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Executive Summary 

Arroyo Grande was awarded funding from Caltrans for the Systemic Safety Analysis Report Program 

(SSARP) in 2016 for analysis of the entire roadway system for high-risk roadway characteristics. 

Furthermore, the City of Arroyo Grande’s goal was to identify infrastructure improvement 

countermeasures that mitigate the City’s primary crash type trend which includes rear-ends, 

sideswipes, pedestrian/bicycle, and broadsides.  

Based on the City’s SSARP application, this SSAR addresses three (3) Strategic Highway Safety 

Plan (SHSP) Challenge Areas including: 

1. Intersections, Interchanges, and Other Roadway Access 

2. Pedestrians 

3. Bicycling 

Based on our analysis, the following projects (Exhibit 1) are recommended for the focused study 

locations. All have a benefit to cost ratio of 4 or higher and would be competitive for the next Highway 

Safety Improvement Program (HSIP) Cycle 10 call for projects that is tentatively set for the end of 

April 2020. In addition, all countermeasures are low cost and could be applied systemically. 
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Exhibit 1   Recommended HSIP Projects 
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1. Introduction 

The Systemic Safety Analysis Report Program’s (SSARP) objective is to perform a collision analysis 

based on a focused approach in identifying safety issues and develop a possible list of low-cost 

countermeasures that can be competitive for future Highway Safety Improvement Program (HSIP) 

funding. Since the focus was citywide, specific study locations were not identified.  

The four objectives in performing the systemic safety analysis were as follows: 

1. Identify Focus Crash Types and Risk Factors; 
2. Screen and Prioritize Candidate Locations; 
3. Select Potential Low-Cost Countermeasures; and 
4. Prioritize Projects per Benefit-Cost Ratios 

This analysis included the evaluation of the past 5 years (2014-2018) of collisions for the study 

locations in identifying fatal and severe injury collisions (F+SI), high-risk roadway characteristics, and 

high crash rate locations. In addition, the SSARP application included the expected scope of work 

and focused challenge areas desired to accomplish this task.  

Per the SSARP application, the scope of work was as follows: 

 Perform an analysis of the entire roadway system to identify high-risk roadway characteristics 
as opposed to analyzing high collision area. It was further stated that the City of Arroyo Grande 
was not experiencing high collision concentrations at specific locations due to having lower 
volumes on the roadway network. 
 

 Use crash data obtained by Arroyo Grande Police Department and map to identify high risk 
locations and characteristics. 

 

 Identify infrastructure improvement countermeasures that mitigate the City’s primary crash type 
trends which include rear-ends, sideswipes, pedestrian/bicycle, and broadsides. 

In addition, the identified three focus challenge areas were as follows: 

1. Intersections, Interchanges, and Other Roadway Access 

2. Pedestrians  

3. Bicycling 

  
The focused challenge areas were used to further analyze the collisions in evaluating possible 
systemic low-cost countermeasures.  
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1.1 Study Locations 

The SSAR evaluated the roadway network citywide in identifying roadway segments and intersections 

for a focused analysis. The roadway segments and intersections are further defined below. Due to it 

being a citywide analysis, there were too many segments and intersections to list.  

The roadway segments between intersections with collisions were evaluated and then ranked. 

Intersection were defined as 150’ on each leg. Even though at some locations the influence area 

might be more or less, the 150’ appeared to be the average length for the majority of intersections.  

Collision density maps were first created in identifying the high frequency locations within the city 

and then further collision maps were made to include the collision severity and type.  

2. Safety Assessment 

The past five complete years of collision data (2014-2018) was downloaded from the Statewide 

Integrated Traffic Records System (SWITRS) database for the study locations. This data was then 

cross checked with the injury collisions in the Transportation Injury Mapping System (TIMS) and the 

City of Arroyo Grande’s collision database. The collisions were then all cross-check and reconciled 

in completing the most complete set of collision data. In addition, supplemental reports were 

examined to see if any collisions were upgraded to a fatality after the initial collision record (per 

California’s Collision Investigation Manual a fatal injury is “death as a result of injuries sustained in a 

collision, or an injury resulting in death within 30 days of a collision”). After completing this process; 

the collisions were assessed based on high risk, crash frequency, and focused challenge areas.  

2.1 Collision Analysis 

Collision analysis was performed for all roadways in the City of Arroyo Grande without including the 

US 101 mainline collisions. In addition, the collisions for the US 101 interchanges were evaluated 

separately. As presented in Figure 2.1, the collision density for the citywide collisions for the past 5 

years (2014-2018) without the US 101 interchange collisions were mapped in identifying the high 

risk segments and intersections. Per the collision density map you start to identify roadway 

segments and intersections with higher collision frequency along: E. Grand Avenue, E. Branch 

Street, W. Branch Street, Fair Oaks Avenue, Halcyon Road, and El Camino Real.  

In delving into the fatal and injury collisions, another crash density map was created with only the 

fatal and injury collision. As presented in Figure 2.2 is the density map for the fatal and injury 

collisions. There were three (3) fatal collisions. Two fatalities involved pedestrians crossing at a mid-

block location (across E. Branch Street at Short Street in 2017 and across Grand Avenue at Bell 

Street in 2018) and one fatality was a single vehicle collision on El Camino Real (the collision notes 

cited DUI) in 2018.  
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In the further diagnosis of the overall citywide collisions, refined analysis was performed on the 

roadway segments, intersections, pedestrian collisions, and bicycle collisions. The quantification of 

these collisions is shown by section below. In addition, further visual representation of the collisions 

via ArcGIS maps are located in Appendix A: Collision Maps. 

2.1.1 Roadway Segments  

In evaluating the citywide roadway segments, the past 5 years of collision data was evaluated on 

roadways with the intersection related collisions removed. As presented in Figure 2.3, the majority 

of collisions are property damage only (PDO) at 87.4%. With injury related collisions, comprising of 

the remaining 12.7%. There was one single vehicle fatal collision and four severe injury (SI) 

collisions. 

 
 
Figure 2.3 Roadway Segments – Overall Collision Severity 

 

 

As presented in Figure 2.4, the overall collision types for all roadway segments is shown as a 

percentage of the total. Rear end and other/unknown collisions were the most common collisions at 

24% each, followed by sideswipe collisions at 17%. Rear end collisions are typical when there is 

speed differential, congestion, and vehicles turning in the through lanes. The other/unknown 

collisions can be collisions where the type was not recorded or the type of collision didn’t fit the 

categories per the California Highway Patrol reporting manual. Sideswipe collisions can be due to 

improper lane change, lane departure, or insufficient lane delineation.  
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Figure 2.4 Roadway Segments – Overall Collision Type 

 
 

In evaluating the top five (5) roadway segment violation categories they were as follows: 

1. Unknown (58%) 

2. Unsafe Speed (10%) 

3. Improper Turning (8%) 

4. Auto Right of Way (7%) 

5. Driving Under the Influence (DUI)/ Biking Under the Influence (BUI) (5%) 

 

The majority of “unknown” violation category is due to the City collisions that didn’t have overlap 

with SWITRS. These additional collisions received from the City’s Collision Database had limited 

fields and information and were mostly PDO collisions. The next top roadway violation categories 

were close in percentage with unsafe speed (10%), improper turning (8%), and auto right of way 

violations (7%). DUI/BUI violations comprised on 5% of the overall roadway collisions. 
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2.1.2 Intersections  

Figure 2.5 presents the overall collision severity for the intersections, citywide. There were 2 

fatalities (pedestrian and vehicle collisions) and 7 severe injury collisions. In evaluating the 

collisions for the past 5 years, the majority of collisions comprised of PDOs at 84.8% with 15.2% 

injury collisions. 

 

Figure 2.5 Intersections – Overall Collision Severity 

 
 

Figure 2.6 displays the citywide collision types for the intersections as a percentage of the total. 

The top five collision types and overall percentage are as follows: 

1. Rear End (26%) 

2. Sideswipe (20%) 

3. Broadside (21%) 

4. Hit Object (13%) 

5. Other (13%) 

Read end collisions are typically caused with the speed differential and traffic control changes. 

