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Abstract: Given the widespread presence of non-native vegetation in urban and Mediterranean
watersheds, it is important to evaluate how these sensitive ecosystems will respond to activities to
manage and restore native vegetation conditions. This research focuses on Del Cerro, a tributary of
the San Diego River in California, where non-native vegetation dominates the riparian zone, creating
flooding and fire hazards. Field data were collected in 2018 to 2021 and consisted of water depth,
streamflow, and stream temperature. Our data set also captured baseline conditions in the floodplain
before and after the removal of burned non-native vegetation in November 2020. Observed changes
in hydrologic and geomorphic conditions were used to parameterize and calibrate a two-dimensional
hydraulic model to simulate urban floodplain hydraulics after vegetation removal. We utilized the
U.S. Army Corps of Engineers’ Hydrologic Engineering Center River Assessment System (HEC-RAS)
model to simulate the influence of canopy loss and vegetation disturbance and to assess the impacts
of vegetation removal on stream restoration. We simulated streamflow, water depth, and flood extent
for two scenarios: (1) 2019; pre-restoration where non-native vegetation dominated the riparian

area, and (2) 2021; post-restoration following the removal of non-native vegetation and canopy.
check for

updates

Citation: Eckermann, T.K.; Hunt,
D.S.; Kinoshita, A.M. Impacts of
Vegetation Removal on Urban
Mediterranean Stream Hydrology
and Hydraulics. Hydrology 2022, 9,

Flooding after restoration in 2021 was more frequent compared to 2019. We also observed similar
flood extents and peak streamflow for storm events that accumulated half the amount of precipitation
as pre-restoration conditions. Our results provide insight into the responses of small urban stream
reaches to the removal of invasive vegetation and canopy cover.
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Globally, Mediterranean climates are floral biodiversity hot spots [1,2] and are chal-
lenged by urbanization and climate change [2,3]. These waterways are sensitive to changes
in ambient air temperature, which can contribute to undesirable stream and habitat
conditions [4-7] for flora and fauna [8]. However, changes in vegetation biomass and
canopy, either by the introduction of non-native vegetation species or abrupt removal
of vegetation, can also impact low flow and shallow streams found in Mediterranean
iations. systems [9]. Impermeable surfaces such as roads and sidewalks are associated with excess

runoff generation (“urban drool”), increasing dry weather baseflows and leading to chal-

lenges for sustainable channel and ecosystem maintenance [10]. Changes in streamflow

- regimes and nutrient availability can also propagate or contribute to altered native ripar-
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ian vegetation density and community structure, encouraging infestations or the rapid
settlement of opportunistic and alien vegetation species [10,11].

Interaction with waterways in urban areas are a result of accessibility, leading to
opportunities for non-native vegetation growth, fire ignition, and water quality risks
Attribution (CC BY) license (https:/ / associated with anthropogenic activities [12-14]. The high-density growth created by
creativecommons.org, licenses /by / invasive plant infestations and anthropogenic debris can alter riverine hydrology and
140/). geomorphology [15-17]. For example, the high tensile strength and dense root structure
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of invasive giant reed can induce bank instability and subsequently bank collapse during
severe floods [18,19]. Infestation of invasive vegetation throughout the stream and river
systems of coastal California may also facilitate an invasive grass-fire feedback regime
within the urban environment [10], where post-fire conditions provide an optimal environ-
ment for non-native vegetation to thrive and in turn, enhances fuel loads and increases the
propensity towards fire [15]. Additionally, Mathews and Kinoshita [10] observed that the
number of urban fires in the riparian environment are increasing in southern California,
partly attributed to non-native vegetation regimes. While climate plays an important role in
the increase in fire frequency and durations, pressures from expansive urbanization, heavy
recreational usage, and activities of unsheltered individuals can contribute to urban fire
ignition and exacerbate the grass-fire cycle [14,20]. For example, the Los Angeles Fire De-
partment observed that the number of fires related to unsheltered individuals have nearly
tripled since 2018 [20]. The negative consequences associated with non-native vegetation
motivates restoration activities and the removal of dense, non-native vegetation, such as
Arundo donax, in these areas.

