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1 Introduction  

This technical appendix to the Upper Ventura River Groundwater Agency (UVRGA) Groundwater 
Sustainability Plan (GSP) summarizes the process for identifying, characterizing, and assessing 
potential impacts to riparian groundwater dependent ecosystems (GDEs) in the Upper Ventura River 
Groundwater Basin (UVRGB). Importantly, this appendix identifies how groundwater management 
could affect (i.e., impact) riparian GDEs in the UVRGB and provides initial recommendations for 
establishing draft sustainability measurement criteria (SMC). 

The Sustainable Groundwater Management Act (SGMA) 
requires groundwater sustainability agencies (GSAs) to 
identify and consider GDEs and other beneficial uses of 
groundwater when developing their GSPs. GDEs include 
vegetative communities (e.g., plants) as well as both aquatic 
and terrestrial species (e.g., animals) that are dependent on 
the habitat supported by groundwater. As is the case within 
the UVRGB, these ecosystems can include instream and 
riparian habitat, as well as vegetative habitat comprised of 
terrestrial plant species adapted with root systems that can reliably access groundwater.  

While instream and riparian habitats have various interrelated characteristics and interdependent 
components, this assessment focuses on riparian plant communities as well as the species that rely 
on plant communities. This riparian GDE assessment provides information relevant to development 
of sustainable management criteria (SMC) for the groundwater level and groundwater storage 
sustainability indicators by evaluating potential effects to these beneficial users of groundwater. 
Note that a separate assessment of aquatic GDEs will be conducted to support SMC development 
for the depletion of interconnected surface water sustainability indicator and will evaluate potential 
impacts to instream habitat and the species dependent on interconnected surface water in the 
UVRGB. The aquatic GDE assessment will be published under separate cover. 

The following outline provides a description of each of the sections found in this appendix: 

Á Section 1. Introduction. Provides a brief introduction to riparian GDEs and an overview of this 
technical document. 

Á Section 2. Riparian GDE Identification. Provides a list of the riparian GDEs that occur within the 
UVRGB and describes the process of identifying and screening potential riparian GDEs and the 
ƎǊƻǳǇƛƴƎ ƻŦ άwƛǇŀǊƛŀƴ D59 ǳƴƛǘǎέΦ  

Á Section 3. Riparian GDE Characterization. Provides an overview of the ecological condition of 
the UVRGB and a detailed summary of the ecological condition of each Riparian GDE Unit within 
the UVRGB, including: vegetation, beneficial uses, federally designated critical habitat, special 
status species, and overall ecological value. 

Á Section 4. Riparian GDE Impact Analysis. Provides an analysis of potential impacts to riparian 
GDEs related to changing groundwater conditions from both natural and non-natural (i.e., 
pumping) causes. 

Note that GSP development is an iterative process, and the SMCs for GDEs in the UVRGB are subject 
to change based on stakeholder input, monitoring data, and forthcoming studies. 

Groundwater Dependent 
Ecosystems: ά9ŎƻƭƻƎƛŎŀƭ 
communities of species that 
depend on groundwater emerging 
from aquifers or on groundwater 
ƻŎŎǳǊǊƛƴƎ ƴŜŀǊ ǘƘŜ ƎǊƻǳƴŘ ǎǳǊŦŀŎŜέ 
ς SGMA, 23 CCR § 351(m) 
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2 Riparian GDE Identification  

This section summarizes the evaluation of riparian GDEs that have the potential to occur, and the 
identification of actual riparian GDEs that occur within the UVRGB. The approach for identifying 
riparian GDEs in the UVRGB generally followed the guidance provided by The Nature Conservancy 
ό¢b/ύ όά¢b/ D59 DǳƛŘŀƴŎŜέύ όRhode Rohde et al., 2018). A statewide dataset of potential riparian 
GDEs (iGDEs) was used as a starting point and compared against previous vegetation mapping, 
aerial imagery, basin-specific data on plant community rooting depths, and groundwater elevations 
to determine actual riparian GDEs present in the UVRGB. The actual riparian GDEs were grouped 
ƛƴǘƻ ά¦ƴƛǘǎέ based on areas with consistent vegetation and hydrology. 