Sideswipe collisions at an intersection can be due to intersection lane changes or offset lanes 

through an intersection. Broadside are typically caused by turning vehicles not yielding the right of 

way and hit object collision can be due to objects within the clear zone. 
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Figure 2.6 Intersections – Overall Collision Type 

 

 

In evaluating the top five violation categories for intersection collisions, the following percentages 

were derived as follows: 

1. Unknown (31%) 

2. Improper Turning (14%) 

3. Auto R/W (14%) 

4. Unsafe Speed (13%) 

5. DUI/ BUI (6%) 

 

In comparing the roadway segments and intersection violation categories, they both have the same 

top five categories with similar percentages. For the citywide intersections, unknown was the 

majority with 31%, followed by improper turning and auto R/W collisions at 14% each, unsafe speed 

13%, and DUI/ BUI at 6 %. 

2.2 Pedestrian and Bicycle Collisions with Vehicles  

Per the SSARP grant, pedestrian and bicycle collisions with vehicles were a focus challenge area. 

In evaluating these collisions types, the severity of collisions was quantified by roadway segment 

collisions and intersection relation collisions. As presented in Tables 2.1 and 2.2, the pedestrian 

and bicycle collisions are quantified by severity for roadway segments and intersections, 

respectively. There were significantly more pedestrian and bicycle collisions at the intersections 
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than the segments. This most likely due to the increase in pedestrian and bicycle conflict points with 

vehicles at intersections.  

Table 2.1 Pedestrian and Bicycle Collision at Roadway Segments 

  Pedestrian Involved Bicycle Involved 

Fatal 0  0 

Severe Injury 0  0 

Other Visible Injury 2  4 

Complaint of Pain 2  2 

PDO 1  1 

Total Collisions 5  7 

 

Table 2.2 Pedestrian and Bicycle Collisions at Intersections 

  Pedestrian Involved Bicycle Involved 

Fatal 2  0 

Severe Injury 1  1 

Other Visible Injury 10  11 

Complaint of Pain 7  5 

PDO 5  4 

Total Collisions 25  21 

 

To provide a visual representation of the location of pedestrian and bicycle collision in the City, 

figures are presented below.  Figure 2.7 and 2.8 show the pedestrian and bicycles collisions, 

respectively, with the severity and time of day (day or night).  
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3. Prioritization 

Per the past five years of collision analysis, the overall ranking and prioritization of collision 

locations was quantified by recommended methodologies in AASHTO’s, Highway Safety Manual 

2010 with 2014 Supplement (HSM). These methodologies included Equivalent Property Damage 

Only (EPDO) method and crash rates. Per the ranking methodologies, the top roadway segments 

and intersections were identified by EPDO and crash rate ranking.   

 

3.1 EPDO Crash Methodology 

The Equivalent Property Damage Only (EPDO) average crash ranking methodology was used for 

this study. The EPDO method assigns weighting factors to collisions by severity to develop a 

combined frequency and severity score per site. The weighting factors are calculated relative to 

Property Damage Only (PDO) collision cost. Collision costs include both direct and indirect costs. 

Direct crash costs include ambulance service, police and fire services, property damage, insurance, 

and other costs directly related to the crashes. Indirect collision costs account for the value society 

would place on pain and suffering or loss of life associated with the crash. Table 3.1 provides a 

summary of the comprehensive costs and weighting assigned to collisions by severity. 

 

 Table 3.1 Comprehensive Costs and EPDO Weights (2018 dollars) 

Severity 
Comprehensive 

Costs 
EPDO Weight 

Fatal (K) $6,418,400  544 

Severe Injury (A) $345,800  30 

Minor Injury (B) $126,500  11 

Non-Visible Injury (C)   $71,900 6 

PDO (O) $11,800  1 

Based on Table 7-1, Highway Safety Manual, 2010, Adjusted to 2018 dollars. 

 

In evaluating the citywide locations with collisions, EPDO Ranking was performed for roadway 

segments and intersections. Section 3.2 presents the top five locations for roadway segments and 

intersections and corresponding collisions. El Camino Real from Oak Park Boulevard to Brisco 

Road was the top ranked segment and E. Branch Street at Short Street was the top ranked 

intersection. 

3.2 EPDO Ranking Results 

Top 5 Roadway Segment Locations: 

 

1. El Camino Real – Oak Park Boulevard to Brisco Road (EPDO 594) 

• 12 total, 1 fatal single vehicle collision and 1-severe injury (SI) collision 

2. E. Grand Avenue – Courtland to Elm (EPDO 110) 
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• 50 total, 6 injury and 44 PDOs (2 pedestrian collisions and 1 bicycle collision) 

3. Halcyon – Fair Oaks to Grand Avenue (EPDO 65) 

• 30 total, 6 injury and 24 PDOs 

4. Fair Oaks – Halcyon to Valley Road (EPDO 60) 

• 15 total, 7 injury collisions and 8 PDOs, 1 bicycle collision 

5. W. Branch – Brisco to Camino Mercado / US 101 ramps (EPDO 57) 

• 27 total, 5 injury collisions and 22 PDOs 

 

Top 5 Intersection Locations: 

1. E. Branch Street at Short Street (EPDO 581) 

• 8 total, 2 pedestrians collisions (one fatal) and 3 visible injury collisions 

2. E. Grand Avenue and Bell Street (EPDO 557) 

• 14 total, one fatal pedestrian collision and 13 PDO 

3. E. Grand Avenue and Courtland Street (EPDO 133) 

• 34 total,10 injury collisions (1-SI), 2 pedestrian and 2 bicycle collisions 

4. El Camino Real and N. Oak Park Boulevard (EPDO 91) 

• 32 total, 5 injury (1-SI), 1 bicycle collision 

5. The Pike and S. Halcyon Road (EPDO 82) 

• 18 total, 6 injury collisions (1-SI), 12 PDO 

 

3.1 Crash Rate Methodology 

In further ranking of the citywide locations, crash rates were calculated for the roadway segments 

and the intersections. In calculating the crash rates, Average Daily Traffic (ADT) data was collected 

in the field by a subcontractor on the week of November 11, 2019 on a typical weekday, when schools 

were in session.  Further information on traffic counts and crash rate calculations are located in 

Appendix B: Traffic Analysis and Collision Analysis.  

Segment crash rates are calculated as the number of crashes that occur at on a given segment during 

a specified time period, divided by a measure of exposure for that same period.  This accounts for 

the segment length and the Average Daily Traffic (AADT) on the segment normalized to one million 

miles of travel, commonly referred to as Million Vehicle Miles (MVM) of travel. 

Intersection crash rates are calculated by the total crashes at the intersection during a specific time 

period, divided by a measure of exposure for that same period. Intersections make use of a similar 

scaling factor, Million Entering Vehicles (MEV), which accounts for the total number of vehicles 

entering the intersection and is also normalized to one million vehicles. 

Per the crash rate ranking, Section 3.2 show the top five locations for roadway segments and 

intersections. Bridge Street from Traffic Way to E. Branch Street was the ranked top segment and 

Traffic Way at Allen Street was the top ranked intersection.  

3.2 Crash Rate Ranking 

Per the crash rate methodology, the top five segments and intersections were ranked. 
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Top 5 Segment Locations: 

1. Bridge Street – Traffic Way to E. Branch Street 

2. Camino Mercado – W. Branch Street to Rancho Parkway 

3. Allen Street – Traffic Way to Pacific Coast Railway Place 

4. W. Branch Street – Brisco to E. Branch Street 

5. Rancho Parkway – W. Branch to Via Vaquero 

Top 5 Intersection Locations: 

1. Traffic Way and Allen Street  

2. Valley Road and AGHS Parking/ Castillo Del Mar 

3. W. Branch Street and Brisco Road  

4. E. Branch Street and Bridge Street 

5. E. Grand Avenue and S. Elm Street 

 

For ease, Figure 3.1, is a visual representation of the top ten ranking EPDO and crash rate locations. 
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3.3 Focused Analysis – Identify Locations 

After assessing the collision data and through coordination with the City of Arroyo Grande and the 

Local Road Safety Plan Working Group, the roadways segments and intersections were identified 

for further analysis due to recent improvements or future improvements. These locations are as 

follows: 

 Traffic Way and Allen Street (Ranked 1 Crash Rate) was quantified before the traffic signal 

at Traffic Way and Fair Oaks was installed in 2019. Further analysis will be conducted in 

the Local Road Safety Plan. 