Arundo donax, also known as Giant Reed, is a non-native species that is classified as an
emergent aquatic plant [21,22] and has been designated as a high priority for eradication
by the California Invasive Plant Council. While it was originally introduced to California
for erosion control and building materials [23,24], Arundo donax is now ubiquitous across
major coastal watersheds in southern California [15]. Arundo donax is of concern for
many reasons. It is a rapid resprouter that can outcompete native vegetation species,
contributes to significant above-ground biomass that increases fuel loads for fire [25-27],
has a shallow rhizome network that contributes to geomorphic instability [10,18], and
uses three times more water resources than native species, potentially leading to riparian
aridification [19,28].

Vegetation restoration is utilized to improve stream health and functionality, and
includes removal, maintenance, and revegetation techniques [29,30]. As management
activities to mitigate non-native vegetation and its impacts on urban and coastal water-
ways become more frequent, there is a need to understand the corresponding short- and
long-term impacts on hydrologic and hydraulic processes. There are limited studies that
document the hydrologic and hydraulic changes following vegetation restoration of urban
Mediterranean streams. While studies note that riparian vegetation has the capability to
alter fundamental processes that control surface and subsurface streamflow on a local scale,
studies toward understanding the role riparian vegetation on water quality [31] and the
dynamic changes and impacts over time [32] are needed.

Field observations, data, and modeling tools are required to guide sustainable water-
shed management given projected climate change and disturbances in urban waterways
and landscapes. This study utilized hydrologic field data after a small fire and removal
of non-native and burned vegetation within an urban Mediterranean creek in San Diego,
California to parameterize an unsteady flow model to simulate the hydrologic and hy-
draulic responses. We modeled two vegetation conditions to understand the impacts of
vegetation biomass and canopy loss on streamflow, water depth, and flood extent, which
has implications for stream restoration activities in urban Mediterranean streams.

2. Materials and Methods
2.1. Study Area

Alvarado Creek is a tributary of the San Diego River in California, United States
(Figure 1). It is an urban channelized stream that has substantial non-native vegetation that
contributes to frequent flooding and fuel for brush fires. Along the creek, the vegetation
consists of a variety of native and non-native species including Salix lasiolepis, Artemisia cali-
fornica, and Platanus racemosa, commonly known as willow trees, sagebrush and sycamore
trees, respectively; as well as Arundo donax and Washingtonia filifera, commonly known as
giant reeds and palm trees, respectively [33]. This work focused on the Del Cerro reach of
Alvarado Creek, which has experienced fire and restoration efforts (Figure 1C). In June 2018,
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the human ignited Del Cerro Fire damaged approximately 38 acres within the Alvarado
Creek watershed. Restoration efforts in Fall 2020 removed burned and non-native vege-
tation species to mitigate fire potential and encourage the regrowth of native vegetation.
Invasive vegetation was removed within the riparian zone and the adjacent floodplain
throughout the Del Cerro study reach (Figure 1D). Although this reach represents approxi-
mately 0.03% of the entire Alvarado Creek watershed, hydraulic modeling was focused
entirely in this affected area, which allowed us to study the impacts of the management
efforts, which is valuable for future management activities. The climate is Mediterranean,
where precipitation generally occurs between October and April and the summer months
are warm and dry. The annual average precipitation near the coast is approximately 25 cm
and the high-intensity, peak storm events in this semiarid region can result in extensive
short-term urban flooding [34,35].

LEGEND
/\ IN-STREAM PRESSURE TRANSDUCER

. MESOWEST METEOROLOGICAL
WEATHER STATION

[ ALVARADO CREEK WATERSHED
—— ALVARADD CREEK FLOWLINE
[Z77 DEL CERRO REACH LIMITS

Figure 1. (A) Alvarado Creek is located in San Diego, California. (B) Data collection and modeling
are concentrated in the Del Cerro reach within the Alvarado Creek watershed. The location of the
in-stream pressure transducer and Mesowest meteorological station DW3640 are denoted by a yellow
triangle and magenta circle, respectively. (C) A computational mesh for the Del Cerro reach was
defined in HEC-RAS 2D. The refinement region is shaded in red, and three boundary condition lines
(external inflow (1), an internal boundary condition (2), and outflow (3)) are denoted in blue. The
white arrows indicate the direction of flow. (D) HEC-RAS 2D calibration regions (1 is hillside, 2 is
floodplain, 3 is riparian zone, and 4 is the channel or open water).