2.1 Data Used for Riparian GDE Identification  

As recommended by TNC, riparian GDE identification started with spatial data of potential GDEs 
provided by the Natural Communities Commonly Associated with Groundwater (NCCAG) dataset 
(DWR 2021). The NCCAG dataset is a compilation of 48 publicly available State and Federal agency 
datasets that map vegetation, wetlands, springs, and seeps in California. A working group comprised 
of TNC, the California Department of Fish and Wildlife (CDFW) and the California Department of 
Water Resources (DWR) reviewed the compiled dataset. This working group also conducted a 
screening process to exclude vegetation and wetland types less likely to be associated with 
groundwater and retained vegetation types commonly associated with groundwater, based on 
criteria described in Klausmeyer et al., 2018. Due to uncertainty in the knowledge of when and how 
plants and animals depend on groundwater, the spatial database identifies ecosystems that 
potentially rely on groundwater. These potentially groundwater reliant ecosystems are therefore 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƛƴŘƛŎŀǘƻǊǎ ƻŦ ƎǊƻǳƴŘǿŀǘŜǊ ŘŜǇŜƴŘŜƴǘ ŜŎƻǎȅǎǘŜƳǎέ όƛD59ǎύΣ ǿƘƛŎƘ Ŏŀƴ ŀƭǎƻ ōŜ 
ǘƘƻǳƎƘǘ ƻŦ ŀǎ άǇƻǘŜƴǘƛŀƭ D59ǎΦέ  

Additional data were accessed or developed to evaluate groundwater dependency of the potential 
GDEs, and ultimately identify riparian GDEs in the UVRGB. Table 1 presents the data sources used 
for this analysis. 
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Table 1 Data Used to Identify Riparian  GDEs 

Description Provider How it was Used 

NCCAG dataset TNC, CDFW , DWR The map provides polygons representing potential 
GDEs, which were used as a starting point to map 
GDEs. 

Groundwater elevations and 
model outputs 

UVRGA (GSP work in 
progress) 

Well-specific elevation data were used to evaluate 
proximal depths to water and refine iGDE polygons. 

Basin-wide groundwater elevations were modeled and 
data were used to further refine iGDE polygons. 

Aerial imagery Google Earth Pro, USDA ς 
NAIP1  

Aerial imagery was used for a visual analysis to 
manually refine iGDE polygons. 

Vegetation maps/databases CalVeg2, NWI3, VegCAMP4, 
CDFW, VCPWA-WP5, UVRGA 
(GSP work in progress) 

Data on groundwater, vegetation communities, and 
hydrologic conditions within the UVRGB were used to 
identify and group GDEs into final GDE units. 

Maximum rooting depths TNC Maximum rooting depths were defined for each iGDE 
and were compared to actual depth to groundwater 
throughout the basin to determine which communities 
could actually be groundwater dependent. 

1 United States Department of Agriculture ς National Agriculture Imagery Program (USDA 2021a) 

2 Classification and Assessment with Landsat of Visible Ecological Groupings, U.S. Department of Agriculture (USDA) Forest Service 
(USDA 2021b) 

3 National Wetlands Inventory, U.S. Fish and Wildlife Service (USFWS 2021b) 

4 Vegetation Classification and Mapping Program (CDFW 2021d) 

5 Ventura County Public Works Agency ς Watershed Protection (VCPWA-WP 2021) 

2.2 Analysis of Potential Riparian GDEs  

The iGDE dataset representing potential riparian GDEs is regional in nature and it is known that it 
may not be consistent with basin-specific habitat and groundwater conditions. As such, TNC 
suggests using the iGDE dataset as a starting point for the identification and analysis of GDEs under 
SGMA. Determining whether an iGDE is actually a GDE requires detailed local data about land use, 
vegetation, habitat, groundwater levels, surface water hydrology, and geology.  

The TNC GDE Guidance recommends several steps for validating the groundwater dependency of 
iGDEs with basin-specific local information, which were generally followed. The process refined the 
iGDE polygons (spatial areas representing potential riparian GDEs) using local data, site-specific 
information, and aerial imagery.  

