discharge Zone 
between Greenview and Etna) with drainage data (from groundwater). These 130,000 simulation 
data records can be recorded at each of 10,227 days in the 28 year simulation period, yielding over 
1.3 billion data points per scenario. For each of these datapoints, the difference to the basecase 
can be computed. 

Here, our interest is focused on the flows in the Scott River at the USGS Fort Jones gage, against 
which SVIHM-2018 was validated.  The simulated location of the gaging station is the most 
downstream Scott River stream system SFR cell in the model domain. Flows at that location are 
used here to represent the overall status of the stream system.  Each scenario yields 10,227 data 
points, chronicling the daily flows over a 28-year period at the USGS Fort Jones gage.  These data 
are further summarized here to obtain a more comprehensive understanding of stream flow 
properties that are possibly relevant to ecosystem function, especially the life-cycle of salmonids 
in the Scott River watershed.  Yarnell et al. (2020), building on concepts developed by Escobar and 
Pasternak (2010) and by others, proposed quantitative metrics that can be obtained from long 
duration streamflow records, to describe ecosystem-relevant functioning of a river.  In a mixed 
rainfall-snowmelt runoff stream system such as the Scott River, the annual hydrograph obtained at 
a stream gage is characterized by five functional flow components (Figure 24): 

• Fall pulse flows 
• Wet season baseflow 
• Wet season peak flow 
• Spring recession 
• Dry season baseflow 

Each of these functional flow components can be quantified by two to four of the following five 
flow characteristics:  flow magnitude, flow timing, duration, frequency, and/or rate of change. In 
total, Yarnell et al. (2020) propose 17 quantitative metrics to describe the functional flow 
components of river systems like the Scott River. 
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Figure 24: Functional flow components (colored boxes) of the Scott River, California, with their respective 
quantitative flow characteristics (table).  The flow behavior shown is schematic and not specific to the 
Scott River. Copy of Figure 2 in Yarnell et al. (2020).  

 

Groundwater use and management does not necessarily impact all 17 of these quantitative 
metrics. The impacts from groundwater use are mostly felt in three of the five functional flow 
components: spring recess, dry season low flow, and fall pulse.  Wet season baseflow and peak 
flow are largely driven by winter precipitation dynamics and snowpack accumulation. In this study, 
we therefore focus on three quantitative metrics of functional flows in the Scott River system: 

• the magnitude of dry season baseflow, 
• the timing of spring recess,  
• the timing of fall pulse flow. 

The magnitude of dry season baseflow and particularly the contribution of groundwater to dry 
season baseflow affects stream temperature, which in turn has been shown to affect the 
suitability of the stream habitat for juvenile coho and for steelhead trout that over-summer in 
some portions of the Scott River stream system and also in tributaries upstream of the Scott Valley 
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basin.  The magnitude of dry season baseflow at the USGS Fort Jones gage is also related to the 
connectivity of flows within the Scott Valley stream system. At flows below 10 - 40 cfs, significant 
portions of the stream system across the basin are dry (see chapter 3.7).  At flows above 100 cfs, 
major tributaries and the mainstem of the Scott River are flowing and well connected, including 
the Scott River reach through the mine tailings north of the town of Callahan. Dry season baseflow 
is well below 100 cfs (Figure 24). 

 

Figure 25:  Heat map that is indicating, in red, days (x-axis) of each calendar year (y-axis) during which 
historical flows measured at the USGS Fort Jones gage on the Scott River were less than 100 cfs.  

The magnitude of dry season baseflow is visualized and compared between scenario and basecase 
through several graphs: 

• The average streamflow difference and the standard deviation of that difference for each 
month in the water year. 

• Difference in monthly stream flow between the scenario and the basecase simulation, in a 
dry year (2014), average year (2010), and wet year (2017). 

• For reference:  average and standard deviation of monthly streamflow in the basecase, for 
each month in the water year (log-scale for flows). 

• The scenario and basecase monthly stream flow, in a dry year (2014), average year (2010), 
and wet year (2017), with differences shaded for illustration, for each month in the water 
year (log-scale for flows). 

• A graph comparing the monthly median, 25th – 75th percentile range, and 5th – 95th 
percentile range in a water year, measured over the 28 simulated water years with the 
instream flows recommended by the California Department of Fish and Wildlife (CDFW, 
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2017) and with the emergency flow table associated with the 2021/2022 SWRCB 
Emergency Regulations. 

The timing of spring recess and fall pulse flow is measured for four different stream flow 
thresholds:  10 cfs, 20 cfs, 30 cfs, and 40 cfs. For each of these thresholds, a cumulative 
distribution is plotted of the first day on which USGS Fort Jones gage Scott River flows fall below 
(spring recess) or above (fall pulse) the threshold flow value.  Cumulative distributions are 
obtained for the basecase and for scenarios. 

 

Figure 26:  Example figure illustrating the basecase and a stream depletion scenario case for dry, average, 
and wet water year.  Daily streamflows shown are averaged for each month in the water year indicated. 
Shaded areas indicate the magnitude of the difference between basecase and scenario. Note that the y-
axis (stream flow [cfs]) is plotted on a logarithmic (order of magnitude) scale. 

 

6.2 Attribution Analysis:  Developing “Unimpaired” Landuse Scenarios 

6.2.1 Overview 

For groundwater management in Scott Valley, knowledge of the overall magnitude of stream 
depletion due to anthropogenic land use activities provides an important baseline against which 
future projects and management actions (chapter 7) and climate change impacts (chapter 8) can 
be evaluated. 

We consider two design categories in crafting unimpaired land use and water use scenarios:  

1. Selection of specific geographic areas and/or water sources for which unimpaired scenarios 
are developed. 
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2. Design of the unimpaired landscape and how it participates in the hydrologic cycle of the 
basin. 

6.2.2 Geographic Areas and Water Sources 

The purpose of the first design category is to create scenarios that allow for an evaluation of 
stream depletion due to water use in various geographic areas or due to different water sources. 
From a water rights perspective, we consider three major groups of water rights holders in the 
Scott Valley:  surface water users, groundwater users within the adjudicated zone, and 
groundwater users outside the adjudicated zone. 

In this analysis, only irrigation water users are considered.  SVIHM (i.e., both, SVIHM-2011 and 
SVIHM-2018) does not simulate domestic or urban water extraction, septic system recharge, or 
urban wastewater recharge, nor does it simulate stockwater use, all of which are considered very 
minor consumptive water users. Within SVIHM, “water users” are individual agricultural land use 
polygons (Figure 16). For each water user, Foglia et al. (2013a) provides the water source, which 
was obtained from the year 2000 CDWR land use survey and reviewed in 2011 by the Scott Valley 
groundwater advisory committee.  The irrigation water source is one of the following (Foglia et al., 
2013a): 

• Surface water (i.e., diversion from streams) 
• Groundwater (i.e., pumping from groundwater via wells) 
• Mixed source water (i.e., surface water while stream flows are available at sufficient 

quantity, then groundwater use) 
• Subflows (typically in pasture land use, i.e., shallow groundwater directly available to 

pasture without pumping) 

Surface water irrigation, groundwater irrigation, and mixed source irrigation occur in the 
adjudicated zone as well as outside the adjudicated zone. Subflow irrigation occurs in a small area 
within the “Discharge Zone” of Mack (1958, see chapter 3) between Greenview and Etna, east of 
Highway 3 and west of Big Slough. The assigned water source category does not change during the 
simulation period. 

Subflow irrigation is considered incidental to the natural setting of the landscape and cannot be 
terminated. Water users with subflow irrigation are therefore not considered to cause stream 
depletion. 

With three active water sources (surface, mixed, and groundwater) in two geographic areas (inside 
and outside the adjudicated zone), stream depletion could be calculated separately for 7 
combinations (s, m, g, s-m, s-g, m-g, s-m-g) of water sources outside the adjudicated zone, 7 
combinations of water sources inside the adjudicated zone, and seven combinations of water 
sources for both areas combined (21 scenarios). Instead, we here focus on water users that 
depend on groundwater, including water users with mixed water source. Only the following 
combinations of water source and geographic area water users are created as scenarios under 
unimpaired conditions, for the purpose of computing stream depletion due to these users: 
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• Groundwater and mixed source water users (“no pumping”) within the adjudicated zone 
• Groundwater and mixed source water users (“no pumping”) outside the adjudicated zone 
• Groundwater, mixed source water, and surface water users (“no irrigation”) within the 

adjudicated zone 
• Groundwater, mixed source water, and surface water users (“no irrigation”) outside the 

adjudicated zone 
• Groundwater and mixed source water users (“no pumping”) within and outside the 

adjudicated zone 
• Groundwater, mixed source water, and surface water users (“no irrigation”) within and 

outside the adjudicated zone 

For the stream depletion attribution analysis, the respective water users (i.e., field polygons) do 
not use any irrigation water application at any time during the 1991-2018 simulation period. This 
includes mixed source water users, which – in attribution scenarios that include those – are not 
considered to irrigate at any time, including no irrigation from surface water. 
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Figure 27: Simulated land use under 1991-2018 basecase conditions (top left) and the following stream 
depletion attribution scenarios: no pumping by groundwater and mixed source water users outside the 
adjudicated zone (top right), no  groundwater or surface water irrigation outside the adjudicated zone 
(bottom left), no groundwater or surface water irrigation inside the adjudicated zone (bottom right). 
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Figure 28: Simulated land use for the following stream depletion attribution scenarios: no pumping by 
groundwater and mixed source water users inside and outside the adjudicated zone (left), no pumping or 
surface water use by all water users inside and outside the adjudicated zone (right). 

 

6.2.3 Ecohydrologic Design of the Unimpaired Landscape 

A second important aspect of designing attribution scenarios to understand stream depletion is 
the ecohydrologic condition of the unimpaired, native vegetation. Unimpaired conditions cannot 
be designed without considering these ecohydrologic conditions.  Native vegetation of a 
hypothetical landscape generating unimpaired stream flows would be adapted to the hydrologic 
conditions in Scott Valley, including its climate (temperature and precipitation patterns), soil 
conditions (soil water storage potential, drainage), and the depth to groundwater in case of 
groundwater-dependent ecosystems. 

We used three SVIHM scenario design parameters to represent the ecohydrologic conditions of 
native vegetation under unimpaired conditions: 
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• Crop coefficient, Kc,, of native vegetation, where Kc is here defined as the ratio of the 
potential evapotranspiration of native vegetation (i.e., its actual transpiration under 
conditions of full water availability) and the reference evapotranspiration used to compute 
crop ET in the SWBM:   Kc = ETp / ETREF 

• Whether or not native vegetation is a groundwater-dependent ecosystem (GDE) 
o For GDEs only:  maximum depth of groundwater extraction 

“No pumping” scenarios:  Native vegetation is already a land use option in the SVIHM basecase 
simulations, representing land use polygons within the Scott Valley that are currently occupied by 
native vegetation.   In land use polygons with native vegetation, the same algorithm is used to 
route water through the unsaturated zone as for irrigated agricultural crops, using the SWBM.  In 
contrast to irrigated agricultural crops, however, no irrigation is applied and the Kc value used to 
simulate evapotranspiration from those areas is set to 0.6 (chapter 6 in Foglia et al., 2013b).  
Much, albeit not all of this native vegetation is located on the upper alluvial fans, away from the 
lowest areas in Scott Valley, in areas where water levels are generally deeper.  Hence, SVIHM does 
not account for any direct groundwater uptake from these native vegetation land use polygons 
(classified as “ET/no irrigation” land use in Figure 16). 

For the attribution scenarios, the “ET/no irrigation” approach to simulating native vegetation was 
used as the default ecohydrologic design of the unimpaired landscape (Kc = 0.6 with ET limited to 
available soil moisture storage, but no groundwater uptake, see chapter 3). 

The default ecohydrologic parameter design in SVIHM (“no-pumping” scenario) represents a 
shallow-rooted grass vegetation. The rationale for choosing this design as the default was driven 
by the need to quickly develop attribution scenarios for the GSP development process that is also 
a “book-end” scenario representing the highest conceivable stream depletion. The default 
scenario was developed within the SWBM, but did not require changes in the MODFLOW 
parameter set. 

“Native vegetation” scenarios: Besides the default ecohydrologic design, four other ecohydrologic 
designs of the unimpaired landscape were considered, all of which considered that native 
vegetation may be groundwater-dependent. For those four GDE-like unimpaired native vegetation 
scenarios, SWBM computes the daily ET-deficit as the difference between the potential ET of 
native vegetation and actual, soil-water limited ET of native vegetation in an unimpaired land use 
polygon. This time-series of daily ET-deficit is passed as an input for the ET-demand to the ET 
package in MODFLOW.  The ET package in MODFLOW accounts for GDE water uptake as a head-
dependent flux boundary condition.  Specifically, ET package will attempt to extract the ET-
demand (maximum ET) from groundwater as long as groundwater levels are at or above a 
reference level (typically the land surface).  On the other hand, the ET package sets ET to zero, if 
groundwater levels are below the maximum depth from which vegetation can tap into 
groundwater. 

With the MODFLOW ET package, the actual ET extract by crops when water levels are above the 
maximum ET extraction depth but below the land surface is less than the ET-demand. The actual 
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ET varies linearly with water level depth, from zero at the maximum ET extraction depth to the full 
ET-demand when water level rises to the land surface.  In Scott Valley, the depth to water table, 
outside of the Discharge Zone, is typically well below the land surface. Hence, the actual ET of 
native vegetation, without considering ET from groundwater, in most locations of Scott Valley is 
simulated as much lower than the ET-demand during summer and fall, after soil water storage has 
been depleted. 

Depth to groundwater is only one factor determining the composition of a native vegetation. 
Other factors include daily and seasonal temperature ranges, occurrence of frost, precipitation 
patterns, occurrence and duration of inundation during the rainy season, and soil characteristics 
(e.g., Hammersmark et al., 2009;  Noest, 1994).  These factors are accounted for by the soil, 
climatic, and hydrologic characteristics embedded in SVIHM simulations.  

Rationale for GDE design: The vegetation in the Scott Valley, in the region overlying the 
groundwater basin, was first described in the 1851 by George Gibbs and characterized as “suited 
to pasturage” with natural bunch grasses and an abundance of wild clover (Heizer, 1972), possibly 
with disperse stands of oak and pine. Rich soils were found along “the river, and the two or three 
small branches which continue to flow during the dry season” (ibid.) and likely occupied by 
riparian forests.  

Perennial bunch grasses and clover are adopted to California’s dry climate with deeper root 
distribution (Holmes and Rice, 1996). An extensive database of plant rooting depth was compiled 
for California, by The Nature Conservancy (TNC, 
https://www.groundwaterresourcehub.org/where-we-work/california/plant-rooting-depth-
database/).  The reported maximum rooting depth of bunch grasses ranges from 1 ft to nearly 10 
ft, with most species’ documented rooting depth ranging from 3 to 6 feet. Similarly, root depth of 
clover has been reported to range to 7 feet ( https://doi.org/10.1071/EA9610150 reports root 
distribution for several Trifolium, ranging from 3 to 7 feet.  https://doi.org/10.1071/EA04276 
reports native grasses with roots to 2 m depth).  The TNC plant rooting depth database reports 
many live oak studies showing their root depth ranges from 10 to over 50 feet. 

Native vegetation GDE sensitivity analysis: For the sensitivity analysis, four ecohydrologic 
parameter design sets were developed, all of which allow for some of the ET demand from natural 
vegetation to be sourced from groundwater to the degree that soil moisture cannot provide that 
ET.  Equivalent to the simulation for subflow irrigated crops in the basecase, groundwater ET for 
native vegetation (GDEs) utilizes the MODFLOW ET package with a user-defined maximum ET and 
a user-defined maximum ET extraction depth. The potential ET of the native vegetation is 
computed using the native vegetation crop-coefficient. The maximum ET in the MODFLOW ET 
package is set to the daily ET not obtained from within the soil system (simulated by SWBM), 
separately for each field (user). The actual ET is a function of water level depth, relative to the 
maximum depth of ET extraction.  

For those additional GDE-like unimpaired native vegetation scenarios, two maximum depths from 
which water can be extracted by vegetation roots were considered, 15 ft and 33 feet (4.5 m and 

https://doi.org/10.1071/EA9610150
https://doi.org/10.1071/EA04276
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10 m). Also, in addition to the Kc value of 0.6, a Kc value of 1.0 was considered, following studies of 
native vegetation in the Central Valley that were analyzed for their approximate Kc values in 
Howes et al., (2015), showing that Kc is approximately 1 for several wetland and perennial 
grassland ecosystem, when water levels are very close to the land surface. 