2.2. Precipitation and Stream Reach Data

Event-based precipitation and air temperature were gathered from the Mesowest
weather station DW3640 [36], which is located approximately 3 km west of the Del Cerro
reach of Alvarado Creek (Figure 1B; magenta circle). We considered 24 h storms with a
total rainfall of at least 12.7 mm for modeling. Six storms were selected, three in 2019
(pre-vegetation restoration) and three in 2021 (post-vegetation restoration). These storms
were analyzed for a 24 h period and the maximum rainfall intensities were aggregated
to 60 min intervals (Max I-60). The recurrence interval for each storm was determined
from the National Oceanic and Atmospheric Association Atlas (NOAA) ATLAS 14-point
precipitation frequency [37] to estimate the probability of occurrence for the associated
storm magnitude.
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Water pressure and temperature were recorded every 10 min using an in-stream
pressure transducer (Figure 1B; yellow triangle). Water depth was estimated by subtracting
the air pressure from the water pressure and streamflow was derived from a rating curve
developed from water depth and streamflow measured in the field (Equation (1)). Data are
available from October 2018 to present; however, some data gaps exist. This study utilized
data from 2019 and 2021 to assess pre- and post-vegetation restoration conditions after fire.

Q= (D +22.625)/22.81 1)
where D and Q represent water depth (m) and flow rate (m>/s), respectively.

2.3. Hydrologic Engineering Center’s River Analysis System

We utilized the United States Army Corps of Engineers” Hydrologic Engineering
Center’s River Analysis System (HEC-RAS) to model streamflow, water depth, and flood
extent. The HEC-RAS model was parameterized to simulate the impacts of vegetation
removal and canopy loss for six storms that occurred in Alvarado Creek during 2019
and 2021.

2.3.1. Parameterization

A two-dimensional (2D) unsteady flow model was developed for Alvarado Creek
to simulate multidirectional flow across floodplains and the fluctuation of streamflow
during a precipitation event. The unsteady flow simulated fluctuating velocity, depth
and discharge. Storm hydrographs at each boundary location were used to calibrate to
observed stage heights. Hydrologic and hydraulic parameters were incorporated into the
model to represent the Del Cerro reach of Alvarado Creek (Table 1). A 1 m digital elevation
map (DEM) was used to represent the topography [38]. Water depth and streamflow
based on field measurements were used in the 2D model simulations for the six selected
storm events. Streamflow hydrographs were input directly into the model to provide
boundary conditions.

The 2D unsteady flow area in HEC-RAS was delineated for the study area (Figure 1C) us-
ing RASmapper. The 7 m spatial resolution 2D flow area simulated the effective stormflow
that passes through our study reach for each modeled storm event. The final computational
mesh was made up of 1378 cells that individually calculated the stream hydraulics for
each simulated storm duration (Figure 1C). Within this 2D flow area, a refinement region
(Figure 1C; shaded red polygon), or an interior polygon was created to produce a higher
definition 2D area using 3 m resolution for the flow area of interest. Breaklines are polylines
that enforce cells along a characteristic feature and guide water movement within a 2D
flow area. A breakline was created along the centerline of the channel to obtain higher
resolution information of the modeled storm events. Boundary conditions can be internal
or external and are used to bring flow in or out of the 2D model. Three boundary condi-
tions were used in this study, an external upstream boundary condition (Figure 1C (1)),
an internal flow hydrograph aligned with the Del Cerro in-stream pressure transducer
(Figure 1C (2)), and an external downstream boundary condition that represented the
normal depth friction slope (Figure 1C (3)) estimated from the surveyed longitudinal
channel slope (Appendix A Figure A1) for the 2D HEC-RAS model. Since the Del Cerro
reach is relatively short, we assumed that the same flow hydrographs derived from the
pressure transducer were representative of the internal (Figure 1C (2)) and upstream inflow
boundary condition (Figure 1C (1)) due to the close proximity.
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We defined the land cover types for the study area based on the 2019 Multi-Resolution
Land Characteristics Consortium (MLRC) National Land Cover Database (NLCD) [39].
The primary land cover types within the study area were: developed-medium intensity;,
developed-high intensity, and shrub and scrubs. The Manning’s roughness coefficient, #,
represents the frictional roughness due to the channel material and obstructions to flow.
Guided by the land cover types, we assigned Manning’s n parameters to represent frictional
roughness within the Del Cerro reach [40].