The iGDEs provided by the NCCAG dataset are separated into the following two classifications: 

Á Wetland features commonly associated with the surface expression of groundwater under 
natural, unmodified conditions, such as perennial wetlands, perennial rivers, and springs 

Á Vegetation types commonly associated with the sub-surface presence of groundwater 
(phreatophytes) 

Initial Desktop Analysis of Potential Riparian GDEs  

Figure 1 depicts a map of all iGDEs within the UVRGB identified in the NCCAG dataset (DWR 2021). 
These iGDEs were compared with CalVEG maps and vegetation communities identified in the 
Ventura River Management Plan (VRMP). Experienced local botanists then conducted a visual 
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Figure 1 iGDEs within the UVRGB (NCCAG Dataset)  
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analysis of these iGDEs using aerial imagery dating back to 2005. Based on this desktop review, 
iGDEs within the UVRGB were visually assessed and refined to best reflect the potential riparian 
GDEs within the basin. This included adjustments to area and changing the classifications of specific 
iGDEs.  

The resulting iGDEs included the following plant communities: Wetlands, Coast Live Oak, Riparian 
Mixed Hardwood, Riversidean Alluvial Scrub, and Scalebroom. These NCCAG classifications 
represent groupings of multiple species, and the classification name generally represents the 
dominant vegetation type. Vegetation and habitats associated with each of these classes within the 
UVRGB are discussed in detail in Appendix A. 

Figure 2 presents the refined iGDE polygons that occur within the UVRGB, as well as the 
hydrogeologic areas within the UVRGB Figure 2 also depicts the interconnected surface water 
systems outlined in Chapter 3.2.6 of the Draft GSP. The varying groundwater-surface water 
interconnection is evident in the distribution of vegetation communities that occur across the four 
identified reaches. These reaches consist of the following: 

Á A losing reach with intermittent groundwater-surface water interconnection in the Kennedy 
hydrogeologic area 

Á A losing reach with generally disconnected groundwater-surface water in the Robles North, 
Robles South, and northern Santa Ana South hydrogeologic areas 

Á A variably losing or gaining reach with intermittent groundwater-surface water interconnection 
in the Santa Ana North, Santa Ana South, and northern Casitas Springs hydrogeologic areas 

Á A gaining reach with generally interconnected groundwater-surface water in the Casitas Springs 
hydrogeologic area 
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Figure 2 Potential Riparian GDEs, Hydrogeologic Areas, and Interconnected Surface 

Water Systems within the UVRGB  
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2.3 Potential Riparian GDE Screening Methods  

A cursory GIS spatial analysis of maximum rooting depths and groundwater levels was completed to 
assess potential riparian GDE groundwater access. Depending on results from this initial assessment, 
further evaluations of groundwater level and rooting depth were completed. As needed, additional 
analysis was conducted to verify groundwater dependency. The steps of this analysis are discussed 
in the following section and Figure 3 presents the screening process.  

Figure 3 Riparian GDE Screening Process using GIS Spatial Analysis  of Rooting Depths 

and Groundwater Level  

 

Maximum Rooting Depth  

A literature review was conducted to establish maximum rooting depths for the dominant species 
found within the NCCAG classifications of potential GDEs. Maximum rooting depths for the 
dominant plant species found within each potential riparian GDE were evaluated and used to 
ǊŜǇǊŜǎŜƴǘ ŜŀŎƘ ƛD59Ωǎ maximum rooting depth (Table 2). The plant species with the deepest rooting 
depth was selected for the maximum rooting depth, except in the case of Riparian Mixed 
Hardwood, which used an average of the rooting depths.1 The maximum rooting depth for each 
potential Riparian GDE polygon were added to the attribute table in GIS for spatial analysis. 

 
1 The average rooting depth was used for this potential GDE because Quercus agrifolia (Coast Live Oak) is known to comprise up to 50 
percent of the community. Because this species is not as prevalent as in Coast Live Oak community, we do not use this as a max rooting 
depth. 
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Figure 2 Potential Riparian GDEs, Hydrogeologic Areas, and Interconnected Surface 

Water Systems within the UVRGB
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Table 2 Maximum Rooting Depths of Potential Riparian GDEs 

Potential Riparian GDE Maximum Rooting Depth (feet)1 

Coast Live Oak 30.0 

Riparian Mixed Hardwood 13.72 

Riversidean Alluvial Scrub 5.0 

Wetlands 3.0 

Scalebroom 6.0 

1 Raw data for maximum rooting depths were referenced from GDE Rooting Depth Database (TNC 2020). 
2 Mixed Riparian Hardwood communities can consist of up to 50 percent Coast Live Oak trees. As such, this rooting depth represents the 
average of species known to occur in these communities. 