In summary, five ecohydrologic design settings were considered for the unimpaired native 
vegetation: 

• No GDE, Kc = 0.6 (default; used for all attribution scenarios) 
• GDE, Kc = 0.6, maximum ET extraction depth = 15 ft (4.5 m) 
• GDE, Kc = 0.6, maximum ET extraction depth = 33 ft (10 m) 
• GDE, Kc = 1.0, maximum ET extraction depth = 15 ft (4.5 m) 
• GDE, Kc = 1.0, maximum ET extraction depth = 33 ft (10 m) 
• The latter four ecohydrologic design settings were compared to the default ecohydrologic 

design only used for the last attribution scenario listed in the previous sub-section (“no 
irrigation” within and outside the adjudicated zone) 

Here, ET extraction depth represents the sum of rooting depth and unsaturated zone wicking 
height. All four alternative ecohydrologic parameter design sets were implemented for the 
unimpaired flow attribution scenario in which no irrigation occurs in Scott Valley.  Only one GDE 
scenario, with a Kc of 1.0 and a maximum ET extraction depth of 15 ft (4.5 m), was also used for 
other attribution scenarios. 

The following summarizes the natural vegetation scenarios (“no pumping”) that assume native 
vegetation is not a GDE, with acronym used for this study: 

• natveg_outside_adj – Cease irrigation serving all fields outside the Adjudicated Zone and 
convert affected acreage to native vegetation. 

• natveg_gwmixed_outside_adj – Cease irrigation serving fields outside the Adjudicated 
Zone, which have a groundwater or mixed groundwater and surface water irrigation source 
and convert af- fected acreage to native vegetation. 

• natveg_inside_adj – Cease irrigation serving all fields inside the Adjudicated Zone and 
convert affected acreage to native vegetation. 

• natveg_gwmixed_inside_adj – Cease irrigation serving fields inside the Adjudicated Zone, 
which have a groundwater or mixed groundwater and surface water irrigation source and 
convert affected acreage to native vegetation. 

• natveg_all – Cease irrigation serving all irrigated fields in the SVIHM model and convert 
affected acreage to native vegetation. 

• natveg_gwmixed_all – Cease irrigation serving all irrigated fields in the SVIHM model, 
which  have a groundwater or mixed groundwater and surface water irrigation source and 
convert affected acreage to native vegetation. 

And the following list summarized the natural vegetation scenarios that assume native vegetation 
includes GDEs where water levels are sufficiently shallow, with acronyms used in this study: 
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• natveg_outside_adj_et_check_1.0nvkc_4.5m_ext  –  Cease  irrigation  serving   all  fields  
outside the Adjudicated Zone and convert affected acreage to native vegetation. 

• natveg_gwmixed_outside_adj_et_check_1.0nvkc_4.5m_ext     –     Cease     irrigation     
serving fields outside the Adjudicated Zone, which have a groundwater or mixed 
groundwater and surface water irrigation source and convert affected acreage to native 
vegetation. 

• natveg_inside_adj_et_check_1.0nvkc_4.5m_ext   –   Cease   irrigation   serving   all  fields  
inside the Adjudicated Zone and convert affected acreage to native vegetation. 

• natveg_gwmixed_inside_adj_et_check_1.0nvkc_4.5m_ext  –  Cease  irrigation   serving   
fields inside the Adjudicated Zone, which have a groundwater or mixed groundwater and 
surface water irri- gation source and convert affected acreage to native vegetation. 

• natveg_all_et_check_1.0nvkc_4.5m_ext – Cease irrigation serving all irrigated fields in the 
SVIHM model and convert affected acreage to native vegetation. 

• natveg_gwmixed_all_et_check_1.0nvkc_4.5m_ext  –   Cease   irrigation   serving   all  
irrigated fields in the SVIHM model, which have a groundwater or mixed groundwater and 
surface water irriga- tion source and convert affected acreage to native vegetation. 

 

 

6.3 Attribution Analysis:  Total Stream Depletion for Various “Unimpaired” 
Landuse Scenarios 

6.3.1 Stream Depletion due to Irrigation outside the Adjudicated Zone 

Stream depletion, SD, is measured as the difference between the streamflow at the Fort Jones 
gage simulated with the attribution scenario, QUI, and the streamflow simulated with the 
basecase, Qbc (no unimpaired landscape): 

SD = QUI - QBC   [in cubic feet per second, cfs] 

In this section we review all unimpaired land use scenarios that are based on the default 
ecohydrologic design of non-GDE native vegetation in unimpaired land use polygons: a native 
vegetation Kc of 0.6 with ET from the soil storage pool, but no extraction of water from the water 
table. Sensitivity to other ecohydrologic designs is presented in the subsequent section. 

Groundwater and mixed source water fields outside the adjudicated zone, on average, create 
stream depletion from April through December, but a small amount of negative stream depletion 
in the winter months, January through March (Figure 29). On average, the largest amount of 
stream depletion occurs in June, at over 50 cfs, declining to less than 40 cfs by August, but 
remaining at that level through November, before further declining in December (less than 20 cfs). 
Negative stream depletion is strongest in February, reaching about -10 cfs. Between April and 
December, stream depletion due to groundwater and mixed water source use outside the 
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adjudicated zone averages well over 30 cfs, totaling about 18,000 acft. The negative stream 
depletion between January and March averages -5 cfs, totaling about -1,000 acft. 

The negative stream depletion in January through March is an insignificant fraction of the average 
flows during this period, which exceed 500 cfs. But it can be attributed to a delayed impact from 
the lack of irrigation recharge during the spring and summer months in the unimpaired native 
vegetation areas. That impact is likely to be there year-round, dampening the actual stream 
depletion by similar amounts, particularly in the later summer months and fall. 

 

 

Figure 29: Simulated stream depletion (i.e., difference in streamflow under unimpaired conditions and 
basecase conditions) [in cfs]. Left: Average stream depletion (y-axis) by calendar month (x-axis). Whiskers 
indicate standard deviation across years. Right: Monthly stream depletion [cfs] for three example years, 
each being a different water year type (dry, average, wet).  Stream depletion shown is due to 
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groundwater and mixed source water uses (top) or due to all water uses (bottom) outside the 
adjudicated zone. 

Between years, especially between different water year types, large differences can be seen in 
stream depletion. In average and wet years, stream depletion is highest early in the summer and 
persists throughout the summer, gradually declining in the fall. In dry years, such as 2014, stream 
depletion becomes very small (less than 10 cfs) in July, August, and September. Simulated 
basecase flows during those months, in 2014, were between 8 and 9 cfs, while unimpaired flows 
were about twice as large. The limited stream depletion is is due to the stream network drying out 
even under unimpaired conditions in such dry years. 

Stream depletion in a dry year has a rebound effect after the stream network reconnects with fall 
flush flows:  In 2014, the largest stream depletion observed were in October, November and 
December. Stream depletions can be thought of as “accumulating” in the subsurface while the 
stream network is strongly disconnected (dry).  The accumulated stream depletion is transferred 
to the stream network after that network has reconnected. In October, November, and December 
2014, unimpaired (vs. basecase) flows averaged 40 cfs (vs. 10 cfs), 90 cfs (vs. 25 cfs), and over 600 
cfs (vs. just under 600 cfs).  

The combined impact of groundwater and surface water irrigation outside of the adjudicated zone 
is nearly twice as high in the early summer (May and June), at nearly 100 cfs. Average stream 
depletion over the April – December period is nearly 50 cfs, totaling over 25,000 acft.  The much 
larger stream depletion of all irrigation water uses outside of the adjudicated zone versus 
groundwater and mixed source water users only reflects the fact that a large fraction of surface 
water users are located outside of the adjudicated zone, with diversions off the tributaries near 
the margins of the valley. Negative stream depletion in the winter months increases to an average 
of -25 cfs, totaling almost -5000 acft. The much larger negative stream depletion is due to the fact 
that flood irrigated pasture is the major water user among those depending on surface water as 
irrigation water. Flood irrigation has much lower irrigation efficiency and leads to more 
groundwater recharge during the irrigation season (Foglia et al, 2013b). That recharge from flood 
irrigated fields reverses some of the stream depletion effects both, during and until well after the 
actual irrigation season.  

6.3.2 Stream Depletion due to Irrigation Inside the Adjudicated Zone 

The pattern of stream depletion due to irrigation inside the adjudicated zone is overall similar to 
that for irrigation outside the adjudicated zone. Groundwater and mixed source water fields inside 
the adjudicated zone, on average, create stream depletion from April through November, but 
negative stream depletion in the winter months, December through March. On average, the 
largest amount of stream depletion occurs in June, at just over 70 cfs, declining to less than 40 cfs 
by September. Negative stream depletion is strongest in January and February, reaching nearly -30 
cfs in February. Between April and November, stream depletion due to pumping in the 
adjudicated zone averages over 40 cfs, totaling about 20,000 acft. The negative stream depletion 
between December and March averages under -15 cfs, totaling about -4,000 acft. 
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In comparison, all irrigation combined (groundwater and surface water) in the adjudicated zone is 
causing about 10% higher stream depletion, but 20% more negative stream depletion in the 
winter months, than water use on groundwater and mixed water source irrigated fields.  The 
smaller contribution to stream depletion from fields irrigated with surface water reflects the much 
smaller fraction of surface water users within the adjudicated zone, when compare with the area 
outside of the adjudicated zone.  Like outside of the adjudicated zone, those surface water users 
are mostly irrigating pasture, with flood irrigation at low irrigation efficiencies. Hence, the 
relatively small number of surface water users achieve a disproportionally larger dampening effect 
on streamflow depletion, seen as negative stream depletion during the winter months. 

6.3.3 Stream Depletion due to Irrigation throughout Scott Valley (inside and outside 
the adjudicated zone) 

The magnitude of stream depletion due either to groundwater and mixed source water users (top 
row, Figure 29) or due to all irrigation in Scott Valley, including diversions for surface water users 
(bottom row, Figure 30) is approximately the sum of the depletion caused by respective users 
inside or outside the adjudicated zone, shown above. Stream depletion from all groundwater and 
mixed source water users peaks at nearly 130 cfs in June, then steadily declines to zero in 
December.  Average stream depletion from April to December is nearly 70 cfs, totaling nearly 
40,000 acft. Negative stream depletion during winter averages -30 cfs, totaling over 5,000 acft.  
Stream depletion from all irrigation water uses (including surface water) averages over 90 cfs, 
totaling 50,000 acft.  Negative stream depletion during winter is averages -60 cfs, for all irrigation, 
totaling well over 10,000 acft. 

6.3.4 Spring Recess and Fall Pulse Flow Conditions 

Under unimpaired conditions, using the default ecohydrologic parameters for non-GDE native 
vegetation land use, spring recess flows would fall below 30 cfs later than under basecase 
conditions. Similarly, fall flows would exceed 30 cfs earlier than under basecase conditions. The 
contribution of irrigation outside the adjudicated zone to that shift in flows is significantly less 
than the contribution from the adjudicated zone, whether or not surface water diversions are 
considered. 

Under unimpaired conditions on groundwater or mixed water source fields, about two to four 
weeks and six to eight weeks are gained in the spring recess flow period, for the area outside and 
inside the adjudicated zone, respectively (Figure 31). Outside the adjudicated zone, unimpaired 
conditions for all fields (including those irrigated by surface water) gain approximately one week 
relative to unimpaired conditions on groundwater and mixed source water fields only. Only a 
couple of additional days are gained inside the adjudicated zone, for unimpaired conditions on all 
fields, relative to unimpaired conditions on groundwater and mixed source water fields.  

Conversely, about 6 – 8 weeks are gained in the period with flows above 30 cfs during the fall, with 
slightly more gains when considering unimpaired conditions on all fields and for the area inside 
the adjudicated zone than outside the adjudicated zone (Figure 31). 
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The 30 cfs threshold is not exceeded in 5 of 28 years under current conditions. Unimpaired 
conditions on groundwater and mixed source water fields outside the adjudicated zone would 
lead to 10 of 28 years not having flows below 30 cfs before September, and to 21 of 28 years not 
having flow below 30 cfs in September or later. Unimpaired conditions for all of Scott Valley would 
avoid flow below 30 cfs in any year during the 1991-2018 simulation period (Summary Table) 

 

 

 

Figure 30: Simulated stream depletion (i.e., difference in streamflow under unimpaired conditions and 
basecase conditions) [in cfs]. Left: Average stream depletion (y-axis) by calendar month (x-axis). Whiskers 
indicate standard deviation across years. Right: Monthly stream depletion [cfs] for three example years, 
each being a different water year type (dry, average, wet).  Stream depletion shown is due to 
groundwater and mixed source water uses (top) or due to all water uses (bottom) within and outside of 
the adjudicated zone (i.e., all of Scott Valley). 
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Figure 31: Cumulative distribution of the first day of simulated Scott River flows (at the USGS Fort Jones 
gage) when, during the spring recess (left), flows are 30 cfs or less and when, during the fall pulse flow 
(right), flows are 30 cfs or more, for various attribution scenarios.  The cumulative distributions for the 
basecase are shown in grey. All stream depletion attribution scenarios use the default ecohydrologic 
design parameters for native vegetation:  Kc = 0.6, but with ET limited by moisture in the soil root zone 
(no GDE), except in areas of the Discharge Zone identified in the basecase as subflow irrigated. 

 

6.4 Sensitivity Analysis:  Differences in Total Stream Depletion between 
Ecohydrologic Designs of Native Vegetation 

6.4.1 Alternative Ecohydrologic Parameter Design 

The unimpaired land use conditions described in the previous section represent ecohydrologic 
conditions that do not rely on groundwater as a source of ET, except in a small region in the 
Discharge Zone (about 2,300 acres or 900 ha) that has “subflow” as the designated water source in 
the CDWR land use survey for the year 2000.  The ET of the native vegetation is assumed to rely on 
soil moisture storage. It does not exceed 60% of reference ET, even when the soil moisture pool is 
full, since Kc = 0.6. When the soil moisture pool is depleted, no ET occurs from native vegetation 

The ecohydrologic parameter design of the native vegetation has significant influence on the 
amount of ET that native vegetation may extract from groundwater.  Stream depletion is largest 
with the default non-GDE ecohydrologic parameter design set and least with the GDE native 
vegetation that represents ET using a Kc of 1.0 and a maximum ET extraction depth of 33 ft. 
Relative to the default, stream depletion for the entire Scott Valley (all water sources) also begins 
in April, but ends in August. Over those five months, the average depletion is about 60 cfs, totaling 
less than 20,000 acft, instead of 50,000 acft in the default case.  Stream depletion is negative 
during the remaining seven months, averaging under -30 cfs, totaling nearly -15,000 acft.  Dry 
season baseflow during drought would be insignificantly different from, e.g., conditions during the 
last drought.  In average and wet years, streamflow depletion is largest in May through August, 
but negative during most of the remainder of the year.   Other ecohydrologic parameter designs 
used for simulating this attribution scenario yield intermediate results between those described 
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for the default parameter design set in the previous section and that for the GDE native vegetation 
scenario with Kc = 1.0, ET depth = 33 ft (Figure 32). 

 

 

 

Figure 32: Simulated stream depletion (i.e., difference in streamflow under unimpaired conditions and 
basecase conditions) [in cfs]. Left: Average stream depletion (y-axis) by calendar month (x-axis). Whiskers 
indicate standard deviation across years. Right: Monthly stream depletion [cfs] for three example years, 
each being a different water year type (dry, average, wet).  Stream depletion shown is due to 
groundwater and mixed source water uses (top) or due to all water uses (bottom) within and outside of 
the adjudicated zone (i.e., all of Scott Valley).  The four panels represent four alternative ecohydrologic 
parameter designs:  Kc = 0.6, ET depth = 15 ft (top left), Kc = 0.6, ET depth = 33 ft (top right), Kc = 1.0, ET 
depth = 15 ft (bottom left), and Kc = 1.0, ET depth = 33 feet (bottom right).  

The selection of the ecohydrologic design parameters for native vegetation therefore has 
significant impact on attributing the impact of agriculture on spring recess duration and fall pulse 
flow. Only those for the default non-GDE ecohydrologic design and for the GDE design with Kc = 
0.6 or 1.0 and ET depth = 4.5 m are nearly identical, with few years when the flow threshold of 30 
cfs is not met (Figure 33).  The occurrence of spring recess flows dipping below 30 cfs, and fall 
pulse flows reaching 30 cfs after September 15 is most sensitive to the maximum ET depth, and, at 
the larger ET depth, it is also sensitive to the Kc value. This is due to a much larger area having 
water table that is shallower than 33 feet over long periods of time than the area where water 
table is shallower than 15 feet deep. For the most ET-consuming native vegetation design (Kc = 1.0, 
ET depth = 33 ft), fall reconnection is worse than under current basecase conditions, but spring 
recess declines below 30 cfs about 2 weeks later (better) than under the current basecase.  
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Figure 33: Cumulative distribution of the first day of simulated Scott River flows (at the USGS Fort Jones 
gage) when, during the spring recess (left), flows are 30 cfs or less and when, during the fall pulse flow 
(right), flows are 30 cfs or more, for various attribution scenarios.  The cumulative distributions for the 
basecase are shown in grey. The selected stream depletion attribution here considers the effect of all 
irrigation water uses across Scott Valley. The default ecohydrologic design parameters for native 
vegetation:  Kc = 0.6, but with ET limited by moisture in the soil root zone (no GDE), except in areas of the 
Discharge Zone identified in the basecase as subflow irrigated. Other ecohydrologic parameter design 
sensitivity cases include those with ET from groundwater, across Scott Valley, where water table depth 
allows:  Kc = 0.6, ET depth = 15 ft (4.5 m);  Kc = 0.6, ET depth = 33 ft (10 m); Kc = 1.0, ET depth = 33 ft (10 
m). 