 Valley Road and Castillo Del Mar (Ranked 2 Crash Rate) will have new perpendicular 

alignment with Valley Road. This improvement will remove the current skewed intersection 

and requires additional land which is already purchased. Construction tentatively starts in in 

late spring 2021. 

 The Pike and Halcyon Road (Ranked 5 EPDO, Ranked 6 Crash Rate) is now an all way 

stop control (AWSC). It was converted to an AWSC in 2019 and therefore this change is not 

reflected in the collision analysis. A before and after study will need to be conducted to see 

if the safety issues were remediated with AWSC. 

Bridge Street from Traffic Way to E. Branch Street – (Ranked 10 EPDO) does have an 

improvement project from the bridge but due to the two access points on Traffic Way (one for two-

way traffic and one access for the mailboxes) this segment was left in for analysis since the 

improvement project will not reconfigure the roadways near Traffic Way that are experiencing a 

trend in sideswipe collisions. 

In addition, there is an interchange project planned at US 101 and Brisco Road. Since this project is 

a few years off from being designed and constructed, the closely spaced City intersections in 

proximity to the interchange were left in for evaluation of low-cost systemic safety countermeasures. 

4. Safety Data Analysis 

Safety data analysis was performed to further diagnosis the cause of collisions and any collision 

trends in selecting safety countermeasure to mitigate those trends. This methodology followed the 

HSM and Caltrans’ Local Road Safety Manual, Version 1.4, April 2018 and involved roadway 

assessment and a quantitative analysis. 

4.1 Collision Diagnosis 

GHD conducted a field reconnaissance of top ranked City intersection and roadway segments in 

November, December 2019 and January and February 2020.  Google Maps was also initially used in 

quantifying some of the intersection and segment characteristics. 

Prior to the field assessment, GHD worked to understand the collision history by reviewing the 

corridor collision summaries, intersection collision summaries, and all locations where fatalities and 

severe injuries occurred within the study period. Identifying collision patterns within the data helped 

our team gain perspective and look for potential deficiencies at each location. Various heat maps 
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were created and used to locate areas with a high density of specific collision types to further 

narrow down areas of concern. Furthermore, our team also looked at existing traffic control devices 

present (signals, signs, flashing beacons, etc.) and potential countermeasures already 

implemented. Additional information and notes from the field reconnaissance are located in 

Appendix B: Traffic Analysis and Collision Analysis. 

 

4.2 Quantitative Analysis 

After the citywide roadway segments and intersections were identified, three locations were screened 

out due to new traffic control or future improvements. Tables 4.1 and 4.2 show the selected locations 

for roadway and intersection locations with a summary of the quantitative analysis performed to 

include collision severity, collision frequency, EPDO ranking, and crash rate ranking. 
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Table 4.1 Selected Roadway Locations for Further Analysis 
 

 
 
  

Fatal
Severe 
Injury

Other Visible 
Injury

Complaint of Pain
Property 
Damage 

Only (PDO)

Total 
Collisions

15A EL CAMINO REAL EAST OF OAK PARK TO WEST OF BRISCO 1 1 0 2 8 12 594 1.43

1B GRAND COURTLAND TO ELM 0 0 6 0 44 50 110 1.43

6B HALCYON NORTH OF FAIR OAKS TO SOUTH OF GRAND 0 0 1 5 24 30 65 1.14

4B FAIR OAKS EAST OF HALCYON TO WEST OF VALLEY 0 0 2 5 8 15 60 0.93

5B BRANCH EAST OF CAMINO MERCADO TO WEST OF BRISCO 0 0 1 4 22 27 57 1.15

4C FAIR OAKS WEST OF VALLEY TO EAST OF CALIFORNIA 0 0 2 4 10 16 56 0.77

3C W BRANCH EAST OF MASON TO EAST OF HUSANA/227 0 1 0 1 9 11 45 0.55

1C GRAND EAST OF ELM TO WEST OF HALCYON 0 0 1 2 16 19 39 0.66

10A RANCHO PKWY NORTH OF BRANCH TO N. OF VIA VAQUERO 0 0 0 2 23 25 35 1.63

26A BRIDGE ST NORTH OF TRAFFIC TO SOUTH OF W BRANCH 0 0 2 0 10 12 32 2.92

9A CAMINO MERCADO NO. OF BRANCH TO SO. OF RANCHO PKWY 0 0 0 1 7 8 13 2.53

31A
ALLEN ST EAST OF TRAFFIC WAY TO WEST OF PACIFIC COAST 
RAILWAY PLACE

0 0 0 0 3 3 3 2.16

5C BRANCH EAST OF BRISCO TO NORTH OF W BRANCH 0 0 0 0 12 12 12 2.07

32A BRANCH MILL RD SO. OF HUEBNER LN TO CITY LIMIT 0 0 1 1 3 5 20 1.62

15C EL CAMINO REAL EAST OF HALCYON TO NORTH OF GRAND 0 0 0 1 5 6 11 1.42

23A TALLY HO RD EAST OF MASON TO WEST OF 227 0 0 1 0 7 8 18 1.29

5A BRANCH EAST OF OAK PARK TO WEST OF CAMINO MERCADO 0 0 0 0 27 27 27 1.09

14A BRISCO NORTH OF GRAND TO SOUTH OF EL CAMINO REAL 0 0 1 0 14 15 25 1.15
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Table 4.2 Selected Intersection Locations for Further Analysis  
 

 

Fatal
Severe 
Injury

Other Visible 
Injury

Complaint of Pain
Property 
Damage 

Only (PDO)

Total 
Collisions

9 E BRANCH ST & SHORT ST 1 0 3 0 4 8 581 0.35

46 E GRAND AVE & BELL ST 1 0 0 0 13 14 557 0.39

1 E GRAND AVE & COURTLAND ST 0 1 5 4 24 34 133 0.76

13 EL CAMINO REAL & N OAK PARK BLVD 0 1 2 2 27 32 91 0.56

6 E GRAND AVE & W BRANCH ST 0 0 3 2 25 30 70 0.79

2 E GRAND AVE & S ELM ST 0 0 0 2 42 44 54 0.91

12 JAMES WAY & OAK PARK BLVD 0 1 1 1 5 8 52 0.22

8 W BRANCH ST & BRIDGE ST 0 0 1 3 22 26 51 0.93

19 FARROLL AVE & S HALCYON RD 0 0 3 1 9 13 48 0.54

15 W BRANCH ST & BRISCO RD 0 0 0 1 24 25 30 0.94

43 THE PIKE & GARFIELD PL 0 0 0 0 7 7 7 0.78

67 CORBETT CANYON RD & GULARTE RD 0 0 0 0 5 5 5 0.76

4 E GRAND AVE & S HALCYON RD 0 0 1 1 28 30 45 0.54

27 E GRAND AVE & US 101 SB RAMP 0 0 1 1 21 23 38 0.56

3 E GRAND AVE & BRISCO RD 0 0 0 1 22 23 28 0.53

16 EL CAMINO REAL & BRISCO RD 0 0 1 3 18 22 47 0.67

E
P

D
O Crash 

Rate

In
te
rs
ec
ti
o
n
s 
C
h
o
se
n
 d
u
e 
to
 H
ig
h
 E
P
D
O

In
te
rs
ec
ti
o
n
s 

C
h
o
se
n
 d
u
e 
to
 

H
ig
h
  T
o
ta
l C
ra
sh
es

In
te
rs
ec
ti
o
n

s 
C
h
o
se
n
 

d
u
e 
to
 H
ig
h
  

C
ra
sh
 R
at
es

In
te

rs
ec

ti
o

n
 I

D

Segment

2014 ‐2018 Collisions



   

  

  

GHD | Arroyo Grande SSAR Final Report | R1989RPT001 | Page 20 

4.3 Qualitative Analysis 

During the field assessments, our team made observations along the top five ranking roadway 

segments and intersections to compile data on the current characteristics.  Data was collected 

regarding the roadway/intersection characteristics, roadside environment, traffic control, and signing 

and pavement marking. These summarized field notes may be found in Tables 4.3 and 4.4 for 

roadway segments and intersections, respectively.  

 

Table 4.3 Field Observations for Roadway Segments 

 

15A EL CAMINO REAL EAST OF OAK PARK TO WEST OF BRISCO
Frequent Crash Type: Hit Object, Sideswipe. 

