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EXECUTIVESUMMARY

Introduction

Pacific Gas and Electric Company’s (PG&E) 2021 Wildfire Mitigation Plan
(WMP) continues many of the actions undertaken in our 2019 and 2020 WMPs, but
also reflects an evolution to a more precise, technology-based approach to measure
and mitigate wildfire risk, lessons learned implementing the 2020 WMP, and
feedback received from the Wildfire Safety Division (WSD), PG&E’s Federal
Monitor, and many others as to areas that we can improve and gaps we should
address. As the devastating 2020 fire season demonstrated, California’s climate-
driven wildfire risks are increasing annually, and only focused and sustained
mitigation efforts will be effective at reducing the threat and impact of wildfires
facing all Californians.

Our updated risk-modeling for the 2021 WMP benefits from both historical data
(weather patterns, detailed information on previous ignitions, outages and other risk
events, etc.) as well as state-of-the-art tools such as fire-spread technology that
shows the locations where specific infrastructure failures can lead to ignitions that
have the highest consequences for our communities. Leveraging this updated risk
model and increased governance and oversight, going forward at least 80 percent
of work performed in our key wildfire mitigation workstreams, System Hardening
and Enhanced Vegetation Management (EVM), will be focused on assets in the top
20 percent of the highest risk circuit segments or in fire rebuild areas.

In addition, PG&E’s 2021 WMP builds upon the successes and lessons learned
in 2020, as well as the feedback we have received from the WSD and other
stakeholders. Similar to previous WMPs, PG&E’s 2021 WMP has three overarching
goals: (1) reducing wildfire ignition risk, (2) enhancing wildfire risk situational
awareness, and (3) reducing the impact of PSPS events. In 2020, we
acknowledged shortcomings and gaps in several programs where improvement is
needed, including risk targeting and quality management of vegetation management
work and the prioritization and execution timing of system inspections. These gaps
were often identified as a result of feedback and input from the WSD and the
Federal Monitor. We have listened carefully to this feedback and focused on
addressing these gaps in 2021. The 2021 WMP articulates how we are closing
those gaps and applying those learnings to other wildfire risk mitigation activities.

In the remainder of this Executive Summary, we provide:

e Section B: An overview of PG&E’s system and wildfire threats;
e Section C: A summary of outcomes from the 2020 WMP;

e Section D: An overview of risk modeling and prioritization tools;

e Section E: Identification of gaps and lessons learned in 2020;
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e Section F: A table and summaries of PG&E’s wildfire risk mitigation
activities;

e Section G: A discussion of new technology and future improvements; and
e Section H: Conclusion.
B. PG&E’s System and Wildfire Threat

Over half of PG&E's service territory lies in the High Fire Threat Districts
(HFTD) Tiers 2 and 3 as identified by the California Public Utilites Commission

(CPUC or Commission) in 2018.1 The wildfire threat in these areas has increased
significantly over the past decade. For example, the U.S. Forest Service estimates
that 147 million trees died in California from drought and invasive beetles from
2010-2018, which is just one of the factors that has contributed to the significant
increasing in the size of the HFTDs within PG&E’s service territory. Unfortunately,
2020 was another unprecedented wildfire season with five of the six largest wildfires
in California’s history occurring in 2020, all in PG&E’s service territory, including the

first fire to ever impact over 1 million acres.2 The unprecedented weather patterns,
including late-summer dry lightning storms, that drove the 2020 wildfire season and
continue to present significant wildfire risk and the need for PSPS events into
January 2021 further indicate the unpredictable, dynamic, and growing nature of the
wildfire risk we all face.

Approximately 5,500 line-miles of electric transmission and 25,500 line-miles of
distribution assets lie within these HFTDs, roughly one-third of PG&E'’s total
overhead assets. Many of these are long lines that serve low-density, non-urban
customers and communities located within the “wildland-urban interface,” who face

an increased fire risk. Approximately 10 percent of PG&E’s electric customers3
reside within HFTD areas, and with population migration brought on by COVID-19
and other causes, the number of customers living in wildland-urban interfaces or
HFTD areas may increase in coming years.

C. 2020 WMP Outcomes

To reduce wildfire risk in our service territory, PG&E successfully implemented
our 2020 WMP and substantially completed, and in some cases exceeded, the 38
commitments made in that plan. Some of the 2020 WMP accomplishments in our
largest wildfire-related programs include:

e System Hardening — Crews hardened 342 miles in HFTD areas,
exceeding the 2020 WMP target of 221 miles;

Available at www.cpuc.ca.gov/firethreatmaps.

Data from CAL FIRE as of 11/3/20:
https://www.fire.ca.gov/media/4jandlhh/top20 acres.pdf

With a “customer” defined as an electric meter or service point, each of which generally
represents at least one household or business.
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e EVM - Crews completed 1,878 miles in 2020, exceeding the target of
1,800 miles, including completing two-thirds of the work in the first half
of 2020, before peak wildfire season;

e Smaller Public Safety Power Shutoff (PSPS) events — We took multiple
actions that together made 2020 PSPS events 55 percent smaller than
they would have been in 2019, which avoided a PSPS event for over
800,000 customers;

e Shorter PSPS events — Crews restored power more than 40 percent
faster in 2020 after severe weather passed, as compared to 2019. On
average in 2020, post-PSPS inspections were completed and power
was restored for customers 10 hours after the weather cleared, as
compared to 17 hours in 2019; and,

e Smarter PSPS events — Despite the challenges created by the
COVID-19 pandemic, PG&E enhanced our partnership with
communities and customers with better information before, during and
after PSPS events. Due to various efforts, including adding staff to
partner closely with Counties and Tribes and improving communication
and data-sharing tools, the overwhelming feedback from Counties and
Tribes was that their experience with 2020 PSPS events was improved.
Similarly, our tools and resources provided to customers were
substantially improved, especially for those customers who depend on
power for medical or independent living needs, and Access and
Functional Needs customers. We know that the hardship to customers
impacted by PSPS is significant and there is still much room for
improvement. But customers are seeing our progress. In arecent
survey of over 1,000 business and residential customers impacted by
PSPS events in 2020, 60% of the respondents said PG&E’s handling of
PSPS in 2020 was improved over 2019 (and only 10% expressing that it

was worse).4

Beyond the largest wildfire-related programs, PG&E’s 2020 WMP efforts
delivered on nearly all of our commitments. Details of the 38 commitments from the
2020 WMP and performance are provided in Section 7.2.B of the 2021 WMP. We
also identified gaps in 2020 that we are closing to improve our wildfire risk mitigation
activities, as discussed in Section E below.

Updated Risk Models That Improve Quantification and Prioritization Tools

In PG&E’s prior WMP submissions, we relied on the initial wildfire risk model
developed in 2018 to prioritize circuit level where the highest wildfire risk existed,
leveraging a relative risk ranking. In 2020, PG&E substantially upgraded this risk
quantification toolset. All risk quantification is based on two components: risk event
likelihood (i.e., probability) and risk event consequence. For the 2021 Wildfire
Distribution Risk Model, which was developed in 2020, PG&E upgraded both parts
of that calculation. The risk event likelihood analysis has been advanced into a

The remaining responses were 24% responding “about the same” and 6% being “unsure.”
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more comprehensive assessment for two of the most significant utility-caused
ignition drivers: vegetation contact and conductor failure. For the risk event
consequence component of the model, PG&E now uses outputs from a
Technosylva fire simulation model, which derives fire propagation and consequence
outcomes based on available fuels, topography, and weather; as well as buildings
and population locational data. The 2021 Wildfire Distribution Risk Model is being
used to target and prioritize work in several of PG&E’s largest wildfire risk mitigation
programs including EVM, System Hardening, and Asset Inspections.

To ensure alignment, governance, accountability, and support of the
implementation of PG&E’s updated wildfire risk model, a new governance
committee, the Wildfire Risk Governance Steering Committee or (WRGSC), was
established in late 2020. This committee is chaired by PG&E’s Chief Risk Officer
and incorporates leaders from Electric Operations, Risk and Internal Audit, and
other teams. Representatives from PG&E’s Federal Monitor as well as the
Operational Observers from the governor’s office also participate these meetings.
The WRGSC reviews and approves the workplans for the most critical wildfire risk
mitigation programs to ensure they are in alignment with the new risk model and
monitors regular reporting of work completed and quality results so that we are
accountable and effective in reducing the most risk through these workstreams.

The updated 2021 Wildfire Distribution Risk Model has produced more
comprehensive, updated results in terms of which assets and locations in our
system are most appropriate to target for programs like System Hardening. As a
result, we have shifted our project execution, in alignment with the risk model
outcomes, so that some previously identified projects may no longer be executed
and newly identified projects are being aggressively pursued to reduce risk as
quickly as feasible.

PG&E has also expanded our programmatic- and portfolio-level risk
assessments through the calculation of a Risk Spend Efficiency (RSE) for an
increased number of programs and wildfire risk mitigation activities. In the 2021
WMP, PG&E has provided RSEs for more than 10 times as many initiatives as we
were able to in the 2020 WMP. PG&E and other parties continue to refine these
portfolio-level and programmatic risk assessments through PG&E’s 2020 Risk
Assessment Mitigation Phase (RAMP) Report and other risk-focused proceedings
before the CPUC.

E. Gaps Ildentified, Lessons Learned and Actions to Resolve
1. Risk Prioritization of EVM Work

In 2020, PG&E and external parties including the Federal Monitor and
the Governor's Operational Observers identified as a gap that the
execution of EVM work was not aligned with our risk prioritization model. In
some cases, and for several reasons including the longer cycle time
associated with completing the more densely vegetated sections of our
system, lower priority circuit segments were being completed before higher
priority circuit segments. Parties recognized this was not intentional, but
rather reflected gaps in our processes.
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For 2021, PG&E is resolving this gap through increased control and
validation of the workplan. First, we have implemented the updated risk
model described above and are targeting the highest risk circuit segments.
Second, we have increased the controls around the actual circuit segments
that will be completed. The newly formed WRGSC is responsible for
approving the selection of EVM work locations using the new risk model
that prioritizes high risk circuits/segments and monitoring regular reporting
of work completed. Third, we have aligned our incentives on this work so
that achieving target performance will require that 80 percent of the work
completed over the next three years be performed on circuit segments that
are among the top 20 percent highest risk. These same principles are
being applied to the System Hardening program where the updated risk
model is also being used to target the highest risk circuit segments and
same incentive metric structure is being used. Through the improved risk
prioritization, program controls, and metric updates, our investments will be
maximized to reduce wildfire risk.

. Quality of Vegetation Management Activities

The leading causes of CPUC reportable ignitions in HFTD areas are
vegetation coming into contact with powerlines and equipment failure.
Managing vegetation in proximity to powerlines is therefore one of the most
important wildfire risk mitigation activities, but also one of the most
challenging given the dynamic nature and volume of trees in PG&E’s
service territory. Our 2021 WMP builds in new actions to further improve
the quality and consistency of our vegetation management work. For 2021,
PGA&E anticipates more than tripling our work verification workforce by
adding more than 200 quality inspectors to increase our ability to verify that
vegetation management was completed to meet or exceed state and
federal standards. We will also be performing work verification (post-tree
work inspections) on work performed in HFTDs, both for EVM and routine
vegetation management programs. PG&E will be deploying ground-based
LiDAR technology to capture objective snapshots of the condition of
vegetation throughout HFTDs to further validate work completion and time-
stamped conditions across our system. Finally, PG&E will be staffing a
centralized team of arborists to investigate any concerns or findings raised
by internal or external parties to ensure timely follow-up, appropriate
resolution and adequate closure of any issues identified.

. Prioritizing the scheduling and execution of system inspections in
HFTD areas

The system inspection program is a critical aspect of PG&E’s wildfire
risk mitigation activities as it identifies potential issues on PG&E assets in
HFTDs before they have a chance to fail. In 2020, however, PG&E did not
properly manage and prioritize the execution of system inspections in the
highest risk areas. In some cases, assets outside of HFTDs were
inspected before higher wildfire risk assets had been completed.



In 2021, PG&E is resolving this issue by applying the same updated
risk model mentioned for EVM and system hardening to prioritize the
system inspections workplan. We are committed to completing all planned

inspections in HFTD areas before the late summer peak of wildfire season®
and the WRGSC is also directing the establishment and execution of the
system inspections workplan. Increased program oversight, focus on
aligning to the risk prioritization, and earlier completion of inspections in
HFTD areas will improve PG&E’s system inspections in 2021.

The most severe equipment problems found through inspections are
immediately repaired or made safe. Less severe problems are addressed
within a risk-informed timeframe based on the severity of the identified
issue and the potential consequences associated with a failure of that
asset at that location.

4. Addressing WSD-ldentified Action Items and Quality Performance

In response to our 2020 WMP, WSD identified a number of
deficiencies that we addressed in a Remedial Compliance Plan submitted
in July and in Quarterly Reports which we started submitting in September.
Recently, after evaluating our Remedial Compliance Plan and First
Quarterly Report, WSD identified a total of 123 Action ltems for follow-up.
This additional feedback has been helpful in shaping our 2021 WMP. The
2021 WMP addresses 38 of the 39 Actions Items that WSD identified after

reviewing our Remedial Compliance Plan.6 Our 2021 WMP also responds
to the majority of the 84 Actions Items identified by WSD that related to the
First Quarterly Report. Details on these Actions Items and where they are
addressed in PG&E’s 2021 WMP are provided in Section 4.6.

In addition to responding to the Action Items, in 2021 PG&E will
continue to provide WSD with status updates on our WMP activities
through both formal reports and informal engagement. Our status reporting
to the WSD will include quality performance results for key initiatives as
additional data and insight on the mitigation activities and initiatives being
undertaken by PG&E.

F. Wildfire Risk Mitigation Activities

Table PG&E-ExecutiveSummary-1 below summarizes the progress on the
major wildfire mitigation activities undertaken in 2020, and our targets for 2021. As
noted in the introduction, PG&E’s 2021 WMP is focused on three overarching goals:
(1) reducing wildfire ignition risk; (2) enhancing wildfire risk situational awareness;
and (3) reducing the impact of PSPS events for our customers and communities.

Before July 31, with the exception of locations where an inspection was attempted but
access restrictions, customerrefusals, or other external factors prevented initial completion
of the inspection (Can’t Get In (CGl) locations).

The final Action from the Remedial Corrective Plan (Action PGE-35 (Class A)) is being
completed in partnership with SCE and SDG&E and will be submitted by February 26,
after approval of WSD staff.
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Following Table PG&E-ExecutiveSummary-1, we address each of these three goals
and provide an overview and context for the key initiatives that we are implementing
to achieve them. PG&E’s 2021 activities and initiatives are further described in

more depth throughout the 2021 WMP, particularly in Section 7.