Given what is known about native vegetation prior to the agricultural development of Scott Valley, 
a likely ecohydrologic design parameter set considers a Kc value of 1.0 and an ET depth of 15 ft 
(4.5 m).  This provides the high ET for riparian vegetation and wetlands with very shallow water 
table, but also accounts for some groundwater-derived ET, at much lower rate for the bunch grass 
– clover grassland with disperse oak woodland.  All stream depletion attribution scenarios were re-
simulated with this alternative ecohydrologic parameter set.   Differences between attribution 
scenarios are qualitatively similar to those under the default ecohydrologic parameter design. 
However, the magnitude of stream depletion is lower and the duration of dry season base flow in 
spring and fall is longer, with differences to the basecase significantly less, particularly in the fall. 

In summary, the ecohydrologic design parameters of native vegetation in unimpaired scenario 
simulations have significant impact on the magnitude of estimated total stream depletion. Further 
research into appropriate ecohydrologic parameter selection for unimpaired land use conditions is 
therefore warranted. 
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Figure 34: Cumulative distribution of the first day of simulated Scott River flows (at the USGS Fort Jones 
gage) when, during the spring recess (left), flows are 30 cfs or less and when, during the fall pulse flow 
(right), flows are 30 cfs or more, for various attribution scenarios.  The cumulative distributions for the 
basecase are shown in grey. All stream depletion attribution scenarios use the an ecohydrologic design 
parameters for native vegetation representing a mix of riparian forest, deep rooted native grasses (bunch 
grasses, wild clover) and disperse oak-woodland:  Kc = 0.6, ET depth = 15 ft.  
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7 SVIHM Scenario Development:  Projects and Management Actions, 
Regulatory Actions 

7.1 Overview 

This section presents results developed for decision-support in the Scott Valley GSP development 
process and developed to provide some preliminary insights on potential curtailments under the 
2021 Scott Valley Drought Emergency Order.  During the GSP development process, stakeholders 
asked, among other questions, how much beneficial impact certain projects and management 
actions may have on instream flow conditions in the Scott River.  The projects and management 
action scenarios presented here were developed in collaboration with the GSA advisory 
committee for Scott Valley, staff at the North Coast Regional Board, GSA staff, State Water Board 
staff and board members, and the GSP technical team.  The results shown here were the 
foundation for setting the sustainable management criteria in the Scott Valley Groundwater 
Sustainability Plan and partially informed expectations of fall 2021 outcomes under the 2021 
drought emergency order. 

As with the attribution scenarios, these scenarios provide a large dataset of daily stream flows and 
groundwater levels throughout the groundwater basin, and their differences to the basecase. 
Results are presented in a series of figures. 

A scenario to estimate the effects of beaver dam analogs on streamflow (one of the original 
project objectives) was considered but never completed. Our assessment was that significant 
changes to the simulation code were needed to properly accomplish that task. Hence, this 
particular management action remains on the list of needed SVIHM scenario developments. 

7.2 Description of the Scenarios 

7.2.1 Infrastructure scenarios 

7.2.1.1 Enhanced Recharge (EnhRch) and Expanded Enhanced Recharge (EnhRchEx) 
The enhanced recharge scenarios were developed to estimate the dry season streamflow 
increases that could be engineered by banking surface water in the aquifer, or using surface water 
to delay the use of groundwater pumping. 

Managed Aquifer Recharge (MAR) involves the diversion of winter surface flow for purposes of 
applying it to a land area and allowing it to infiltrate into the aquifer. MAR diversions are designed 
to take place December-March, when surface flow is generally abundant, on a set of fields 
selected using two criteria: a potentially-willing landowner (as of the scenario design period, 2013-
2017) and ease of water application (red and orange areas, Figure 35, Panel A). Each MAR field 
was assigned an infiltration rate based on the SSURGO soil properties database (Tolley et al., in  
prep). 
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In Lieu Recharge (ILR) involves using surface water for irrigation in lieu of groundwater, starting in 
the early growing season (March-April) and for as long as surface water is available. This practice 
both delays extracting groundwater and contributes some additional recharge to the aquifer as 
infiltration through the crop rooting zone. Fields on which this kind of irrigation flexibility is 
possible by definition have access to both surface water and groundwater irrigation sources 
(yellow and orange areas, Figure 35, Panel A). Some fields were considered candidates for both 
enhanced recharge techniques (orange areas, Figure 35, Panel A). 

The Expanded Enhanced Recharge scenario design assumed that, with additional infrastructure, 
any field that had access to a surface water irrigation source could be included in a combined MAR 
and ILR program (Figure 35, Panel B). However, the additional fields in the expanded set were not 
assigned an infiltration rate in the same way. Instead, a range of possible average infiltration rates 
was tested in three scenarios: 3, 19, and 35 cm/day. 

The following list describes acronyms and specific scenario settings of the various MAR and ILR 
scenarios performed: 

• mar – Divert surface water to over-irrigate fields and enhance groundwater recharge 
during the wet season (Dec-Mar). Allow diversions from tributaries to continue as long as 
water is available (on a monthly volume basis). 

• ilr – Divert surface water to irrigate fields during the growing season (Apr-Jun or Jul) in lieu 
of pumping groundwater. Allow diversions from tributaries to continue as long as water is 
available (on a monthly volume basis). 

• mar_ilr – Combination of MAR and ILR scenarios. 
• mar_ilr_max_0.003 – MAR and ILR on all old MAR and ILR fields and all other fields with a 

surface water irrigation source. Assumed max infiltration rate of 0.003 m/day for all fields 
without specified infiltration rates. 

• mar_ilr_max_0.019 – MAR and ILR on all old MAR and ILR fields and all other fields with a 
surface water irrigation source. Assumed max infiltration rate of 0.019 m/day for all fields 
without specified infiltration rates. 

• mar_ilr_max_0.035 – MAR and ILR on all old MAR and ILR fields and all other fields with a 
surface water irrigation source. Assumed max infiltration rate of 0.035 m/day for all fields 
without specified infiltration rates. 
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Figure 35: Fields selected for implementation of MAR and ILR enhanced recharge practices (after Tolley 
et al., in prep) (A), and the expanded version, which assumes that all fields with a surface water source 
participate in the MAR and ILR program (B). 

  

7.2.1.2 Crop Change (decreased irrigation demand; CropCh) 
 

The Crop Change scenarios were developed to assess hydrologic impacts of replacing all existing 
irrigated crops with an unspecified different crop that consumed 90% or 80% of the historical crop 
cover (two separate scenarios). To simulate this, a 0.8 or 0.9 multiplier was applied to the daily 
crop ET value for each field in the model domain. 

Crops with potentially lower annual ET that have been mentioned during stakeholder meetings as 
possibly suited to the climate of Scott Valley or have been cultivated in a trial setting include 
potatoes, sunflowers, and carrots for seed, though notably, to the authors’ knowledge no local 
grower has cultivated any of these commercially. 
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The following two acronyms are used for the two scenarios: 

• irrig_0.8 – Assumes unspecified irrigated crop change, reducing all irrigated acreage water 
demand by 20%. 

• irrig_0.9 – Assumes unspecified irrigated crop change, reducing all irrigated acreage water 
demand by 10%. 

 

Figure 36: Comparison of six key water budget terms (precipitation, surface water irrigation, 
groundwater irrigation, ET, recharge, and change in storage), averaged over the 28-year simulation 
period. Shown are results for the basecase, irrig_0.9, and irrig_0.8 (left to right, respectively). 

 

7.2.1.3 Irrigation Efficiency (IrrEff) 
 

The Irrigation Efficiency scenarios were developed to test the hydrologic impact of widespread 
deployment of higher-efficiency irrigation technologies. The exact technology is unspecified; in 
this scenario design, a multiplier of 1.1 or 1.2 was applied to the irrigation efficiency parameter 
associated with each field in the model domain. 
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Existing irrigation techniques in Scott Valley include flood irrigation, sub-irrigation (in areas with 
known shallow groundwater), wheel line, and center pivot (Harter and Hines 2008). In recent 
years some agricultural operations have installed higher-efficiency technology like Mid- or Low-
Elevation Spray Application, and Low Energy Precision Application has been tested in some areas 
(Galdi 2021). The following two acronyms are used for these two scenarios: 

• irr_eff_improve_0.1 – Effective irrigation efficiency of wheel line and center pivot on alfalfa 
and pasture improves by 0.1 (10%). 

• irr_eff_improve_0.2 – Effective irrigation efficiency of wheel line and center pivot on alfalfa 
and pasture improves by 0.2 (20%). 

 

7.2.1.4 Reservoirs (Res) 
 

The Reservoir scenarios were developed to assess whether a small reservoir, located on one of the 
main tributary streams, could significantly enhance dry season flows. Four tributary locations were 
tested (from north to south): Shackleford, Etna, and French Creeks, and the South Fork of the 
Scott River (Figure 37). In each scenario the daily flow of one tributary is altered to simulate 
storage and release of flow. This alteration occurs upstream of the SVIHM model domain, such 
that from the perspective of the SVIHM, the only change from basecase is to replace one 
tributary’s inflow to the model (i.e., the daily tributary flow estimated in the Streamflow 
Regression Model; Foglia et al. 2013; Tolley, Foglia, and Harter 2019) with the outflow record of 
the reservoir. 

In four of the scenarios, the capacity of the reservoir was set at 9 thousand acre-feet (TAF, or 11.1 
million m3). This was calculated by multiplying a desired outflow, 30 cubic feet per second (cfs; 
0.85 cms or 73 thousand m3 per day), for 150 days of a potential dry season (August-December).  
It also accounted for stakeholder input (as discussed during GSP development) that in the Scott 
Valley topographic context, a reservoir of greater than 10 TAF would probably be infeasible. 
However, in some multi-year drought periods, the 9 TAF reservoir runs dry and cannot meet the 
desired dry season outflow. To extend the analysis, an additional scenario was designed to furnish 
a 30 cfs dry season release with 100% reliability for the climate record 1991-2018, by ignoring the 
reservoir capacity constraints. The minimum reservoir capacity that accomplished this was a 29 
TAF reservoir. It was sited on Etna creek to allow comparison with an existing 9 TAF reservoir 
scenario. 

For the Reservoir scenarios, a series of operating rules dictates the following: 

• Hold all water except 30 cfs back in the wet season (Dec. 1-Mar. 31), until the reservoir is 
full. 

• Allow water to pass through during the growing season (Apr. 1-June 31), to make sure 
enough surface water was available for irrigation, but retains water in storage. 

• Release 30 cfs in the dry season (July 1-Nov. 30), unless the reservoir runs dry. 
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Additionally, no feasibility or risk factors were evaluated, some of which could completely 
preclude actual reservoir construction. For example, stakeholder feedback regarding the Etna 
Creek reservoir indicated that any reservoir upstream of the community of Etna would create an 
unacceptable potential flood risk. Further- more some stakeholders conveyed strenuous 
objections to on-stream storage solutions, due to unacceptable impacts to aquatic habitat, though 
off-stream storage options generated less opposition. 

The following acronyms are used for the specific scenarios involving reservoirs: 

• reservoir_shackleford Simulates a 9 TAF reservoir on the Shackleford Creek tributary by 
withhold- ing wet-season flow and releasing it during the dry season according to set 
operations rules. 

• reservoir_etna Simulates a 9 TAF reservoir on the Etna Creek tributary by withholding wet-
season flow and releasing it during the dry season according to set operations rules. 

• reservoir_french Simulates a 9 TAF reservoir on the French Creek tributary by withholding 
wet- season flow and releasing it during the dry season according to set operations rules. 

• reservoir_sfork Simulates a 9 TAF reservoir on the South Fork tributary by withholding wet-
season flow and releasing it during the dry season according to set operations rules. 

• reservoir_etna_29kAF Simulates a 29 TAF reservoir on the Etna Creek tributary by 
withholding wet-season flow and releasing it during the dry season according to set 
operations rules. 
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Figure 37: Schematic location of hypothetical reservoirs in the Scott River watershed, on South Fork Scott 
River, French Creek, Etna Creek, and Shackleford Creek.  Note that scenario simulations neither account 
for actual reservoir location or construction, nor for any delivery infrastructure.  The scenario simulations 
only add water from the hypothetical reservoirs, at prescribesd rates, to the tributaries at the upstream 
boundary of the SVIHM domain (grey area), for instream flow purposes. The scenario simulations also 
track filling and emptying of the reservoir. Reservoir inflow are equal to the estimated tributary flows at 
the upstream boundary of the SVIHM domain. 
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7.2.2 Regulatory scenarios 

7.2.2.1 Early cessation of alfalfa irrigation (AlfIrr) 
 

The Alfalfa Irrigation scenarios were developed to assess the potential for increased dry season 
flows in the event of a reduced alfalfa harvest. 

The basecase default cessation date for alfalfa irrigation in the SVIHM is August 31st. Alfalfa is a 
perennial crop, but is harvested periodically during “cuttings.” The most common schedule in 
Scott Valley involves three cuttings per growing season. One scenario explored during GSP 
development was a proposition that alfalfa growers reduce the number of cuttings to two and 
then ceasing to irrigate the alfalfa crop; this would still generate some revenue for the grower but 
would avoid irrigation and crop ET during the critical part of the dry season. Depending on the 
year and growing conditions, in the two-cutting scenario, the date of the final irrigation may range 
from as early as mid-July to mid-August, so SVIHM was used to simulate a range of three cessation 
dates. A variation on this tested the impact of implementing early cessation in dry years only, 
which in the model period were designated as water years 1991, ’92, ’94, 2001, ’09, ’13, ’14, ’18. 
In this scenario it is assumed that a dry year can be identified before the onset of the growing 
season (e.g. depending on wet season precipitation and snowpack accumulation.) 

The following acronyms are used for the scenarios simulating early cessation of alfalfa irrigation. 
Cessation of alfalfa irrigation includes all sources of irrigation water, surface water diversions and 
groundwater.  

• alf_irr_stop_jul10 Alfalfa irrigation ceases on July 10th of every growing season 
• alf_irr_stop_aug01 Alfalfa irrigation ceases on August 1st of every growing season. 
• alf_irr_stop_aug15 Alfalfa irrigation ceases on August 15th of every growing season. 
• alf_irr_stop_aug01_dry_yrs_only Alfalfa irrigation ceases on August 1st in designated  dry 

years only. 
• alf_irr_stop_aug15_dry_yrs_only Alfalfa irrigation ceases on August 15th in designated dry 

years only. 

Most alfalfa acreage is irrigated with groundwater (Foglia et al., 2013a). As a result, these 
management scenarios yield negligible reductions in surface water diversions, but as much as one-
third cut-back in groundwater pumping (alf_irr_stop_jul10 scenario, Figure 38).  
Evapotranspiration is reduced by less than 10%, even in the earliest cessation scenario. Earlier 
cessation of irrigation on alfalfa, which occupies nearly half of the irrigated acreage in the basin, 
also leads to a reduction in recharge (Figure 38). 



UC Davis 114 December 28, 2023 

 

Figure 38: Comparison of six key water budget terms (precipitation, surface water irrigation, 
groundwater irrigation, ET, recharge, and change in storage), averaged over the 28-year simulation 
period. Shown are results for the basecase, alf_irr_stop_aug15, alf_irr_stop_aug01, and 
alf_irr_stop_jul10 (left to right, respectively). 

 

7.2.2.2 Curtailment of all irrigation mid-growing season (Curtail) 
 

The Curtailment scenarios were developed to assess the potential for increased dry season flows 
in the event of a total irrigation cut-off, i.e., curtailment of all groundwater pumping and surface 
water diversions, on all crops, sometime during the growing season. 

The basecase default cessation date for alfalfa irrigation in the SVIHM is August 31st, while grain is 
irrigated through late July and pasture irrigation continues through October. Emergency drought 
orders by the California State Water Resources Control Board (SWRCB) in water years 2021 and 
2022 (SWRCB 2021b, SWRCB 2021a) prompted a stepwise analysis, by date of initiation of 
curtailment, of the impact of total irrigation curtailment. 
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In the six Curtailment scenarios, implemented during all water years, all irrigation proceeds normal 
until the following curtailment dates, when all irrigation ceases (first term indicates the scenario 
acronym): 

• curtail_start_jun01 – June 1st 
• curtail_start_jun15 – June 15th 
• curtail_start_jul01 – July 1st 
• curtail_start_jul15 – July 15th 
• curtail_start_aug01 – August 1st 
• curtail_start_aug15 – August 15th 

 

7.2.2.3 Limits on diversion of surface water during low-flow periods at the Fort Jones 
Gauge (FlowLims) 

 

The Low Flow Diversion Limits scenario was simulated to assess the hydrologic impact of 
restricting surface water diversions during periods when the Fort Jones Gauge falls below a 
proscribed desired flow regime. 

