PARADIGM

To: Matt Fabry & City/County Association of Governments of San Mateo County

From: Steve Carter John Riversond Paradigm Environmental

Date: October 14, 2020

Re: Climate Adaptation Risk Analysis for the San Mateo CountywideSustainable Streets
Master Plan

The San Mateo CountywideSustainable Streets Master Plas a collaborative effort between Caltrans
and the 21 member agencies tfie City/County Association of Governments of San Mateo County
(CICAG ) to prioritize locations for implementation of sustainable street design$Vhile providing
multiple community benefits, these sustainable street projects will also include thiegration of green
infrastructure GI) within the publicright-of-way to capture, infiltrate, and/or treat stormwater runoff.
Gl is primarily designed to meet stormwater capture and water quality objectivbat are also able to
provide a range of community benefits;anging from urban greening and pedestrian safetyittcreased
climate resiliency.One of the primary objectives of theMaster Plan as a project funded througha
Caltrans Climate Adaptation Planning Grant is to assess and quantifyfo what extent the Gl
components of sustainable streetsin addresiliencyto thec o u n roadwiags and storm drain systems
in the face of climate uncertainty Many global climate modelspredict the occurrence oflarger and
more frequent rainfall events having the potential to adversely impact local infrastructure and
disproportionately affecing vulnerable communities who rely onpublic or non-motorized transit. Gl
may help to alleviate some of these impacts while simultaneously helping to improve water quality in
the regionds waterbodies.

This memorandum describes the modeling analysienducted forthe Master Planto asses$ydrology
under future climate scenariosjsolatethe impacton roadways and quantify the ability of sustainable
streetsto offsetthe predicted increases inoadway runoff. A countywide modeling systenmpreviously
developed by C/CAG was used to model stormwaterunoff and capture for a historical baseline
scenario (presentday) and several future climate scenariofhe C/CAG modeling system was
developed for aReasonable Assurance Analysis (RAAaddressing PCBs and mercury pollution in
stormwater runoff draining to the San Francisco BaySMCWPPP 2020aand 20200. The RAA
demonstrates that implementation of a future Gl scenario will meewater quality requirements othe
Municipal Regional Stormwater Permit (MRP) (Order No. R2-20150049 SFBRWQCB 2015 by
2040 Using the water quality-based Gl scenario from the RAA, lhis modeling analysisquantifies the
benefitsthat GI may provide to offset predicted increases on runoff overall, and specifically, the
benefits that sustainable streets may provide for offsetting runoff increases from roadways.

Sectionl outlines themethodsto apply the most relevant peereviewed climate models for the region
to local precipitation data in order to draw conclusions aboupossibleclimate impacts to future storm
events.Section?2 outlines the process for quantifying the climate resiliency benefiiovided by the Gl
and sustainable streetsSection0 discusses conclusionsom this analysis.



1 QUANTIFICATION OF CLIMATE CHANGEELATED
PRECIPITATION IMPACTS

This section describes (1) the watershed modeling system and the model parameterization for

represeiing current-state hydrology, @) the development of local design storm hyetographmsased on
historical rainfall to serve as meteorological boundary conditions for modeling flood event8) the

climate models used to create meteorological boundary conditis for future climate scenarios, and
(4) the modeled impact of climate change ocountywide stormwater runoff

. t W=
1.1 Watershed Model %\} Model subwatersheds
N

The historical baseline (presentday) 5\ [ Non-Bayside
hydrology was modeled usinghe watershed I8
ydrology d ‘W

model from C/ CAGOs 1
the RAA. The watershed model is & oading

Simulation Program in C++ (LSPC) model

(Shen et al. 2004) that is regionally

calibrated and provides dynamic (hourly)
simulation of hydrology and pollutant

transportprocesses within each watershed

the county. Figure 1-1Error! Reference

source not found. shows a map of the
subwatersheds modeled in LSPC!. The

LSPC model from the RAA is available for
all subwatershedsn the county. However,

in this analysis, the distinction between
subwatersheds that drain to the Pacific
Ocean and the San Francisco Bay is mad:
because the stormwater capture mode
(discussed in Sectior?) only assesses Gl
benefits on the bayside. This is because the
RAA targets are based on PCBs
(polychlorinated biphenyls) and mercury

reductions requiredfor stormwater runoff to

the Bay only. Oceanside, bayside, am

countywide averages are reported in this
memorandum to summarize results over
these distinct regions however, all

precipitation, runoff, and stormwater

capture estimates in the analysis were firs
simulated at the subwatershedcale.

Figurel-1. LSPC model subwatersheds.