TABLE PG&E-EXECUTIVESUMMARY-1
SUMMARY OF 2020 AND 2021 WILDFIRE MITIGATION ACTIVITIES

(EVM)

2021 WMP
PROGRAM 2020 PROGRESS* 2021 TARGETS* SECTION
REFERENCE
Enhanced VegMgmt; 4 g7 jine miles 1,800 high risk line miles 7.35

Transmission — 100% of Tier 3 & Zone 1 and ~33%

Transmission — 100% of Tier 3 & Zone 1 and ~33% of

end of 2022

of Tier 2 structures Iﬁ;%f(’[ar)uctures, plus additional higher risk structures byl 7.3.4.2
Asset Inspections Distribution — 100% of Tier 3 & Zone 1and ~33% of| Distribution —100% of Tier 3 & Zone 1 and ~33%of Tierl - 4 4 4
Tier 2 2, plus high consequence Tier 2 structures by July 31 @ T
Substations — 100% of Tier 3 & Zone 1 and ~33% off Substations — 100% of Tier 3 & Zone 1 and ~33% of Tiei|
. 7.3.4.15
Tier 2 2by July 31
Miles Hardened 342 line miles 180 high risk miles 7.3.3.17
Butte County ; : . .
Undergrounding 30 line miles 23 line miles 7.3.3.17
Asset Replacement | 643 non-exemptfuses replaced 1,200 non-exempt fuse replacements 7.3.3.7
Reduced catastrophic wildfire risk through 6 PSPS | Reduce catastrophic wildfire risk during severe weather
PSPS outages that were over 50% smaller and 40% conditions, including revising PSPS criteria to 8
shorter after the weather cleared than they would incorporate known risks, while continuing to take actions
have beenin 2019 to reduce the impact of PSPS events on customers
Weather Stations 404 weather stations 300 weather stations to complete long-term goal of 73213
1,300 total
. 135 high-def cameras, in alignment with long-term goal
High-Def Cameras 216 high-def cameras of 600 total (90% visual coverage of HFTD areas) by the 7.3.2.1.4

This timeline for the completion of asset inspections in HFTD areas excludes Can’t Get In (CGl) locations where external factors including
environmental restrictions, inability to access, or other issues prevent the scheduled inspection, which may then extend beyond July 31st.

All data are for activities and assets within California Public Utilities Commission (CPUC or Commission)-designated HF TDs unless otherwise
indicated; 2020 actual results and 2021 targets as of February 5, 2021.




TABLE PG&E-EXECUTIVE SUMMARY -1
SUMMARY OF 2020 AND 2021 WILDFIRE MITIGATION ACTIVITIES
(CONTINUED)

2021 WMP
PROGRAM 2020 PROGRESS* 2021 TARGETS* SECTION
REFERENCE
Distribution ; ;
Sectionalization 603 devices 250 devices 7.3.3.8.1
Transmission Line ; ;
Switching 54 switches 29 switches 7.3.3.82
Distributed 6 temporary microgrids (3 via pre-installed Deploy 5 additional microgrids with pre-installed
Glesncralraqcign and interconnection hubs) and 62 substations operationally| interconnection hubs and have Temporary 733111
Microgrids ready to leverage temporary generation during PSPS | Generation on standby to reduce impacts of PSPS e
events events in 2021
8 Community Had over 300 sites prepared to open as a CRC if Partner with counties and tribes to improve targeting
=8 Resource Centers called upon; activated 245 CRCs supporting ~50,000 [ of CRCs and remain flexible to various regulations 8.2.1
(CRC) customers and conditions related to COVID
= Shifted customer outreach to virtual in response to
Communication and COVID, engaged with over 5,500 attendees to virtual | Deploy customer outreach, engagement and 23.9.2
Outreagh open houses; partnered with over 250 Community measures, including with in-language resources and DS
- Based Organizations (CBO) to support and further engagement with CBOs 7.3.10.1, 8.4
0 communicate with customers
Increased pre-season planning, pre-event
Community communications and staffed up single points of Grow partnerships with community organizations to 8.4
Partnership contacts to keep communities prepared, engaged and | further preparedness and execution of PSPS events '
informed for PSPS events

*

All data are for activities and assets within CPUC-designated HFTDs unless otherwise indicated; 2020 actual results and 2021 targets as of
February 5, 2021.
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1. Reduce Wildfire Ignition Potential

Reducing the risk of catastrophic fires begins with understanding the
causes of utility-related fire ignitions in PG&E’s service territory. Over the
past four years, approximately 35 percent of reportable ignitions in PG&E’s
HFTD areas have been caused by vegetation contact with electrical
equipment and another 33 percent were caused by utility equipment failures;
the remaining ignitions were caused by third-party actions, animals, and
other causes. Historically, PG&E followed regulatory requirements and
standard industry practices for Vegetation Management (VM) and
equipment inspections and maintenance. However, the increased number
of dead trees, drought, hotter temperatures and higher winds due to climate
change have radically increased the risk of a significant wildfire in the event
of an ignition. Therefore, as described below, PG&E is now going beyond
existing compliance requirements to address the wildfire risk conditions that
now face our service territory and the state at large.

a. Enhanced VM

Vegetation located in proximity to powerlines can cause a fire by
contacting energized equipment. PG&E’s routine VM program inspects
all of our approximately 100,000 miles of overhead electric facilities at

least annually? to identify and clear vegetation that might grow or fall
into utility equipment to reduce the risk of contact and ignition. In
addition to routine VM practices, PG&E’s EVM Program inspected and
further trimmed or removed vegetation on over 4,300 line-miles (~17
percent) of distribution lines within HFTDs between 2019 and 2020. In
2021, informed by updated risk modeling, we will deploy EVM on
another 1,800 miles of distribution lines as part of our ongoing and multi-
year effort to reduce the risk of vegetation contact incidents involving
our electric distribution lines in HFTD areas.

b. Asset Inspection and Repair

In late 2018 and 2019, PG&E inspected all equipment within the
HFTDs in our service territory to identify any structures or equipment
that were damaged, degraded or could fail and potentially cause a fire.
Beginning in 2020, PG&E began re-inspecting assets (transmission,
substation and distribution) in HFTDs based on a risk-informed cycle
with Tier 3 assets continuing to be inspected annually and Tier 2 assets
inspected on a three-year cycle (i.e., 1/3 each year). That cycle will be
continued in 2021 with some additional inspections being performed
based on our updated risk modelling, for example in non-HFTD areas
where risk modeling indicates elevated wildfire risk. Future year

PG&E’s planned routine inspection timeframe for all assets is November 15 of the prior
year through November 15 of the currentyear (i.e. 11/15/20-11/15/21 for the 2021 plan
year). However, delays including inaccessible facilities, sensitive environments or other
limitations may delay some inspections for the current plan year by a few weeks, but still
completing by the end of the calendar year (i.e. 12/31/21).
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inspection cycles may be further adjusted to align with updates in our
understanding of the risks associated with local wildfire risk conditions,
changing weather patterns, repairs, replacements, and information
gathered via inspections. In 2021, PG&E is also adjusting our workplan

to complete all inspections in HFTD areas before July 318 to identify
and repair the most severe asset conditions that could contribute to a
wildfire ignition before (9/1) the peak wildfire risk season.

c. System Hardening

System hardening entails replacing or eliminating existing
distribution lines in HFTD areas and installing stronger and more
resilient equipment. Hardening methods include replacing bare
overhead conductor with covered conductor and installing stronger
poles or converting the line from overhead to underground. Some lines
can be eliminated entirely if customers or a community can be supplied
through some other means, including permanent remote grids.

For 2021, PG&E is leveraging our updated wildfire risk model to
target hardening 180 line miles through this resource intensive work in
the highest risk locations. The outputs from the updated 2021 Wildfire
Distribution Risk Model are materially different from the previous risk
rankings, resulting in the pausing of some previously-planned projects,
on circuit segments no longer assessed to be high risk, and the
launching of new projects on circuit segments now identified as some of
the highest risk. Because the standard cycle time (including scoping,
design, permitting, and construction) for a system hardening project
exceeds 12 months, pursuing only the projects in the highest risk
reduction tranche results in the 2021 target miles of system hardening
work being less than the mileage executed in 2020. Despite hardening
fewer miles in 2021, we will be reducing more risk than if we had
executed upon the prior 2021 workplan developed using the 2018

Wildfire Risk Model.9 We will also be rebuilding our pipeline of projects
identified, vetted, designed and permitted for future construction such
that the pace of system hardening will increase substantially in 2022 to
over 450 miles per year. Even with the shift in the risk model PG&E
anticipates generally aligning with previously outlined system hardening
goals for the three-year WMP timeframe (2020-2022). In the 2020
General Rate Case (GRC), PG&E targeted 1,021 miles of system
hardening for this period and our updated plan forecasts completing 992
miles, within 3% of the original, GRC plan.

8  This timeline for the completion of asset inspections in HFTD areas excludes Can’t Get In
(CGI) locations where external factors including environmental restrictions, inability to
access, or other issues prevent the scheduled inspection, which may then extend beyond
July 31st.

9 See Section 7.3.3.17 for discussion of the risk value of the planned 2021 system hardening
project portfolio as compared to the prior work scope.
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Maximizing risk spend efficiency is built into the process for
executing every system hardening project going forward. This process
leverages extensive field assessment and engineering analysis to
determine the best method to reduce wildfire risk and consequence for
each specific power line segment and its geography. Engineering and
field teams develop and analyze possible hardening solutions (i.e.
undergrounding, asset removal, relocation, overhead hardening) for a
high-risk priority circuit segment and the possible solutions are analyzed

for risk spend efficiency10 to determine the most prudent risk mitigation
approach. The recommended approach then reviewed and approved
by PG&E’s WRGSC before we begin designing, permitting and
constructing the approved hardening project.

In addition to the wholesale hardening of the highest priority circuit
segments, PG&E is also continuing to replace specific, individual assets
on other circuit segments to reduce wildfire risk including replacing non-
exempt fuses and surge arrestors with CAL FIRE approved “exempt”
equipment that is less likely to create a spark during operations.
Additionally, PG&E will be integrating our approach to the replacement
of these assets into a comprehensive Fire Risk Component
Replacement program that leverages our most up to date wildfire risk
model to identify and prioritize the individual asset replacements.

d. Public Safety Power Shutoffs

Significant wildfires are most likely to occur during critical fire
weather conditions consisting of high winds, low humidity, and where
there is a high level of dry fuel. Most of these severe fire weather
conditions result in the National Weather Service issuing a Red Flag
warning, often in the late summer or fall, for areas in the heavily forested
foothills or mountains of Northern California, where many distribution
and transmission assets are located. As a wildfire risk mitigation
activity, PSPS events are a critical last resort when weather conditions
are severe. The hundreds of locations where PG&E assets were
damaged or hazards were identified during post-PSPS inspections
validate the value and need for this tool to be available. However, these
PSPS events create extraordinary disruption to the lives and businesses
of impacted customers. After learning a number of difficult lessons
during the 2019 PSPS season, in 2020 PG&E focused on making PSPS
event smaller, shorter and smarter for our customers. Those efforts
were successful, with 2020 events being 55 percent smaller and over
40 percent shorter once the severe weather passed. Further, 60
percent of impacted customers recently surveyed indicated that PG&E’s
handling of PSPS events was improved in 2020 over 2019. PG&E
continues to focus in 2021 and beyond on reducing the risk of

10 The RSE for each solution is performed by evaluating the risk reduction of each hardening
approach against the net present value of the lifetime costs of that approach — including
assessing ongoing vegetation management and maintenance costs.
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catastrophic wildfires while further minimizing the negative impact of
PSPS events on the customers we serve.

2. Enhanced Wildfire Situational Awareness

PG&E is continuing to invest in tools, equipment, resources and a skilled
workforce to improve our understanding of upcoming and real-time weather
and fire conditions, so we can act proactively to reduce fire ignitions and
mitigate the potential spread of a fire if one were to start.

a. Situational Awareness Tools

PGA&E is installing a variety of weather and fire monitoring devices
across HFTD areas. These monitoring devices allow early warning of
high fire risk conditions and real-time identification of emerging wildfires,
which in turn enable faster action by first responders and more proactive
system operations to avert fire ignition and spread. PG&E is nearing the
completion of long-term goals for the deployment of weather stations
(1,300 by the end of 2021) and HD cameras (600 by the end of 2022).
Therefore, while we plan to install hundreds of weather stations and
high-definition cameras in 2021, the pace of installations is slower than
in 2020 as we close in on these long-term goals and optimize the
remaining installation to maximize the value of these assets. PG&E’s
situational awareness tools in the HFTD areas include:

e Weather stations — PG&E has installed 1,000 to date,
which we understand to be the largest utility owned
weather station network in the world, and we plan to add
another 300 in 2021, completing the goal of 1,300, and
approximately 1 weather station for every 20 distribution
circuit miles in HFTD, by the end of 2021;

e High-definition cameras — PG&E has installed a total of
333 through the end of 2020 and expects to have a total
of 468 cameras installed by the end of 2021; this pace
supports having 600 cameras by the end of 2022 which
will provide the targeted, approximately 90% visual
coverage of all the HFTD areas in PG&E’s service
territory;

e Enhanced abnormal condition or wire-down detection
tools; and

o Satellite fire-detection monitoring of PG&E service
territory.

b. Wildfire Safety Operations Center and Meteorology

PG&E has established highly qualified, 24/7 meteorology operations
and a Wildfire Safety Operations Center (WSOC). These two entities
work hand-in-hand to support day-to-day gas and electric system
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operations broadly as well as support emergency responses and
preparation activities. These organizations have the tools, technology
and analytical capabilities to forecast wildfire threat conditions, identify
and track actual fires, and support rapid fire response.

PG&E’s WSOC, in particular, plays a key role in addressing the
challenges of climate-driven extreme weather events, in support of
customer and community safety. The WSOC serves as a coordination,
facilitation and communications hub for wildfire activities, including using
weather data to monitor fire threats. In the event of a potential fire
threat or an actual fire, the WSOC coordinates PG&E’s response efforts
with the appropriate operational personnel and local first responders or
safety officials. The WSOC partners with geographically distributed
teams of Public Safety Specialists (PSS) who have extensive public
safety experience and are responsible for working with local PG&E
responders and local agencies to safely respond to emergencies. In
addition, the WSOC works with the Safety and Infrastructure Protection
Team (SIPT) to support risk assessment, prevention activities (like the
application of fire retardant on PG&E assets that may be at risk of
ongoing fires) and mitigation.

PG&E’s meteorology department integrates weather data from
numerous internal and external sources, including a thousand of
PG&E’s own weather stations located in HFTDs. Over the last few
years, PG&E’s meteorology team has compiled one of the largest high-
resolution climatological datasets in the utility industry: a 30-year,
hourly, 2- kilometer (km) spatial resolution dataset consisting of
weather, dead and live fuel moistures and fire weather assessments, to
improve identification of high-risk weather patterns. In 2020, PG&E
upgraded our weather condition forecasting and fire risk analysis toolset
from forecasting at a 3 km by 3 km (9 square km) resolution of PG&E’s
entire HFTD area to an even tighter resolution of 2 km by 2 km (4
square km). This more than doubled the geographical precision and
allowed PG&E to better determine which specific areas and lines are at
severe wildfire risk, and which lines at less risk can be excluded from
consideration for a potential PSPS.

3. Reduce Impact of PSPS

Learning from 2019, PG&E worked to make PSPS events smaller, shorter
and smarter for our customers and communities in 2020. Those efforts were
largely successful as the six PSPS events in 2020 were, in aggregate,

55 percent smaller than a PSPS event would have been in 2019 had the
same weather patterns occurred. PG&E also succeeded in making PSPS
events shorter as we reduced the average time to restore power once the
severe weather cleared by more than 40 percent. Finally, feedback from
community partners validated that our improved outreach, engagement and
tools resulted in better communicated and better coordinated PSPS events in
2020. Despite the challenges of the COVID-19 pandemic, nearly 50,000
customers safely visited PG&E’s Community Resource Centers during PSPS
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events, over 30,000 food replacement packages were provided through
partnerships with local food banks and nearly 5,000 batteries were distributed
to at-risk customers.