In this scenario, available water is defined as the proportion of total flow at the FJ gauge in excess 
of CDFW 2017 recommended instream flow values (CDFW 2017); alternative flow regimes could 
be substituted in future analyses. The “available” percentage is applied to the flow in each 
tributary and used to limit surface flow diversions, but not groundwater pumping. Surface water 
rights are not accounted for in this scenario.  It was included in GSP development as a book-end 
scenario to explore the outcome of management actions such as surface water leases or potential 
expanded implementation of the existing water master programs on some tributary streams. 

• flow_lims – Surface water diversions limited based on FJ flow and CDFW Recommended 
Instream Flows (CDFW 2017), in all years. 

Figure 39 illustrates, how days at which no irrigation can occur, are determined by comparing 
actually measured flow at the Fort Jones with the CDFW (2017) minimum instream flow 
recommendation. On days when flows at the Fort Jones gage historically were below the 
recommended instream flows, (red colored periods in Figure 39), the scenario simulation would 
not allow for surface water diversions. Fields that have been identified as having a “mixed” 
irrigation source, i.e., access to both surface water and groundwater, switch to groundwater 
pumping during those periods.  Fields that have been identified as only surface water irrigated do 
not receive any irrigation during those periods. The SWBM module in SVIHM tracks the ensuing 
reduction in ET and recharge.  The SWBM model, however, does not track reduced ET after crops 
have been under extended water stress, a limitation of SVIHM.  
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Figure 39: Days on which, in the Low Flow Diversion Limits scenario, tributary surface water diversions 
for irrigation would be allowed (green x) and not allowed (red x) in an example water year. 
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7.3 Interpretive Summary of Outcomes under GSP Projects and Management 
Actions and Potential SWRCB Regulatory Actions 

7.3.1 Scenario Simulation Outcomes 

Like the natural vegetation scenarios described in chapter 6, each of the project/management 
action scenarios yields a 28-year, day-by-day comparison between the scenario outcome and the 
basecase outcome. Simulation outcomes include groundwater levels and streamflows in 
tributaries and the main-stem Scott River, throughout the entire basin, at the spatial resolution of 
SVIHM (328 ft or 100 m).  For the GSP development and for the 2021 Scott Valley Drought 
Emergency Order, the focus of stakeholder considerations has been flows at the Fort Jones gage. 

This report presents presents a summary of the stream depletion reversal outcomes of the various 
scenarios considered in the development of the GSP (Section 7.3.2) with details of stream 
depletion reversal, spring recess timing, and fall reconnection timing provided in Appendix 1. A 
short discussion of the Fort Jones gage flow outcomes of the regulatory scenarios (Early Cessation 
of Alfalfa Irrigation, Curtailment), focusing on the drought year 2015, which followed drought year 
2014 is presented in Section 7.3.3.  

 

7.3.2 Projects and Management Actions Scenarios:  Effects on Stream Depletion 
Reversal 

Consistent with the attribution analysis (Section 6), stream depletion reversal is defined as the 
difference in daily simulated Scott River Fort Jones gage flow between the scenario case and the 
basecase: 

 

stream depletion reversal [cfs] = scenario flow rate [cfs] – basecase flow rate [cfs] 

 

Stream depletion reversal is measured for each day of the 28-year simulation period. Stream 
depletion reversal is positive, when the Scott River flow rate is higher in the scenario case than in 
the basecase.  Streamflow depletion reversal is negative when the Scott River flow rate is less in 
the scenario case than in the basecase. For example, under the MAR scenario, stream depletion 
reversal is negative during the period of additional surface water diversions for operating the MAR 
project during the winter months. But it is positive during the period following the MAR diversions. 
The amount of negative stream depletion reversal during the winter months is a small fraction of 
the total flow. Hence, on a logarithmic scale of flow rates, the small amount of negative stream 
depletion reversal is not noticeable, while both, stream depletion and stream depletion reversal 
are significant during the low flow summer months, and therefore emphasized (Figure 340). 
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Figure 40: Simulated Scott River flows at the Fort Jones gage in a wet year (2017, blue), average year 
(2010, yellow), and dry year (2014, red).  For each of these examples of the three water year types, 
simulated flow for the basecase (dashed line), for the project scenario (here: MAR and ILR, solid line), 
and for the natural vegetation scenario (attribution scenario, here Nat_Veg_GWM_OA, top of light-
shaded area) are shown. The combined shaded area indicates the daily amount of stream depletion (see 
definition of stream depletion in Section 6). The dark-shaded area indicates the daily amount of stream 
depletion reversal (see above).  The y-axis is plotted on a logarithmic scale to emphasize differences 
when flows are relatively low. 

 

To more precisely illustrate the amount of stream depletion and stream depletion reversal (the 
magnitude of the total shaded and dark shaded areas, respectively, in Figure 40 above), these are 
plotted separately, with a linear flow scale (y-axis) in the following figure (Figure 41).  Note that 
stream depletion and stream depletion reversal are not to be confused with the amount of 
(simulated) streamflow.  Both of these terms are differences in flow between scenarios and the 
basecase, but also computed daily, in [cfs]. 

For the development of the GSP, only one of the attribution scenarios presented in Section 6 was 
used to compute stream depletion: the Nat_Veg_GWM_OA, a scenario simulating natural 
vegetation (Nat_Veg) in those locations that are groundwater-irrigated (GW) or mixed-irrigated 
(M) and located outside the adjudicated zone (OA). These fields are under the jurisdiction of the 
Groundwater Sustainability Agency. The GSA does not have regulatory oversight of the 
adjudicated zone.  For the development of the sustainable management criteria, the GSA needed 
to consider the stream depletion due to groundwater pumping within the jurisdictional area of the 
GSA. Hence, this attribution scenario was the selected reference scenario during GSP preparation. 



UC Davis 119 December 28, 2023 

A particular focus of the GSP development was the effect of projects and management actions on 
the amount and duration of dry season baseflow during the critical ecologic period from 
September to November, when Chinook salmon are migrating into Scott Valley for spawning. For 
ease of comparison, an indicator was created, computed from the total amount of stream 
depletion reversal observed during this critical September-November period between October 
1991 and September 2018 (Figure 41).  The indicator is the relative stream depletion reversal 
during September to November, computed as the ratio of the stream depletion reversal to the 
stream depletion for the same period: 

relative stream depletion reversal [%] = 100% • stream depletion reversal / stream depletion 

Daily amounts for both, stream depletion reversal and stream depletion in September, October, 
and November over the simulation period were added. Hence the indicator represents an average 
relative stream depletion reversal over the simulation period. 

 

Figure 41: Daily amounts of stream depletion (solid line) and stream depletion reversal (dashed line), 
corresponding to the height of the total shaded and dark shaded areas, respectively, in the previous 
figure. Stream depletion and stream depletion reversal are here plotted on a linear flow scale ([cfs]). As 
in the previous figure, results are shown for a dry year (2014), average year (2010), and wet year (2017). 
One focus of the GSP advisory committee discussion was the stream depletion during the critical fall low 
flow period between September and November (black box).  The figure illustrates the computation of the 
totalized 1991-2018 stream depletion reversal and relative stream depletion reversal, shown in the 
following table. 
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Enhanced recharge scenarios generated 9% to 44% of stream depletion reversal, with the highest 
reversal generated by the Expanded MAR_ILR scenario.  Surface water diversion limits that curtail 
surface water use according to the recommended CDFW (2017) instream flows, generate 38% in 
stream flow depletion reversal.  When combined with the MAR_ILR, 57% stream depletion 
reversal were achieved.  The Crop Change scenario, reducing basin-wide ET by 20%, achieved 
similarly large reversal, at 61%.  Irrigation efficiency improvements yielded smaller reversals, from 
4% to 12%. 

Among the regulatory scenarios, cessation of alfalfa irrigation achieved the largest reversal when 
implemented consistently over all years, especially when effectively foregoing a third cutting (July 
15 or August 1 cessation dates). Implementation of these scenarios in dry years only resulted in 
much less average stream depletion reversal, although they may be significant in those years. The 
reservoir options also generated significant stream depletion reversals, ranging from 26% to 184% 
(Table 11).  

The stream depletion and relative stream depletion reversal tabulated in Table 11 are specific to 
the choice of Nat-Veg_GWM_OA as the attribution or reference scenario.  Some of the other 
attribution scenarios generate more stream depletion (>100% in Table 11) and, hence, less relative 
stream depletion reversal under any of the project and management scenarios;  some attribution 
scenarios generate less stream depletion (<100% in Table 11) and, hence, more relative stream 
depletion reversal under the project and management scenarios. The largest stream depletion 
occurs when assuming all currently irrigated areas are in unirrigated natural vegetation with no 
groundwater-dependent ecosystems outside the Discharge Zone: Were that reference scenario 
selected, stream depletion of project and management scenarios would be 212% of that listed in 
Table 11, about twice as large.  Hence, the relative stream depletion reversal, relative to that 
reference scenario, would only be half as large.  The choice of reference scenario would, however, 
not change the total amount of stream depletion reversal listed in Table 11. 
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Table 11: Stream depletion reversal and relative stream depletion reversal (right-most column) for the 
critical flow period from September to November, totalized over the simulation period, October 1991 – 
September 2018 (second-right-most column). The relative stream depletion reversal represents an 
average over all days in the critical flow period of all years simulated. 
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7.3.3 Regulatory Scenarios: Scott River Fort Jones Gage Flow Outcomes 

Next, we consider the entire water year hydrograph during 2015, which had near-average rainfall, 
but very early in the winter, rapid snow-pack melt-off and a long dry-season baseflow period, 
following another very dry year 2014. Measured and simulated basecase flows at the Scott River 
Fort Jones gage are shown both, in Figures 42 and 43. 

Among the alfalfa early irrigation cessation scenarios, two scenarios yield practically no 
improvements over basecase conditions before October 1 (Figure 42):  the 
alf_irr_stop_aug15_dry_yrs_only and the alf_irr_stop_aug01_dry_yrs_only scenarios. In the late 
fall of 2014, following a very dry preceding winter, those two scenarios produced significant 
stream depletion reversal not until well after the first large fall “flush flows”, which also achieved 
reconnection of the partially dried out streamflow system. 

Other early cessation scenarios yield some stream depletion reversal (a few cfs) within a few 
weeks of pumping cessation. Only the alf_irr_stop_jul10, implemented every year regardless of 
water year type, provided more than 20 cfs of stream depletion reversal. Under none of those 
scenarios did streamflow reach recommended drought emergency instream flows (CDFW, 2021) 
until well after the fall flush flows and stream reconnection occurred in November. 

Curtailments of all irrigation – surface and groundwater, inside and outside the adjudicated zone, 
regardless of crop – yields much larger stream depletion reversals, with flows generally above the 
drought emergency instream flow recommendations (CDFW, 2021), within 1 to 2 months after 
curtailment, but not instantaneously (Figure 43).  These scenarios are not strictly drought 
curtailment scenarios, since they are implemented every year.  The curtailment scenarios, in the 
design presented here, are more optimistic in their outcome than curtailment scenarios, 
implemented in dry years only, would be (compare, e.g., alf_irr_stop_aug01 and 
alf_irr_stop_aug01_dry_yrs_only in Figure 42). 

From a practical management perspective, the scenarios depicted in Figures 42 and 43 also 
suggest that the stream depletion reversal begins within days to few weeks after pumping 
cessation or complete curtailment occurs.  Under dry conditions, such as 2014 and 2015, some of 
the stream depletion reversal is “banked” until the reconnection of the stream system during fall 
flush flows, after which these regulatory scenarios yield further stream depletion reversal. 

The Appendix provides detailed graphical, quantitative metrics that have been computed from the 
scenario and reference simulations. 
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Figure 42: Effect of alfalfa irrigation scenarios on Fort Jones flow in an example water year. Because 2015 
was not a dry-type year, no differences from basecase flow are seen in the two dry-year-only scenarios. 
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Figure 43: Effect of irrigation curtailment scenarios on Fort Jones flow in an example water year. 
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8 SVIHM Application to Climate Change: Future Water Budgets 

8.1 Overview 

The future projected water budget contains all of the same components as the historical water 
budget; for a description of those terms, see Section 2.2.3. 

To inform long-term hydrologic planning, the future projected water budget was developed using 
the following method: 

1. Observed weather and streamflow parameters from water years 1991-2011 were used 
multiple times to make a 50-year “Basecase” climate record (see Table 12 for details). The 
Basecase projection represents a hypothetical future period in which climate conditions 
are the same as conditions from 1991-2011. 

2. The climate-influenced variables Precipitation (as rain), Reference Evapotranspiration 
(ETref), and tributary stream inflow were altered to represent four climate change 
scenarios: 

a. Near-future climate, representing conditions in the year 2030 (held over the entire 
50-year projection) 

b. Far-future climate, representing central tendency of projected conditions in the 
year 2070 (held over the entire 50-year projection) 

c. Far-future climate, Wet with Moderate Warming (WMW), representing the wetter 
extreme of projected conditions in the year 2070 (held over the entire 50-year 
projection) 

d. Far-future climate, Dry with Extreme Warming (DEW), representing the drier 
extreme of projected conditions in the year 2070 (held over the entire 50-year 
projection) 

3. The SVIHM was run for the 50-year period of water years 2022-2071 for the Basecase and 
all four projected climate change scenarios. 

For convenience, the scenarios described in points 2a-2d above will be referenced as the Near, 
Far, Wet and Dry future climate scenarios.  

8.2 Method Details 

The climate record for the projected 50-year period of water years 2022-2071 (October 2021-
September 2071) was constructed from model inputs for the years 1991-2011. The minimum 
bound of 1991 was imposed by ETref data, which is not available prior to the SVIHM historical 
model period; the maximum bound of 2011 was imposed by CDWR change factors, which are only 
available through 2011 (Table 12). 

Under their SGMA climate change guidance, CDWR provided a dataset of “change factors” which 
each GSA can use to convert local historical weather data into 4 different climate change scenarios 
(CDWR 2018b). Change factors are geographically and temporally explicit. Geographically, a grid of 
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1/16-degree resolution cells covers the extent of California; for each of these cells, one change 
factors applies to each month, 1911-2011. 

The change factor concept is intended to convert all past years to a single near or far future year; 
for example, imagining that in a hypothetical grid cell, the 2030 (Near) scenario change factor for 
ETref in March 2001 was 5%. This would imply that, under the local results of the global climate 
change scenario used to inform this guidance, if March 2001 had occurred in the year 2030, there 
would be 5% more ET in that grid cell than historically observed. 

8.3 Future Climate Simulation Outcomes 

The 2030 (Near) and 2070 central tendency (Far) scenarios predict similar rainfall conditions to the 
Basecase, while the 2070 DEW (Dry) and 2070 WMW (Wet) scenarios show less and more 
cumulative rain, respectively. Conversely, all scenarios predict higher future ET than the Basecase 
(Figure 44). 

Historical rainfall for three selected periods (1936-2020, 2000-2020, and 2010-2020, with 20.8, 
19.8 and 19.3 inches respectively) demonstrate that conditions in the last 10 years have been drier 
than the last 20, which have been drier than the full record period since 1936. The Basecase and 
three of the four future scenarios exceed the historic averages, while the DEW (Dry) future 
scenario (19.2 inches) is on par with the average of the last 10 years (19.3 inches) (Figure 45). 

More groundwater is held in aquifer storage in the Wet scenario, and less in the Dry scenario 
(Figure 46). However, interannual variability is a greater driver of storage change than which 
climate change scenario is selected i.e., in future year 2045 the difference between the Wet and 
Dry scenarios was ~5 TAF, but the range in overall interannual variability in each scenario is 
greater than 40 TAF (Figure 46).  Importantly for sustainable groundwater management, none of 
the future climate scenarios indicate that the lowest groundwater storage points decrease over 
time, even though repeated decadal wet-dry cycles (Figure 46). This suggests that long-term 
overdraft and subsidence are unlikely in an aquifer system as seasonally dynamic as the Scott 
River watershed, at least under climate conditions as extreme as the Dry scenario. However, the 
lowest point in the cumulative aquifer storage curve for the Dry scenario is typically several TAF 
below the lowest point in the Far or Basecase scenarios, suggesting that deeper seasonal deficits 
of groundwater storage under some climate change scenarios may lead to lower dry-season flows. 

Overall, the effects of all four climate change scenarios on groundwater appear to be somewhat 
moderate and a matter of degree; conversely, the impact of future climate conditions on surface 
flows is highly variable depending on which scenario is selected (Figure 47).  Near and Far 
scenarios show minimal differences from historical basecase flow conditions. The Dry scenario 
shows some periods of notably reduced flow, while the Wet scenario shows some years with 
much higher flow than historical basecase flow conditions. 

While this initial climate analysis is a GSP requirement, it does not provide substantial information 
to inform sustainable management, in part because the “Dry” scenario more or less matches the 
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climate of the most recent historic decade, while the “Wet” scenario seems unlikely based on the 
past 20 years of climate patterns. 