Frequent PCF Violation Category: Improper 

Turning, Improper Speed

Two way frontage road to US 101 with 

interchanges at Oak Park and Brisco. Direct 

driveway access points and horizontal curves 

that limit sight distance.

1B GRAND AVE COURTLAND TO ELM

Frequent Crash Type: Rear Ends, Sideswipe, 

Broadside 

Frequent PCF Violation Category: Auto Right 

of Way Violation, Improper Speed

Bot dot pavement markings on Grand 

Avenue with limited to no striping. Lanes 

don’t always align across intersection and 

along segment. 

6B HALCYON NORTH OF FAIR OAKS TO SOUTH OF GRAND

Frequent Crash Type: Rear Ends, Sideswipe, 

Hit Object

Frequent PCF Violation Category:  Improper 

Speed

Hospital along this segment and signal at 

Halcyon has split phasing due to the offset 

lanes across the intersection. Halycon 

widens out in this section.

4B FAIR OAKS EAST OF HALCYON TO WEST OF VALLEY
Frequent Crash Type: Rear Ends, Sideswipe. 

Frequent PCF Violation Category:  Improper 

Speed

Horizontal curves, bike lanes, and a lane 

drop for WB traffic. Hospital access, large 

church, and high school at Valley Road and 

elementary school at Halcyon.

5B BRANCH EAST OF CAMINO MERCADO TO WEST OF BRISCO

Frequent Crash Type: Rear Ends, Broadside

Frequent PCF Violation Category:  Improper 

Speed

Vertical curves and limited stopping sight 

distance to the signal at Brisco. Major 

shopping centers and access points.

9A CAMINO MERCADO N. OF BRANCH TO S OF RANCHO PKWY
Frequent Crash Type: Hit Object

Frequent PCF Violation Category:  None 

Apparent

This is a local collector that serves 

commerical and residential land uses. The 

Walmart and Food for Less truck deliveries 

are per this roadway. Horizontal curves and 

wide roadway with limited to no striping.

31A
ALLEN ST E OF TRAFFIC WAY TO W OF PACIFIC COAST 
RAILWAY PL

Frequent Crash Type: Hit Object, Sideswipe

Frequent PCF Violation Category:  None 

Apparent

Roadway in very narrow (approx. 34 feet) 

with parking allowed on both sides of 

roadway and no striping.

5C BRANCH EAST OF BRISCO TO NORTH OF W BRANCH

Frequent Crash Type: Sideswipe, Rear End, Hit 

object

Frequent PCF Violation Category:  Improper 

Turning

Two lane roadway and bike route (bike lane 

and sharrows). Horizontal and vertical curves 

limit sight distance and AWSC at Vernon 

Street.

32A BRANCH MILL RD S. OF HUEBNER LN TO CITY LIMIT
Frequent Crash Type: Overturned, Hit object

Frequent PCF Violation Category:  None 

Apparent

Curvy two lane rural roadway along 

agriculture land uses. Limited shoulder and 

recovery areas along the roadway.

15C EL CAMINO REAL EAST OF HALCYON TO N OF GRAND AVE
Frequent Crash Type: Hit Object, Rear End

Frequent PCF Violation Category:  Improper 

Speed

Two lane roadway and bike route with 

diagonal parking along road, east of Halcyon.

23A TALLY HO RD EAST OF MASON TO WEST OF 227

Frequent Crash Type: Hit Object, Rear End

Frequent PCF Violation Category:  None 

Apparent

Currently has some speed feedback signs 

but they aren't showing speeds. AWSC at 

James Way. Horizontal and vertical curves 

and bike route.

5A BRANCH EAST OF OAK PARK TO WEST OF CAMINO MERCAD
Frequent Crash Type: Rear End, Sideswipe

Frequent PCF Violation Category:  Unsafe 

Speed, Improper Turning 

A lot of commercical developmnet with 

driveways and vertical and horizontal curves 

that limit sight distance.

14A BRISCO NORTH OF GRAND TO SOUTH OF EL CAMINO REAL
Frequent Crash Type: Sideswipe, Rear End

Frequent PCF Violation Category:  Unsafe 

Speed, Improper Turning 

Two lane roadway with parking along 

roadway. School crosswalks at Linda Drive 

and El Camino Real.
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Table 4.4 Field Observations for Intersections 

 

9 E BRANCH ST & SHORT ST
Frequent Crash Type: Vehicle/ Pedestrian
Frequent PCF Violation Category: Pedestrian 
Right of Way Violation

Offset north and south legs of 
intersection with Nevada on north leg. 
Crosswalks on east and south/north 
legs. Right turn only for NB approach. 
Crosswalk on the east leg could benefit 
from being moved, west of the 
intersection due to less vehicle conflict 
points.

46 E GRAND AVE & BELL ST

Frequent Crash Type: Rear Ends, Hit Object, 
Vehicle/ Pedestrian
Frequent PCF Violation Category: Improper 
Turning

Residential land uses on north side and 
commerical land uses on south side. 
Nearest controlled crossing at Halcyon. 

1 E GRAND AVE & COURTLAND ST

Frequent Crash Type: Rear Ends, Broadside, 
Sideswipe
Frequent PCF Violation Category:  Traffic Signal 
& Sign Violation, Unsafe Speed, Auto Right of 
Way Violation

Permissive left turn for N/S approaches 
would benefit from a protected only 
phase. Residential and commercial land 
uses. 

13
EL CAMINO REAL & N OAK PARK 
BLVD

Frequent Crash Type: Broadside, Rear Ends, 
Sideswipe.
Frequent PCF Violation Category:  Improper 
Speed, Traffic Signal & Sign  

Significant downhill grade on the 
northbound approach. Also, traffic 
wanting to access the shopping on 
Branch Street needs to favor the outside 
left or have to make a quick lane change 
on the bridge over US 101. Busy 
interection with queuing typically on the 
NB and EB approaches.

6 E GRAND AVE & W BRANCH ST
Frequent Crash Type:  Broadside, Sideswipe
Frequent PCF Violation Category:  Auto Right of 
Way Violation

Closely spaced interection with Traffic 
Way and E. Branch St and US 101 
ramps. "Keep Clear" marking on Grand. 
Due to the majority of traffic headed to 
Branch or the US 101 on-ramp lane 
utilization is not balanced (queuing 
typical in the outside lane during peak 
hours).

4 E GRAND AVE & S HALCYON RD

Frequent Crash Type: Rear End, Sideswipe, 
Broadside
Frequent PCF Violation Category:  Improper 
Speed, Improper Turning

Signalized interesection has split phase 
for north and south traffic due to the 
offset alignment of lane through the 
intersection. Also, alignment through 
intersection east-west has a bit of a kind. 
Lane guide marks would be beneficial.

27
E GRAND AVE & US 101 SB 
RAMP

Frequent Crash Type: Rear End, Sideswipe, 
Broadside
Frequent PCF Violation Category:  Traffic Signal 
& Sign, Improper Turning 

Short ramp length that doesn't allow 
much deceleration distance. Signalized 
interection closely spaced to NB on ramp 
signal. The signals appear to be running 
on separate controllers or not 
coordinated.

3 E GRAND AVE & BRISCO RD

Frequent Crash Type: Broadside, Rear End, 
Sideswipe
Frequent PCF Violation Category: DUI/BUI, 
Unsafe Speed, Improper Turning, Auto Right of 
Way Violation

Raised median island that channels the 
lefts on Grand Avenue. Close proximity 
to Elm Street creates speed differential 
for the right turn and left turn movements 
on Grand. Also, sometimes there is 
spillback for the EB left turn.