PG&E continues our work to make future PSPS events smaller in scope,
shorter in duration and smarter in performance while safeguarding customers
and communities from wildfire risk during times of severe weather. One of
the key patterns identified during the 2020 PSPS season is the recurrence of
weather patterns that drive the need to de-energize the same customers
repeatedly. These “repeat impact” areas represent a challenge as these are
often very high-risk areas (e.g. HFTD Tier 3) that due to topography and
weather patterns are repeatedly exposed to high wind, and therefore high
wildfire hazard, conditions. PG&E is closely analyzing these repeat impact
areas to identify actions that can be taken to minimize impacts and better
support customers in these areas.

PG&E is continuing to make every effort to make future PSPS events less
impactful on the customers and communities we serve while continuing to
safeguard them from catastrophic wildfire risk during times of severe weather.
PGA&E is reviewing what conditions warrant taking a PSPS, in alignment with
external feedback. Specifically, we are assessing how to incorporate the
presence of known, high-risk vegetation conditions adjacent to powerlines
into PSPS decision making. This assessment may result in PG&E executing

PSPS in 2021 for powerlines where high priority vegetation tags11 have been
identified, including on lines that may not have met the 2020 PSPS event
criteria. Following that activity over the next few months, PG&E will analyze
the likely impact of that updated criteria in making PSPS events larger and
compare that impact to the actions being taken to make PSPS events
smaller. Given this ongoing analysis, we do not have specific 2021 PSPS
targets, but are taking substantial actions to make PSPS events in 2021
smaller, shorter, and smarter.

At the time of this filing, there is significant outstanding uncertainty about
the scope of PSPS in 2021 as a result of recent proposed conditions under
consideration as it pertains to how we implement the PSPS program. This
uncertainty impacts PG&E'’s ability to set specific targets around reducing the
size and length of PSPS events in 2021. Notwithstanding this uncertainty and
potential scope increase, PG&E'’s intent — as outlined throughout the PSPS
portions of this 2021 WMP — is to reduce the impact of PSPS on our
customers and communities wherever possible consistent with overall public
safety. Throughout this document there are references to ongoing initiatives
to make PSPS smaller and shorter and that work and intent will continue
unabated. However, the ability to achieve overall reductions in PSPS size and
duration across the 2021 fire season is uncertain at this time for the reasons
outlined above, and should not be confused with the intent of or language

11 PG&E has identified “high priority vegetation tags” as “Priority 1” and “Priority 2” tags where
trained vegetation inspectors identify trees or limbs that currently present elevated risk and
must be worked on an expedited basis (at least within 30 days).
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describing these various initiatives to lessen the impact on customers by
striving to make events “smaller” or “shorter.”

a. Smaller: Reducing the Number of PSPS-Affected Customers

PG&E will use several methods to further reduce the number of
customers impacted by PSPS events in 2021 and beyond. First, further
investment in additional sectionalization devices will enable us to more
precisely operate and control the grid to limit the size of the sections of
our system that must be taken out of service in a PSPS event. In
addition, PG&E will leverage distributed, temporary generation, in
combination with switching and sectionalizing, to isolate and keep in
service communities and critical facilities when the rest of the local area
is shut down by a PSPS. In 2020, PG&E deployed hundreds of
megawatts of temporary generation to support PSPS events, a scale not
previously attempted. We learned a number of lessons from that and
heard feedback from many parties, including the widespread interest in
diversifying the power source for these temporary generators beyond
diesel-powered, that we will be acting on in 2021 by seeking other
generation sources.

b. Shorter: Reducing PSPS Duration

In addition to better situational awareness, PG&E has upgraded our
operational resources to more quickly restore power after the severe
weather has passed. In 2020, PG&E deployed more helicopters, which
provide the fastest tool for inspecting and re-energizing powerlines, and
fixed-wing aircraft equipped with cameras and infrared equipment that
allowed us to inspect some assets at night. Through the deployment of
these tools and operational improvements we reduced the restoration
time after the weather cleared by more than 40 percent from an average
of ~17 hours in 2019 to ~10 hours in 2020. These tools will continue to
be deployed in 2021 alongside further operational improvements based
on lessons learned in 2020, including the ability to better align inspection
resources with likely upcoming all-clear weather declarations to speed
the start of re-energization patrols and developing location-specific
restoration strategies to reduce outage duration for repeat-impact
customers who, due to topography or circuit length, consistently
experience the longest restoration times. Even with improvements to
restoration tools and processes, event size is a major driver of the time it
takes to complete restoration. If changes to PSPS decision making
criteria, such as inclusion of high-risk vegetation conditions, results in
expanded events then restoration time would be impacted. PG&E will
work to meet the CPUC requirement of all customers restored within
24 hours of the weather clearing; however, we do not have a specific
target for an expected reduction in PSPS event duration in 2021. We
are also working to reduce outage duration for customers who have
consistently experienced the longest duration outages after “weather all
clear” conditions.
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c. Smarter: Better Community and Customer Awareness, Coordination

and Support

In 2020, PG&E hired additional staff, implemented new tools, and
broadly increased our communications and coordination with
communities and customers in advance of and during PSPS events. We
also expanded partnerships with over 200 CBOs with whom we
collaborate to reach and engage with customers in multiple ways,
including through in-language or local, community-level resources.
PG&E will continue to build on these partnerships, grow our network of
local resources and enhance our data tools to further improve the
support we provide our customers and communities. Our efforts to
make PSPS event smarter in 2021 will be guided by: outreach grounded
in customer and stakeholder feedback, research and data; continued
data collection for customer contacts and preferences (e.g., language);
refining communications for clarity and accessibility; continuing to
develop partnerships; and monitoring and adjusting for the ongoing
COVID-19 pandemic.

G. New Technology Deployments and Future Improvements

New technologies may meaningfully change the risk profile of operating our
electric transmission and distribution systems in the high fire risk environments of
Northern and Central California. Several system operations technologies that were
initiated in 2020 are being further implemented and explored in 2021 and beyond.
A selection of these technologies, which are discussed in more detail in Section 7
of the 2021 WMP, include:

Rapid Earth Fault Current Limiter — technology that has the ability to
automatically and rapidly reduce the flow of current and risk of ignition in
single phase to ground faults.

Distribution, Transmission, and Substation: Fire Action Schemes and
Technology) — an internally developed PG&E technology pilot that aims
to use fraction-of-a-second technologies to detect objects approaching
energized power lines and respond quickly to shut off power before
object impact.

Continuous monitoring sensors — measure current in real-time and
report events as they occur. These line sensors are next-generation
fault indicators with additional functionality and communication
capabilities.

Data Management and Maturity — PG&E is working to operationalize a
data analytics environment that integrates asset-related information
from disparate data sources into a single environment, which can
enable improved, data-driven approaches to wildfire risk mitigation.
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H. Conclusion

PG&E continues to grow and learn about wildfire risk itself, initiate actions that
can best reduce that risk, and optimally targeting those actions. Although PG&E
does not have a complete roadmap of all the actions and deliverables to reduce
wildfire risk that will occur over the next 5 to 10 years; we have seen our wildfire
risk mitigation approaches improve significantly in just the last two-plus years since
the WMP process was launched. We are optimistic that improvements will
continue as PG&E, our state, nation, communities, technology providers and
others learn, adapt, develop and invent refinements, new tools and novel
approaches. Going forward, as we learn of other improvement opportunities, we
will similarly move rapidly to incorporate those learnings and optimize our efforts to
reduce wildfire risk. There is much more work to do and we are committed taking
those steps to significantly reduce wildfire risk and prevent catastrophic wildfires
associated with utility equipment.
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PACIFIC GAS & ELECTRIC COMPANY

SECTION 1

PERSONS RESPONSIBLE FOR EXECUTING THE WMP
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1.

Persons Responsible for Executing the Wildfire Mitigation Plan

Provide an accounting of the responsibilities of the responsible person(s)
executing the plan, including:

1.  Executive level with overall responsibility
2. Program owners specific to each component of the plan

Title, credentials and components of responsible must be released publicly, but
other contact information may be provided in a redacted file attached to the WMP
submission.

The following individuals have responsibilities for oversight, governance and
execution of Pacific Gas and Electric Company’s (PG&E) 2021 WMP. While
hundreds of leaders, and thousands of employees and contractors, contribute to the
WMP activities or have “ownership” or accountability for individual initiatives or other
small portions of the WMP, we have identified below the centralized leaders who
have general responsibility forthe referenced sections of the 2021 WMP.

Executive-level owner with overall responsibility

Debbie Powell, Interim Head, Electric Operations

+ E-mai:
e Telephone number:_

Program Owners for Each Component of Plan:

TABLE PG&E-1-1: PROGRAM OWNERS FOR EACH COMPONENT OF PLAN

Section Name Title Component
Section 1: Debbie Powell | Interim Head, General
Persons Electric oversight and
responsible for Operations management of
executing the (EO) WMP Activities
plan
Section 2: Matt Pender Director, EO
Adherence to Regulatory
statutory Strategy &
requirements Community
Wildfire Safety
Program
Section 3: Matt Pender | Director, EO
Actuals and Regulatory
planned Strategy &
spending Community
Wildfire Safety
Program
Section 4: Matt Pender | Director, EO 4.1 Lessons
Lessons Regulatory Learned; 4.6 —
Strategy & Past Deficiencies
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Section

Name

Title

learned and
risk trends

Community

Wildfire Safety

Program

Paul
McGregor

Director, EO
Risk
Management
and Analytics

Jadwindar
Singh

Director, EO
Asset
Knowledge
Management

Section 5:
Inputs to the
plan and
directional
vision

Matt Pender

Director, EO
Regulatory
Strategy &
Community

Wildfire Safety

Program

Section 6:
Metrics and
underlying data

Matt Pender

Director, EO
Regulatory
Strategy &
Community

Wildfire Safety

Program

Section 7:
Mitigation
initiatives

Matt Pender

Director, EO
Regulatory
Strategy &
Community

Wildfire Safety

Program

Jadwindar
Singh

Director, EO
Asset
Knowledge
Management

Mary
Hvistendahl

Director,
System
Inspections

Paul
McGregor

Director, EO
Risk
Management
and Analytics

Rod Robinson

Sr. Director,
Emergency
Prep &
Response

-29.

Component

4.2,43,45-
Risk
Understanding
and Modeling

4.4 —Research

Note:
Operational
teams support
section5.40n
skilled resource
details

Note: Various
specific teams
support data
collection

7.1.A-C;
7.2.A,B&D;
7.3.aand 7.3.b
7.3.10 -
Stakeholder
cooperation and
community
engagement

7.1.D —New
Technologies;
7.3.7-Data
governance

7.2.C;

7.3. 4 - Asset
management
and inspections

7.3.1-Risk
assessment and
mapping

7.3.2-
Situational
awareness and
forecasting
7.3.6 - Grid
operations and
protocols
7.3.9-
Emergency
planning and
preparedness




Section Name Title
Mark Sr. Director,
Esguerra EO Asset
Strategy
Michael Ritter | SrDirector,
Vegetation
Management
Ops
Section 8: Mark Sr. Director,
Public Safety Esguerra EO Asset
Power Shutoff Strategy
Roderick Sr. Director,
Robinson Emergency
Prep &
Response
David Director,
Schoenberg Customer
Experience
Section 9: Matt Pender Director, EO
Appendix Regulatory
Strategy &
Community
Wildfire Safety
Program
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7.3.3-Grid
design and
system
hardening
7.3.2.8-
Resource
allocation
methodology

7.3.5-
Vegetation
management
and inspections

8.1 - Directional
Vision for PSPS

8.2,8.3&8.5

8.4 Engaging
Vulnerable
Communities




1.1 Verification
Verification
Complete the following verification for the WMP submission:
(See Rule 1.11)
(Where Applicant is a Corporation)

| am an officer of the applicant corporation herein, and am authorized to make
this verification on its behalf. The statements in the foregoing document are true of my
own knowledge, except as to matters which are therein stated on information or belief,
and as to those matters | believe them to be true.

| declare under penalty of perjury that the foregoing is true and correct.

Executed on 2/4/2021 at Alamo . California.
(Date) (Name of city)

Debbie Powell, Interim Head, Electric Operations
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1.2 Initial Explanatory Notes and Comments

In this section, PG&E provides some initial explanatory notes and comments
that will assist readers when reviewing the 2021 WMP.

(@)

(b)

(c)

Consistency with 2021 Wildfire Mitigation Plan Guidelines Template

On November 30, 2020, the California Public Utilities Commission
(Commission) issued Resolution (Res.) WSD-011, Attachment 2.2 which
was the 2021 Wildfire Mitigation Plan Guidelines Template (Guidelines).
The Guidelines provided an outline for the 2021 WMP and tables for the
utilities to complete as part of their submission. On January 21, 2021,
WSD provided updates to the Guidelines and on January 25, 2021, WSD
provide further updates to the Guidelines.

PG&E has attempted to the best of our ability to provide the
information requested by the Commission and WSD in the time allotted
and in the manner requested in the updated Guidelines. Due to the
relatively condensed period between the issuances of Res.WSD-011 and
the submission of the 2021 WMP, there may be some areas where PG&E
is unable to provide the requested data. Where data is unavailable, we
have noted this in our 2021 WMP.

Narrative Subparts

Some sections in the 2021 WMP are quite lengthy. In order to assist
the reader, PG&E has added lettered subparts in these sections (e.g., (a),
(b), etc.).

Responses to Class A and Class B Deficiency Action ltems

On December 30, 2020, the WSD provided an evaluation of PG&E’s
Remedial Compliance Plan (submitted on July 27, 2020) that included 39
Action Items related to Class A deficiencies in the 2020 WMP that are to
be included in the 2021 WMP. On January 8, 2020, WSD provided an
evaluation of PG&E’s First Quarterly Report (submitted September 9,
2020) that included an additional 84 Action Items related to Class B
deficiencies in the 2020 WMP that are to be included in either the 2021
WMP or in a subsequent submission on February 26, 2021.

For ease of reference in the 2021 WMP, PG&E refers to the Remedial
Compliance Plan action items as Action PGE-1 (Class A), Action PGE-2
(Class A), etc. PG&E’s responses to the First Quarterly Report action
items are referred to as Action PGE-1 (Class B), Action PGE-2 (Class B),
etc.

PG&E is responding to all of the Class A action items in the 2021
WMP. Consistent with WSD’s direction, for Class B action items, PG&E is
addressing as many as possible in the 2021 WMP but for those action
items that could not be addressed by February 5, 2021, an additional set
of responses will be provided on February 26, 2021.
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In Section 4.6, PG&E has included tables indicating where in the 2021
WMP each Action ltem is addressed. PG&E generally tried to address
Action Items in the relevant section of the 2021 WMP, but in some cases,
where an Action ltem was not directly related to other sections of the 2021
WMP, the response was included in Sections 4.6.1 and 4.6.2.