8.4 Limitations and Future Improvements 

The primary limitation of the future water budget analysis is that it likely does not explicitly 
simulate expected future changes in snow melt dynamics. The tributary inflows have been altered 
by the application of streamflow change factors provided by CDWR. Even in the Dry with Extreme 
Warming (DEW) scenario, the most significant change in the overall hydrograph of Shackleford, a 
major tributary, is a lengthening of the dry season later into the fall (Figure 48). The timing of the 
spring recession remains extremely similar between the basecase and DEW. 

This does not reflect known and recently observed changes in spring recession timing; namely, 
that higher temperatures will cause snow melt to occur earlier in the year. In future model 
developments, additional climate change analysis is warranted that would explicitly model 
regional snow pack dynamics and associated altered tributary inflows. 
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Figure 44: Cumulative precipitation and reference ET for the future projected climate conditions, with 
basecase and four CDWR climate scenarios. The 2030 (Near) and 2070 central tendency (Far) scenarios 
predict similar rainfall conditions to the Basecase, while the 2070 DEW (Dry) and 2070 WMW (Wet) 
scenarios show less and more cumulative rain, respectively. Conversely, all scenarios predict higher 
future ET than the Basecase. 
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Figure 45: Historical rainfall for three selected periods (1936-2020, 2000-2020, and 2010-2020, with 20.8, 
19.8 and 19.3 inches respectively) demonstrate that conditions in the last 10 years have been drier than 
the last 20, which have been drier than the full record period since 1936. The basecase and three of the 
four future scenarios exceed the historic averages, while the DEW (Dry) future scenario (19.2 inches) is 
on par with the average of the last 10 years (19.3 inches). 
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Figure 46:Cumulative annual change in groundwater storage in the Basecase and four climate change 
scenarios for the future projected water budget. 
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Figure 47: Projected flow at the Fort Jones Gauge, in difference (cfs) from Basecase, for four future 
projected climate change scenarios. Near and Far scenarios show minimal differences from historical 
basecase flow conditions. The Dry scenario shows some periods of notably reduced flow, while the Wet 
scenario shows some years with much higher flow than historical basecase flow conditions. 
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Figure 48: Median flow values for Shackleford tributary inflow with shaded areas covering the 25th-75th 
and 5th – 95th percentiles, for each month in the 50-year projected model period. 
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Figure 49: Future Basecase. Annual water budgets for the three conceptual subsystems used to represent 
the hydrology of the Basin ( the surface water system, the soil zone, and the aquifer) for 50 potential 
future years, with future climate data constructed from the past climate data of water years 1991-2011. 
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Figure 50:  Near Future (2030) Climate Change Scenario. Annual water budgets for the three conceptual 
subsystems used to represent the hydrology of the Basin (the surface water system, the soil zone, and 
the aquifer) for 50 potential future years, with basecase future input data multiplied by change factors 
for the 2030 (Near) future climate scenario. 
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Figure 51:  Far Future (2070) with Central Tendency Climate Change Scenario. Annual water budgets for 
the three conceptual subsystems used to represent the hydrology of the Basin (the surface water system, 
the soil zone, and the aquifer) for 50 potential future years, with basecsae future input data multiplied by 
change factors for the 2070 Central Tendency (Far) future climate scenario. 
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Figure 52: Far Future (2070) Wet Scenario. Annual water budgets for the three conceptual subsystems 
used to represent the hydrology of the Basin (the surface water system, the soil zone, and the aquifer) 
for 50 potential future years, with basecsae future input data multiplied by change factors for the 2070 
Wet with Moderate Warming (Wet) future climate scenario. 
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Figure 53: Far Future (2070) Dry Scenario. Annual water budgets for the three conceptual subsystems 
used to represent the hydrology of the Basin (the surface water system, the soil zone, and the aquifer) 
for 50 potential future years, with basecase future input data multiplied by change factors for the 2070 
Dry with Extreme Warming (Dry) future climate scenario. 
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Table 12: The data used to build the 50-year future projected climate record is specified below, including 
the historical water year type. To account for leap days, some years were transposed. 
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Table 13:  Annual water budget components [TAF] for the Future Basecase scenario surface water (S) 
subsystem. 
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Table 14:  Annual water budget components [TAF] for the Future Basecase scenario land-soil/vadose 
zone (L) subsystem. 
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Table 15:  Annual water budget components [TAF] for the Future Basecase scenario groundwater (GW) 
subsystem. 
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Table 16:  Annual water budget components [TAF] for the Near Future (2030) scenario surface water (S) 
subsystem. 
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Table 17:  Annual water budget components [TAF] for the Near Future (2030) scenario land-soil/vadose 
zone (L) subsystem. 
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Table 18:  Annual water budget components [TAF] for the Near Future (2030) scenario groundwater (GW) 
subsystem. 
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Table 19:  Annual water budget components [TAF] for the Far Future (2070) scenario surface water (S) 
subsystem. 
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Table 20:  Annual water budget components [TAF] for the Far Future (2070) scenario land-soil/vadose 
zone (L) subsystem. 
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Table 21:  Annual water budget components [TAF] for the Far Future (2070) scenario groundwater (GW) 
subsystem. 
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Table 22:  Annual water budget components [TAF] for the Far Future (2070) Wet scenario surface water 
(S) subsystem. 
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Table 23:  Annual water budget components [TAF] for the Far Future (2070) Wet scenario land-
soil/vadose zone (L) subsystem. 
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Table 24:  Annual water budget components [TAF] for the Far Future (2070) Wet scenario groundwater 
(GW) subsystem. 
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Table 25:  Annual water budget components [TAF] for the Far Future (2070) Dry scenario surface water 
(S) subsystem. 
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Table 26:  Annual water budget components [TAF] for the Far Future (2070) Dry scenario land-
soil/vadose zone (L) subsystem. 
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Table 27:  Annual water budget components [TAF] for the Far Future (2070) Dry scenario groundwater 
(GW) subsystem. 
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9 SVIHM Application to Developing Sustainable Management Criteria 

9.1 Overview 

The Groundwater Sustainability Plan (GSP) Regulations provide that the monitoring network for 
Depletions of Interconnected Surface Water should include “[m]onitor[ing] surface water and 
groundwater where interconnected surface water conditions exist, to characterize spatial and 
temporal exchanges between surface water and groundwater and to calibrate and apply the tools 
and methods necessary to calculate depletions of surface water caused by groundwater 
extractions”.  (23 CCR 354.34(c)(6).) 

9.2 Groundwater Levels as Proxy for Stream Depletion Monitoring – not 
suitable 

Water levels are not a suitable proxy for surface water depletion in the Scott Valley, although they 
have been proposed in other groundwater basins (e.g., in the GSP adopted recently by the Santa 
Cruz Mid-County Groundwater Agency). This is because in the Scott Valley system (1) groundwater 
levels are affected by many factors including, but not limited to groundwater use, and (2) the 
typical variability induced by seasonal climate, recharge, and pumping changes is greater than the 
change in head that would correspond to a significant change in outflow to the stream system. In 
other words, the head data currently available are too noisy to be useful for assessing stream 
depletion due to groundwater pumping or stream depletion reversal due to specific projects and 
management actions (PMAs). 

 

Figure 54: Conceptual cross-section across the valley floor near the Scott River (left), showing the land 
surface (brown, with crop cover) and two hypothetical water tables: at a gradient of about 0.5%, 
corresponding to a baseflow of about 70 cfs, and at a gradient of about 0.25%, corresponding to a 
baseflow of about 35 cfs. Gradients are approximate. The inserted table shows the resulting difference in 
water table depth between these two hypothetical water table locations, at different distances from the 
Scott River. The conceptual cross-section does not account for water table influences from nearby 
pumping, irrigation return flows, or tributaries. 
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Specifically, the average decrease in summer streamflow before and after the 1970s (69.9 and 
35.0 cfs, respectively [1.98 and 0.99 cms, respectively]), is approximately 35 cfs (0.85 cms) in 
baseflow. This difference in baseflow is caused by a Basin average decline in water table gradient 
toward the Scott River (GSP Section 2.2.3.3) of approximately 3/10ths of one percent (see Figure 
54). At 100 ft (30.5 m) from Scott River, this is a 3 in (7.6 cm) difference in water level if the water 
table next to the Scott River remains the same. This is much smaller than the typical transient 
variations induced by pumping wells and seasonal climate variability in water levels measured in 
monitoring wells near the river (see GSP Chapter 2). Additionally, water levels near the stream – 
and more so away from the stream - are influenced by factors other than groundwater pumping 
outside of the Adjudicated Zone, including proximity to tributaries and their recharge history, 
proximity to wells and their pumping history, irrigation methods and agricultural return flows in 
nearby fields, and aquifer heterogeneity. 

For example, monthly water table depth in 2006 – 2018 in “valley floor” wells varied across wells 
and time, from less than 5 feet to over 20 feet (Harter n.d.). The median summer water table 
elevation in dry years is only about 2 feet lower than the median elevation in average or wet 
years. Between dry years with similarly low stream flows (less than 10 cfs at the USGS Fort Jones 
gauge, e.g., 2009, 2013, 2014), differences in median water level of “valley floor” observation 
wells were on the order of 1 to 2 feet (Harter n.d.).As a result of the magnitude of these 
fluctuations, partly due to the interference from hydrologic inputs/stresses other than PMAs, 
water level monitoring is not a suitable tool to measure whether groundwater users’ PMAs have 
effectively decreased stream depletion.  

However, the GSP recognizes that groundwater levels are fundamentally linked with groundwater-
stream flux rates, and these measurements can be useful when judiciously used in combination 
with the SVIHM.  In addition, use of observing long-term trends in the hydraulic gradient between 
the aquifer and stream has been suggested as a tool to comply with SGMA requirements for 
depletion of interconnected surface water (Hall et al. 2018). While groundwater levels as a proxy 
for stream depletion monitoring are by themselves not suitable for the Basin, these 
measurements will be collected and used to assess long-term trends in water level gradients and 
to avoid long-term, Basin scale water level declines (see GSP Sections 3.3.1 and 3.4.1). These data, 
among many others, are also used to calibrate and improve SVIHM. SVIHM in turn accounts for 
and processes a much wider range of relevant land use, hydrologic, and geologic data that would 
not be reflected in water level data alone. Using more appropriate, comprehensive information, 
including measured water level dynamics, SVIHM computes water level changes due to PMAs and 
estimates stream depletion reversal occurring specifically due to PMAs in ways that cannot be 
achieved with water level measurements alone (see below).   
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9.3 Streamflow as Proxy for Stream Depletion Monitoring – not suitable 

Direct measurement of streamflow at the Fort Jones gauge is also not a suitable proxy for surface 
water depletion in the Scott Valley because it is affected by several factors other than 
groundwater use outside the Adjudicated Zone. The Fort Jones gauge streamflow during the 
summer baseflow season is a direct measure of the total groundwater contribution from the Scott 
River Valley Basin to the stream. That groundwater contribution to streamflow is a function of 
groundwater use inside and outside the Adjudicated Zone, of winter and spring recharge from 
precipitation and irrigation on the valley floor, of winter and spring recharge from tributaries on 
the upper alluvial fans, of mountain front recharge, and of surface water diversions (see GSP 
Section 2.2.3.3.). It is a function of both, their total amounts and the temporal dynamics of these 
amounts (pumping, recharge, diversions, etc.). 

9.4 Legal Requirements for Quantifying Stream depletion due to Groundwater 
Pumping  

Per 23 CCR Section 354.28(c), minimum thresholds for depletions of interconnected surface water 
shall be a rate or volume of surface water depletion caused by groundwater use that has adverse 
impacts on beneficial uses of the surface water. Minimum thresholds represent the threshold, 
above/below which undesirable results may occur. The legal requirements for the minimum 
threshold allow for the use of a numerical groundwater and surface water model to quantify 
(“monitor” or “measure”) the amount of surface water depletion due to groundwater pumping 
and to set the minimum threshold using the model.  

9.5 Quantifying Stream Depletion due to Groundwater Pumping with SVIHM 

The Scott Valley Integrated Hydrogeological Model (SVIHM) is the best available tool to evaluate 
surface water depletion SMC conditions in Scott Valley and to quantify the amount of depletion 
attributable to groundwater use outside of the Adjudicated Zone. The current version of SVIHM 
simulates Scott Valley conditions for 1991–2018 climate conditions based on the best available 
information, including numerous climate, production well, geographic, geologic, and land use 
monitoring data from Scott Valley and calibrated against hundreds of streamflow and water level 
measurements. A SGMA-compliant software (MODFLOW 2005) is used for SVIHM.  

After GSP adoption in 2022, the process for computing (“measuring”) stream depletion in a given 
month, season, or water year with SVIHM is defined through the following specific modeling 
process: 

1. “Current” is defined as a recently completed water year at the time new simulations are 
implemented. For example, if this modeling exercise is implemented in 2029, “current” 
may be the water year 2027 or 2028. 

2. There are two operating modes for SVIHM: 
a. The calibrated timeline mode. The calibrated SVIHM version is implemented for a 

simulation period from 1991 to current, representing actual climate and stream 
inflow conditions to the Basin for the period of 1991 to current and representing 
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the actual historical evolution of PMAs and other land use and land management 
changes in the Basin. This mode is used to update and re-calibrate SVIHM using 
three types of datasets (target data, conceptual and input data, and PMA data, see 
GSP Section 3.3.5.2). 

b. The scenario mode. The scenario mode can be thought of as a future time period of 
the same length as 1991 to current (at the writing of this GSP, a 28-year period 
from 1991 to 2018) over which a specific scenario is implemented, for 
“measurement” purposes: For all scenario simulations described below (PMA 
Model, BAU Model, No Pumping Reference Model), the monthly (or daily) time 
series of climate conditions (precipitation, evapotranspiration (ET), inflow from 
tributaries, etc.) is that from 1991 to current. But the scenarios represented (PMA, 
BAU, No Pumping) are static over the entire simulation period, where “static” 
means that the set of PMAs (PMA portfolio), BAU, or No Pumping conditions does 
not change its pattern or land use and land management rule set over time. The 
PMA portfolio may be structured dynamically; for example, it may include projects 
that only occur in dry years or run only from July to September each year, but the 
structure of the PMA portfolio rule set does not change. This characteristic of the 
scenario mode allows it to be used to “measure” stream depletion and the reversal 
of stream depletion due to specific PMAs or PMA portfolios over a representative 
period of time. 

3. “Measuring” or “monitoring” the impacts on streamflow from projects and management 
actions (PMAs) or under any No Pumping Reference Model is implemented by using the 
model in “scenario” mode.  Specifically, the computation (“measurement”) is implemented 
by first simulating two scenarios and then computing the difference in outcomes 
(streamflow), e.g., between the BAU simulation and the PMA or between the BAU 
simulation and the No Pumping Reference Model simulation. In other words, the impact of 
an action (PMA, No Pumping Reference) is measured by running two SVIHM scenario 
simulations: one simulation without the action and one simulation with the action. Each 
simulation provides a time series of monthly streamflow information for the 28-year (or 
longer) simulation period. For each month in the 28-year simulation period (336 months) 
the impact of the action is computed as the difference in streamflow (measured in cfs) 
between the two scenario simulations. Because the model runs over at least 28 years 
(1991-current), the approach allows for computing (“measuring”) the stream depletion 
reversal (and remaining stream depletion) under a wide range of wet, average, and dry 
year conditions with monthly (or daily) varying, real climate characteristics as observed 
over the period 1991 to current. Some important characteristics of these computations 
(“measurements”) are summarized here: 

• Changes can be computed (“measured”) for any specific date (month) in the 
simulation period (1991-current) 

• Changes can be computed (“measured”) at any location within the stream network 
in the Basin. The stream network has a resolution of 330 ft (100 m). 
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• In addition to changes in flow, the two simulations (with and without an action) can 
be used to assess temporal changes in the characteristics of key “functional flow” 
elements (see GSP Section 2.2.1.6), particularly the acceleration or delay in spring 
recess flow timing and the delay or acceleration in the onset of the fall pulse flow in 
any given year. 

• The two simulations can also be used to assess the changes in the length of dry 
stream sections within the stream network resulting from PMAs, e.g., as a function 
of water year type. 

• SVIHM currently uses monthly “stress periods” (time-varying model inputs such as 
precipitation are provided month-by-month, reflecting the average condition over 
each month), but computes daily flows (and groundwater level changes). Flows can 
be aggregated by month, season, year, or water-year type. Future versions of 
SVIHM may use daily stress periods. 

• Numerous statistics can be obtained from the model with respect to 
• absolute flow differences between two scenarios, 
• relative flow differences (a PMA scenario change relative to a No Pumping 

Reference Model change),  
• changes in the timing of flows, 
• and other characteristics. 