16 EL CAMINO REAL & BRISCO RD

Frequent Crash Type: Broadside, Rear End, 
Sideswipe
Frequent PCF Violation Category:  Unsafe 
Speed, Auto Right of Way Violation, Improper 
Turning

School crosswalks on the south and 
east legs. Delay and queuing present 
due to the signal timing and phasing with 
the closely spaced interections along this 
corridor.
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5. Safety Countermeasures 

Per Caltrans, Division of Local Assistance, Systemic Safety Analysis Report Program (SSARP) 

Guidelines, February 2016, the following low-cost systemic safety countermeasures were identified 

for roadway segments and intersections in the City. These countermeasures and their overall crash 

reduction percentages are as follows: 

Roadway Segment Countermeasures: 

 Install/Upgrade signs with new fluorescent sheeting (regulatory or warning (R26) 

o 15% crash reduction to all crash types 

 Install chevron signs on horizontal curves (R27) 

o 40% crash reduction to all crash types 

 Install curve advance warning signs (R28) 

o 25% crash reduction to all crash types 

 Install dynamic speed feedback signs (R30) 

o 30% crash reduction to all crash types 

 Install delineators, reflectors and other object markers (R31) 

o 15% crash reduction to all crash types 

 Install edge lines and centerlines (R32) 

o 25% crash reduction to all crash types 

 Install bike lanes (R36) 

o 35% crash reduction to bicycle and pedestrian crash types 

Non-Signalized Intersections: 

 Install Raised medians/refuge islands (NS16) 

o 45% crash reduction to bicycle and pedestrian crash types 

 Install Pedestrian crossing at uncontrolled locations (signs and markings only) (NS17) 

o 25% crash reduction to bicycle and pedestrian crash types 

 Install Pedestrian crossing at uncontrolled locations with enhanced safety features (RFFB, 

curb extensions, etc.) (NS18) 

o 35% crash reduction to bicycle and pedestrian crash types 

 Install Pedestrian signal or HAWK (NS19) 

o 55% crash reduction to bicycle and pedestrian crash types 
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Signalized Intersections: 

 Improve signal hardware: lenses, back-plates, mounting, size, and number (S2) 

o 15% crash reduction to all crash types 

 Improve signal timing (coordination, phase, red, yellow, or operation) (S3) 

o 15% crash reduction to all crash types 

 Provide protected left turn phase (left turn lane already exists) (S6) 

o 30% crash reduction to all crash types 

 Install raised pavement markers and striping (through intersections ) (S8) 

o 10% crash reduction to all crash types 

 Install pedestrian countdown signal heads (S19)  

o 25% crash reduction to bicycle and pedestrian crash types 

 Install leading pedestrian interval (S22) 

o 60% crash reduction to bicycle and pedestrian crash types 

 

In addition, Federal Highways Administration (FHWA) has proven safety countermeasures for 

mitigating collision trends. These countermeasures are presented in Figure 5.1. 
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Figure 5.1 FHWA Proven Safety Countermeasures 

 

 

5.1 Roadway Segments – Safety Countermeasures 

In selecting the appropriate safety countermeasure for the roadway segments, countermeasures that 

were successful in mitigating the majority of collisions and reduce overall collision severity were 

recommended for each roadway segment and intersection that identified in Section 4. 

5.1.1 Recommended Roadway Countermeasures 

As presented in Table 5.1, the identified top ranking roadway segments and the recommended safety 

countermeasure were quantified. This could be a combination of countermeasures. 
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Table 5.1 Roadway Segments Safety Countermeasures 

 

 

It is recommended that some of these countermeasures, such as striping, be incorporated with 

pavement rehabilitation projects. Also, even more countermeasures could be added, but with the 

HSIP analyzer tool, we are limited to only being able to quantify three countermeasures. 

 

15A EL CAMINO REAL EAST OF OAK PARK TO WEST OF BRISCO

R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)
R27. Install chevron signs on horizontal curves
Not Listed. Install green paint for bicycle lane conflict zones.

1B GRAND AVE COURTLAND TO ELM
R32. Install edge lines and centerlines
R3. Install Delineators, reflectors and other object markers.
R36. Install Bike Lanes and install green paint for bicycle lane conflict zones. 

6B HALCYON NORTH OF FAIR OAKS TO SOUTH OF GRAND
R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)
R36. Install Bike Lanes and install green paint for bicycle lane conflict zones. 

4B FAIR OAKS EAST OF HALCYON TO WEST OF VALLEY
R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)
R27. Install chevron signs on horizontal curves

5B BRANCH EAST OF CAMINO MERCADO TO WEST OF BRISCO
R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)

4C FAIR OAKS WEST OF VALLEY TO EAST OF CALIFORNIA
R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)

3C W BRANCH EAST OF MASON TO EAST OF HUSANA/227
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)
R30. Dynamic speed feedback signs
R27. Install chevron signs on horizontal curves

1C GRAND EAST OF ELM TO WEST OF HALCYON
R32. Install edge lines and centerlines
R3. Install Delineators, reflectors and other object markers.
R36. Install Bike Lanes and install green paint for bicycle lane conflict zones. 

10A RANCHO PKWY NORTH OF BRANCH TO NO. OF VIA VAQUERO
Sight distance at driveways and driveway configuration should be evaluated. 
Install green paint for bicycle lane conflict zones.

26A BRIDGE ST NORTH OF TRAFFIC TO SOUTH OF W BRANCH
Bridge Street will have improved design with Bridge Street widening project 
currently under development. Re-evaluate when complete.

9A CAMINO MERCADO NO. OF BRANCH TO SO. OF RANCHO PKWY
R28. Install curve advanced warning signs
R30. Dynamic speed feedback signs

31A
ALLEN ST EAST OF TRAFFIC WAY TO WEST OF PACIFIC COAST 
RAILWAY PLACE

Parking should be limited to one side only. Roadway striping would help 
delineate vehicle travel way.

5C BRANCH EAST OF BRISCO TO NORTH OF W BRANCH
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)
Not Listed. Install green paint for bicycle lane conflict zones.

32A BRANCH MILL RD SO. OF HUEBNER LN TO CITY LIMIT
Adding shoulder where possible. Install edge and centerline rumble stripes at 
selective locations. 

15C EL CAMINO REAL EAST OF HALCYON TO N OF GRAND

R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)
R27. Install chevron signs on horizontal curves
Not Listed. Install green paint for bicycle lane conflict zones.

23A TALLY HO RD EAST OF MASON TO WEST OF 227
R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)

5A BRANCH EAST OF OAK PARK TO WEST OF CAMINO MERCADO R36. Install Bike Lanes and install green paint for bicycle lane conflict zones. 

14A BRISCO NORTH OF GRAND TO SOUTH OF ECR
R30. Dynamic speed feedback signs
R26. Install/Upgrade signs with new fluorescent sheeting (regulatory or warning)
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5.1 Intersections – Safety Countermeasures 

In evaluating the focused intersection locations, low-cost systemic safety countermeasures were 

recommended in Table 5.2.  These recommended low-cost countermeasures include traffic signal 

improvements, bicycle and pedestrian improvements, and striping, pavement markings, and 

signage improvements. The majority of the identified intersections were signalized and needed 

additional crossing improvements for pedestrians and bicycles. 
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Table 5.2 Intersection Safety Countermeasures 

 

9 E BRANCH ST & SHORT ST
NS16. Install raised medians/refuge islands

NS18. Pedestrian crossing at uncontrolled locations with 

enchanced safety features (RRFB, curb extensions, etc.)

46 E GRAND AVE & BELL ST NS19. Install pedestrian hybrid beacon (HAWK)

1 E GRAND AVE & COURTLAND ST

S19. Install pedestrian countdown heads

S20. Provide pedestrian Crossing

S22. Leading pedestrian interval (LPI)

S2. Improve signal Hardware: Lenses, back plates mounting, 

size and number of heads

S3. Improve Signal Timing

13 EL CAMINO REAL & N OAK PARK BLVD
Intersection is in joined jurisdiction; mitigation can not be 

proposed by city only. 

6 E GRAND AVE & W BRANCH ST

Install luminaire for the crosswalk on the north leg (Branch St 

leg). Evaluated signage and pavement markings for trap right 

turn lane (Right Lane Must Turn Right is installed).Consider 

roundabout with consolidation of closely spaced intersections

2 E GRAND AVE & S ELM ST

S19. Install pedestrian countdown heads

S20. Provide Pedestrian Crossing

S22. Leading pedestrian interval (LPI)

S2. Improve signal Hardware: Lenses, back plates mounting, 

size and number of heads

S3. Improve Signal Timing

S6. Provide protected left turn phasing. 

12 JAMES WAY & OAK PARK BLVD
Joint jurisdiction with Pismo Beach; mitigation can not be 

proposed by city only. 