Groundwater Levels  

Modeled groundwater levels from the UVRGA GSP numerical model provided spatially distributed 
depth to water (DTW) measurements throughout the basin to overlay with the iGDEs. To evaluate 
groundwater access for potential riparian GDEs over changing DTW conditions, varying climatic 
conditions were selected from the numerical model output. Water years 2005, 2010, and 2015 were 
selected to represent wet, average, and dry precipitation conditions, respectively.2 Model outputs 
of the highest and lowest DTW conditions for each modeled year were exported to GIS for spatial 
analysis. This provided six hydrologic conditions that could be evaluated against plant rooting 
depths, corresponding with the high and low DTW value for the wet, average, and dry water years 
(wet-high, wet-low, average-high, average-low, dry-high, and dry-low). 

Figure 4a through Figure 4d present the DTW for the six hydrologic conditions. These figures include 
the iGDEs with reference to the maximum rooting depth used for each classification, as well as 
potential basin boundary modification areas. As discussed in Section 3.1.3 of the GSP, certain areas 
currently within the UVRGB boundary are understood to be separate from the principal aquifer and 
UVRGA may seek future basin boundary modifications. As discussed in Section 2.4.2, the 
northeastern portion of UVRGB in the Mira Monte / Meiners Oaks Hydrogeologic Area is underlain 
by thin alluvium that is likely above the water table and that has limited hydraulic connectivity with 
the principal aquifer.  Additional analysis of the iGDEs occurring in this area is provided. 

GIS Spatial Analysis of Maximum Rooting Depth and Groundwater Level  

A GIS spatial analysis was conducted to intersect the maximum rooting depths associated potential 
riparian GDEs to the six DTW categories. Table 3 presents the criteria used to screen the potential 
riparian GDEs based on the results from this spatial analysis. If maximum rooting depths were 
always deeper than the lowest DTW condition, that potential riparian GDE was classified as likely to 
be groundwater dependent and groundwater dependency was verified to include the confirmed 
riparian GDE in the UVRGB Riparian GDE map. When maximum rooting depth was never deeper 
than the highest DTW conditions, that potential GDE was classified as unlikely to be groundwater 
dependent and was excluded from the UVRGB Riparian GDE map. If maximum rooting depth for a 
potential riparian GDE was deeper than any of the DTW conditions (i.e., deeper than at least one 
hydrologic condition), it was assumed that groundwater dependency could be possible and 
additional evaluation of groundwater level, maximum rooting depth, and location-specific 
characteristics was completed. 

 
2 Note that the historic time period for modeling groundwater levels was limited to 2005-2019. 
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Table 3 Groundwater Dependency Likelihood Criteria for GIS Spatial Analysis  

Groundwater 
Dependency Likelihood  Evaluation Criteria Action Taken if Criteria were Met 

Likely Maximum rooting depth deeper than DTW for 
all low groundwater levels (wet-low, average-
low, and dry-low hydrologic conditions) 

Verify groundwater dependency to 
include in UVRGB Riparian GDE map 

Possible Maximum rooting depth deeper than DTW for 
any high groundwater levels (wet-high, 
average-high, or dry-high hydrologic 
conditions) 

Further evaluation of groundwater level, 
maximum rooting depth, and location-
specific characteristics to evaluate 
groundwater dependency 

Unlikely Maximum rooting depth never deeper than 
highest groundwater levels (wet-high, 
average-high, or dry-high hydrologic 
conditions) 

Exclude from UVRGB Riparian GDE map 

Additional Assessment  

Following the GIS mapping and spatial analysis of maximum rooting depth and DTW, a desktop 
review was conducted to further analyze groundwater dependence for individual vegetation 
communities within the UVRGB. Aerial imagery of the basin was used to conduct a visual 
assessment of habitat features and natural characteristics, as well as topography and drainage 
characteristics. Potential GDEs with possible groundwater dependency based on the GIS spatial 
analysis were ultimately either included or excluded based on biologic understanding or included if 
exclusion was too difficult to determine based on available information. 