4. Business as Usual Model (BAU Model) scenario: SVIHM is used to compute daily 
streamflow at the same times and locations as the PMA model, explicitly excluding all PMA 
implementation over the entire simulation period. This simulation represents the “Business 
as Usual Model (BAU)”, a scenario in which no PMAs are implemented that would make 
water use more sustainable than during the baseline period (1991-2018). This version 
includes representative land use and land management conditions without PMAs. 

5. Project and Management Action (PMA Model) scenario: SVIHM is used to compute daily 
streamflow at the Fort Jones gauge (and other locations) under assumed (future) 
conditions with a static implementation of a specific PMA of interest, a PMA portfolio of 
interest (see GSP Chapter 4), or the specific PMA portfolio representing current (post-2021) 
conditions. The latter is the “Current PMA Portfolio Model”. The PMA models are 
simulated as if the set of PMAs, as is, were to continue throughout the simulation period. 
The PMA Model allows for evaluation of desired or current PMA effects over a variety of 
climate conditions. The Current PMA Portfolio Model is the model used for compliance 
purposes and to “measure” the stream depletion reversal (and remaining stream 
depletion) under the current portfolio of PMAs. 

6. No Pumping Reference (NP Model) scenario: For the NP Model, SVIHM is used to compute 
daily streamflow at the same times and locations as the PMA Model, but for conditions of 
no pumping outside the Adjudicated Zone and no implementation of PMAs. Various no 
pumping scenarios have been and can be constructed (see GSP Appendix 4-A) 

7. The total surface water depletion due to groundwater use outside of the Adjudicated Zone 
(“Total Depletion”) is calculated by taking the difference in simulated streamflow at the 
Fort Jones gauge between the BAU Model and the NP Reference Model. The total 
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depletion is a time-series with daily values over the simulation period. It is measured in the 
same units as average daily streamflow (cubic-feet per second, cfs), but can be summed as 
a cumulative volume over a month, season, or water-year (thousand acre-feet, TAF), and it 
can be averaged over the entire simulation period, by water-year type, and for specific 
seasons.  

8. The surface water depletion that was avoided by the implementation of PMAs (“PMA 
Depletion Reversal”) is calculated by taking the difference in simulated streamflow at the 
Fort Jones gauge between the PMA Model and the Business as Usual Model, and 
comparing that difference to Total Depletion: 

Total Depletion [cfs] = NP – BAU 

PMA Depletion Reversal [cfs] = PMA - BAU 

Relative PMA Depletion Reversal [%] = 100 · PMA Depletion Reversal / Total Depletion 

A visual schematic of this framework is included as Figures 30 and 36. 

With this framework, the GSA can estimate streamflow changes (including numerous statistics of 
those changes for any period of interest) caused by the implementation of PMAs over the range of 
observed, actual climate conditions. It can assess the changes relative to a scenario in which no 
management actions were taken and calculate the fraction of total depletion due to pumping 
outside the Adjudicated Zone that was reversed by PMAs. All of this can be calculated under the 
specific weather conditions experienced. The amount [cfs] and fraction [%] of total depletion 
reversed for the Current PMA Portfolio Model will be reported in annual GSA reports. 

This is designed to be an adaptive management process that evolves as new knowledge is gained. 
The monitoring network assessment section below (see GSP Section 3.3.5.2) describes in more 
detail the relationship between the numerous data collection efforts and the updating process of 
SVIHM as a measurement tool of stream depletion due to groundwater pumping outside of the 
Adjudicated Zone. 

 



UC Davis 160 December 28, 2023 

 

Figure 55. Visual schematic of simulations used to calculate Relative Depletion Reversal in future 
sustainable groundwater management reports. 

9.6 Additional Monitoring Related to Interconnected Surface Water 

To monitor for sustainable rates of surface flow depletion, the GSA will also rely on existing 
monitoring programs. The GSA plans to collaborate with other entities to add verified data and 
additional monitoring locations to fill data gaps.  

9.6.1 Surface water monitoring 

The GSA will continue to rely on the longstanding flow record of the Scott River monitored at the 
Fort Jones Gauge (USGS; Station ID 11519500). 

The flows in tributary streams to the Scott River constitute a data gap. Currently, records of 
flowrates in tributary streams are limited, and for the SVIHM simulations, the temporal gaps in 
tributary records are filled using statistical correlations between each tributary’s record and the 
record at the USGS Fort Jones gauge (see GSP Chapter 2). Additional monitoring on tributaries 
would provide more information on specific water year type conditions and inflows to 
interconnected stream reaches. Such tributary data would generate critical target data (see GSP 
Section 3.3.3.2) to improve the reliability of SVIHM.  

9.6.2 Biological monitoring 

Existing biological monitoring that will be used to assess the condition of aquatic and other 
groundwater-dependent ecosystems includes the CDFW camera trap program and biological 
surveys conducted by the Siskiyou County RCD (RCD), and juvenile salmonid outmigrant 
monitoring conducted by CDFW. 
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Since 2008, CDFW has operated a camera trap on the Scott River, near the bottom of the Scott 
Valley stream system. It is located downstream of the Fort Jones gauge at river mile 18.2 (041º 38’ 
10.93” N; 123º 04’ 3.08”W). The camera trap records the passage of migrating salmonids 
(Knechtle and Guidice 2021).  

Since 2001, the RCD has collected data on the location and abundance of salmon redds (gravel 
nests where eggs are laid) in the late fall and early winter. These surveys include recording of redd 
locations, occurrence of adult spawning salmon (both live and as carcasses), and stream 
connectivity and flow conditions. 

Annual juvenile salmonid monitoring has been occurring since 2001, following the installation of 
the Scott River rotary trap; the Scott River Juvenile Salmonid Outmigrant study in 2020 monitored 
emigrating Chinook salmon, coho salmon and steelhead trout (Massie and Morrow 2020). Annual 
monitoring of juvenile salmonids is part of work conducted by CDFW and the Shasta Valley 
Resource Conservation District on Shasta and Scott Rivers. 

Additional biological monitoring data may be used as it becomes available through other 
organizations and agencies. For GSP and groundwater sustainability monitoring purposes, no data 
gaps in biological monitoring have been identified at this time. 

 

9.7 Assessing and Improving SVIHM 

The SVIHM, as a “monitoring” instrument of surface water depletion due to groundwater 
pumping, will be assessed and updated every 5 to 10 years, utilizing the data and knowledge used 
for the original/previous model development update plus any additional monitoring data collected 
since the last model update. New data that will be considered in the assessment and update of 
SVIHM fall into three general categories: 

• Validation and re-calibration data (“target” data). These are independently collected field 
data, typically collected on a daily, monthly, or seasonal basis, that are also simulation 
outcomes by SVIHM: groundwater level monitoring data and streamflow measurements 
within Scott Valley and at the Fort Jones gauge. They are commonly used as calibration 
targets during model (re-)calibration. In other words, real monitoring data are used to 
compare model simulation results to reality and to adjust the model (within the limits of 
the conceptual model) to closely simulate measured and monitored real hydrologic 
outcomes (groundwater levels, streamflow). 

• Conceptual model data – hydrologic and hydrogeologic conditions (concept and “input” 
data). These are data that the model uses as input and data that are used to parametrize 
or conceptually design the model. These types of data include, but are not limited to 
precipitation data, tributary inflow data to the basin, hydrogeologic data obtained from 
well logs and pump tests, and research insights obtained from projects to further 
understand any hydrologic sub-systems within Scott Valley (e.g., groundwater-surface 
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water interaction measured with distributed temperature sensing tools or a local network 
of piezometers, see Groundwater Study Plan 2008). 

• Data about projects and management action implementation (“PMA” data). These are 
(monitoring) data collected specifically to characterize the implementation of PMAs to 
inform the GSA, stakeholders, and the design of future model scenario updates. The 
specific datasets collected are a function of the PMA and are described in GSP Chapter 4. 
Examples include monthly volume and location of water recharged (MAR PMA); acreage, 
location, and irrigation efficiency of improved irrigation systems (irrigation efficiency PMA); 
acreage, crop/land use, and pumping/diversion restriction conditions associated with 
conservation easements (voluntary land repurposing PMA). 

 

The data collected will be used to update the calibrated timeline mode of SVIHM in three ways: 

• Conceptual Data to update SVIHM simulation period: Precipitation and streamflow data 
measured at weather stations and the USGS Fort Jones gauge (from which tributary inflows 
are estimated using an existing statistical regression model) will be used to extend the 
simulation time horizon of SVIHM without any parameter, boundary condition, or scenario 
adjustments to the original time horizon of the model. This is a relatively inexpensive 
SVIHM application that allows for updated comparison of SVIHM water level and 
streamflow predictions against measured data under baseline and (existing) scenario 
conditions through the most current time period for which data are available. This type of 
SVIHM application is anticipated to occur at least once in every five-year reporting period, 
or possibly annually. 

• PMA Data to update SVIHM simulation period: In addition to (1), data about PMA 
implementation will be used to update the model to include new, actual PMA 
implementation on the correct timeline within SVIHM. This provides a model update that 
appropriately represents recent changes in PMA implementation. This allows for a more 
consistent evaluation of simulated versus measured water level and streamflow data. This 
type of SVIHM application is anticipated to occur at least once in every five-year reporting 
period. 

• Conceptual, PMA, and Target Data to update SVIHM and re-calibrate: In addition to (1) and 
(2), conceptual model data are used to update model parameters and model boundary 
conditions unrelated to PMAs to improve the conceptual model underlying SVIHM based 
on new insights and data. This will typically (but not automatically) require a re-calibration 
of the model against measured validation and re-calibration target data. After the re-
calibration, all scenarios of interest and the timeline of stream depletion reversal 
associated with each scenario of interest and any new scenario of interest will be updated 
using the re-calibrated model to allow for consistent comparison of stream depletion and 
depletion reversal that has resulted or will result from PMAs. This type of SVIHM 
application is anticipated to occur at least every ten years. 
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For example, the version of SVIHM used in GSP Chapter 2 was calibrated for the period 1991-2011 
(step 3 above), then extended using step 1 above to cover the period 1991-2018. 

The above protocol ensures tight integration between monitoring programs, projects and 
management action implementation, and SVIHM as a monitoring tool for surface water depletion 
due to groundwater use. It provides the most accurate estimation not only of stream depletion, 
but also numerous associated information about water level dynamics, streamflow dynamics and 
their spatial, seasonal, interannual, and water-year-type-dependent behavior. Examples of future 
field monitoring data used to assess and improve SVIHM are listed below:  

• Validation and re-calibration data (“target” data): 
o Water level in the water level monitoring network. 
o Daily streamflow measured at the Fort Jones gauge of the Scott River. 
o Data documenting dates and locations of dry sections in the stream network. 
o Last date on which certain low flow triggers are exceeded in the spring recession 

(e.g., date at which flow at the Fort Jones gauge falls below 40 cfs [1.1 cms]). 
o First date on which certain low flow triggers are reached as flow increases in the fall 

(e.g., date at which flow at the Fort Jones gauge exceeds 40 cfs [1.1 cms]). 
• Hydrologic and hydrogeologic conditions (concept and “input” data): 

o Precipitation data from existing climate stations. 
o Potential ET data computed form existing climate stations. 
o Daily streamflow measured at locations near tributary stream inflow to Scott Valley 

(e.g., French Creek gauge at Hwy. 3). 
o Pump test data that contain information about hydrogeologic properties in the 

vicinity of a well. 
o Geologic information obtained from new well drilling logs. 
o Data collected in conjunction with research and pilot projects characterizing 

hydrologic and hydrogeologic conditions in Scott Valley. 
o Improved estimates of unimpaired tributary inflows from the upper watershed to 

the Basin accounting, e.g., for the location of existing/historic gauges relative to 
diversion locations. 

o Assess the need to incorporate fall/winter stockwater diversions 
o Refine stress-period setup in MODFLOW (e.g., daily instead of monthly) 

• Data about projects and management actions (“PMA” data); see Chapter 4: 
o Date when certain PMA phases begin. 
o Location of PMA implementation: 

 The location of all fields participating in MAR activities during a given water 
year. 

 The location of conservation easements with altered diversion or pumping 
patterns during a given water year. 

 The location of improved irrigation systems with higher irrigation 
efficiencies. 

o Timing and volumes of water associated with PMA implementation: 
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 The total volume of water recharged in MAR activities during a given month 
of a given water year. 

 The amount of streamflow diversion dedicated to instream flow in a given 
month of a given water year. 

 The amount of pumping curtailment implemented in a given month of a 
given water year. 

 The reduction in ET over the total growing season in a conservation 
easement. 

 First installation date of improved irrigation systems with higher irrigation 
efficiencies and estimated improvements in irrigation efficiency. 

 Perform additional sensitivity analysis on conceptual model inputs and PMA 
data inputs. 

9.8 Assessing and Improving Related Monitoring Networks 

As discussed above, one major data gap identified is flows in tributary streams. Though some 
active gauges exist on tributary streams (notably on Sugar, French and Shackleford Creeks; see 
table in GSP Chapter 2 Section 2.2.1.6), other major tributaries do not appear to be actively 
gauged based on publicly available data. Data gaps in tributary flows will be addressed through 
prioritization of streams for measurement and GSA coordination with other agencies for addition 
of stream gauges. Repeated evaluations of the network will occur on a five-year basis. Additional 
stream gauges may be implemented throughout the GSP implementation period. Streams should 
be prioritized according to how much flow each stream contributes to the Basin. According to 
estimated flow volumes in SVIHM, the five highest-priority tributaries for installation of flow 
gauges would be East and South Forks of the Scott River (possibly immediately below their 
confluence) and Kidder, Etna and Shackleford Creeks (Table 28). French Creek is also a priority 
location for installation of a flow gauge due to its value as habitat for coho salmon, a priority GDE 
in the Basin. If possible, these gauges should be located near the Basin boundary to capture flow 
conditions before streams interact with the alluvial aquifer underlying the flat valley floor. 
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Tributary Name Proportion of total inflow to SVIHM 
East Fork 18% 
Kidder Creek 18% 
Etna Creek 15% 
Shackleford Creek 12% 
South Fork 11% 
French Creek 8% 
Patterson Creek 5% 
Sugar Creek 4% 
Mill Creek 4% 
Moffett Creek 3% 
Johnson Creek 1% 
Crystal Creek 1% 

 

Table 28: Major tributary streams to the Scott River and the proportion of total flow inputs to the model 
domain simulated in SVIHM. The source for this data is the available tributary inflow records, with 
missing daily values interpolated using a streamflow regression model (see GSP Chapter 2, Section 
2.2.1.6, and GSP Appendix 2-F for more information). 

 

9.9 Information and Methodology Used to Establish Minimum Thresholds and 
Measurable Objectives for the Interconnected Surface Water Criteria 

The minimum threshold is defined in terms of modeled monthly stream depletion reversal for 
climate period 1991-2018 conditions under proposed PMAs. This is measured with the SVIHM, 
simultaneously in percent of Total Depletion reversed, in cubic-feet-per-second (cfs), and in year-
specific number of days gained in the spring recess flow and fall pulse flow for specific flow 
thresholds (e.g., 10 cfs, 20 cfs, 30 cfs, or 40 cfs) at the simulated Fort Jones gauge. In establishing 
minimum thresholds for depletions of interconnected surface water, the following information 
was considered:  

• Feedback on concerns about depletions of interconnected surface water and feasibility of 
PMAs from stakeholders. 

• An assessment of interconnected surface water in the Basin. 
• Results of the numerical groundwater model, which was used to calculate surface water 

depletion under a variety of scenarios. 
• Input from stakeholders resulting from the consideration of the above information in the 

form of recommendations regarding minimum thresholds and associated management 
actions. 

The minimum thresholds were selected based on results of scenarios, modelled using SVIHM, used 
to identify a realistic and reasonable amount of surface water depletion that can be achieved 
through the proposed PMAs. The proposed PMAs included in the scenarios to improve the decline 
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in spring flow recession, summer and fall baseflow conditions, and the onset of the fall flush flow 
in dry and some average years, individually and in combination were:  

• Winter and spring managed aquifer recharge. 
• Beaver dam analogues and other fish-friendly structures. 
• Changes in irrigation technology or crop type. 
• Surface water storage. 
• Seasonal pumping restrictions in the non-Adjudicated Zone.  
• Voluntary pumping restrictions in the Adjudicated Zone.  
• Conservation easements that would limit irrigation in some or all water years. 
• An expanded surface water leasing program. 

Along with Depletion Reversal for specific scenarios of PMAs, other output of SVIHM was also used 
to compute and present other relevant project outcome metrics important to understanding and 
assessing the project and management action benefits to streamflow. Information considered by 
the Advisory Committee include:  

• The ratio of Depletion Reversal and Total Depletion, which is the “Relative Depletion 
Reversal”, measured in percent. The computation of this value is shown in Figure 56.  

• Streamflow on any given day and location, a metric relevant to measure environmental 
outcomes. 

• The number of days gained in stream connectivity in dry and some average years, both in 
the summer after the end of the spring flow recession, and in the fall when streamflow 
increases for the fall flush.  

• Other relevant metrics including the timeseries of relative streamflow increase and 
simulated streamflow.  