Table 1. Hydrologic and hydraulic parameters for HEC-RAS.

Parameter Temporal/Spatial Resolution Source
Streamflow and .

Water Temperature 10 min In-stream pressure transducer
Precipitation 60 min MesoWest Station DW3640 [36]
Topography 1m 2014 National Elevation Dataset [38]
Manning’s 7 N/A HEC-RAS 2D ModelingUser’s

Manual [40]
Land Cover 30 m 2019 MLRC NLCD [39]

2.3.2. Model Calibration and Validation

Storm data from 2019 and 2021 were used to calibrate the model. The primary ob-
jectives were to minimize the difference between the observed and modeled stage. We
calibrated Manning’s n for four calibration regions: channel (open water), riparian zone,
floodplain and hillside (Figure 1D). These regions were used to differentiate roughness
across the flow area. The model was calibrated manually by incrementally increasing the
roughness values for each region until the objective functions were minimized, which was
similar to the methods used by Moriasi et al. [41] and David and Schmalz [42]. Calibration
regions allowed the model to better represent roughness values initially defined by land
cover. The initial parameters (Table 1) were used to produce baseline or uncalibrated
flow in the stream for six storm events. Roughness values (Table 2) were adjusted within
the calibration regions (Figure 1D) to reflect conditions before and after the vegetation
restoration for three storms per scenario. Uncalibrated Manning’s n values for the cali-
bration regions were based on suggestions for each predominant land cover type [40,41].
The pre-vegetation restoration channel calibration region was assigned “open water” and
hillside and floodplain regions were “shrubs/scrubs.” Following Janda-Timba [43], we uti-
lized an “ultimate vegetative condition” to reflect the dense vegetative conditions without
maintenance. We assumed a Manning’s n of 0.15 for an earthen reach and pre-vegetation
restoration conditions in the riparian zone (Figure 1D (3)). To represent the change in
roughness for the post-vegetation restoration condition, baseline roughness values from
2021 were approximated as 150% less than those in 2019 to reflect the removal of non-native
canopy and surrounding vegetation in 2021.

Table 2. Uncalibrated and calibrated Manning’s #n roughness values for calibration regions.

Vegetation Manning’s n
C B diti Model Type - — —
ondition Channel Floodplain Riparian Hillside
2019 Canopy Uncalibrated 0.08 0.08 0.15 0.08
Calibrated 0.11 0.11 0.23 0.11
2021 No Canopy Uncalibrated 0.05 0.05 0.10 0.05

Calibrated 0.10 0.10 0.20 0.10
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Two objective functions were used to evaluate model performance, the root mean
squared error (RMSE) and the percent bias (Bias). The root mean squared error provides
the accuracy of the model predictions; the objective is to minimize the magnitude of this
error function. The percent bias represents the tendency of a model to underestimate
(negative bias), or overestimate (positive bias) observed values; a value of 0 represents no
bias. Similarly to Moriasi et al. [41] and David and Schmalz [42], we defined an acceptable
level of percent bias as less than 25%. During calibration, we increased the roughness
values for the four calibration regions in the model incrementally until all storms simulated
water depth with a RMSE and Bias of less than 0.10 m and 20%, respectively.