8 W BRANCH ST & BRIDGE ST
NS16. Install raised medians/refuge isnlands

NS18. Pedestrian crossing at uncontrolled locations with 

enchanced safety features (RRFB, curb extensions, etc.)

19 FARROLL AVE & S HALCYON RD NS19. Install pedestrian hybrid beacon (HAWK)

15 W BRANCH ST & BRISCO RD

S19. Install pedestrian countdown heads

S20. Provide Pedestrian Crossing

S22. Leading pedestrian interval (LPI)

S2. Improve signal Hardware: Lenses, back plates mounting, 

size and number of heads

S3. Improve Signal Timing

This intersection will be reconfigured in the future as part of 

the Brisco Road Interchange Improvement Project

43 THE PIKE & GARFIELD PL NS17. Install crossing at uncontrolled locations

67 CORBETT CANYON RD & GULARTE RD Sight distance triangle at this intersection should be cleared.

4 E GRAND AVE & S HALCYON RD

S19. Install pedestrian countdown heads

S20. Provide Pedestrian Crossing

S22. Leading pedestrian interval (LPI)

S2. Improve signal Hardware: Lenses, back plates mounting, 

size and number of heads

S3. Improve Signal Timing

27 E GRAND AVE & US 101 SB RAMP
Caltrans jurisdiction; mitigation can not be proposed by city 

only. 

3 E GRAND AVE & BRISCO RD
Crosswalk should be upgraded to high visibility crosswalks. 

intersection lighting should be improved on crosswalks. 

16 EL CAMINO REAL & BRISCO RD

S19. Install pedestrian countdown heads

S20. Provide Pedestrian Crossing

S22. Leading pedestrian interval (LPI)

S2. Improve signal Hardware: Lenses, back plates mounting, 

size and number of heads

S3. Improve Signal Timing

This intersection will be reconfigured in the future as part of 

the Brisco Road Interchange Improvement Project
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6. HSIP Application 

The City of Arroyo Grande submitted a Highway Safety Improvement Program (HSIP) grant 

application for Cycle 10. The application was for set-aside funding for pedestrian crossing 

enhancements at the following three locations: 

1. Uncontrolled pedestrian crosswalk on the west leg of E. Grand Avenue and Alder Street 

2. School crosswalk across Farroll Avenue at S. Halcyon Road 

3. School crosswalk on the south leg of S. Halcyon Road at Sandalwood Avenue 

Overall, the project descriptions are to generally improve the three existing crosswalks with ADA 

curb ramps, a Rectangular Rapid Flashing Beacon for the uncontrolled crossing on E. Grand 

Avenue, curb extensions for the existing crossing on S. Halcyon Road, yield lines, high-visibility 

crosswalks, and striping and pavement markings. 

The preliminary design plans for the HSIP application are in Appendix E: HSIP Cycle 10 Plans. 

These locations were identified based on SSAR and Local Road Safety Plan (LRSP) that is 

currently in the public outreach process. Based on the LRSP stakeholder group comprised of City 

staff, Arroyo Grande Police Department, Five Cities Fire Authority, San Luis Obispo Bike Club, 

Lucia Mar Unified School District, SLO County, Caltrans, Pismo Beach, and Grover Beach, 

uncontrolled pedestrian crossings are one of the main safety issues in the City (where fatal and 

severe injury pedestrian to vehicle collisions were occurring). Therefore, the LRSP working group 

made it a priority to have a greater focus on uncontrolled crosswalks within the City. The locations 

in the application were identified based on their deficiencies and use, priority corridors, and collision 

analysis. The City has also received several messages or testimonies from concerned citizens who 

use the crossings on a regular basis. 

In addition, the two crosswalks on Halcyon Road have been identified for these improvements per 

the Halcyon Complete Streets Plan, April 2018. This complete street plan had significant outreach 

but has no current funding so getting some identified improvements implemented in the field will 

help to bring momentum to the ultimate project. 

The award for HSIP Cycle 10 funding should be announced March 31st but was not known when 

the SSAR was finalized.  
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7. Next Steps – Local Road Safety Plan 

The City of Arroyo Grande is currently conducting a Local Road Safety Plan in building on the 

SSAR collision analysis and systemic safety countermeasures. A Stakeholder Working group was 

formed and consists of the following agencies and organizations: 

1. City of Arroyo Grande 

 Engineering 

 Public Works 

 Planning 

 Community Development 

 Maintenance 

2. Police Department 

3. Five Cities Fire Authority 

4. Lucia Mar Unified School District 

5. Bike SLO County 

6. San Luis Obispo Bike Club 

7. Safe Routes to School Coordinator 

8. City of Pismo Beach 

9. City of Grover Beach 

10. San Luis Obispo County 

11. Caltrans 

Three stakeholder meetings have been held in guiding the development of the LRSP and we are 

currently in the public outreach process. A website has been developed in soliciting public feedback 

and this website has an interactive map where the public can pinpoint their concerns and a survey 

in gathering City specific safety information. 

After the public outreach process, another Stakeholder meeting with be held in April 2021. A 

discussion of the public comments and recommended countermeasures/safety projects will be the 

focus of this meeting. After this meeting, the Draft LRSP will be prepared for Stakeholder 

comments. 

A LRSP builds on the data driven process with an agency specific stakeholder group that guides the 

development of the plan and recommends other ways to improve safety beyond engineering 

countermeasures to include enforcement, emergency response, education, and emerging 

technologies. In complimenting the SHSP, the LRSP is focused on identifying countermeasures for 

the 5 Traffic Safety E’s (see Figure 7.1). 

This collaborative and holistic process also engages the public through outreach, which is key to 

capturing the near misses or safety concerns before they have documented collision issues. This 

overall framework provides a proactive systemic approach in improving safety citywide and 

positions the City for future grant funding with the prioritized safety projects and goals adopted by 

City Council.   
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Figure 7.1 Traffic Safety E’s 
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8. Conclusions 

GHD has prepared this Systemic Safety Analysis Report (SSAR) for the City of Arroyo Grande.  The 

report consists of detailed historical collision analysis and field observations. These safety issues 

were then matched to a set of low-cost systemic safety countermeasures and quantified per the HSIP 

calculator. This calculator quantifies the overall benefit in quantifying the reduction of crashes through 

Crash Modification Factors (CMF) for the safety countermeasures. In addition, based on recent 

project costs and Caltrans District 5 unit costs, each project had a preliminary planning cost estimate 

completed. For HSIP applications, further engineering is needed to include preliminary design and 

30% cost estimating will need to be performed. More details into the cost estimate and overall benefit 

and cost are included in the HSIP analyzer worksheets located in Appendix D: HSIP Analyzer 

Worksheet. 

With a systemic approach that makes use of high impact, low-cost countermeasures, GHD submits 

the following focused list as presented in Table 6.1.  These projects are intended to be competitive 

for the next cycle (Cycle 10) in the Highway Safety Improvement Program (HSIP). 

Table 8.1 Recommended HSIP Projects 
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In addition, to the focused projects above you can apply the recommended countermeasures 

systemically to the roadways and intersections with similar risk characteristics and collisions. Table 

6.2 presents the suggested lists of low-cost engineering countermeasures that could be applied 

systemically throughout the City of Arroyo Grande. 