• Evaluation under Future Climate Conditions: The Total Depletion under future climate 
conditions, as well as the Depletion Reversal under future climate conditions, can be 
modeled in the same way as for the 1991-2018 models, using future climate data and 
CDWR’s protocol for simulating climate change conditions.  

• Uncertainty Analysis: SVIHM also allows for uncertainty analysis in predicting Total 
Depletion, as well as Depletion Reversal for specific projects and management actions 
under current or future climate conditions.  

• For each group of projects and management actions that are implemented, the Depletion 
Reversal is a measure of the amount of surface water depletion that is reversed relative to 
business as usual (BAU0 conditions. PMAs are therefore – through SVIHM – inextricably, 
deterministically, and directly linked to specific “measured” outcomes: streamflow, 
streamflow gains, Depletion Reversal, Relative Depletion Reversal, number of days gained 
in stream connectivity, etc. 

A full portfolio of the scenarios and results are described in Chapters 6 and 7 and in the Appendix 
to this Report.  
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Figure 56: Computation of the Relative Depletion Reversal as the ratio of Depletion Reversal (due to 
PMAs) and Total Depletion. The graphic also shows the computation of the Total Depletion and the 
Depletion Reversal as defined above. The Relative Depletion Reversal is a unitless fraction.  Multiplied by 
100, it has units of percent [%]. PMAs may lead to less than 100% Relative Depletion Reversal, or even 
more than 100% Relative Depletion Reversal. Just like Total Depletion and project or management 
action-specific Depletion Reversal, the Relative Depletion Reversal varies from day to day.  
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10 Conclusions 

This project began as and continues to be a key element to the implementation of the Scott River 
Temperature TMDL and to achieving the water quality objective for temperature in the Scott 
River. The initial SVIHM model development followed recommendations of the Scott Valley 
Groundwater Study Plan (http://groundwater.ucdavis.edu/files/136426.pdf).  It has since critically 
informed groundwater management planning efforts, and specifically, as documented in this 
report, the 2019 – 2022 development of the Scott Valley Groundwater Sustainability Plan, 
through: 

• Updating the simulation period (originally ending in 2011) to extend through 2018. 
• Updated water budget analysis. 
• The development of reference scenarios 

o for computation and attribution of streamflow depletion due to groundwater 
pumping, data that are required by SGMA regulations, and 

o for unimpaired streamflow estimation through no-pumping and no-irrigation (i.e., 
no-pumping and no surface water diversion) scenarios with and without natural 
vegetation in lieu of agricultural land uses, and spatially distinguishing between the 
adjudicated zone, the region outside the adjudicated zone regulated under the GSP, 
but also the entire Scott Valley region. 

• The development of a large number of project and management action scenarios that 
provide information about anticipated future water level and streamflow benefits derived 
from such projects. 

• A preliminary climate change impact assessment by simulating several future climate 
conditions with SVIHM and quantifying associated changes in groundwater levels, storage, 
and interconnected streamflow. 

• Providing critical scientific tools and associated information in the development of the 
groundwater-surface water sustainability indicator including the development of a 
minimum threshold and as monitoring tool to quantify the reversal of streamflow 
depletion resulting from specific project implementation. 

• Extensive and continuous communications (meetings, presentations, meeting minutes, 
written comments and comment responses, draft GSP reports and final GSP) with local, 
regional and state agencies and interested parties. 

This project has been a cornerstone to better integrate technical assistance with regulatory efforts 
and local management of groundwater and surface water resources under Porter-Cologne, SGMA, 
existing adjudications, and surface water rights management. Follow-on projects will support 
further development of SVIHM to support the ongoing implementation of groundwater related 
projects and management actions by the GSA and other entities, and to inform policy and 
decision-making efforts on instream flow requirements in the Scott River system. 

http://groundwater.ucdavis.edu/files/136426.pdf
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An overarching insight from SVIHM-18 and the scenarios developed for the GSP may be this: water 
users collectively have a meaningful degree of control over the flow in the Scott River, but 
significant increases in environmental flows would probably require water use changes with 
significant economic consequences. In addition, SGMA mandated “reasonable” management of 
water resources, but the reasonableness of any given management action can only be determined 
in relation to all other options. Quantitative summaries of management actions, such as those 
developed here in collaboration with the GSA advisory committee during the GSP development, 
are critical for comparing multiple scenarios that can help inform decision-making processes.  

SVIHM integrates our understanding of hydrologic, geologic, soils, geographic, and land use 
processes into a scientifically comprehensive and consistent framework.  While SVIHM cannot 
solve political disputes between diverse stakeholders, it provides a critical and important scientific 
footing for resource management decisions in Scott Valley.  
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Scott Valley Management Scenario Results
Summary Table

Scenario Type Scenario ID
Scenario Depletion 
Reversal, Sep-Nov  

'91-'18 (TAF)

Relative Depletion 
Reversal, Sep-Nov 

'91-'18

MAR (Managed Aquifer Recharge) in Jan-Mar 13 10%

ILR (In-Lieu Recharge) in the early growing season 12 9%
MAR + ILR 25 19%

Expanded MAR + ILR (assumed max infiltration rate of 
0.019 m/d)

60 44%

All surface water diversions limited at low FJ flows 51 38%

MAR + ILR, with all surface water diversions limited at 
low FJ flows

77 57%

80% Irrigation demand 82 61%
90% Irrigation demand 40 29%

Improve irrigation efficiency by 0.1 5.8 4%
Improve irrigation efficiency by 0.2 16 12%
Reduce irrigation efficiency by 0.1 -3.2 -2%

Alfalfa irrigation schedule - July 10 end date 117 86%
Alfalfa irrigation schedule - Aug 01 end date 82 60%

Aug 01 end date, dry years only ('91, '92, '94, '01, '09, 
'13, '14, '18)

19 14%

Alfalfa irrigation schedule - Aug 15 end date 45 33%
Aug 15 end date, dry years only ('91, '92, '94, '01, '09, 

'13, '14, '18)
9 7%

Natural Vegetation Outside Adjudicated area (NVOA) 171 126%

Natural Vegetation, on Groundwater- or Mixed-source fields, 
Outside Adjudicated area (NV-GWM-OA) 136 100%

Natural Vegetation Inside Adjudicated area (NVIA) 126 93%

Natural Vegetation, on Groundwater- or Mixed-source fields, 
Inside Adjudicated area (NV-GWM-IA) 116 85%

Natural Vegetation (NV) 287 212%

Natural Vegetation on all Groundwater- or Mixed-source fields 
(NV-GWM) 233 171%

9 TAF Reservoir, 30 cfs release, Shackleford 46 34%
9 TAF Reservoir, 30 cfs release, Etna 65 48%

9 TAF Reservoir, 30 cfs release, French 78 58%
9 TAF Reservoir, 30 cfs release, S. Fork 35 26%

29 TAF Reservoir, 100% reliability 30 cfs release 72 53%
134 TAF Reservoir, 100% reliability 60 cfs release 250 184%

Reservoir

100% reliable 
reservoir

Crop change

Irrigation 
Efficiency

Irrigation 
schedule 
change

Attribution - 
adjudicated 
area impacts

Enhanced 
Recharge

Diversion 
Limits

DRAFT results, 2021-02-26



Summary of scenarios

• Supply-side scenarios
• Enhanced Recharge
• Reservoirs

• Demand-side scenarios

• Crop change
• Irrigation efficiency
• Irrigation schedule change

• Attribution
• Impact of pumping inside and 

outside adjudicated zone

• Range of depletion reversal: 
4% - 114% 
• Not including Attribution 

scenarios

1



Explanatory Material

The following information is intended to help a reader 
understand the scenario results plots and interpret them in the 
context of setting the surface water SMC for the Scott Valley 
Groundwater Sustainability Plan. 
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Acronyms:
UR – Undesirable Result

• Informed by Sustainability Goal, but must be 
tied to metric(s)

MT – Minimum (or Maximum) Threshold. 
• The MT is the boundary beyond which a UR 

occurs.
• Note: MT and UR definitions are linked.

MO – Measurable Objective
• Ideal operating range

SMC – Sustainable Management Criteria 
(includes URs, MO and MTs)

PMAs – Projects and Management Actions



Streamflow Depletion is quantified 
as:
• the difference in flow at the 

Fort Jones Gauge…
• over the model period of 1991-

2018…
• between the Basecase

(estimated historical) conditions 
and a management scenario.
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Fort Jones USGS 
Flow Gauge

Quantifying the SMC



Quantifying the SMC
Total Streamflow Depletion* is 
quantified as:
• the difference in flow at the 

Fort Jones Gauge…
• over the model period of 1991-

2018…
• between the Basecase (estimated 

historical/current) conditions and 
the No Pumping** Reference 
case.
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* Due to pumping in SGMA wells
** Also referred to as “Natural Vegetation on GW and Mixed‐
source fields Outside the Adjudicated Zone”, or NV‐GWM‐OA

*Note: Areas not proportional due to log‐y axis

Total Depletion



Quantifying the SMC

Depletion Reversal is quantified for 
each scenario as the difference 
between the Basecase (simulated 
historical & current) conditions and 
the relevant scenario (for example, 
MAR+ILR).
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Average change in flow Historical and changed 
flow values

Total Depletion: no-pumping reference case maps
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Quantifying Depletion Reversal
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To calculate relative 
depletion reversal, 

sum the darker areas 
for each year and 

divide by the sum of 
the lighter areas in 

the Sept‐Nov window.

Total Depletion

Total DepletionTotal Depletion

Depletion Reversal

Depletion ReversalDepletion Reversal

Relative Depletion 
Reversal for MAR+ILR:

19%
of Total Depletion, 
Sept.‐Nov. for          
1991‐2018.

2014

20172010

Critical dry window, 
Sept. 1 – Nov. 30



Setting the SMC – Minimum Threshold (MT)

• The MT selected will define the “significant and unreasonable” 
undesirable result.

• The MT will be set as the amount of stream depletion reversal 
achieved by the minimum required PMA (expressed as % of 
depletion reversed relative to the No-Pumping Reference Case).

• The PMA(s) selected to define the MT should be realistic, 
feasible, and fair.
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How to read and interpret 
graphs of scenario results
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Flow Change Results

11

Basecase
Scenario

Change in flow, scenario  
minus basecase ‐ 28 
years, averaged monthly

Change in flow, scenario 
minus basecase – 3 
example years

Absolute flow value 
(simulated historical 
basecase) – 28 years, 
averaged monthly

Absolute flow value – 3 
example years, 
Basecase and Scenario

All flows and flow 
changes plotted are 
for the Fort Jones 
Gauge location

Increase

Decrease under scenario



Threshold-passing or “reconnection” date 
distribution graphs 
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Basecase
(Simulated 
historical period)

Sep 1

Oct 1

Nov 1

Dec 1

Below 10 cfs

10‐20 cfs

20‐30 cfs

30‐40 cfs

Above 40 cfs

“Reconnection date 
distribution” plots are a new 
format for viewing these 
results.

Date of threshold‐passing is 
now on the x‐axis.



Threshold-passing or “reconnection” date 
distribution graphs 
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Early years –
river passed 
this threshold 
on or before 
Sept. 15, or 
never fell 
below it

Late years –
river flow rose 
above the 
threshold 
after Nov 1

Intermediate years – river 
flow rose above the 
threshold Sept. 15 – Nov. 1



Threshold-passing or “reconnection” date 
distribution graphs 
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How to read this graph: From 1991‐2018, the FJ gauge 
measured flow >20 cfs on or before Oct. 1 in ~63% of years.

Notes on model performance: 
The basecase simulates 10 
years with flow >20 cfs before 
Sept 15, or not dropping 
below 20 cfs at all (early 
years); in the observed record 
it’s 13 years.

Notes on model 
performance: 
The discrepancies 
between the observed 
and simulated basecase
distributions are another 
reason to think of 
scenario results as 
“relative change” rather 
than a prediction of 
future conditions. 

Y‐intercept of 
~0.63, or ~63%



30 cfs

Threshold-passing or “reconnection” date 
distribution graphs 
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MAR+ILR: Generates a gain of ~7 days in higher‐flow 
dais intermediate and some late years



Scenario descriptions and 
visual references
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Native Vegetation Outside Adjudication Native Vegetation on GW and Mixed Water 
Source Fields Outside Adjudication

“NVOA” “NV‐GWM‐OA”



• 1,390 acres
• Surface water applied to orange and 

yellow fields, Jan-Mar.
• Water delivered through SVID Ditch

MAR

MAR (Managed Aquifer Recharge)



ILR (In-Lieu Recharge)

ILR

• 5,490 acres
• Operator applies surface water to yellow 

and red fields instead of pumping 
groundwater in the early growing season, 
as long as surface water is available.

• Water delivered through SVID Ditch



MAR+ILR

2121

MAR_ILR

• 6,250 combined acres

• Both MAR (January-March) and ILR (early 
growing season) practices used.



2222

MAR+ILR expanded, 0.019 m/day, diversion limits 
on MAR 

MAR_ILR_max_0.019

• 16,450 combined acres
• In this expanded scenario, MAR and ILR 

irrigation practices were assumed to be 
practicable on all fields with a surface 
water irrigation source.
• MAR surface water diversions limited on days 

with FJ flow near or below the CDFW 
recommended instream flows.

• Current known range of infiltration capacities 
is 0.003-0.035 m/day. In fields with unknown 
infiltration capacities, 0.019 m/day infiltration 
rate is assumed.



Irrigation demand change

irrig_0.8
irrig_0.9

• Two scenarios in which an 
unspecified crop change results 
in:
• 90% 
• 80%

of the historical irrigation demand 
on all cultivated acres (a 10% or 
20 reduction in ET on irrigated 
fields).



Irrigation efficiency scenarios

• Three scenarios:
• Improve by 10% 
• Improve by 20%
• Reduced (worsen) by 10%

• These scenarios assume an unspecified change in irrigation 
equipment that results in either an increase or decrease in 
irrigation efficiency on all irrigated fields.

24

irr_eff_improve_0.1
irr_eff_improve_0.2
irr_eff_worse_0.1



Alfalfa irrigation schedule change

alf_irr_stop_jul10
alf_irr_stop_aug01
alf_irr_stop_aug15

• Three scenarios, in which irrigation 
on all alfalfa fields ceases, in all 
water years, on: 
• July 10
• August 1
• August 15

• Would presumably involve an 
incentive or compensation program 
(a back-of-the-envelope estimate of 
the value of the 3rd cutting of alfalfa 
is approximately $7.5 million).



Alfalfa irrigation schedule change, dry years only

alf_irr_stop_aug01_dry_yrs_only
alf_irr_stop_aug15_dry_yrs_only

• Two scenarios, in which irrigation on 
all alfalfa fields ceases, in dry water 
years only, on: 
• August 1
• August 15
• Dry water years in this simulation: ’91, 

’92, ’94, ’01, ’09, ’13, ’14, ’18.
• Would presumably involve an 

incentive or compensation program 
(a back-of-the-envelope estimate of 
the value of the 3rd cutting of alfalfa 
is approximately $7.5 million).



Turn off all irrigation outside adjudicated area
Native Vegetation on All Fields Outside 

Adjudication

NVOA

• 23,070 acres of cultivated crops 
converted to native vegetation.



Native Vegetation on GW and Mixed Water 
Source Fields Outside Adjudication

Turn off pumping outside adjudicated area

28 NV‐GWM‐OA

Used as no‐pumping reference case in SMC definition

• 11,630 acres of cultivated crops 
converted to native vegetation.



Turn off all irrigation inside adjudicated area

NVIA

Native Vegetation Inside Adjudication

• 10,980 acres of cultivated crops 
converted to native vegetation.



Turn off pumping inside adjudicated area

NV‐GWM‐IA

Native Vegetation on GW and Mixed Water 
Source Fields Inside Adjudication

• 9,900 acres of cultivated crops 
converted to native vegetation.



Turn off all irrigation in Scott Valley

NV

Native Vegetation on all non‐urban 
fields/parcels

• 34,040 acres of cultivated crops 
converted to native vegetation.



Turn off all pumping in Scott Valley

NV‐GWM

Native Vegetation on all GW and Mixed 
Water Source Fields

• 21,530 acres of cultivated crops 
converted to native vegetation.



Reservoir, 30 cfs dry season release, Shackleford

res_shackleford

• Alters the flow of Shackleford creek to 
simulate a 9 TAF reservoir storing and 
releasing flow.

• Holds all water except 30 cfs back in 
the wet season (Dec. 1-Mar. 31), until 
the reservoir is full.

• Allows water to pass through during 
the growing season (Apr. 1-June 31), 
but retains water in storage.

• Releases 30 cfs in the dry season (July 
1-Nov. 30), unless the reservoir runs 
dry.



Reservoir, 30 cfs dry season release, Etna Creek

res_etna

• Alters the flow of Etna creek to 
simulate a 9 TAF reservoir storing and 
releasing flow.

• Holds all water except 30 cfs back in 
the wet season (Dec. 1-Mar. 31), until 
the reservoir is full.