3. Results
3.1. Precipitation and Stream Temperature

In 2019, 2020 and 2021 the average annual precipitation was 434 mm, 262 mm and
187 mm, respectively. Generally, most of the precipitation occurred during the winter
(October to April), from which we selected storms for modeling. During the wet seasons,
we identified a total of fifteen significant storms in 2019 (pre-vegetation restoration) and
nine in 2021 (post-vegetation restoration). Although the total precipitation in 2021 was
43% of that in 2019, we selected six storm events of similar magnitude to model in 2019
and 2021 (Table 3). Three storms were used for each year, where two were used for model
calibration and one for model validation. These six storm events allowed us to investigate
the impacts of vegetation removal on streamflow under similar precipitation conditions
(Table 3). The highest 60 min precipitation intensity (10.9 mm/h) and the largest total 24 h
rainfall occurred (37.6 mm) in the 2019 wet season.

Table 3. Storm events and characteristics (maximum 60 min rainfall intensity (Max I-60), recurrence
interval, and total rainfall) selected for calibration and validation of pre-vegetation restoration (2019)
and post-vegetation restoration (2021) conditions.

Max I-60 Recurrence Total Rainfall

Event # Date (mm/h) Interval (mm) Type
1 28 Nov 2019 8.4 <1 year 37.6 Validation
2 04 Dec 2019 8.6 <1 year 36.3 Calibration
3 26 Dec 2019 10.9 <1 year 33.5 Calibration
4 29 Jan 2021 5.3 <1 year 26.4 Calibration
5 03 Mar 2021 51 <1 year 18.8 Validation
6 14 Dec 2021 13.7 2 year 38.6 Calibration

Local air temperature in 2019 was lower than in 2021. The average ambient air temper-
atures for 2019 were 16.35 °C compared to 17.11 °C in 2021. Water temperatures followed
similar trends with the air temperature, where seasonal average water temperatures also
increased (Figure 2). The maximum recorded stream temperature for 2019 was 27.6 °C on
12 July 2019, while the minimum recorded temperature was 8 °C on 19 December 2019. In
2021, the maximum and minimum temperature was 33.2 °C on 26 June 2021 and 7.48 °C on
19 February 2021, respectively. Both years differed statistically, pre-vegetation restoration
scenarios had a lower standard deviation of stream temperatures than post-vegetation
restoration for every month except October and December. The average monthly water
temperature was greater during the post-vegetation restoration year for every month that
data was recorded consecutively for both 2019 and 2021 conditions, except in March.
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Figure 2. Boxplots of average monthly water temperatures for 2019 (light gray) and 2021 (dark gray).
Seasons are shaded blue for winter, yellow for spring, purple for summer, and red for fall. The
number of values, n, available in 2019 (top) and 2021 (bottom) are noted.

3.2. Baseline Simulations

The water depth and streamflow were simulated at a 10 min resolution and compared
to data from the in situ pressure transducer. Minimum and maximum observed water
depth recorded in the field ranged from 0.10 to 0.27 m and 1.2 to 1.8 m, respectively. Water
depth was converted to streamflow by Equation (1) for each storm (Table 3). For the six
storms of interest, the minimum and maximum streamflow rates ranged from 0.01 to
0.08 m3/s and 7.0 to 7.8 m3/s, respectively.

The uncalibrated model simulations served as the baseline, from which we could
evaluate improvements made to the model through calibration. The uncalibrated models
performed well; baseline simulations of all six storms predicted the water depth with errors
below 0.15 m and 25% for RMSE and Bias, respectively (Figure 3). For RMSE, the 2019
storms had the lowest levels of error for baseline results, which ranged between 0.08 to
0.12 m, while 2021 had slightly larger errors, between 0.11 to 0.14 m. The Bias was generally
equal between 2019 and 2021, ranging between 11 to 13%, except Storms 4 (29 January
2021) and 5 (03 March 2021), which had a Bias of 24% and 22%, respectively (Figure 3). All
storms, except Storm 6 (14 December 2021), had a reduction in error after calibration. For
the six storms, the minimum and maximum uncalibrated water depth was between 0.11 to
0.30 m and 1.03 to 1.23 m, respectively.
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Figure 3. (A) Root mean squared error (RMSE) and (B) percent bias (Bias) for uncalibrated, calibrated,
and validated model results for simulated water depth.