2.4 Potential Riparian GDE Screening Results  

The following presents the initial screening results of the spatial analysis, followed by the additional 
assessment of the groundwater dependency likelihood criteria. 

2.4.1 GIS Spatial Analysis Results 

Figure 5 presents the initial screening results of the GIS spatial analysis. Following the criteria 
outlined in Section 2.3Σ ά¦ƴƭƛƪŜƭȅέ ƎǊƻǳƴŘǿŀǘŜǊ ŘŜǇŜƴŘŜƴŎŜ όǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ǊŜŘ ŀǊŜŀǎύ 
ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƴƻ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ƳŀȄƛƳǳƳ ǊƻƻǘƛƴƎ ŘŜǇǘƘ ŀƴŘ 5¢² ƻŎŎǳǊǊŜŘΦ άtƻǎǎƛōƭŜέ 
groundwater dependence (represented by the yellow areas) indicates at least one intersection of 
ƳŀȄƛƳǳƳ ǊƻƻǘƛƴƎ ŘŜǇǘƘ ŀƴŘ 5¢² ƻŎŎǳǊǊŜŘΦ CƛƴŀƭƭȅΣ ά[ƛƪŜƭȅέ ƎǊƻǳƴŘǿŀǘŜǊ ŘŜǇŜƴŘŜƴŎŜ όǊŜǇǊŜǎŜƴǘŜŘ 
by the green areas) indicates that maximum rooting depths intersected with the DTW during all low 
groundwater levels.  

2.4.2 Additional Assessment  

The potential rƛǇŀǊƛŀƴ D59ǎ ƳŜŜǘƛƴƎ ǘƘŜ ά¦ƴƭƛƪŜƭȅέ ǎŎǊŜŜƴƛƴƎ ŎǊƛǘŜǊƛŀ όǊŜŘ ŀǊŜŀǎ ƛƴ Figure 5) were 
comprised entirely of either Riversidean Alluvial Scrub or Scalebroom plant communities. The 
species in these communities are known to be well adapted to flood plains in alluvial basins, have 
shallow rooting depths, are adapted to using seasonally available soil moisture, and are understood 
as an unlikely groundwater dependent community. In addition, these criteria were met primarily in 
the losing reaches of the Ventura River where groundwater-surface water interconnection is 
intermittent or disconnected. Additional assessment was conducted for the potential riparian GDEs 
that met the Likely and Possible GIS spatial analysis screening criteria, as presented in Figure 6. 
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Assessment of Potential Riparian GDEs that Met òLikelyó Screening Criteria  

tƻǘŜƴǘƛŀƭ ǊƛǇŀǊƛŀƴ D59ǎ ƳŜǘ ά[ƛƪŜƭȅέ ǎŎǊŜŜƴƛƴƎ ŎǊƛǘŜǊƛŀ ƛƴ ǘƘŜ aƛǊŀ aƻƴǘŜΣ YŜƴƴŜŘȅΣ ŀƴŘ ¢ŜǊǊŀŎŜǎ 
ƘȅŘǊƻƎŜƻƭƻƎƛŎ ŀǊŜŀǎΦ ¢ƘŜ Ǉƭŀƴǘ ŎƻƳƳǳƴƛǘƛŜǎ ƳŜŜǘƛƴƎ ǘƘŜ ά[ƛƪŜƭȅέ ǎŎǊŜŜƴƛƴƎ ŎǊƛǘŜǊƛŀ in these areas 
consisted of Coast Live Oak, as well as Riparian Mixed Hardwood in the Kennedy hydrogeologic area. 
Based on geologic formation, topography, surface water inflow, and likely influence of irrigation (in 
the Kennedy area), it was determined that these communities are unlikely to be dependent on the 
UVRGB primary aquifer.  

In addition, it is unclear whether Coast Live Oak communities should be included as a riparian GDE, 
as the species is known to occur in upland communities with deep rooting structures for access to 
soil moisture. For the purposes of this assessment, this NCCAG community classification will be 
excluded from the UVRGB Riparian GDE map in upland areas that are outside of the riparian 
corridor. 