Finally, Action PGE-25 (Class B) requests that PG&E “integrate
discussion of long-term planning within the respective section of each
individual initiative.” In response to this Action Item, PG&E has included
with each of the initiatives in Section 7.3 a discussion at the end of each
initiative addressing long-term plans. PG&E understands that “long-term
plans” refers to a 3 to 10 year time horizon.

Data from Third Parties

The Guidelines direct the utilities to work with federal, state, and local
agencies, stakeholders, and partners to collect or compile information that
the utility has not collected and could not ascertain. While PG&E was able
to obtain supplemental information from other entities such as California
Department of Forestry and Fire Protection, we were not able to reach out
to or obtain data from third parties in all situations.

Formatting and Additional Tables and Figures

To provide context to help understand the tables and narrative, PG&E
has included the instructions from the Guidelines in italics at the beginning
of each section and table in the 2021 WMP.

PG&E is also providing additional tables to explain various additional
data or calculations that PG&E performed to complete tables required in
the Guidelines. PG&E has included only the required tables, not the
PG&E-specific tables, in the excel files that it is posting with the 2021
WMP. The additional PG&E-specific tables are identified in the following
format in the narrative:

TABLE PG&E-SECTION#-TABLE#.

Similarly, where PG&E has provided figures to supplement the
narrative, these PG&E-specific figures are identified in the same format:

FIGURE PG&E-SECTION#-FIGURE#.

For example, the first figure in Section 2 of the WMP would be
FIGURE PG&E-2-1.
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(f) Definition of Terms and Glossaries

Generally, PG&E relies upon the Glossary provided in the Guidelines
as a reference source for terminology used in the tables. PG&E has
included the Glossary from the Guidelines in our 2021 WMP.

Some terms used in PG&E’s 2021 WMP are not defined in the
Guidelines. PG&E has included an additional PG&E-specific glossary for
ease of reference regarding these terms. The PG&E-Specific Glossary is
included in Section 9 of the 2021 WMP as an appendix.

(9) Model Glossary

There are a number of models referred to and discussed throughout
the 2021 WMP. In order to assist the reader, PG&E is including a
glossary of models listing the various models referred to in the 2021 WMP
with a brief description of each. The Model Glossary is included in Section
9 of the 2021 WMP as an appendix.

(h) Initiative v. Program

The 2021 WMP uses the terms “initiative” and “program”
interchangeably to describe specific efforts that PG&E is making to reduce
wildfire risk. PG&E has used the initiatives defined by WSD in the 2021
WMP, but also at points refers to programs, which may be one or more
initiatives.

(i) 2020 RAMP Report

Throughout the 2021 WMP, we reference the 2020 RAMP Report.
This is the report that PG&E submitted on June 20, 2020 in Application

(A.) 20-06-012.12

() Definition of Transmission _and Distribution

PG&E defines transmission voltage as being 60 kilovolt (kV) or above
and has used this delineation for many years. Distribution is, therefore,
defined as below 60 kV. Therefore, any references in the 2021 WMP to
transmission refers to voltages at 60kV or above. Note that in some of the
WSD-provided tables or definitions transmission has been defined as
65KV or above. PG&E is unable to re-orient our data systems to use 65kV
as the delineation between distribution and transmission.

12 The 2020 RAMP Report and other materials related to the RAMP proceeding are available
at:
https://apps.cpuc.ca.gov/apex/f?p=401:56:0::NO:RP.57 .RIR:P5_PROCEEDING_SELECT:
A2006012.
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Ignition Data

The fire ignition data provided in the 2021 WMP, particularly
Tables 7.1 and 7.2, is based on fire incident reports filed with the CPUC
annually in accordance with D.14-02-015. The ignition data provided in
these tables was pulled from PG&E’s systems in mid-January 2021 and
reflects preliminary data for two reasons. First, PG&E's final 2020 fire
ignition report is due on April 1, 2021 and 2020 data will be further
reviewed in advance of that filing. Second, in late 2020 PG&E self-
identified a data omission regarding prior year’s fire ignition data in the
annual reports submitted and notified the CPUC of this issue on
December 23, 2020. PG&E’s investigation identified a relatively small
population of distribution vegetation outage ignitions since 2017 that were
excluded on the annual report due to a misidentification in a field-based
documentation system. We are continuing to investigate other potential
sources of fire ignition data that were omitted from our reports. We
anticipate completing the investigation into the 2014-2019 data by the end
of the first quarter of 2021. Based on the results of our investigation, we
plan to submit amendments to our annual reports and provide a
supplemental filing updating the ignition data in Tables 7.1 & 7.2. We will
be revising our ignition data capture processes going forward to ensure
accurate reporting in alignment with the results of our investigation.

For reference, while the investigation is underway the initial findings
have shown that the number of missing incidents for each year and an
amended annual total are as follows:

0 2019 = 4 Missing Incidents, 467 Amended Total
0 2018 = 5 Missing Incidents, 439 Amended Total
0 2017 = 28 Missing Incidents, 529 Amended Total

SmartMeter™ References

SmartMeter™ is a trademarked name and so references to
SmartMeter™ in the 2021 WMP that inadvertently do not include the ™
should be considered to include the ™ in the SmartMeter name.

Attachments

Throughout the 2021 WMP there are references to attachments that
are applicable to specific sections and provide additional materials. For
ease of reference, we are including below a list of the attachments. In the
text of the 2021 WMP, we refer to the attachment name and number. In
the list below, we have also added the designation “CONF” which
indicates whether an attachment is confidential or not. PG&E will provide
on our website a public version of each attachment unless the attachment
is confidential in its entirety, in which case the attachment will not be
provided on our website:
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2021WMP_Section 7.3 _Atch01

2021WMP_Section 8.2.1_Atch01
2021WMP_Section 8.2.4 AtchO1_CONF
2021WMP_ClassA_Action-PGE-3_Atch01
2021WMP_ClassA_Action-PGE-8_ Atch01
2021WMP_ClassA_Action-PGE-12_AtchO1
2021WMP_ClassA_Action-PGE-15_Atch01
2021WMP_ClassA_Action-PGE-15_Atch02
2021WMP_ClassA_Action-PGE-23_Atch01
2021WMP_ClassA_Action-PGE-23_Atch02
2021WMP_ClassA_Action-PGE-23_Atch03
2021WMP_ClassA_Action-PGE-24_Atch01_CONF
2021WMP_ClassA_Action-PGE-24_Atch02_CONF
2021WMP_ClassA_Action-PGE-24_Atch03
2021WMP_ClassA Action-PGE-38 Atch01_CONF
2021WMP_ClassB_Action-PGE-3_Atch01
2021WMP_ClassB_Action-PGE-15_Atch01
2021WMP_ClassB_Action-PGE-20_Atch01
2021WMP_ClassB_Action-PGE-22_Atch01
2021WMP_ClassB_Action-PGE-35_Atch01
2021WMP_ClassB_Action-PGE-35_Atch02
2021WMP_ClassB_Action-PGE-43_Atch01_CONF
2021WMP_ClassB_Action-PGE-43_Atch02_CONF
2021WMP_ClassB_Action-PGE-47_Atch01_CONF
2021WMP_ClassB_Action-PGE-55_Atch01
2021WMP_ClassB_Action-PGE-55_Atch02
2021WMP_ClassB_Action-PGE-55_Atch03
2021WMP_ClassB_Action-PGE-55_Atch04
2021WMP_ClassB_Action-PGE-55_Atch05
2021WMP_ClassB_Action-PGE-55_Atch06
Attachment 1 — All Data Tables Required by 2021 WMP Guidelines
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2. Adherence to Statutory Requirements

Section 2 comprises a “check list” of the CPUC Code Sec. 8386 (c)
requirements and subparts. Each utility shall both affirm that the WMP addresses
each requirement AND cite the Section or Page Number where it is more fully
described (whether in Executive Summary or other section of the WMP).

lllustrative Table 2-1 check-list:

Requirement Description WMP Section/Page
2 The objectives of the plan Section 4.1 pg. 13
10 Protocols for the de-energization of the Section 5 overview,
electrical corporation’s transmission pg. 30-31

infrastructure, etc.

Mark the following table with the location of each requirement. If requirement
is located in multiple areas, mention all WMP sections and pages, separated by
semi-colon (e.q., Section 5, pg. 30-32; Section 7, pg. 43)

TABLE PG&E-2-1: 2021 WMP COMPLIANCE WITH STATUTORY REQUIREMENTS 13

Requirement Description WMP Section/Page

1 An accounting of the Section 1
responsibilities of persons
responsible for executing the plan

2 The objectives of the plan Goals: Section 5.1 (Goals)

Objectives: Section 5.2

3 A description of the preventive Risk Strateqgies: Sections 4.2-4.3, 4.5,
strategies and programs to be 7.1.A

adopted by the electrical Climate Change Risks: Sections 4.2-4.2.1,
corporation to minimize the risk of

; L ; 6.7,7.3.1.2

its electrical lines and equipment

causing catastrophic wildfires, Wildfire Mitigation Programs and
including consideration of dynamic | Initiatives: Section 7.3

climate change risks PSPS Strateqies: Sections 8.2.1t08.2.2

13 PG&E has consulted with the Wildfire Safety Division (WSD) and WSD agreed that for
purposes of this table, references to the 2021 WMP sections was sufficient, rather than
sections and page numbers.
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TABLE PG&E-2-1: 2021 WMP COMPLIANCE WITH STATUTORY REQUIREMENTS
(CONTINUED)

Requirement

4

Description

A description of the metrics the
electrical corporation plans to use
to evaluate the plan’s performance
and the assumptions that underlie
the use of those metrics

A discussion of how the application
of previously identified metrics to
previous plan performances has
informed the plan

Protocols for disabling reclosers
and deenergizing portions of the
electrical distribution system that
consider the associated impacts on
public safety. As part of these
protocols, each electrical
corporation shall include protocols
related to mitigating the public
safety impacts of disabling
reclosers and deenergizing
portions of the electrical distribution
system that consider the impacts
on all of the aspects listed in PU
Code 8386¢

Appropriate and feasible
procedures for notifying a customer
who may be impacted by the
deenergizing of electrical lines,
including procedures for those
customers receiving a medical
baseline allowance as described in
paragraph (6). The procedures
shall direct notification to all public
safety offices, critical first
responders, health care facilities,
and operators of
telecommunications infrastructure
with premises within the footprint of
potential for a given deenergization
event
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WMP Section/Page

Model and metric calculations: Section 4.5.2;

Performance Metrics: Sections 6.1 to 6.4;

PSPS Metrics: Section 8.5

Section 4.1; Section 6.1-6.4; Section 8.5 (PSPS
metrics)

Recloser Operations: Section 7.3.6.1

PSPS Protocols for De-energization:

Sections 8.2.1t08.2.2

Sections 7.3.9.3;8.24; 8.4



TABLE PG&E-2-1: 2021 WMP COMPLIANCE WITH STATUTORY REQUIREMENTS
(CONTINUED)

Requirement

10

11

12

13

Description

Plans for vegetation management

Plans for inspections of the
electrical corporation’s electrical
infrastructure

Protocols for the deenergization of
the electrical corporation’s
transmission infrastructure, for
instances when the deenergization
may impact customers who, or
entities that, are dependent upon
the infrastructure

A list that identifies, describes, and
prioritizes all wildfire risks, and
drivers for those risks, throughout
the electrical corporation’s service
territory, including all relevant
wildfire risk and risk mitigation
information thatis part of the
Safety Model Assessment
Proceeding and the Risk
Assessment Mitigation Phase
(RAMP) filings

A description of how the plan
accounts for the wildfire risk
identified in the electrical
corporation’s RAMP

A description of the actions the
electrical corporation will take to
ensure its system will achieve the
highest level of safety, reliability,
and resiliency, and to ensure that
its system is prepared for a major
event, including hardening and
modernizing its infrastructure with
improved engineering, system
design, standards, equipment, and
facilities, such as undergrounding,
insulation of distribution wires, and
pole replacement
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WMP Section/Page

Sections 5.4.1and 54.2,7.3.5,7.3.5.1to
7.3.5.20

Sections 5.4.3,5.4.5,7.2.C,7.3.4,7.34.1to
7.3.4.15

Section 8.2.2

Sections4.2and 4.3

Sections4.2and 7.3.8.3

Section5.44 and 7.3.3.1t07.3.3.17



TABLE PG&E-2-1: 2021 WMP COMPLIANCE WITH STATUTORY REQUIREMENTS
(CONTINUED)

Requirement Description WMP Section/Page

14 A description of where and how the | Section7.3.3.16
electrical corporation considered
undergrounding electrical
distribution lines within those areas
of its service territory identified to
have the highest wildfire risk in a
commission fire threat map

15 A showing that the electrical Workforce: Sections 7.3.9.1; 8.2.3
corporation has an adequately
sized and trained workforce to
promptly restore service after a
major event, taking into account
employees of other utilities
pursuant to mutual aid agreements
and employees of entities that
have entered into contracts with
the electrical corporation

Mutual Assistance: Section 7.3.9.7 (mutual
assistance)

16 Identification of any geographic Section 4.2.1
area in the electrical corporation’s
service territory that is a higher
wildfire threat than is currently
identified in a commission fire
threat map, and where the
commission should consider
expanding the high fire threat
district based on new information
or changes in the environment

17 A methodology for identifyingand | Sections4.2and 7.3.8.3
presenting enterprise wide safety
risk and wildfire-related risk that is
consistent with the methodology
used by other electrical
corporations unless the
commission determines otherwise

18 A description of how the planiis Sections 7.3.9.2,7.3.9.4t07.3.9.5
consistent with the electrical
corporation’s disaster and
emergency preparedness plan
prepared pursuant to Section
768.6, including plans to restore
service and community outreach

19 A statement of how the electrical Sections 7.3.9.5
corporation will restore service
after a wildfire
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TABLE PG&E-2-1: 2021 WMP COMPLIANCE WITH STATUTORY REQUIREMENTS
(CONTINUED)

Requirement

20

21

22

Description

Protocols for compliance with
requirements adopted by the
commission regarding activities to
support customers during and after
a wildfire, outage reporting,
support for low-income customers,
billing adjustments, deposit
waivers, extended paymentplans,
suspension of disconnection and
nonpayment fees, repair
processing and timing, access to
electrical corporation
representatives, and emergency
communications

A description of the processes and
procedures the electrical
corporation will use to do the
following:

(A) Monitor and audit the
implementation of the plan.

(B) ldentify any deficiencies in the
plan or the plan’s implementation
and correct those deficiencies.

(C) Monitor and audit the
effectiveness of electrical line and
equipment inspections, including
inspections performed by
contractors, carried out under the
plan and other applicable statutes
and commission rules.

Cites “Any other information that
the Wildfire Safety Division might
require. While it is assumed such
information will be incorporated
into the WMP, substantive
additions will be identified for
easier reference.
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WMP Section/Page

Section 7.3.9.3

Sections 4.6,7.2, 72.Ato7.2.D

Initiative/WMP Costs and Expense: Sections
3.1-3.2 and Table 12

Lessons Learned: Section 4.1

Research/Pilot projects: Sections 4.4, 7.1.D
Workforce: Sections 5.4.1t05.4.4,7.1.C

Compliance with Decision 20-05-051: Section
8.1 (addressing short, medium and long-term
actions each utility will take to reduce the impact
of, and need for, de-energization events to
mitigate wildfire risk).