3.3. Calibration and Validation

Water depth was sensitive to the Manning’s roughness coefficient, which directly
affected the volume of water passing through the area of interest and the rate at which
the water travels through the stream. Manning’s 7 is one of the primary parameters
requiring calibration as it has the most variability and uncertainty amongst the HEC-
RAS parameters [44]. The maximum observed water depth occurred during Storm 4 (29
December 2021) and was 1.22 m, while the maximum water depth for the calibrated model
was 1.24 m (Figure 4). Simulation of Storm 4 (29 January 2021) improved the greatest
after calibration, which had the most accurate water depth values, where RMSE and Bias
decreased from 0.14 to 0.05 m and 24.32% to 8.58%, respectively (Figure 3).

The final calibrated model performed well, where RMSE and Bias for 2019 reached
0.05 m and 9.02%, respectively. The most accurate RMSE and Bias for 2021 was 0.05 m
and 8.58%, respectively. The minimum and maximum calibrated water depth ranged from
0.13 to 0.15 m and 1.26 to 1.45 m, respectively. Calibration improved the accuracy of water
depth prediction for each of the model scenarios (Figure 4).



Hydrology 2022, 9,170

9of 15

Water Depth (m)

2 2
A) Storm 1 (V) — Observed D) Storm 4 (C)
15 - - =Uncalibrated 15
—— Calibrated
1 1 I
\-
\ ~\
\ AU
0.5 ﬁJ 0.5 AN o\
A = S ==
O T T T 0 T T
9:00 AM 9:00 PM 9:00 AM 9:00 PM 9:00 PM 9:00 AM 9:00 PM
2 2
B) Storm 2 (C) E) Storm 5 (V)
1.5
1
0.5
0
12:00 AM 12:00 PM 12:00 AM 12:00 AM 12:00 PM 12:00 AM
2 2
C) Storm 3 (C) F) Storm 6 (C)
15 1.5
1 1
0.5 0.5
0 T T 0 T T
12:00 AM 12:00 PM 12:00 AM 12:00 AM 12:00 PM 12:00 AM

Time

Figure 4. Observed water depth, uncalibrated, and final calibrated model simulations for (A) Storm
1 (28 Nov 2019), (B) Storm 2 (4 Dec 2019), (C) Storm 3 (26 Dec 2019), (D) Storm 4 (29 Jan 2021),
(E) Storm 5 (3 Mar 2021), and (F) Storm 6 (14 Dec 2021). Where C and V denote calibration and
validation, respectively.

4. Discussion
4.1. Canopy Loss and Stream Hydraulics

We used the 2D HEC-RAS model to simulate streamflow under pre- and post-vegetation
restoration conditions. The initial performance of the uncalibrated events was better than
expected and improved through calibration. The high resolution 1 m DEM and the inte-
gration of field observations likely provided a better representation of the topography in
Del Cerro.

Despite lower precipitation in 2021, the maximum observed and modeled streamflows
and water depths for all six storms were relatively similar (Appendix A Figure A2), sug-
gesting that riparian vegetation restoration has the potential to increase flood extent and
frequency. Studies have observed that forest canopy contributes to interception, evapora-
tion, and transpiration, which can attenuate peak flows and soil erosion [45]. Following
the removal of riparian canopy, the peak storm flow rate increased. The increase in peak
streamflow was attributed to the decrease in evapotranspiration and vegetative resistance,
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as well as altered infiltration in the riparian zone, leading to higher observed runoff [46-49].
Another consequence of canopy removal is a higher soil moisture content throughout the
year, contributing to saturated riparian soil conditions that can lead to increased peak storm
flows [50].

Uncertainty and errors are inherent in field data collection and parameter estimation,
which could impact the modeling results. However, we accounted for drift in the water
depth by manually adjusting depths read from a staff gauge paired with the sensor in
the field. Additionally, only one high resolution 1 m DEM existed, so we assumed the
same landscape for both model conditions (pre- and post-vegetation restoration). While we
assumed that the vegetation removal was on the surface of the land, subtle changes within
the topography and bathymetry of the reach between 2019 and 2021 may not be represented
in the model. Finally, while rapid vegetation regrowth was observed throughout the year,
we only applied a single roughness value to each type of land cover and calibration region.