Kennedy Hydrogeologic Area  

The Kennedy hydrogeologic area is fed by perennial surface flow, originating upstream and flowing 
into the UVRGB. A Riparian Mixed Hardwood iGDE was located at the northern-most extent of the 
UVRGB. Based on the perennial source of surface flow, it is understood that this community is 
dependent on surface water, and not groundwater. A Coast Live Oak iGDE was also located in the 
upland area along the eastern portion of the river and continued into the North Robles 
hydrogeologic area. These Coast Live Oak iGDEs are located along slopes immediately downgradient 
orchards, suggesting that these trees receive irrigation flows collecting along the slope.  

Terraces Hydrogeologic Area  

The Terraces hydrogeologic area consists of very thin alluvial deposits that are elevated above and 
separated from the principal aquifer of the Basin by bedrock. Water wells in this are believed to tap 
the underlying Sespe Formation (bedrock), which is not managed by the GSA. Groundwater in the 
thin alluvium, if any, is perched and hydraulically disconnected from the principal aquifer of the 
Basin. The Coast Live Oak mapped in the Terraces are located along drainage features where surface 
water and interflow collects, suggesting the trees are not reliant on groundwater. 

Mira Monte Hydrogeologic Area  

The Coast Live Oaks identified in McDonald Canyon lie along the drainage of the canyon where 
surface water and interflow collects, suggesting the tress are not reliant on groundwater. This part 
of the UVRGB is underlain by thin alluvial deposits, which overlie bedrock of the Sespe Formation. 
Groundwater in the thin alluvium, if any, is perched on the Sespe Formation and has limited 
hydraulic connectivity with the principal aquifer of the Basin because it is elevated and thin. There 
are no water wells in McDonald Canyon and any potential future water wells would likely produce 
water from the Sespe Formation, which is not managed by the GSA.  

Santa Ana South and Casitas Springs Hydrogeologic Areas  

Coast Live Oak was also observed meeting the Likely screening criteria in the Santa Ana South and 
Casitas Springs hydrogeologic areas, primarily located in upland areas on slopes and along 
drainages. These trees were located in upland areas, outside of the riparian corridor, and along 
slopes or drainages where surface water and interflow collects. 
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Figure 4a Depth  to Water for Six Hydrologic Conditions  

 
bƻǘŜΥ ά.ŀǎƛƴ aƻŘƛŦƛŎŀǘƛƻƴ !ǊŜŀέ ǇǊŜǎŜƴǘǎ areas where shallow bedrock conditions exist. UVRGA may seek future basin boundary modifications based on hydrogeologic conditions, as discussed in Section 3.1.3 of the GSP 
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Figure 4b Depth to Water for Six Hydrologic Conditions  

 
bƻǘŜΥ ά.ŀǎƛƴ aƻŘƛŦƛŎŀǘƛƻƴ !ǊŜŀέ ǇǊŜǎŜƴǘǎ ŀǊŜŀǎ where shallow bedrock conditions exist.  UVRGA may seek future basin boundary modifications based on hydrogeologic conditions, as discussed in Section 3.1.3 of the GSP 
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Figure 4c  Depth to Water for Six Hydrologic Conditions  

 
bƻǘŜΥ ά.ŀǎƛƴ aƻŘƛŦƛŎŀǘƛƻƴ !ǊŜŀέ ǇǊŜǎŜƴǘǎ ŀǊŜŀǎ where shallow bedrock conditions exist.   UVRGA may seek future basin boundary modifications based on hydrogeologic conditions, as discussed in Section 3.1.3 of the GSP 
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Figure 4d Depth to Water for Six Hydrologic Conditions  

 
bƻǘŜΥ ά.ŀǎƛƴ aƻŘƛŦƛŎŀǘƛƻƴ !ǊŜŀέ ǇǊŜǎŜƴǘǎ ŀǊŜŀǎ where shallow bedrock conditions exist.   UVRGA may seek future basin boundary modifications based on hydrogeologic conditions, as discussed in Section 3.1.3 of the GSP 
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Figure 5 Spatial Analysis Results for Maximum Rooting Depth and Groundwater Level  

 








