PACIFIC GAS & ELECTRIC COMPANY

SECTION 3

ACTUALS AND PLANNED SPENDING

FOR MITIGATION PLAN

-36-



3.1 Summary of WMP initiative expenditures

In the Table PG&E-3-1, summarize the projected costs (in thousands) per
year over the three-year WMP cycle, including actual expenditures for years
passed. In Table 3-2 break out projected costs per category of mitigations, over
the three-year WMP cycle. The financials represented in the summary tables
below equal the aggregate spending listed in the mitigations financial tables
reported quarterly. Nothing in this document shall be construed as a statement
that costs listed are approved or deemed reasonable if the WMP is approved,
denied, or otherwise acted upon.

TABLE 3-1: SUMMARY OF WMP EXPENDITURES — TOTAL

Spend in Thousands of Dollars

2020 WMP Planned $4,829,752
2020 Actual $4,862,464
Difference®® ($32,712)
2021 Planned $4,955,161
2022 Planned $5,197,811
2020-22 Planned $15,015,436

(a) Difference represents planned minus actual.
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TABLE 3-2: SUMMARY OF WMP EXPENDITURES BY CATEGORY

2020-22
W('\gp SA%9Y  200WMP 2020 S— 2021 2022 Planned
Thp d Planned Actual Planned Planned (w/ 2020
ousands) Actual)
Risk and Mapping $5,450 $6,300 ($850) $6,841 $7,067 $20,208
Situational Awareness $36,020 $35,518 $502 $49,789 $63,434 $148,741
Grid Design and $2,624,433 | $2,692,241 ($67,808) $2,698,098 | $3,017,543 | $8,407,881
System Hardening
Asset Management $379,534 | $299,737 $79,797 $266,904 $241,097 $807,738
and Inspections
Vegetation
Management $1,454,522 | $1,451,311 $3,211 $1,507,398 | $1,450,157 | $4,408,867
Grid Operations $179,161 | $182,984 ($3,823) $192,059 $180,468 $555,510
Data Governance $90,975 | $116,619 ($25,644) $147,362 $149,992 $413,974
Resource Allocation $2,148 $6,591 ($4,443) $7,121 $7,179 $20,891
Emergency Planning $25,107 $22,793 $2,314 $26,341 $27,356 $76,489
Stakeholder $32,402 $48,371 ($15,969) $53,248 $53,519 $155,138
Cooperation and
Community
Engagement
Total $4,829,752 | $4,862,464 ($32,712) $4,955,161 $5,197,811 $15,015,436

(a) Difference represents planned minus actual.

Pacific Gas and Electric Company (PG&E) provides above the information requested
for Table PG&E-3-1 and Table PG&E-3-2. There are several important points to be
aware of in the presentation of this information:

e Mitigation and control work has been included in this Wildfire Mitigation Plan
(WMP) and these tables that spans multiple cost recovery mechanisms including
the General Rate Case (GRC), Transmission Owner (TO) rate case at the
Federal Energy Regulatory Commission (FERC), Catastrophic Event
Memorandum Account (CEMA), Fire Risk Mitigation Memorandum Account
(FRMMA), Wildfire Mitigation Plan Memorandum Account (WMPMA), and EPIC.
Some of these costs have already been approved for inclusion in customer rates
and some of these costs are still pending review or approval through open and
transparent cost recovery proceedings;

e Financial figures have been mapped to each initiative and/or category based
upon the activity being described in Section 7.3 of this document;

e While the primary work performed for wildfire risk mitigation is in the HFTD areas,
some work and financial costs associated with Non-HFTD areas have been
included in some of these the financial figures;

e The costs reflected are PG&E’s best estimate of the costs for the proposed
programs as of February 5, 2021. Further changes to 2021 budgets and work
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plans are possible and actual costs may vary substantially from these plans
depending on actual work completion, conditions and requirements; and,

For the “2020 WMP Planned” and “2020 Actual’ columns, the population of work
included in these financial data sets is aligned to the 2021 WMP scope and list of
initiatives. Please note that due to changes in scope for some initiatives from the
2020 WMP to 2021 WMP (for example, PG&E has added/removed sub-initiatives
or as indicated above, we are now referencing some Non-HFTD work and
financials), we aligned the 2020 financial information with the 2021 scope to
ensure consistency across the years of the table.
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3.2 Summary of ratepayer impact

Report the projected cost increase to ratepayers due to utility -ignited wildfires
and wildfire mitigation activities engaged in each of the years below. Account for
all expenditure incurred in that year due to utility-ignited wildfires/mitigation
activities and provide methodology behind calculation below Table 3-3.

Outcome metric
name

Increase in electric
costs to ratepayer
due to utility-ignited
wildfires (total)

Increase in electric
costs to ratepayer
due to wildfire
mitigation activities
(total)

TABLE 3-3: WMP ELECTRICITY COST TO RATEPAYERS

2016

$0

$0

Annual performance — Actual

2017

$0

$0

2018

$0

$0

2019 2020 Unit(s)

$0 $0 Dollar value of average monthly
rate increase attributable to
utility-ignited wildfires per year
(e.g., $3/month onaverage
across customers for utility-
ignited wildfires occurring in
20XX)

$0 $0.14 | Dollar value of average monthly
rate increase attributable to
WMPs per year

Table 3-3 summarizes the ratepayer impact due to costs associated with utility-ignited
wildfires and wildfire mitigation activities that were recovered in rates from 2016
through 2020. In this table, PG&E presents the average monthly bill impact for a
typical bundled Non-California Alternate Rate for Energy (CARE) residential customer
with an average monthly usage of 500 kilowatt (kWh). Below, PG&E provides an
explanation concerning how the data in Table 3-3 was developed.

Ratepayer Impact Due to Utility-lgnited Wildfires:

For the five year period from 2016-2020, PG&E reviewed all wildfire response
and recovery efforts where costs have been incurred and identified. There were ten
(10) CPUC reportable utility-related fire ignitions in that population: (1) four ignitions
were associated with October 2017 Northern California wildfires; (2) four ignitions
were the 2017 Railroad Fire, 2018 Camp Fire, 2019 Camino Fire, and 2019 Bethel
Island Fire; (3) one ignition was the Kincade Fire, which is reported in compliance
with Decision (D.) 19-05-037;14 and (4) one ignition was the Zogg Fire, which is
reported in compliance with D.19-05-037.15

14 pGgE's investigation into the cause of the Kincade Fire is ongoing. PG&E has included the
Kincade Fire because CAL FIRE has announced its determination that PG&E’s facilities

caused the Kincade Fire.

15 pG&E's investigation into the cause of the Zogg Fireis ongoing. PG&E has included the
Zogg Fire because CAL FIRE has collected PG&E equipment as part of its investigation.

-40-


https://D.19-05-037.15

For the period of 2016-2020, PG&E incurred approximately $1.1 billion in
expenditures associated with these ten utility-ignited wildfires. These costs were
related to: (1) restoration activities during these catastrophic events, including
repairing the damaged utility facilities and replacing equipment to restore service to
customers; (2) temporary facilities set up due to the Camp Fire; and (3) the Butte
rebuild effort such as permanent underground services and mobile home spaces.
Excluding non-incremental overheads and Wildfire Order Instituting Investigation (OIl)
disallowances in accordance with D.20-05-019, the amount of incremental
expenditures recorded through 2020 for these ten utility-related fire ignitions is $238
million. None of these costs are or have been reflected in customer rates to date.
Specifically, for CPUC-jurisdictional rates, PG&E is currently seeking recovery of
recorded costs incurred through 2019 for the Camino Fire and Bethel Island Fire in
the Wildfire Mitigation and Catastrophic Events (WMCE) Application (A.20-09-019),
which is pending CPUC approval. PG&E has not sought cost recovery for the
remaining eight utility-ignited wildfires in any existing CPUC proceeding. For FERC-
jurisdictional rates, PG&E has not yet sought cost recovery associated with the ten
utility-ignited wildfires because of the lag in time associated with PG&E’s Formula
Rate.

To develop an estimate of ratepayer impact due to utility-ignited wildfires
associated with the $238 million incremental expenditures incurred from 2016
through 2020, PG&E used a simplified calculation model by functional area to
translate the expenditures to a revenue requirement. Cost of capital, depreciation,
revenue fees and uncollectible, as well as taxes are factored in the revenue
requirement calculation model through 2025. PG&E estimates a total revenue
requirement of approximately $124 million associated with the $238 million
incremental expenditures incurred through 2020. However, it is unclear precisely
when these costs would be approved to go into rates, when cost recovery would
begin, and how long the recovery period will be.

PG&E has made certain assumptions on the cost recovery periods in order to
calculate future monthly bill impacts associated with utility-ignited wildfire costs
occurring from 2016 through 2020. For costs contained in applications that have
already been filed, PG&E has reflected the cost recovery periods proposed in those
applications. For applications that have not yet been filed, PG&E has made
assumptions concerning the recovery periods based on the expected timing of the
applications. As a result, PG&E has estimated that the average monthly bill impact
from utility-ignited wildfire costs occurring from 2016 through 2020 will be $0.98 in

2023, $1.11 in 2024, and $0.70 in 2025.16 These bill impacts are not representative
of the bill increases customers will experience when these costs are implemented in
rates. Rather, these bill impacts represent the portion of the total bill that would be
associated with utility-ignited wildfires. The actual change to bills in any future period
will depend on the changes in the total authorized revenue requirement and electric
sales at the time of implementation.

16 i) impacts represent the average monthly bill impact for a typical bundled Non-CARE
residential customer with an average monthly usage of 500 kWh.
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Ratepayer impact due to wildfire mitigation activities:

PG&E incurred approximately $5.8 billion in expenditures associated with utility
wildfire mitigation activities for the period of 2016-2020. These expenditures can be
broadly categorized in three ways.

The first category, consisting of costs totaling approximately $2.0 billion, are
related to the Risk Assessment and Mitigation Phase mitigation approved in the
General Rate Case (GRC), which includes enhanced vegetation management,
system hardening program, situational awareness and PSPS.

The second category, consisting of costs totaling $2.6 billion, are those booked
to the wildfire mitigation memorandum accounts, which PG&E has conducted
pursuant to our WMP. These costs include enhanced wildfire inspections, repair and
replace, as well as microgrid programs.

The third category, consisting of costs totaling approximately $1.2 billion, are
related to inspections of electric transmission facilities, system hardening, enhanced
controls, and other programs designed to make PG&E’s customers and the
communities that we serve safer.

Excluding non-incremental overheads and Wildfire Oll disallowances in
accordance with D.20-05-019, the amount of incremental expenditures recorded
through 2020 for wildfire mitigation activities is approximately $5.0 billion. The
majority of these costs are not reflected in customer rates at this time. The specific
wildfire mitigation activities included in existing rates are:

1)  $13.8 million of capital expenditures forecast for electric distribution
equipment replacement in 2019 for Tier 2 and 3 High Fire-Threat Districts
in the 2017 GRC Decision (D.17-05-013); and

2)  $15.9 million of O&M expense for network transmission related to the
Wildfire Safety Inspections Program (WSIP), which was reflected in
customer rates for rate year 2020. PG&E filed our twentieth Transmission
Owner rate case at FERC in October 2018 in Docket No. ER19-13-000
(TO20). PG&E’s TO20 rate filing was a Formula Rate. FERC accepted
the filing, subject to hearing and refund, for rates to go into effecton May
1, 2019. PG&E filed a partial settlement in the TO20 proceeding on
March 31, 2020 that was approved by FERC in August 2020. PG&E filed
a settlement for all of the remaining issues on October 15, 2020. FERC
approved the TO20 settlement on December 30, 2020. Under the
Formula Rate model, the electric transmission O&M expense for the rates
years 2019 and 2020 is based on 2017 and 2018 recorded costs,
respectively. These amounts are then trued up forthe 2019 and 2020
actuals in subsequent years through a true-up mechanism included in the
Formula Rate. There is no O&M expense in 2017 (for the rate year 2019)
specific to wildfire mitigation as specified in the WMP. In 2018 (for the
rate year 2020), $15.9 million of O&M expense for WSIP was included in
transmission rates. For electric transmission capital, PG&E did not
forecast any WMP capital expenditure for the rate year 2019. In the rate
year 2020, PG&E included $20.3 million of wildfire mitigation capital
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expenditure forecast. These costs were mainly related to repairs and
replacements from WSIP.

To develop an estimate of the revenue requirement due to utility wildfire
mitigation activities associated with the $5.0 billion of expenditures, PG&E has
incorporated various decisions and applications as follows:

1)

The 2020 GRC Decision (D.20-12-005), approved on December 3, 2020,
adopted the Settlement Agreement amount of $405.9 million in expense
and $603.3 million in capital expenditures for 2020 for the wildfire
mitigation and vegetation management program. PG&E is authorized to
establish balancing accounts to track these costs and amortize the 2020
authorized amounts in customer rates beginning March 2021 until
December 2022. PG&E is also authorized to recover 2020 incremental
spend up to the authorized cost cap of 115 percent for wildfire mitigation
balancing account and 120 percent for vegetation management expense
through a Tier 2 advice letter filing, which is expected to enter rates in
2021. Based on the preliminary year-end financial close for 2020, PG&E
incurred $682.5 million in expense and $630.4 million in capital
expenditures tracked in the wildfire mitigation and vegetation management
balancing account. PG&E will seek recovery of incremental costs above
the authorized cost cap in an application proceeding, the timing of which
has not yet been determined. For the purpose of developing an estimate
of ratepayer impact, PG&E assumes these costs once approved will enter
rates beginning in 2023;

In the WMCE Application, PG&E seeks recovery of incremental recorded
costs for wildfire mitigation activities incurred through December 2019
totaling $1.603 billion. Based on the scoping memo, a proposed decision
for the WMCE Application is expected in September 2021. For the bill
impact calculation, PG&E has reflected the Commission’s decision of an
interim rate relief of $447 million of revenue requirement, to be collected
over a 17-month period from January 2021 to May 2022. PG&E assumes
the remaining revenue requirement associated with these costs, once
approved, will be collected in rates over a 12-month period from June
2022 to May 2023, consistent with the proposal in the WMCE application;

PG&E incurred $142 million of expenditures in 2020 associated with the
Microgrids program tracked in the memorandum account per PSPS
Resiliency Strategies and Microgrid OIR (R.19-09-009). These costs are
related to the substation make-ready program, temporary generation
program and community microgrid enablement program;

PG&E recorded $660 million of wildfire tree mortality expense incurred
through 2020. PG&E seeks recovery of 2016-2019 tree mortality expense
in the Catastrophic Event Memorandum Account (CEMA) Application
(A.18-03-015), which is pending CPUC approval. The 2020 GRC
Decision authorizes PG&E to include CEMA tree mortality expense in the
approved vegetation management balancing account for cost recovery.
PG&E will seek recovery of the 2020 CEMA tree mortality expense in an
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application proceeding. For the purpose of developing an estimate of
ratepayer impact, PG&E assumes that the tree mortality costs for 2016-
2019 once approved will enter rates beginning in 2022; and,

5) PG&E incurred approximately $779 million of expenditures, net of Wildfire
Oll disallowances, related to electric transmission wildfire mitigation
activities. These costs will be recovered under the FERC Formula Rate
mechanism.