4.2. Vegetation Restoration and Implications for Ecosystem Services

Vegetation restoration may have multiple ecosystem service benefits in urban Mediter-
ranean ecosystems, such as improved habitat for native fauna and flora and enhanced
watershed conditions. Goals of native streamside vegetation management may include
the reduction in sediment and nutrient transport within the stream, reinforcement of bank
stability [51], or mitigation of fire risk [52]. Without the presence of an established riparian
biomass, stream banks may weaken, and the flow of nutrients and sediment can become
disrupted, altering the microclimate of the stream [53]. The presence of invasive species
in the riparian zone also has the potential to create new channels due to oversized roots
and consumption of extra water, which can lead to exclusion of native vegetation and
aridification of the riparian zone [32]. Invasive species such as Arundo donax can undercut
the root system of native species, resulting in streambank failure [18], which we observed
in an upstream channel section in the summer of 2022 (Figure 5). Following the removal of
vegetation, stream temperatures increased. Higher water temperatures were likely due to
warmer air temperatures and the decrease in canopy cover, exposing the stream to more
solar radiation, which may potentially disrupt aquatic habitat and processes. However,
not enough data was collected to assess and model these conditions and further field
observations are encouraged.

This study focuses mainly on Arundo donax, which is present within many urban
stream systems and coastal watersheds and is becoming of particular concern in southern
California due to the negative ecosystem consequences. Mathews and Kinoshita [10],
documented an elevation disparity between the main channel of Del Cerro and the sur-
rounding floodplain immediately after fire, which encourages desiccation of the riparian
area and promotes the grass fire feedback cycle [19,28]. However, following the removal
of the non-native vegetation, primarily the giant reed and palms, there was an increase
in deposition or an increase in elevation in the secondary channels, suggesting that the
function of the floodplain is being restored. In urban systems where the grass-fire cycle is
of concern, the period between vegetation removal by fire and the regrowth of vegetation
can be a critical time without an existing native plant ecosystem, where the presence of
aggressive non-native vegetation can thrive and dominate the landscape. Management
and removal of the invasive riparian vegetation can provide a buffer against these fire
prone conditions by decreasing the fire fuel load and reintroducing native species that are
not only resilient to fire events [52], but also offer important ecosystem services for flora
and fauna.
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Figure 5. Bank failure within the upstream reach of Del Cerro, Alvarado Creek.

Understanding the response of small urban stream reaches to the removal of invasive
vegetation and canopy cover to mitigate abrupt ecosystem impacts are needed. We advocate
that short- and long-term studies that collect information about the response to vegetation
restoration in urban streams are needed to further improve modeling and prediction.
Recognizing that there are limited quantitative field observations after the removal of
Arundo donax, we suggest that the calibrated parameters presented in this study (Table 2) can
be used as a starting point to guide modeling and prediction of hydrologic and hydraulic
response to disturbance or vegetation restoration efforts in similar areas.

5. Conclusions

Given the widespread presence of non-native vegetation in urban and Mediterranean
watersheds, it is important to evaluate the response of these sensitive ecosystems to ac-
tivities to manage and restore native conditions. This study used field data to develop a
2D hydraulic model to simulate the impacts of canopy loss and vegetation disturbance on
urban stream hydraulics. The significant loss of vegetation in the riparian zone affected
the floodplain response and capacity for peak storm flows. We provide insight into the
responses of small urban stream reaches to the removal of invasive vegetation and canopy
cover. However, studies that provide observations about the long-term impacts of vegeta-
tion restoration are needed to capture the processes of these systems as they stabilize after
disturbance and establish the response to a wider range of climate conditions that may
impact stream hydrology and hydraulics. Given the limited quantitative field observations
that exist after vegetation restoration, this study can be used to guide modeling and predic-
tion of hydrologic and hydraulic response to disturbance or vegetation restoration efforts
in areas where data may be unavailable.
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