1 The hydrologic boundaries of the watershed areas extend beyond county lines in some areas. However, the
subwatersheds modeled in the RAA were cut off at the county boundary. The MRP only requsrpollutant
reductions in areas that drain to the Bay.
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The model was buit using datasets that describe land, meteorological, and hydrological characteristics
of the subwatersheds. A Hydrologic Response Unit (HRU} the smallest modeling unit in LSPGnd
represents the unique combination of physical characteristics includitagnd use/land cover, soil type,
and slope(see Figure 2)Table 1-1 lists and describes the data sources udedepresent HRUs in the
model. Figure 1-3 conceptually illustrates the intersection of the various layers describedTiable 1-1
and summarizes the final HRU area distribution for theounty. The parameters associated with HRUs
are collectively used to simulate aggregated hydrologic and water quality responses whiahthen
routed to each of thesubwatersheds.

By HRU x Subcatchment (Physical):
* Slope of HRU
* Length of Overland Flow

* Imperviousness

By Subcatchment: By Individual HRU (Processes):

* HRU Area Distribution * Interception Storage Capacity

* Weather Data * Subsurface Storage Capacity

* Average Elevation * All other Hydrological Parameters,

« Parameter Group® Rates, and Constants

* parameter Groups differentiate subcatchments with unique HRU characteristics (e.g., with Wetland/Ponds).

Figurel-2. Conceptual organization of model parameters within LSPC.

Tablel-1. Data used for HRU analysis

Land Cover Polygon layer i contains vegetation type (if any). = National Land Cover Database
. . : : United States Department of
Soil Type Polygon layer i contains soil type. Agriculture
Slope Raster layer - contains slope information. Generated from DEM
ABAG Cateqor Land use classification i contains land use as Association of Bay Area
gory classified by ABAG. Governments
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P t of A by G
(7, Group Description EICen O reé( yiGroHp) -
] Ocean Bayside Countywide
'E Land Developed
) Land Cover Cover  Forest 2005
‘Shrub/Grass | 27.0% 6.4%
a X A 0.7% 0.0% 0.5%
c S I G B 22.6% 1.1% 14.4%
o olls Group Soil Type C
o D | . 15.0%
8 X Impervious ’ L 20.8%
(2 Slope siope "
o ‘Med
a— Open /0
Y] X AL )
o New Urban 2.1% 3.4% 2.6%
—_— New Industrial 0.0% 0.6% 0.2%
_— ABAG i
2 ABAG Category ~5/ Cotenary Old Industrial 0.0% 2.1% 0.8%
= ‘ Y 01 Residential 2.4% 29.3% 12.7%
>. Old Urban 1.9% 21.2% 9.3%
I Source Areas 0.2% 1.5% 0.7%
Countywide 31% 19% 50%

Figurel-3. Conceptual intersection of HRU layers and the summary table of HRU distranidvateo County
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1.2 Design Storms

The modeled baseline scenario for the RAA was a continuous simulation of runoff volume for water
year 2002 (10/1/20016 9/30/2002), an average annual hydraulic condition identified in theBay Area
Reasonable Assurance Analysis Guidance Do@#A®MAA 201 7). However, becausanany climate
models predict that high-intensity rain events will occur atincreasedfrequencyin the future, design
storms typically used in floodplanning were considered a more appropriate basis for assessing future
climate scenarioghan an average annual conditionThe analyzedstorm return periodsinclude 2, 5,

10, 25, 50, and 100years. For example, a 108/ear 6hour storm refers to a rainfall event with a
duration of 6 hoursand of a size that occurs only once every 10@ars(1% chance of occurring any
given year)based on a statistical analysis of historical precipitation dat&/hile climate change is also
expected to have a large impact on extreme weather events (200,-$6&r storms, etc.), Gl projects
are typically designed for much smaller, more frequent events (typically for storms that occur more
than once per year). The benefits of Gl are not expected to be meaningful for extreme events, so these
larger return periods were not evaluated in this analysis.

The desgn stormprecipitation timeseriesused in the analysisvere determinedby applying a 6-hour
temporal distribution (unit precipitation timeseries)to storm depths associated with the rectence
intervals. The percentage othe total storm depth occurring at each time step is the same fdahe
timeseries ofall storm sizes.The temporal distribution and storm depths were botdeveloped bya
regional precipitation frequency analysisconducted by the Santa Clara Valley Water District
(SCVWD 2016). The storm dephs and temporal distribution werebased on local historical rainfall
datain the counties of San Mateo, Alameda, and Santa Clar#/hile this studyproduced distributions
and storm depthsfor several dirations up to 72 hours, a 6hour event was considered more
conservative for runoff estimation because it represents a higher intensity storm. Additionaldy,
separatestudy (Rastogi et al. 2017gxamining the effects of climate change on precipitatidior 6-hour
through 72-hour evens foundthat there was the leastariance betweersimulated and conventional
precipitation estimation methodsfor the 6-hour duration, suggesting greater confidence in-t&our
storm depths