In addition to the expenditures discussed above associated with utility-ignited
wildfires and wildfire mitigation activities, PG&E incurred approximately $565 million of
incremental insurance premiums recorded in the Wildfire Expense Memorandum
Account (WEMA) between July 26, 2017 through December 31, 2019. Pursuant to
D.18-06-029, PG&E is authorized to establish the WEMA to track and seek recovery
of incremental insurance premiums effective July 26, 2017. The 2020 GRC Decision
authorizes PG&E to recover $66.1 million of incremental insurance premium, which
will enter rates beginning March 1, 2021 and ending December 31, 2022. PG&E
seeks recovery of $498.7 million in revenue requirement through the WEMA
application (A.20-02-004), which is pending approval from the CPUC. These costs
are not associated with any specific wildfire event.

To develop an estimate of ratepayer impact, PG&E converted the expenditures
to revenue requirement from various decisions and applications discussed above.
PG&E has factored in cost of capital, depreciation, Assembly Bill 1054 equity rate
base exclusion and other parameters in the revenue requirement calculation through
2025. PG&E estimates a total revenue requirement of approximately $3.6 billion
associated with the $5.0 billion of wildfire mitigation expenditures incurred through
2020. However, it is unclear precisely when these costs would be approved to go into
rates, when cost recovery would begin, and how long the recovery period will be.

As described above, PG&E has made certain assumptions on the cost recovery
periods in order to calculate future monthly bill impacts associated with wildfire
mitigation activities occurring from 2016 through 2020. For costs that have been
approved to go into rates, PG&E has reflected the recovery period as outlined in the
decision. For costs contained in applications that have already been filed, PG&E has
reflected the cost recovery periods proposed in those applications. For applications
that have not yet been filed, PG&E has made assumptions around the recovery
periods based on the expected timing of the applications. As a result, PG&E has
estimated that the average monthly bill impact from the resulting costs associated with
wildfire mitigation activities occurring from 2016 through 2020 will be $9.16 in 2021,

$15.04 in 2022, $9.62 in 2023, $2.93 in 2024, and $2.87 in 2025.17 These bill
impacts are not representative of the bill increases customers will experience when
these costs are implemented in rates. Rather, these bill impacts represent the portion
of the total bill that would be associated with wildfire mitigation activities. The actual
change to bills in any future period will depend on the changes in the total authorized
revenue requirement and electric sales at the time of implementation.

17 i) impacts represent the average monthly bill impact for a typical bundled Non-CARE
residential customer with an average monthly usage of 500 kWh.
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PACIFIC GAS & ELECTRIC COMPANY

SECTION 4

LESSONS LEARNED AND RISK TRENDS
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4.1 Lessons Learned: How Tracking Metrics on the 2020 Plan Has Informed the
2021 Plan

Describe how the utility’s plan has evolved since the 2020 Wildfire Mitigation Plan
(WMP) submission. Outline any major themes and lessons learned from the 2020 plan
and subsequent implementation of the initiatives. In particular, focus on how ultility
performance against the metrics used has informed the utility’s 2021 WMP.

Pacific Gas and Electric Company’s (PG&E) wildfire mitigation strategy continues to be
structured around three strategic imperatives: reducing wildfire ignition potential,
enhancing situational awareness, and reducing the impact of Public Safety Power
Shutoff (PSPS) events. The 2021 WMP focuses on further maturing these imperatives
based on lessons learned from the implementation of our 2019 and 2020 WMP. As
many of our wildfire risk mitigation programs are still evolving the use of metrics to
determine effectiveness specific programs is just beginning and will improve as more
data is gathered over time. While PG&E delivered on the programs included in the
2020 WMP, we also identified several gaps in our execution in 2020 and lessons
learned that we are focused on resolving through our 2021 WMP and oversight of the
workstreams in 2021. The primary gaps identified and lessons learned from 2020
include risk prioritization of Enhanced Vegetation Management (EVM) work, prioritizing
the scheduling and execution of system inspections, and the quality of vegetation
management activities, as discussed below. PG&E’s 2021 WMP also presents a
significant step forward in our risk modeling, due to both overall improvements in our
toolset for analyzing risk and lessons learned from the past few years. Finally, we also
continue to refine the delivery and execution of our PSPS program, particularly as it
relates to partnering and communicating with the communities and customers impacted
by PSPS events.

The remainder of this section includes the following subsections:

e Subsection (a): Lessons learned for EVM risk prioritization;

e Subsection (b): Lessons learned regarding system inspection prioritization and
execution;

e Subsection (c): Lessons learned on vegetation management quality
improvements;

e Subsection (d): Risk modeling improvements; and,

e Subsection (e): PSPS improvements.

(a) Enhanced Vegetation Management Risk Prioritization

In 2020, PG&E identified, and other external parties including the Federal Monitor
provided feedback, that the execution of EVM work was not aligned with our risk
prioritization model. In some cases, and for a number of reasons including the longer
cycle time associated with completing the more densely vegetated sections of our
system, lower priority circuit segments were being completed before higher priority
circuit segments.
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For 2021, PG&E is resolving this gap through increased control and validation of the
workplan. First, we have implemented an updated risk model (described in

Section 4.5.1) to inform the selection of which circuit segments to work in 2021. In
2021, we will prioritize and target the highest risk circuit segments and have increased
the controls around the actual circuit segments that will be completed. The newly
formed Wildfire Risk Governance Steering Committee (WRGSC, chaired by PG&E’s
Chief Risk Officer) is directly approving the selection of EVM work locations and
monitoring regular reporting of work completed to ensure actual work is aligned with the
planned risk reduction. Second, we have revised our internal incentive metric
associated with EVM work to require that at least 80 percent of the work be performed

in the top 20 percent of the risk ranking of circuit segments1 otherwise the incentive
metric will be assessed to be a 0. Through the improved risk prioritization, program
controls and metric updates, our investments in EVM will help maximize wildfire risk
reduction. This learning is also being applied to the System Hardening program where
the updated risk model is also being used to target projects and the incentive metric
structure has been set up the same way to require that 80 percent of the system
hardening miles completed are in the top 20 percent of the risk ranking (or areas where
assets must be rebuilt due to an actual wildfire).

(b) System Inspection Prioritization and Execution

By identifying potential issues on PG&E assets in High Fire Threat Districts (HFTD)
before they have a chance to fail, the system inspection program is a critical aspect of
PG&E'’s wildfire risk mitigation activities. However, in 2020, PG&E did not properly
manage and prioritize the execution of system inspections in the highest risk areas. In
some cases, assets outside of HFTDs were inspected before higher wildfire risk assets
had been completed. In 2021, PG&E is resolving this issue by applying the same
updated risk model mentioned for EVM and system hardening to prioritize and order the
system inspections workplan. We are going to complete all inspections in HFTD areas
before the late summer peak of wildfire season2 and the WRGSC is also directing the
establishment and execution of the system inspections workplan. Through the
increased oversight, focus on aligning to the risk prioritization and earlier completion of
inspections in HFTD areas, PG&E’s critical system inspection program will provide
increased wildfire risk mitigation value in 2021 and going forward.

(c) Vegetation Management Quality Improvements

Vegetation contacts with powerlines remain the leading cause of California Public
Utilities Commission (CPUC or Commission) reportable ignitions in HFTD areas.

1 The incentive metric for 2021-2023 not only measures the number of miles completed
(1,800 miles per year) but also requires that 80% of the work completed over that
three year period be in the top 20% of circuit segments on the risk buydown curve or be in
areas impacted by actual wildfires. If less than 80% of the miles counted fit that criteria
then the metric performance will be a 0, regardless of how many total miles were
completed.

2 Before September 1, with the possible exception of locations where an inspection was
attempted before September 1 but access restrictions, customer refusals or other external
factors prevent initial completion of the inspection.
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Managing vegetation in proximity to powerlines is therefore one of the most important
wildfire risk mitigation activities, but also one of the most challenging given the dynamic
nature and volume of trees in PG&E's service territory. In 2020, we identified steps to
further improve the quality and consistency of our vegetation management work.

For 2021, PG&E is deploying substantially increased resources to validate the quality of
our vegetation management work and respond more quickly to any concerns raised,
internally or externally about vegetation management work. PG&E anticipates more
than tripling our work verification workforce by adding more than 200 inspectors to
increase our ability to verify that vegetation management was completed to meet state
and federal standards and PG&E’s own expectations. We will also be performing work
verification (post-tree work inspections) on 100 percent of work performed in HFTDs,
both for EVM and routine vegetation management programs. PG&E will also be
deploying technology to capture objective snapshots of the condition of vegetation
throughout HFTDs through ground-based Light Detection and Ranging (LiDAR) to
further validate work completion and time-stamped conditions across our system.
Finally, PG&E will be staffing a centralized team of arborists to investigate any concerns
or findings raised by internal or external parties to ensure timely follow-up, appropriate
resolution and adequate closure of any issues identified. Together these efforts, along
with ongoing improvements to processes and tools (like work tracking systems), will
improve PG&E’s vegetation management performance, quality and consistency in
addressing vegetation, one of the most important and challenging wildfire risks facing
PG&E’s utility infrastructure.

(d) Risk Modeling Improvements

Implementing the 2021 Wildfire Distribution Risk Model, which is discussed in much
more detail in Section 4.5.1 below, has allowed PG&E to advance our predictive
analytics capabilities and practices. For example, the 2019-2020 Wildfire Risk Model
used in the 2019 and 2020 WMPs deployed industry best practices around model
performance metrics after the model was in use, as an after-the-fact quality check. The
Equipment Probability of Ignition and Vegetation Probability of Ignition Models now used
for the 2021 WMP use the same performance metrics in a proactive manner, to
evaluate the accuracy of the model before it is deployed.

Another resource leveraged more fully during the development of the 2021 Wildfire
Distribution Risk Model was benchmarking with risk modeling experts from peer utilities,
particularly in California. Through regular, ongoing collaboration meetings experts from
PG&E, San Diego Gas & Electric Company (SDG&E), Southern California Edison
Company (SCE), Australian utilities and others have partnered to learn about each
other practices, challenges and learnings.

The 2021 WMP includes risk models that provide a deeper granularity of risk analysis,
for example, the 2020 WMP distribution line scoring of circuits and Circuit Protection
Zones (CPZ) was heavily scrutinized, so for the 2021 WMP, PG&E has analyzed and
made more uniform Circuit Segments to apply to models across the distribution system.

Data accuracy and data validation practices continue to improve. In 2020, we saw the
first phase implementation of a data aggregation platform that forms a foundation for a
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“single source” of data. This is a significant step in PG&E’s efforts to mature these two
foundational capabilities.

Finally, PG&E has received comments from both the Safety Policy Division (SPD) and
parties in the 2020 Risk Assessment Mitigation Phase (RAMP) proceeding (Application
20-06-012) requesting PG&E to analyze PSPS consequences to customers at a more
granular level than at an enterprise level risk. PG&E also understands that SDG&E

through its Wildfire Next Generation System,3 is evaluating PSPS consequences and
considered customer impacts in its Risk Spend Efficiency (RSE) calculations for this
WMP. PG&E supports these requests to analyze and model PSPS customer impacts
and made an initial attempt at this evaluation in our first Quarterly Report in our
response to Condition Guidance-1 examining customer reliability only, though we
understand that additional consequences, such as safety and financial, are also of
interest to stakeholders. PG&E intends to explore modeling these additional
consequences. PG&E also supports SDG&E'’s effort to consider the reduction of PSPS
consequences to customers in its mitigation RSE calculations for system hardening
activities such as covered conductor deployment or undergrounding of overhead circuits
in HFTD areas.

PG&E has constructed an initial PSPS consequence model at the enterprise level, and
although our risk models are not yet evolved enough to assess PSPS consequence at a
circuit or circuit segment level, we currently intend to develop this capability for use in
the second half of 2021. PG&E expects to work collaboratively with the other California
utilities to further advance this modeling.

(e) PSPS Program Improvements

While PG&E is committed to taking actions that further make PSPS events smaller, we
will not deviate from the purpose of PSPS events, to prevent catastrophic wildfire
ignitions during the most severe and highest risk wildfire conditions. Therefore, we are
assessing what conditions not currently included in the scoping of PSPS events that
may drive an expansion in the scope of 2021 PSPS events, in alignment with external
feedback. Specifically, we are assessing how to incorporate the presence of known,
high-risk vegetation conditions adjacent to powerlines into PSPS decision making. This
assessment may result in PG&E executing PSPS in 2021 for powerlines where high
priority vegetation tags4 have been identified, including on lines that may not have met
the 2020 PSPS event criteria. Following that activity over the next few months, PG&E
will analyze the likely impact of that updated criteria in making PSPS events larger and
compare that impact to the actions being taken to make PSPS events smaller. Given
this ongoing analysis, we do not have specific 2021 PSPS targets, but are taking
substantial actions to make PSPS events in 2021 smaller, shorter, and smarter.

In addition to the scope of PSPS events, PG&E is also working to improve customer
resources and engagement before, during and after PSPS events. With two years of

SDG&E WMP Quarterly Report, Guidance-1 and SDGE-3, September 9, 2020.

PG&E has identified “high priority vegetation tags” as “Priority 1” and “Priority 2” tags where
trained vegetation inspectors identify trees or limbs that currently present elevated risk and
must be worked on an expedited basis (at least within 30 days).
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experience with significant PSPS events, PG&E is further grounding our outreach,
programs and services in customer and stakeholder feedback, research, and data to
continuously improve. We will use this feedback and research to, among other things:
continue to refine our Community Resource Center strategy working in close
collaboration with our county, tribal and Community-Based Organization (CBO)
partners, and enhance solutions for customers that are like to see “repeat impacts” due
to multiple PSPS events. Another dimension where we will continue to use data to
direct our activities is in the deployment of specialized material and resources. During
the 2020 PSPS season, PG&E deployed a substantial amount of in-language material
to provide accessible PSPS information for non-English speaking customers and
communities. PG&E is continuing to gather data and feedback to assess how best to
support customers with limited English proficiency. It may be that more material on
PG&E'’s website is less valuable than continuing to strengthen our partnerships with
CBOs who already have relationships with and support those customers and
communities.
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4.2 Understanding Major Trends Impacting Ignition Probability and Wildfire
Consequence

Describe how the utility assesses wildfire risk in terms of ignition probability and
estimated wildfire consequence, including use of Multi-Attribute Risk Score (MARS) and
Multi-Attribute Value Function (MAVF) as in the Safety Model and Assessment
Proceeding (S-MAP)"" and RAMP, highlighting changes since the 2020 WMP report.
Include description of how the utility distinguishes between these risks and the risks to
safety and reliability. List and describe each “known local condition” that the utility
monitors per General Order (GO) 95, Rule 31.1, including how the condition is
monitored and evaluated.

PG&E has substantially updated our wildfire risk modeling and risk assessment tools for
this 2021 WMP. Section 4.5 provides an introduction and in-depth explanation of the
updated models in use for 2021. This Section 4.2 follows the 2021 WMP template in
explaining the use of established risk modeling tools (MAVF and MARS, defined below).
Many readers may benefit by first reviewing Section 4.5 to understand PG&E’s overall
wildfire risk assessment and modeling approach for the 2021 WMP, before coming back
to the detailed discussion in this section.