• Allows water to pass through during 
the growing season (Apr. 1-June 31), 
but retains water in storage.

• Releases 30 cfs in the dry season (July 
1-Nov. 30), unless the reservoir runs 
dry.



Reservoir, 30 cfs dry season release, French Creek

res_french

• Alters the flow of French creek to 
simulate a 9 TAF reservoir storing and 
releasing flow.

• Holds all water except 30 cfs back in 
the wet season (Dec. 1-Mar. 31), until 
the reservoir is full.

• Allows water to pass through during 
the growing season (Apr. 1-June 31), 
but retains water in storage.

• Releases 30 cfs in the dry season (July 
1-Nov. 30), unless the reservoir runs 
dry.



Reservoir, 30 cfs dry season release, South Fork

res_sfork

• Alters the flow of South Fork to 
simulate a 9 TAF reservoir storing and 
releasing flow.

• Holds all water except 30 cfs back in 
the wet season (Dec. 1-Mar. 31), until 
the reservoir is full.

• Allows water to pass through during 
the growing season (Apr. 1-June 31), 
but retains water in storage.

• Releases 30 cfs in the dry season (July 
1-Nov. 30), unless the reservoir runs 
dry.



Large reservoir, 100% reliable 30 cfs dry season 
release, Etna Creek

res_etna

• Alters the flow of Etna creek to 
simulate a 29 TAF reservoir storing and 
releasing flow.

• Holds all water except 30 cfs back in 
the wet season (Dec. 1-Mar. 31), until 
the reservoir is full.

• Allows water to pass through during 
the growing season (Apr. 1-June 31), 
but retains water in storage.

• Releases 30 cfs in every dry season 
(July 1-Nov. 30). This reservoir does 
not run dry during the 1991-2018 
period.



Very large reservoir, 100% reliable 60 cfs dry season 
release, Etna Creek

res_etna

• Alters the flow of Etna creek to 
simulate a 134 TAF reservoir storing 
and releasing flow.

• Holds all water except 30 cfs back in 
the wet season (Dec. 1-Mar. 31), until 
the reservoir is full.

• Allows water to pass through during 
the growing season (Apr. 1-June 31), 
but retains water in storage.

• Releases 60 cfs in every dry season 
(July 1-Nov. 30). This reservoir does 
not run dry during the 1991-2018 
period.



FLOW CHANGE RESULTS (FORT JONES GAUGE)
•

Flow change results (Fort Jones Gauge)

Changes in the simulated flow at the Fort Jones USGS flow gauge (number 11519500) are an
indicator of the effect of a project or management action (PMA) on the Scott River stream
system. Interpretation details are below; see explanatory plots at the beginning of this appendix
for more information.

• Upper left plot: Black dots show the average change in flow (scenario minus basecase) in
each month (e.g., all Januaries averaged over the 28-year model period). Whiskers indicate
the standard deviation of flow values for each month. Blue areas show that on average,
the scenario flow in those months is higher than the historical basecase, indicating that the
project or management action would have increased flow in that month. Red areas indicate
months with lower flow under the specified scenario.

• Upper right plot: Red, yellow and blue dots and lines indicate the monthly average change
in flow in three example water years: 2014 (Dry), 2010 (Average), and 2017 (Wet). Some
dots may be missing for some months - this indicates they are beyond the bounds of the
figure axes. These example years are included to show deviations from average system
behavior due to water year type and year-to-year variability.

• Lower left plot: Black dots show the monthly streamflow (averaged over the 28 year model
period) in the historical basecase simulation. Whiskers show the standard deviation of
those monthly flows. This is included for reference and is the same on every page of this
appendix.

• Lower right plot: Dashed lines indicate the monthly hydrograph in the basecase (in dotted
lines) and in the specified scenario (in solid lines) for the three example water years specified
above. Shading has been added to each plot to indicate “Total Depletion” used to define
the SMC.

Total Depletion is defined as the difference in simulated Fort Jones flow between the basecase
and the No-Pumping Reference Case, in which pumping is turned off outside the adjudicated
zone and a reversion to natural vegetation is assumed on all fields serviced by groundwater
or mixed groundwater-surface water sources. The No-Pumping Reference Case has also been
referred to with these names: “No Pumping Outside Adjudicated Zone” or “Natural Vegetation,
Groundwater and Mixed-source fields, Outside Adjudicated Zone [NV-GWM-OA]”.
In all graphs, the Total Depletion is indicated by the shaded area. The top of the shaded area is
the unmarked hydrograph for the No-Pumping Reference case. The bottom of the shaded area,
marked by the dashed line, is the hydrograph of the Basecase. Hydrographs for the scenarios
are shown with solid lines. The relative position of the solid line within the shaded area shows
how much a PMA can increase streamflow (reverse stream depletion) relative to the Basecase
(dashed line) and relative to the Total Depletion (shaded area).
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)
•

Rising flows in the fall (“reconnection” date distribution)

In the late summer and early fall, the Scott River can be dry, or running so low as to be impassable
for spawning salmon. In these years, the “reconnection date” of the river is an important metric
of ecosystem services: did the river become passable for salmon early enough in the spawning
season?
These results show the distribution of threshold-crossing dates of flow at the Fort Jones Gauge,
or the first date in the fall season on which the flow exceeded a threshold. This threshold-crossing
metric is assumed to be a proxy for reconnection dates. Multiple thresholds are depicted (10,
20, 30 and 40 cfs) to indicate uncertainty in the exact threshold of “reconnection” of different
parts of the lower Scott River stream system.
In general, scenarios in which more water years rise above the threshold earlier indicate more
favorable hydrologic conditions (or, more dots on the left side of the plots is better). See
explanatory graphs at the beginning of this appendix for more information.
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Observed and Simulated Historical FJ Flow

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  10 cfs

First day with flow >= 10 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

fj_obs
basecase

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  30 cfs

First day with flow >= 30 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

fj_obs
basecase

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  20 cfs

First day with flow >= 20 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

fj_obs
basecase

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  40 cfs

First day with flow >= 40 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

fj_obs
basecase

47



RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Recharge Scenarios
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Tributary Diversion Limits at Low FLows
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Irrigation Demand
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Irrigation Efficiency

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  10 cfs

First day with flow >= 10 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

basecase
irr_eff_improve_0.1
irr_eff_improve_0.2
irr_eff_worse_0.1

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  30 cfs

First day with flow >= 30 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

basecase
irr_eff_improve_0.1
irr_eff_improve_0.2
irr_eff_worse_0.1

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  20 cfs

First day with flow >= 20 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

basecase
irr_eff_improve_0.1
irr_eff_improve_0.2
irr_eff_worse_0.1

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold:  40 cfs

First day with flow >= 40 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Sep 15 Oct 15 Nov 15 Dec 15

Oct 1 Nov 1

basecase
irr_eff_improve_0.1
irr_eff_improve_0.2
irr_eff_worse_0.1

51



RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Alfalfa Irrigation Schedule
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Irrigation Curtailment Dates
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Nat. Vegetation Land Use, 0.6 kc, ET from GW in DZ only
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Natural Vegetation Land Use (1.0 kc, 4.5m)
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Nat. Vegetation Land Use; k_c, ext. depth check
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

Small Reservoir
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RISING FLOWS IN THE FALL (“RECONNECTION” DATE DISTRIBUTION)

100% Reliable Reservoir (30 or 60 cfs release)
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)
•

Declining flows in the summer (“disconnection” date dis-
tribution)

Over the course of the late spring and summer, the Scott River decreases gradually from
snowmelt-influenced high flows to summer baseflow. Earlier decline in summer flows is believed
to correspond to poorer habitat conditions for juvenile salmonids.
In particular, the “disconnection date” of the river is an important metric of ecosystem services:
was the river flow high enough for long enough to allow juvenile salmonids to migrate out of the
watershed towards the ocean?
These results show the distribution of threshold-crossing dates of flow at the Fort Jones Gauge,
or the first date in the summer season on which the flow fell below a threshold. This threshold-
crossing metric is assumed to be a proxy for disconnection dates. Multiple thresholds are depicted
(10, 20, 30 and 40 cfs) to indicate uncertainty in the exact threshold of “disconnection” of different
parts of the lower Scott River stream system.
In general, scenarios in which more water years fall below the threshold later indicate more
favorable hydrologic conditions (or, more dots on the right side of the plots is better). See
explanatory graphs at the beginning of this appendix for more information.
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Observed and Simulated Historical FJ Flow
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Recharge Scenarios
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Tributary Diversion Limits at Low FLows
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Irrigation Demand
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Irrigation Efficiency
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Alfalfa Irrigation Schedule
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Irrigation Curtailment Dates
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Nat. Vegetation Land Use, 0.6 kc, ET from GW in DZ only

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold: 10 cfs

First day with flow <= 10 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Jun 15 Jul 15 Aug 15 Sep 15

Jul 1 Aug 1

basecase
natveg_outside_adj
natveg_gwmixed_outside_adj
natveg_inside_adj
natveg_gwmixed_inside_adj
natveg_all
natveg_gwmixed_all

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold: 30 cfs

First day with flow <= 30 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Jun 15 Jul 15 Aug 15 Sep 15

Jul 1 Aug 1

basecase
natveg_outside_adj
natveg_gwmixed_outside_adj
natveg_inside_adj
natveg_gwmixed_inside_adj
natveg_all
natveg_gwmixed_all

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold: 20 cfs

First day with flow <= 20 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Jun 15 Jul 15 Aug 15 Sep 15

Jul 1 Aug 1

basecase
natveg_outside_adj
natveg_gwmixed_outside_adj
natveg_inside_adj
natveg_gwmixed_inside_adj
natveg_all
natveg_gwmixed_all

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Threshold: 40 cfs

First day with flow <= 40 cfs

P
ro

po
rt

io
n 

of
 w

at
er

 y
ea

rs

Jun 15 Jul 15 Aug 15 Sep 15

Jul 1 Aug 1

basecase
natveg_outside_adj
natveg_gwmixed_outside_adj
natveg_inside_adj
natveg_gwmixed_inside_adj
natveg_all
natveg_gwmixed_all

67



DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Natural Vegetation Land Use (1.0 kc, 4.5m)
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Nat. Vegetation Land Use; k_c, ext. depth check
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

Small Reservoir
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DECLINING FLOWS IN THE SUMMER (“DISCONNECTION” DATE DISTRIBUTION)

100% Reliable Reservoir (30 or 60 cfs release)
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
•

Percentile Flows and Flow Regime Comparison

The goal of these plots is to 1) visualize the variability in Fort Jones flow in each model scenario,
and 2) compare the flow to two proscribed flow regimes.

• Brown dots and line: The brown dots indicate the median flow recorded on all days falling
in a given month in the 28-year model period (e.g., the median flow of all days of all the
Januaries 1991-2018). That means that flow exceeds this brown line on approximately 50%
of days in a given scenario.

• Gray shading: The dark gray shading captures the area from the 25th to the 75th percentiles
of flow in a given month, and the light gray shading encompasses the 5th to the 95th
percentiles. This means that that flow in a given scenario falls within the dark gray area
on 50%, and within the light gray area on 90%, of days.

• Blue lines: The light blue line shows the flow regime published in the 2017 California
Department of Fish and Wildlife (CDFW) report “Interim Instream Flow Criteria for the
Protection of Fishery Resources in the Scott River Watershed, Siskiyou County”. The dark
blue line shows the flow regime for the United States Forest Service (USFS) water right as
quantified in the Scott River Adjudication of 1980 (Decree No. 30662).

At the bottom of each plot, a note indicates the percentage of days in the critical low flow window
(Sept. 1-Nov. 30, for all water years 1991-2018) on which each threshold was met.
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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Historical observed Fort Jones Flow

Observed FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, historical flow met or exceeded CDFW 2017
flows on 8%, and 2022 emergency flows on 55%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Basecase (simulated historical)

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 8%, and 2022 emergency flows on 47%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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MAR (Managed Aquifer Recharge)

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 10%, and 2022 emergency flows on 51%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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ILR (In−Lieu Recharge)

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 11%, and 2022 emergency flows on 52%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

MAR and ILR

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 11%, and 2022 emergency flows on 55%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Expanded MAR and ILR, assumed infiltration rate of 0.019 m/d

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 13%, and 2022 emergency flows on 59%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Limited surface diversions at low flows

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 12%, and 2022 emergency flows on 50%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

MAR and ILR with limited surface diversions at low flows

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 14%, and 2022 emergency flows on 55%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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80% of Historical Irrigation Demand

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 15%, and 2022 emergency flows on 64%, of days.1

10

100

1,000

10,000

100,000 Scenario monthly median flow
90% of flow
50% of flow
CDFW 2017 flows
CDFW 2022 Drought flows

81



PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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90% of Historical Irrigation Demand

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 11%, and 2022 emergency flows on 56%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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Improve Irrigation Efficiency by 10%

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 10%, and 2022 emergency flows on 51%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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Improve Irrigation Efficiency by 20%

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 10%, and 2022 emergency flows on 54%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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Reduce Irrigation Efficiency by 10%

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 10%, and 2022 emergency flows on 47%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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Alfalfa Irrigation Stops July 10

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 18%, and 2022 emergency flows on 79%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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Alfalfa Irrigation Stops Aug. 01

Simulated FJ Flow, 1991−2018

D
ai

ly
 A

ve
ra

ge
 F

lo
w

 (
cf

s)

In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 17%, and 2022 emergency flows on 69%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Alfalfa Irrigation Stops Aug. 01, dry years only

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 9%, and 2022 emergency flows on 54%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Alfalfa Irrigation Stops Aug. 15

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 11%, and 2022 emergency flows on 60%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Alfalfa Irrigation Stops Aug. 15, dry years only

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 9%, and 2022 emergency flows on 51%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Irrigation Curtailed Starting June 01

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 52%, and 2022 emergency flows on 100%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

Irrigation Curtailed Starting June 15

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 49%, and 2022 emergency flows on 100%, of days.1
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PERCENTILE FLOWS AND FLOW REGIME COMPARISON
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Irrigation Curtailed Starting July 01

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 45%, and 2022 emergency flows on 99%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 41%, and 2022 emergency flows on 99%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 33%, and 2022 emergency flows on 92%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 24%, and 2022 emergency flows on 83%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 41%, and 2022 emergency flows on 98%, of days.1
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No Pumping, Both Zones

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 38%, and 2022 emergency flows on 97%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 22%, and 2022 emergency flows on 85%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 18%, and 2022 emergency flows on 81%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 18%, and 2022 emergency flows on 83%, of days.1
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Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 17%, and 2022 emergency flows on 82%, of days.1
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No Irrigation, Both Zones, ET Check 0.6 NV kc, 4.5m ext.d.

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 22%, and 2022 emergency flows on 87%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 16%, and 2022 emergency flows on 55%, of days.1
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No Irrigation, Both Zones, ET Check 1.0 NV kc, 10m ext.d.

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 6%, and 2022 emergency flows on 40%, of days.1
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 18%, and 2022 emergency flows on 83%, of days.1
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No Pumping, Both Zones, ET Check 1.0 NV kc, 4.5m ext.d.

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 17%, and 2022 emergency flows on 81%, of days.1

10

100

1,000

10,000

100,000 Scenario monthly median flow
90% of flow
50% of flow
CDFW 2017 flows
CDFW 2022 Drought flows

107



PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

No Irrigation Outside Adjudicated Zone, ET Check 1.0 NV kc, 4.5m ext.d.

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 16%, and 2022 emergency flows on 69%, of days.1

10

100

1,000

10,000

100,000 Scenario monthly median flow
90% of flow
50% of flow
CDFW 2017 flows
CDFW 2022 Drought flows

108



PERCENTILE FLOWS AND FLOW REGIME COMPARISON

Jan Mar May Jul Sep Nov

No Pumping Outside Adjudicated Zone, ET Check 1.0 NV kc, 4.5m ext.d.

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 13%, and 2022 emergency flows on 67%, of days.1
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No Irrigation Inside Adjudicated Zone, ET Check 1.0 NV kc, 4.5m ext.d.

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 8%, and 2022 emergency flows on 55%, of days.1
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Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 8%, and 2022 emergency flows on 55%, of days.1
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9 TAF Reservoir, Shackleford Creek

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 9%, and 2022 emergency flows on 59%, of days.1
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9 TAF Reservoir, Etna Creek

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 13%, and 2022 emergency flows on 64%, of days.1
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9 TAF Reservoir, French Creek

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 17%, and 2022 emergency flows on 60%, of days.1
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Jan Mar May Jul Sep Nov

9 TAF Reservoir, South Fork

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 11%, and 2022 emergency flows on 55%, of days.1
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Reservoir, Etna Creek, 100% dry season 30 cfs release

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 13%, and 2022 emergency flows on 65%, of days.1
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Reservoir, Etna Creek, 100% dry season 60 cfs release

Simulated FJ Flow, 1991−2018
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In Sept−Nov of 1991−2018, scenario flow met or exceeded CDFW 2017
flows on 25%, and 2022 emergency flows on 90%, of days.1
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