Figure 1-4 presentsprobability distributions for the cumulative percentage of precipitation to fall over
a 6-hour event The median distribution (50%), prominently featured in the graphelow, was selected
for use in the model because it is the most representative distribution for all storfassentially, 50%
of observed storm eventis the regionwere found toproduceat leastthe reported cumulative rainfall
percentage at each timestepor example, n the figure below, atleast65% of precipitation occurs by
the third hour in 50% (median) of observed stormsFigure 1-5 graphs the unit precipitation timeseries
based on the median distributiorused to calculate the various storm precipitation timeseries
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Time Distributions of Cumulative Percent of Precipitation by Probability of Occurence

hours)

0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.5 13.33 15.83 17.50 19.17 20.83 21.67 23.33 25.83 30.00
1.0 20.67 24.33 27.00 29.00 31.00 33.33 35.33 39.67 46.67
1.5 29.50 33.00 35.50 37.50 39.50 42.00 44.50 49.50 57.00
2.0 39.33 42.67 44.67 46.67 48.67 51.00 54.33 59.00 65.67
2.5 47.83 51.67 53.50 55.50 57.50 60.50 64.33 68.33 74.00
3.0 57.00 60.00 61.00 63.00 65.00 68.00 71.00 75.00 79.00
3.5 65.33 67.50 69.33 71.33 73.33 76.33 78.50 81.67 86.50
4.0 73.00 74.33 76.33 78.33 79.67 82.00 84.00 86.33 90.67
4.5 79.50 81.00 83.00 84.50 85.50 87.50 89.50 91.00 94.50
5.0 86.00 87.33 89.00 90.00 91.00 92.67 94.00 95.00 97.33
5.5 93.33 93.33 94.17 95.00 95.83 96.67 96.67 97.50 98.33
6.0 100.00 100.00 100.00, 100.00 100.00 100.00 100.00 100.00 100.00
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Figurel-4. Distributiors for 6hour (2@ Quartile) stormvents (SCVWD &)1
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Figurel-5. Unit precipitatiotimeseriegor mediardistribution (SCVWD &)1

Gridded products (~1,500foot resolution), based on observed historical values froihe SCVWD
precipitation study, were usedto determine 6hour storm depths Figure 1-6 shows an example of the
SCVWD gridded datasefor a 10-year, 6-hour eventacrossthe county. A similar gridded dataset exists
for each recurrence interval (2, 5, 10, 25, 50, 19@ar). The aveaage6-hour storm depth wascalculated
for each subwatershedand applied to the temporal distribution to create anique precipitation
timeseries for each subwatershedThe resulting precipitation timeserieswere used as the
meteorological boundary conditons in the modelto simulate associated runoff in each subwatershed
Table 1-2 summarizes the6-hour storm depths for each recurrence intervals acountywide area
weighted average Maps of precipitation depths by subwatershed are providéd Appendix A. The
historical storm depths are used for comparisons to the future climate change scenarios described in
SectionO.

Tablel-2. Average precipitation daptfor Bhour storm events across San Mateo County

6-hour Storm Size (in.) by Recurrence Interval

Scenario
Historical 1.69 2.09 2.39 2.79 3.10 3.40 3.70
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Figurel-6. HistoricallOyear 6hour storm depthacross San Mateo CoufBCVWD 261
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1.3 Climate Changdmpacts

This section describes thglobal climate modelsselectedo develop the future climatescenarios and
the associatedorojected storm sizes

1.3.1 Global Climate Models

For this analysis an ensemble of 20 climate change projectiofise., 10 models x 2 @iture pathways)
from Cal-Adapt was considered. Cal-Adapt synthesizes climate change projections and research
from Californiads s devaopdadbyfthe Geospatial mnovation Facildayratide i s
University of California, Berkeley, with funding and advisory oversight by the California Energy
Commission. The projectons are from two future projection scenarios, or Representative
Concentration Pathways (RCPs) 4.5 and 8.50r 10 global climate models (GCMs)asrecommended

by the Climate Change Technical Advisay Group. The two selected RCPs are bestnd worstcase
projections of future carbon emissions. RCP 8.5 represents a scenario in which carbon emissions
continue to climb at historical rates, whereas the RCP 4.5 predicts a statztion of carbon emissions

by 2040 (IIASA 2009). Although these are estimated future trajectories, comparisons to actual
emissions levels at the time of thBASA study suggest that observed emissions have been outpacing
the RCP 8.5 scenarioKigure 1-7).

Figurel-7. Selected Representative Concentration Pathways for climate change analysis (IIASA 2009).
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