The remainder of this section includes the following subsections:
e Subsection (a): PG&E’s use of MAVF to assess wildfire ignition probabilities and

estimated consequences, and to translate these from natural units into a unitless
risk score for MARS;

e Subsection (b): PG&E’s wildfire risk assessment and bowtie analysis;

e Subsection (c): How PG&E distinguishes between wildfire risks and other safety
and reliability risks;

e Subsection (d): A description describes of “known local conditions” as that term
is used in General Order (GO) 95, Rule 31.1; and,

e Subsection (e): Responses to Actions identified in Wildfire Safety Division’s
(WSD) evaluation of PG&E’s Remedial Compliance Plan (Actions PGE-3 (Class
A), PGE-4 (Class A), and PGE-6 (Class A)) and in WSD'’s evaluation of PG&E’s
First Quarterly Report (Actions PGE-1 subpart 1(Class B), PGE-4 (Class B),
PGE-5 (Class B), and PGE-15 (Class B)) that are related to the substance of this
section.

(a) Use of MAVF and MARS
Pursuant to Decision (D.) 18-12-014, PG&E implemented the S-MAP Settlement

Agreement in 2019, including the development of an MAVF and Risk Bowtie for Wildfire
analysis. PG&E employs an MAVF to combine all potential consequences of the
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occurrence of a risk event and create a single measurement of value known internally
as MARS.5 An MAVF consists of the following components:

Attributes
Ranges

Natural Units
Weights

Scaling Function

D.18-12-014 also provides six principles to use in determining the MAVF components:
Attribute Hierarchies, Measured Observations, Comparison, Risk Assessment, Scaled
Units, and Relative Importance.

The key components of the MAVF that PG&E used for assessing wildfire-related risks,
and how they adhere to the principles, are shown Table PG&E-4.2-1 below and are
described in the discussion following the table.

TABLE PG&E-4.2-1: KEY COMPONENTS OF MAVF

Attribute Range Natural Units Weight | Scaling Function
Safety 0-100 |Equivalent Fatalities (EF)/ 50% Non- Linear
event
Electric 0-4 Customer Minutes 20% Non- Linear
Reliability Billion Interrupted (CMI)/ event
Gas Reliability 0- Customers affected/event 5% Non- Linear
750,000
Financial® 0-$5 |$/event 25% | Non- Linear
Billion

e Ranges: Pursuant to D.18-12-014, the smallest observable value of an Attribute is
the low end of the range, and the largest observable value is the high end of the
range. PG&E interprets the largest observable value to be a reasonable value
informed by historical events and plausible large-consequence scenarios. In
PG&E’s analysis and risk framework, event consequences are not capped at the
high end of the range, but rather, the range is a specification required in the
scaling function.

o The high end of the Safety Attribute Range, set to 100, is an order-
of- magnitude value informed by recent events.

D.18-12-014, p. 17, 2018 S-MAP Revised Lexicon: MAVF.

Pursuant to D.18-12-014 and D.16-08-018, utility shareholders’ financial interests are to be
excluded from the General Rate Case (GRC) and RAMP risk evaluation and risk mitigation
considerations.
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o The high end of the Electric Reliability Range (4 Billion CMI) was based
on the most severe reliability impact from a single event of 3.6 billion CMI
from the October 26, 2019 PSPS event.

o The Gas Reliability high end is based on a scenario of an outage at a
critical gas facility.

o The Financial Attribute’s high end represents a financial loss
commensurate with an Energy Crisis-type event.

« Natural Units: EF is defined as the sum of Public, Employee and Contractor
Fatalities and Serious Injuries per event occurrence. Serious Injuries are defined
as situations that require hospitalization of an individual pursuant to existing
Federal and State reporting guidelines.” Fatalities and Serious Injuries are
converted to EFs using the multiplicative factors 1.00 and 0.25, respectively. The
conversion rate from Serious Injury to EF is based on information available from

Federal sources.8

e Scaling Function: The Non-Linear Scaling Function is used to convert

each Attribute from its Natural Unit to Scaled Units.9 It consists of the
following segments, with each segment intended to represent events that
are either operational (i.e., encountered in the course of regular
operations), critical or catastrophic.

o For natural units from 0 to 1 percent of the Range
(operational/moderate events): Linear function from 0 to 0.1 Scaled
Units.

o For natural units from 1 percent to 10 percent of the Range (critical
events): Quadratic function from 0.1 to 5 Scaled Units.

o For natural units from 10% to 100+% of the Range (catastrophic
events): Linear function from 5 to 100 Scaled Units.

D.18-12-014 directs utilities to use Expected Value when calculating the Consequence
of Risk Event (CoRE) and use the scaling function to capture aversion to extreme
outcomes or indifference over a range of outcomes. Under PG&E’s Non-Linear scaling

7 Pipeline and Hazardous Materials Safety Administration (PHMSA)§191.3Definitions:
Incident (see also: https://www.phmsa.dot.gov/data-and- statistics/pipeline/pipeline-facility-
incident-report-criteria-history) and D.98-07-097 (Amended April 27, 2006), Findings of Fact
3 and Appendix B, Accident Report Requirements 3 (see also:_
https://www.cpuc.ca.gov/General.aspx?id=2090).

8  See “Treatment of the Values of Life and Injury in Economic Analysis,” Table 2-3, Federal
Aviation Administration (FAA) Office of Aviation Policy and Plans, Updated September
2016, (available at:_
https://www.faa.gov/regulations _policies/policy guidance/benefit cost/media/econ- value-
section-2-tx-values.pdf).

9 D.18-12-014, pp. 17-18; 2018-S-MAP Revised Lexicon: Scaled Unit of an Attribute: a value
that varies from 0 to 100.
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function, the risk score, as measured by Scaled Units, will be low for operational events,
but increases exponentially as critical events approach catastrophic (but low probability)
levels. Once catastrophic levels are attained the function assigns 10 times higher score
for each potential increase in Natural Units when compared to operational events. This
captures aversion to critical and catastrophic outcomes and gives higher priority to
controls and mitigations that affect them.

When PG&E evaluates potential event consequences, it does not cap them at the
Range high end per se, but pursuant to D.18-12-014,10 PG&E places a ceiling of 100
on converted Scaled Units, i.e., if a modeled risk event’s consequence in Natural Units
goes above the Attribute Range, the converted Scaled Unit will be 100. This provides a
way to compare the relative importance of different Attributes using Attribute Weights,
consistent with the Relative Importance principle.11 Also, by capping, PG&E
recognizes that catastrophic risks must be mitigated, and it is immaterial to consider one
risk to be “more” or “less” catastrophic than another (e.g., a financial loss of $5 billion or
$5.2 billion) when evaluating alternatives.

Environmental consequences of an event are accounted for financially (i.e., as part of
the Financial consequences) because there is a lack of commonly accepted ways to
measure non-monetary environmental consequences. This makes the use of non-
monetary environmental Attributes inconsistent with the principle of Measured
Observations.

In PG&E'’s risk modeling, Attribute levels (e.g., the financial consequence of a risk
event) are assumed to be uncertain and are represented by well-defined probability
distributions. PG&E uses Monte-Carlo simulations of risk events based on these
probability distributions to calculate MAVF consequence levels (in Scaled Units or
MARS) and thus Risk Scores, consistent with the Risk Assessment principle.

Overall, the S-MAP conforming risk assessment has not changed substantially since the
2020 WMP. However, there have been a few important changes including:

e Fire Weather Warning nomenclature was changed to Red Flag Warning
(RFW) for clarity; and,

e Tranches were updated to incorporate the 2021 Wildfire Distribution Risk
Model to provide more granularity in the risk assessment

These changes are described in more detail in Subsection (b) below.
(b)  Wildfire Risk Assessment and Bowtie Analysis

Consistent with D.18-12-014, PG&E assesses wildfire risk and estimated wildfire
consequences in a bowtie analysis.

10 g,

11 D.18-12-014, Attachment A, Step 1A, No 7. MAVF Principle 6 —Relative Importance.
Page A-6.
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FIGURE PG&E-4.2-1: WILDFIRE RISK “BOWTIE” ANALYSIS (PG&E SERVICE TERRITORY; OVERHEAD CIRCUITS - ALL VOLTAGE CLASSES)

-55-



FIGURE PG&E-4.2-2: WILDFIRE RISK “BOWTIE” ANALYSIS (PG&E HFTD ONLY; DISTRIBUTION VOLTAGE OVERHEAD CIRCUITS)

Freq| % Freq|% Risk CoRE| %Freq | %Risk
Exposure

Red Flag Warning -

Catastrophic Fires
25410
Non-Red Flag Warning -
Catastrophic Fires

12728 1.058%| 75.84%

miles

12723 0.17%| 12.06%

Red Flag Warning -

Vegetation B3|  48%]| 47% Destructive Fires

7205 0.17%| 6.99%

MNon-Red Flag Wamning -

Equip Failure 35| 26%| 26% Destructive Fires

7161  0.10%] 3.899%

Seismic - Red Flag Warning -

a
TP 21| 16%] 15% Catastrophic Fires

17095] 0.008%| 0.768%

Seismic - Non-Red Flag

ATITE 10] %] 7% Warning - Catastrophic Fires

16992 0.003%| 0.29%

Non-Red Flag Warning -

Unk or Other 4] 3%| 3% Small Fires

0.1]  85%| 0.04%

Red Flag Warning - Large
Fires

Risk Score MNon-Red Flag Wamning -
Large Fires

23373 Red Flag Warning - Small

Fires

HOR oot =l 0.01] 0.01%] 1% 5 053%]| 0.01%

Aggregated 132 Events/Yr 5|  0.40%| 0.01%

0.1]  13%| 0.01%

Aggregated 177 100%| 100%
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FIGURE PG&E-4.2-3: WILDFIRE RISK “BOWTIE” ANALYSIS (PG&E HFTD ONLY; TRANSMISSION VOLTAGE OVERHEAD CIRCUITS)

Freq| % Freq|% Risk CoRE| %Freq| %Risk

Exposure .
Red Flag Warning - 12732| 1.06%| 76.84%
5595 Catastrophic Fires
. Mon-Red Flag Warning -
miles Catastrophic Fires 12646]  0.17%] 12.08%

Red Flag Warning -

Animal 3.7 40%]| 40% Destructive Fires

7116 017%| 6.99%

Mon-Red Flag Warning -

Equip Failure 3.5 37%| 3T% Destructive Eires

7156 0.10%| 4.02%

Mon-Red Flag Warning -

o
3rd Party 1.3] 14%] 14% Small Fires

0| 84.7%| 0.04%

Red Flag Warning - Large

Unk or Other 07] T%| 7% e
res

5/ 05%| 0.01%

Mon-Red Flag Warning -

Vegetation 0.2 2% 2% TR Sy Large Fires

46| 04%| 0.01%

Py— 9 Everts/Yr 1637 R 0] 12.9%| 0.01%

Aggregated 176 100%| 100%
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PG&E provides a summary below of the elements of the bowtie analyses in
Figures PG&E-4.2-1, 4.2-2, and 4.2-3 above:

1. Drivers - Ignition Frequencies: Shown on the left of the visuals above,
the current S-MAP conforming bowtie is derived from normalizing the
ignitions by Transmission and Distribution overhead line miles of
exposure reported annually to the CPUC. In accordance with
D.14-02-015, PG&E annually reports to the CPUC fire incidents that
may be associated with PG&E facilities and that meet the following
conditions: (a) a self-propagating fire of material other than electrical
and/or communication facilities; (b) the resulting fire traveled greater
than one linear meter from the ignition point; and (c) PG&E has
knowledge that the fire occurred. The S-MAP conforming model
discussed in detail in PG&E’s 2020 RAMP Report currently has
ignitions reported to the CPUC for years 2015 through 2019. Though
PG&E is still finalizing the 2020 reportable ignition data in preparation

for our annual report, preliminary 2020 data is used in the model.12

2. Total Exposure: Shown in the center of the visuals above across all
Tranches: 98,837 circuit miles of overhead Transmission and
Distribution voltage conductor covering PG&E’s service territory.
Since the 2020 WMP and 2020 RAMP Report, PG&E has received
feedback from WSD, Safety Policy Division (SPD), and various
stakeholders that the level of tranching was not adequate to
represent the risk profiles of PG&E’s system. In response to this
feedback, in the 2021 WMP, PG&E is introducing the 2021 Wildfire
Distribution Risk Model, in combination of the requirements of S-
MAP, to further delineate wildfire risk across PG&E’s system at a
more granular level, specifically with regard to electric distribution
facilities. PG&E aggregated this circuit segments from the 2021
Wildfire Distribution Risk Model into circuit level granularity in HFTD
areas. Aggregating to the circuit level better aligns with other
construction, inspection, and maintenance programs across PG&E.
In the cases of EVM and System Hardening, those major programs
are assessed with even more granularity. Details regarding the
2021 Wildfire Distribution Risk Model are described in Section
4.5.1. PG&E is also currently developing a 2022 Wildfire
Transmission Risk Model that will focus on electric transmission
facilities.

3. Outcomes - Wildfire Consequences: There is a wide range of
potential public safety risks resulting from a fire ignition associated
with PG&E assets. In the overwhelming majority of cases, fire
ignitions do not end up a large wildfire because they are extinguished
quickly and/or do not propagate far. However, in some cases,
ignitions can result in larger wildfires. PG&E uses fire incidents from

12 pG&E’s 2020 fire incident data will be submitted to the CPUC by April 1, 2021 per
D.14-02-015. As such, PG&E’s 2020 fire incident data report may contain datathat has
been revised from the data used in this risk analysis.
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the California Department of Forestry and Fire Protection (CAL FIRE)
database to estimate the safety and financial consequences of
wildfire. For each fire incident, the CAL FIRE dataset provides the
location, size, number of destroyed/damaged structures, and the
number of fatalities/injuries. Reliability consequences are estimated
by using distribution customer minutes for outages that were
associated with CPUC reportable ignitions and known fires associated
with those outages. PG&E is providing a more granular outcomes of
consequences, as shown on the right side of the bowtie, on ignitions
in terms of three variables:

a. The size/destructiveness of the fire that resulted from the ignition.
PG&E’s categorization of fire size is based on the following
definitions:

e Catastrophic: A fire that destroys 100 or more structures and
results in a serious injury and/or fatality.

e Destructive: A fire that destroys 100 or more structures but
does not result in a serious injury or fatality.

e Large: A fire that burns 300 or more acres but does not meet
the definition of a Destructive or Catastrophic fire.

e Small: A fire that burns fewer than 300 acres.

b. Whether the ignition took place on a day and in an area in which a
RFW was in place or not. RFW is a forecast warning issued by the
National Weather Service (NWS) in the United States to inform the
public, firefighters, and land management agencies that conditions
are ideal for wildland fire combustion and rapid spread.13 The
potential consequences of ignitions are higher when an RFW is in

effect. 14

13

14

Precise temporal and spatial mapping analysis of RFW conditions is conducted by utilizing
RFW GIS shapefiles from: https://mesonet.agron.iastate.edu/request/gis/watchwarn.phtml.

(as of June 16, 2020).