 
Table 8.2 Recommended Systematic HSIP Projects 
 

 

 

8.1 Next Steps 

The City of Arroyo Grande is currently conducting a Local Road Safety Plan. This plan is being guided 

by a Stakeholder Working Group consisting of City staff, Arroyo Grande Police Department, Five 

Cities Fire Authority, San Luis Obispo Bike Club, Lucia Mar Unified School District, SLO County, 

Caltrans, Pismo Beach, and Grover Beach. The LRSP is currently in the public outreach process and 

a Draft LRSP is anticipated to be completed in June 2021. 
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Jay Walter 
Jay.Walter@ghd.com  
805.858.3141 

Kathryn Kleinschmidt 
Kathryn.Kleinschmidt@ghd.com  
805.858.3147 



�����������	�
���
�
�������



� ������

� ������

��	


��
�

��


�� �����
����������� �������������			  !"# $%�� & '	(')&)&

*+,-�./��00.-.�102345
�%6�����������7�����%����89

:���%�;�<6=��� >���?���%��$%�9@7��AB<��C
D�

B��E7�AB<��CD��A�F�����%
����89:���%�;�<6=����%6���<�?��8�<G�H
I

J7K��LK�CDCKB�CDCK�M$K
8NNO$�����;�@:E

������E%��7��
��%;�



�P�

C7



*.QQ+R+.3�S53R+,-
TUV W�X�YZ[\]�̂_̀

$%�%�$����%�@��7 N��%������a���%�=���%���a����
��9%����6������%��������;�

b������E�����;���6������%���
���=�c��E�����;��a�6������c�

�=��
�d
��e9%���a����f�%E�9�g��a��


�9�����%����������
h�������������i<��
��%�����

�����9%��?�E
$%�%���9���7���%��6���%����

�G��9�;��%66��j�<;���@�fk
G�<g�

��P

�Dl�<�%��c�E�

�G����j�%��E���%aa��������E�
�<;���@�f<AG�k<gl�k=��h

%��a����%�>�j=c%;��%����l�


��P

�D

<�9���7��m���l�>m�ml�B%�@
��l�f�g�J6��<�� ����%6����

���F9����l�%�E��=��BG<�9���
���@@9���;�

<�9���7�i<�h���9��H9��%
9l�B��j�%6=;�$��������������

��h��%��E�F;7�a�%=@%�

n�o[p�q[Zp�rs_]
t�u[svwx\�y]z[{Z�o[p|�̂_̀

}Z[~~{v��[w
��rZ[\v��t�

�xZ�̀����[\wx\�y]

�[� |̀��[w

�[ss̀w�y]X�rZ[\v��t�

�xss{|{x\ �̀\|{�w ��� ���� �������������� ������������

�-R,2�2,+���2/5,-��32Q-R
+R��5�.0,  ����¡



��
��

��

��
� �

�
� � �

� �
�

�
�

�
�

�
�

� ��
�

�
� ��� ��� �

� �
� �

�
� ��

�

� ���
�

� ���
�

� �
�

��
�

�
�

�
�

��
�

�

�
�

��
���

�� �
�

��
�

�
�

�
�

���
� �

�
��

�
�� �

�
� �

��
��

�
�

�
�

��
�

��
��

�
�

��
�

�
��

�
�

�
��

�
�

� �
�

�
�

�
� �

��
�

�
�

��
�

�
�

��
���

�
�

�

�
��

�
� �

����
�� �

� �
�

�
�

�
�

� � �
��

�
�

���
��

�
�

�
� �

��
�

� �
��

�

�
�

�
� �

� ������

� ������

	

���
������

��� �����
����������� ������� ����!"""##$%& '(�� )#*"+*
)
)

,-./�01�	220/0�324567
�(8���������� 9�����(����:;

<���(�=�>8?��� @���A� �(��'(�;B9��CD>�
E
F�

D��G9�CD>�
EF��C�H�����(
����:;<���(�=�>8?����(8���>�A��:�>I�J
K

L9M��NM
EFEMD
EFEM�O'M
:PPQR>I�B<G

��� ��G(��9�
���(=������S�

�9��

T4.4U�456�V5WX2/�,0UU-Y-05Y
Z[\ ]��̂_̀abc�def

'(�(�'����(�B��9 P��(��� ��g���(�?���(���g����
��;(����8���� �(��� �� �=�

h�� ���G� ���=���8���� �(���
 ��?�i��G� ���=��g�8�� ���i�

�?� 
�j���k;(���g����l�(G�;�m��g�


��; ����(����������
n������� ��� �o>�
�
�(��� �

�����;�(�A�G�
'(�(���;���9���( �8���(��� 

�I �;�=��(88� p�>=���B�lq
I�>m���
�S��
Fr�>�(��i�G�

�I ���p�(��G���(gg��������G�
�>=���B�l>CI�q>mr�q?��n

(��g�� �(�@�p?i(=��(����r���

�S��
F

>�;���9��s���r�@s�sr�D(�B
� r�l�m�L8� >�� ����(8��� 

���H;����r�( G��?��DI>�;���
���BB; ��=�

>�;���9�o>�n� �;��J;��(
;r�D��p�(8?=�'������ �������

��n��(��G�H=9�g�(?B( 

t�uav�wàv�xyec
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Zd

;>HWR�PNiLQR�J
M�TJNc�UJNfL�QRJ

�QN�mmn
UJNfL�QRJ

SNVQg�NT�mmn
XXZ

X[XX
ZZZX

XXXX
ZXZZ

XZab
Zbb

ba
;?HUJNfL�giW

W�TJNc�LNJQg�NT�k
JKLUg�QN�mmn

LNJQg�NT�kJKLUg
SNVQg�NT�mmn

XXX
XaXZ

ZZXX
XXXX

X[XX
Zab

Xbb
ba

;@HkJiMIR�SQ�
LNJQg�NT�QJKTTiU�

QN�SNVQg�NT�f�kJK
LUgLNJQg

�NT�QJKTTiU�fKh
SNVQg�NT�f�kJKLU

g
XX[

XZXXY
[[XX

XYXZ
a[ZZ

Ya[
[][Y X�����������������������[

[_\[[bX_̀
deZ[

;AHQJKTTiU�fK
h�LNJQg�NT�JKcP�Q

N�SNVQg�NT�TKiJ�NK
OSLNJgQ�N

T�vwv�JKcP
SNVQg�NT�TKiJ�NKO

S
XXX

X[XX
XZZX

X`XX
XZZX

X[
d]̀de�����������������������X

X_Z[\b
b[

;A6QJKTTiU�fK
h�SNVQg�NT�TKiJ�NK

OS�QN�LNJQg�NT�PN
NWRSNVQg�N

T�TKiJ�NKOS
LNJQg�NT�PNNWR

XXX
X[ZX

ZXXX
XZXX

ZXXZ
X[Z

[]̂̀ X���������������������X
X_Xdeb

b[
;A(QJKTTUi�fK

h�LNJQg�NT�PNNWR�
QN�SNVQg�NT�kJKLU

gLNJQg�N
T�PNNWR

SNVQg�NT�kJKLUg
XXX

X`XX
XZ[X

X[XX
XXZX

a`Z
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[_ẐZb

ba
l;HkJKLUg�ci

WW�JM�SNr�NT�gVRkL
RJ�WL�QN�UiQh�WiciQ

SNVQg�NT�gVRkLRJ
�WLUiQh�Wici

Q
XXZ

ZaXZ
XXZ[

XZXX
aXXZ

Z[X
Z]̂\Z�����������������������[

Z_̂[XbX_̂̀
dY

llHNJUgKJM�S
Nr�NT�UKSQiWWN�MRW

�cKJ�QN�SNr�NT�UgR
JJhSNVQg

�NT�UKSQiWWN�MRW�c
KJSNVQg�NT�UgRJ

Jh�KoRJ
XXX

X[XZ
XXZX

XZXX
XXZX

Z[
]̀Zea�����������������������X

X_[̂ab
b[

l>HfgiQRWRh�S
Q

RxQRLQ
RxQRLQ

XXX
X[XZ

XXZX
XXXX

XXZX
Z[b

Xbb
b[

yzz{
|{|}~z���

y��~�~�{
�zzy{�

}yy�y���y
y��� b

��b
b{��

����

D)���

�����

�����&�7�%)���
9�*�

��)*
D)

�� ��%��
D�+�

-�1�&��%�� 6%7�7���



���������	�
���
���
�����������




����������	�
	�
�
����
�	
�

��
�
�����	
���
�
����
����
���		�



���
����
���
��������
�
��	���
� 

�
!"
#�
���
������

��
��	��
������







����������		
�����
���������������������������
�����������

���
��	��
����������������������������	��������

�



����������	�
	�
��
����
�
�

��
��
��
���
������




���������	�
���
��������������������



��������	
��


������������

��
������������	
���������

���	������������ !�

�
�"
��#�!��$�	�

%&'(�)*)+,-./�0123�.23456378�0962:�;636�6<=�>7<7?43�0123�/6341�@>0/A�06BCDB6341<�?19�%4E:F6G�&6?73G�'5H91I757<3�(91E965�@%&'(A�)HHB4C6341<�J��
������K�L��M���#���		�M��N������!O
!���������
�����������PQ����	���
���������	
��
PR�$�J�	�������N����������	
��
�M��N����
���
�����������N��J����	�J�
�
���	�����������	��������M��N�����	��	�M���N���M�		�O��#��S��	����#��
�J��N��
��T������#���	��������
�����R��		�
�		�M�N��N	��N��#����	#��J����O����		�#���R�UN���
�
����	#���
����	��	���#���#�
��#!��	
R�UN��������#
��J�����
J�V	���
�������L�

�#����#��������N��#��������
�#������
	��
������WR������
��

�
�J�����������
�#������
����X��N���

�
���
��
�����
����#��������N����X�������R YZ[\]]̂_̂ ]̀abcd[Yefaghij�)HHB4C6341<�';8�(91k7C3�+1C6341<�6<=�(91k7C3�;72C94H341<�V���
��
�J��N����������	��������l�
JW�)HHB4C6341<�';m
��#���
����
�	���#��J�
�L�J�������������	���#�����
�����������	�#����	��#������#���
�����N��������#���#���
���������#�M��N��#�R�(91k7C3�;72C94H341<m�V	�J���#����� ���N�
����
�Wn�"K�o����n�p�$qrKUs�o���U�n�"K�o����n�p���nsQ��U�n�"K�o����n�p�����s$tqo�K��n�"K�o����n�p��n�n�UK��s���"o�s�Vun�U�ql��s�nK��UW(91k7C3�+1C6341<m�V	�J���#����� ���N�
����
�W��L���N�����	���������N�����	������������	���P$�	�P�����N����	����J��V�R�R�P�v!s�������	��!��$�	�R�#�PWR�

$�JJ���w$K����	������� ���!���#����
����N�l
���������
�����U
���J������!���#����
�"��
#
��	�r��
�#�� ���!���#����
���
������	�$�
L������������!���#����
���#���
����$
�������n�N����J���� ���!���#����
�U
�O�����	��������$�����
�����N���
�S��
����w�������$����K�����Vw$KW�����	��������$�����
�����N���#��oqU�
�S��
����w�������$����K�����Vw$KW���;D6B�C1<24=796341<x����������	��������$�����

��N���#��������
�S��
����w$K������	����#��O�L����N��T��N���O�X������#������
��
�#���
���N����N������	��������M�		�O�������#�
�#������$�JJ���w$K����	�����������M�		������������#��������������	����#���
����#������#�
��N�����!���#��������

R�����N���O�X�����N��T�#����O���������������	
�������
�S��
�#�����N���
�y����M�		�N�L����w$KR
zj�)HHB4C6341<�0637E19G�@0:7C{�1<7Am
)�26?73G�|7<7?43�C123�6<6BG242�42�97}D497=�?19�3:42�6HHB4C6341<j�~:42�311B�F4BB�ED4=7�3:91DE:�C123�723456378�26?73G�|7<7?43�7I6BD6341<�6<=�>7<7?43�0123�/6341�@>0/A�C6BCDB6341<j



��������	
��


������������

��
������������	
���������

���	������������ !�

�
�"
��#�!��$�	�

%&'()*+�,-�.*+/(01'()*+�.*/(�2/()34(&�4+5�.*/(�60&475*8+�9:����
���������:������������������� ;��
�<�#��#����	�#��������
=������>����?��
������
����������>����	
@A��9:����������
���:�
��:�����?�B��CDE����#�$B@�F�		�G�����	�#�#��������������A�� ;�9�������������
>����
���?$H�@�?������I@��
���	���G	����
�G��������#�����:���
�J����G���������	��	�����A�K�
���$H����G�����#�����:���
�J����G���������	��	��������:�������
�����������������:��$H�>����G�����	������ L�����:���
�J���=������	������
���������������	��������M�����������
�N�����#A���#�� ;�����
>�����:���
�J���=��>�M�>�>�K�#�
�	�C��>G�
��>����C�����?KCC@A�,-O�%&P&'(�1Q�(*�R�'*1+(&03&4/10&/�S.T/U�(*�V&�(&/(&5�)+�(W&�2+X)+&&0Y/�2/()34(&Z[�>G�
����$H�����G�����#�����:����
�J����I$H�[�A��������H�#��
������	��:����������>�	�>������\��#������#���
��������
<�	�?\��@$H�[�A�����]�������		���#���
���������#�F�������	�:��#�$H�[�A�I�����������		���#���
�����
�������?�A�A@,-̂�_&(4)P&5�2+X)+&&0Y/�2/()34(&�̀*0�.*+/(01'()*+�,(&3/Z�.*/(�V0&475*8+�Va�.T/-�K�
����:����>������
����������
����������
����:�����:��$H����#�bD�:�
������
!C�	���#b�?D�@���>�������A�?��A�A�����
������
���L@A�9:�������L���
�b[��!�����
!C�	���#b�?[�@����>�������������	��	���#Acde fghi�jhklmnogndp qpngrstpgngu�qpng�vdkg wdgtx y�zdm�v{|}�~���� y��zdm�v{|��~�}�� y��zdm�v{|��~���� y�zdm���� y�zdm�c����� } �h�hkgmntp�vdspg�d�p��n�ptx��ht� fpg� � ��}����e��� �������� �� �}�� �� �� ��� � {d�nzunp���n�ptx���tknp�� fpg� � �������e��� �}������� ��� �}� �� �� ��� � �hzxhlgn�h�vmdkk��tx�k ht }� ������e��� �������� �� �� �}�� �� �����hn��gh����hmt�h�~y��wdgtx�~��� ���������� �}y ��y ��y��y�zdm�����vdkg�y�zdm��g�hm��tzhgu��hxtgh��ldiodphpgk�����y�zdm�c���vdkg�y�zdm�cdp��tzhgu��hxtgh��ldiodphpgke$�����������������L�����:���G�<��b9���	b�����:�������
����������>���?�A�A�����
������
���L@ L � ������ ���9���	�$����
�������$����?$������>�� �$������������@���?C���#�#��������:�����
����:��#
�#�@ ��I¡¢� ���



��������	
��


������������

��
������������	
���������

���	� ����������!"�

�
�#
��$�"��%�	 

&'(�)*++,-.��%/0�1��
���	���2	�����2�����$�����3���
�4� ��2������� �	 �	�����5%�����
6����
���� 7�$�
�	�7��$�����8	���2�	��
�07781 %����9 8	���2	�����2�����$����2������� �	 �	�����: ;�<������= �����������3���!9�
�	�>��� ���9 !�5?�9 @���0AB�!9� ���1��C ���9 ��5�?9 @���0AB�!9� ���1��� ���9 �D5!�9 @���0AB�!9� ���1>E
�
�<������������= �����������3���!9�
�	����3��%/�F��3�	�����3����!9�����3�� ����
� ����� ����F�		��3���2���	���2	�����2�����$�����3��2������� �	 �	�����5���������= ����������
�<�����$���
���
�%/0�1��2�G����	������
�G�$���3��
������0	�F� �����
���6����F��3�������� ���������
�2����������� 51��
�4� �H��/�=�6�6�7�$�
�	�;��62�
��6����;������B ���5�9I3���
�4� �H��/�=�6�6�7�$�
�	�;��62�
��6����;�������� �	 �	���$�����3��	���������3��778������3���2�G�� �����
6����
����6������3����
 �����������3�����"�����
�
�	���$� ���������= ���������95�JKLM�LM�NKO�+,PL+*+�Q,R*O�,RRSTOU�NS�VO�OWNO-OU�LW�XY)&Z[JSN,R\]̂X�_SR*+W�LW�)O_NLSW�&&�\Z-S̀O_N�aSMN�bMNL+,NÔ'
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���� 
��8������@�� 
��8���>:�
���
����
�Y���	�LYM����@�
����I�

�L��M��Z�8�
�����:	����I�

�LZ��M����I�

�"�%�>�	�������������L�"%�M����$��
���
�
���>����Z�	
�L��ZM���
���� ��@�	
;��-./a/�BC+D'()�O','G*)�1,4�O05�&3EE1CFS�; %�����
>����
��S�>� V������ %��� g���	�����VT%� �� �[�J����K� �[�]���!� _/d� �K �[�J����K� �[��!�]��� h/_K �J �[K�J�K����� �[K�J�K�J� NN/Ni,)*C'�BC+D'() �̂fbfc_bdà� �̂̀ aebeee� d/_
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