In a February 19, 2020 letter to PG&E providing feedback on information that PG&E
provided in workshops held on January 13, 2020 and February 4, 2020, TURN
recommended that “for clarity” PG&E use “Fire Weather Conditions instead of Warning”
when classifying outcomes. At the time of the workshop, PG&E used the term “Fire
Weather Warning” to refer to elements of the NWS Red Flag Warning. PG&E’s use of
RFWs to categorize outcomes is appropriate because it is a simple, objective metric from a
trusted third-party (NWS) that serves as a reasonable proxy for fire weather conditions.

PG&E’s 2021 Wildfire Distribution Risk Model assumes that starting in 2023 the probability
that an ignition occurs at a location and day that RFW is in effect will increase in 5-year
increments based on the Cal-Adapt Wildfire Data.
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c. For catastrophic fires, only, whether the catastrophic fire is associated
with a seismic event.

(c) Wildfire Risk Assessment Compared With Other Safety and Reliability
Risks

All Enterprise Risks on PG&E’s Risk Register might have safety and reliability
consequences. The consequences are modeled separately for each risk. In developing
probabilities and consequences for wildfire risks, PG&E uses a mix of internal and
external data to model wildfire drivers and consequences (safety and reliability impacts
on the risk). Safety and Reliability consequences/attributes (per S-MAP terminology)
are also modeled separately and combined into a risk score using the MAVF. PG&E’s
risk approach, including how wildfire risks and other non-wildfire safety and reliability
risks are addressed, is discussed in more detail in Section 7.1.A.

(d) List and Description of “Known Local Conditions” as That Term is Used in
GO 95, Rule 31.1

GO 95, Rule 31.1 directs PG&E to design, construct and maintain a facility in
accordance with accepted good practice for the intended use and known local
conditions. For the purposes of risk assessment, PG&E utilized HFTD and non-HFTD
areas as its known local conditions. PG&E developed our S-MAP conforming bowtie for
the wildfire risk by creating separate tranches for HFTD and non-HFTD areas. The
higher risk scores and RSE values for mitigations in the HFTD areas enables a clear
case for prioritization of wildfire mitigation initiatives in HFTD areas. For additional
information on PG&E’s evaluation of HFTD areas, including the development of our
HFRA Map identifying risk areas beyond HFTDs, please see Section 4.2.1.

(e) Responses to RCP Actions
ACTION PGE-3 (Class A)

In its 2021 WMP update, PG&E shall describe how financial consequence and spend is
weighted within the MAVF.

Response:

A summary of the weighting of financial consequences and spend is provided in

Table PG&E-4.2-1 above. PG&E described how financial consequences and spend are
weighted within MAVF in more detail in the 2020 RAMP Report, Chapter 3 Risk
Modeling and Risk Spend Efficiency, page 3-4 through 3-18 (see Attachment
2021WMP_ClassA_Action-PGE-03_Atch01). An excerpt of the relevant portions from
the 2020 RAMP Report, pp. 3-5 to 3-7 and 3-14 to 3-15, is provided below. The 2020
RAMP Report itself includes a much more detailed discussion of scaling, weighting and
how the financial and spend consequence is factored into MAVF.
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Implementing MAVF Principle 1 — Attribute Hierarchy

Principle 1 requires that Utilities identify Attributes that are combined in a hierarchy such
that the top level Attributes are categories and the lower level Attributes, or

sub-Attributes, are observable and measurable.19

PG&E identified four Attributes: (1) Safety, (2) Electric Reliability, (3) Gas Reliability,
and (4) Financial, each with one lower-level Attribute.

1) “Safety” has one lower-level observable and measurable attribute: EF.

2) “Electric Reliability” has one lower-level observable and measurable attribute:
Customer Minutes Interrupted (CMI).

3) “Gas Reliability” has one lower-level observable and measurable attribute:
Number of Customers Affected.

4) “Financial” has one lower-level attribute: U.S. Dollars. Pursuant to D.18-12-014
and D.16-08-018, shareholders’ financial interests are excluded.16

Implementing MAVF Principle 2 — Measured Observations

MAVF Principle 2 requires that each lower-level Attribute have its own minimum and
maximum range expressed in natural units that are observable during ordinary

operations and as a CoRE.17 Table PG&E-4.2-2 below summarizes PG&E’s Attributes
and associated ranges.

TABLE PG&E-4.2-2: STEP 1A, PRINCIPLE 2 - MEASURED OBSERVATIONS

If\ll?f Attribute Natural Unit of Attribute Range
1 Safety EFs 0-100
2 Electric Reliability CMI 0 — 4 billion
3 Gas Reliability Number of Customers Affected 0 — 750 thousand
4 Financial Dollars 0 — 5 billion

The S-MAP Settlement Decision defines the low and high end of the Range of the
Natural Unit to be a smallest and largest observable value from a risk event.18 PG&E
uses the term Upper Bound to denote the highest value in a Range. However, given
the uncertainty in what the largest observable outcome of a risk event might be, PG&E

15 D.18-12-014, Attachment A, p. A-5, No. 2.

16 D.18-12-014, p. 29, and D.16-08-018, p. 193, Conclusion of Law (COL) 37.
17 D.18-12-014, Attachment A, p. A-5, No. 3.

18 D.18-12-014, Attachment A, p. A-3.
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defines the Ranges based on historical events and plausible high -consequence
scenarios. PG&E defines each of the natural units of the Attribute as follows:

An Equivalent Fatality is defined as the sum of Fatalities and Serious Injury
Equivalents per event occurrence. Serious Injury is defined as an injury
that requires in-patient hospitalization of an individual pursuant to existing
Federal and State reporting guidelines.19,20 Fatalities and Serious Injuries
are converted to EFs using the factors shown in Table PG&E-4.2-3. The
conversion rate from Serious Injury to EF is based on the disutility factors
for Serious Injuries relative to Fatality available from Federal sources.21
The Upper Bound of the Range for the Safety Attribute is based on EFs
resulting from the Camp Fire rounded up to 100.

TABLE PG&E-4.2-3: EQUIVALENT FATALITY CONVERSION FACTORS
SIMULATED FATALITY OR SERIOUS INJURY QUANTITIES

Line Equivalent
No. Type Factor

1 Fatality 1.00

2 Serious Injury 0.25

The Electric Reliability Upper Bound is based on the October 26-29, 2019
PSPS event consequence of approximately 3.6 billion CMI rounded up to
4 billion.

The Gas Reliability Upper Bound is based on a scenario of an outage at a
critical gas facility.

The Upper Bound of the Financial Range represents a financial loss
commensurate with a 2000-2001 Energy Crisis-type event. Costs related to
recent wildfires were not used to set the Upper Bound because, pursuant to
D.18-12-014, utility shareholders’ financial interests are excluded from
consideration.

19 PHMSA § 191.3, Definitions: Incident. See also:
<https://www.phmsa.dot.gov/data-and-statistics/pipeline/pipeline-facility-incident-report-crite
ria-history>, accessed June 25, 2020.

20

21

D.98-07-097, Appendix B, Accident Report Requirements, par. 3. See also,
<https://www.cpuc.ca.gov/General.aspx?id=2090>, accessed June 22, 2020.

See FAA Office of Aviation Policy and Plans, Treatment of the Values of Life and Injury in
Economic Analysis, p. 2-3, Table 2-3, Updated September 2016, accessed June 19, 2020,

at:

<https://www.faa.gov/requlations policies/policy guidance/benefit cost/media/econ-value-s

ection-2-tx-values.pdf>.
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Implementing MAVF Principle 6 — Relative Importance

MAVF Principle 6 states that each Attribute should be assigned a weight reflecting its
importance relative to other Attributes defined in the MAVF.22

PG&E uses the Attribute Weights shown in Table PG&E-4.2-4.

TABLE PG&E-4.2-4: ATTRIBUTE WEIGHTS

Line No. Attribute Weight
1 Safety 50%
2 Electric Reliability 20%
3 Gas Reliability 5%
4 Financial 25%

PG&E assigned the Attribute Weights to reflect the relative importance of moving each
Attribute from its least desirable level (i.e., Upper Bound) to its most desirable level
(i.e., zero). For example, the Attribute Weights reflect PG&E’s view that it is twice as
valuable to move the Safety Attribute from 100 to O EFs as it is to move the Financial
Attribute from $5 billion to $0. Assigning 50 percent weight to the Safety Attribute is in
line with PG&E’s emphasis on safety and is also consistent with the S-MAP Settlement

Decision’s requirement for a minimum 40 percent weighting for Safety.23
ACTION PGE-4 (Class A)

In its 2021 WMP update, PG&E shall submit a table describing its risk assessment
techniques used for each initiative in the format used by SCE. [See SCE RCP at 9]

Response:

PG&E has included a table describing the risk assessment techniques used for each
initiative into Table 12 in Attachment 1 — All Data Tables Required by 2021 WMP
Guidelines.xIsx.

ACTION PGE-6 (Class A)

In its 2021 WMP update, PG&E shall provide a timeline that shows when it expects
each individual initiative in its WMP to be incorporated into its risk modeling.

Response:

PG&E has included a timeline for incorporation of WMP initiatives into risk modeling for
initiatives impacted by risk model located in Table 12 in Attachment 1 — All Data Tables

22 p.18-12-014, Attachment A, p. A-6, No. 7.
23 Dp.18-12-014, p. 66, COL 5.
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Required by 2021 WMP Guidelines.xlsx. Specifically, these are initiatives for which the
proposed mitigations will be largely determined by insights from wildfire risk models.

ACTION PGE-1 (Class B):
1) further describe why either ignition risk and wildfire consequence risk is calculated
instead of calculating both, and

2) provide an explanation for each initiative as to why it either reduces ignition risk or
wildfire consequence risk, but not both.

Response:

1) For each initiative, PG&E identified if the activity reduces ignition risk or wildfire
consequence risk. PG&E considers ignition risk as the likelihood of a risk event (LORE)
and wildfire consequence risk as the consequence of a risk event (CoRE). Once this is
determined, the overall wildfire risk is calculated by multiplying LORE x CoRE. For each
initiative, PG&E takes the difference between the baseline wildfire risk and the mitigated
wildfire risk to quantify the risk reduction.

2) Explanation for initiatives determining reduction in ignition risk or wildfire
consequence risk will be provided in Feb. 26 submission.

ACTION PGE-4 (Class B)

1) Clarify what is meant by “the likelihood of a large 300-acre fire of exponentially
spreading and becoming catastrophic or destructive is closer to 70 percent”;

2) Provide the percentage of ignitions that lead to fires greater than 300-acres;

3) Explain why PG&E finds 300-acres to be of significant value;

4) Define what PG&E’s understanding of “catastrophic” fire is in the context of less than
1 percent of ignitions leading to a catastrophic fire; and

5) Provide the percent of ignitions that lead to catastrophic fires during Red Flag
Warning (RFW) conditions.

Response:

1. PG&E wrote in the First Quarterly Report that “the likelihood of a large 300-acre
fire of exponentially spreading and becoming catastrophic or destructive is closer
to 70 percent, especially during Red Flag Warning (RFW) conditions.” This
meant that during RFW conditions, there is approximately a 70 percent chance
that a large wildfire (i.e., 300 acres or greater) started with an ignition involving
PG&E'’s electric equipments in an HFTD area results in destroying 100 or more
structures.

2. Out of ignitions reviewed from 2015-2019 related to PG&E’s electric equipment,
the percentage of ignitions that lead to fires greater than 300 acres was
0.9 percent.

3. The Annual CALFIRE Redbook provides incident data for Large Fires 300 Acres
and Greater. This data includes the number of structures destroyed and the
number of fatalities. PG&E used this dataset to model the consequences of a
large fire because this dataset includes more incidences of large fires (283 large
fires for PG&E’s Territory for 2015-2019) than wildfires caused by PG&E’s
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ignitions. Thus, this became a natural breakpoint on analysis of consequence of
an ignition.

4. For the purpose of risk analysis, PG&E defines “catastrophic fires” as fires
300 acres or greater that result in 100 or more structures destroyed and one or
more fatalities.

5. Out of the 2,200 ignitions from 2015-2019 reviewed, there were 131 ignitions
during RFW conditions, and 5 out of the 131 ignitions fell into this “catastrophic”
category. Thus, the percent of ignitions that lead to catastrophic fires during
RFW conditions was approximately 4 percent.

ACTION PGE-5 (Class B)

1) Provide in-depth explanations as to how a failure rate of 70 percent for Priority A
tags, 50 percent for Priority B tags, and 1 percent for Priority E and F tags was
calculated.

2) Provide an in-depth explanation as to how a power-line failure rate from vegetation of
70 percent was calculated.

3) Describe the SMEs used to determine such failure rates.

4) Implement industry standard and best practices into determining such failure rates, or
describe how such have been implemented.

Response:

1. In order to estimate the benefits of performing a control that PG&E has historically
undertaken (e.g., operations and maintenance), we proposed using the tag severity
as a way to estimate the probability of a failure if left unaddressed.

Given that, when an asset is identified with a Priority A tag, those tags are expected
to be fixed immediately or at least made safe and a repair scheduled within 30 days.
The expectation here is that if something is marked as a Priority A, it is unlikely to
last through a Priority B tag, which is to be addressed within 90 days. Using that
assumption, PG&E estimated that something that is tagged with Priority A is
expected to fail between the duration of correction between an A and a B tag, or
between 30-90 days. As such, a Priority A tag is estimated to fail within 60 days. To
annualize this, PG&E estimates that there is a 1.0 — (60/365) = ~84 percent chance
of failure. This was conservatively reduced to 70 percent after review with the PG&E
team.

When an asset is identified with a Priority B tag, those tags are expected to be fixed
within 90 days. The expectation here is that if something is marked as a Priority B, it
is unlikely to last through a Priority E tag, which is to be addressed within 1 year.
Using that assumption, PG&E estimated that something that is tagged with Priority B
is expected to fail between the duration of correction between an B and a E tag, or
between 90-365 days. As such, a Priority B tag is estimated to fail within 227.5
days. To annualize this, PG&E estimates that there is a 1.0 — (227.5/365) = ~38
percent chance of failure. This was adjusted to 50 percent after review with the
PG&E team.
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When an asset is identified with a Priority E tag, those tags are expected to be fixed
within 1 year. The expectation here is that if something is marked as a Priority E, it
is unlikely to last through a Priority F tag, which is to be addressed within 5 year.
Using that assumption, PG&E estimated that something that is tagged with Priority E
is expected to fail between the duration of correction between an E and a F tag, or
between 1-5 years. As such, a Priority E tag is estimated to fail within 2.5 years.
However, at the time of the filing, because of the influx of Priority E and F tags
identified on the system, and that assets in HFTD areas get inspected or re-
assessed more frequently, PG&E set the probability to 1 percent to acknowledge the
existence of the tags but not overstate their impacts, as those Priority E & F tags are
monitored consistently.

2. We found it challenging to estimate what might occur if we were not performing
controlled activities. Specifically with vegetation, PG&E performs maintenance on
significant amounts of trees in our system territory, and still vegetation is the largest
driver to ignitions in HFTD. With no basis for proving the counter-factual, PG&E
used the same estimation as with assets and inspections to ensure consistency
across how tags are utilized. In reviewing the 70 percent assumption, PG&E had to
weigh how vegetation compared against asset failure. When assets fail, it can
create sparks that could ignite. Similarly, unmaintained vegetation coming into
contact with PG&E equipment provides fuel for ignitions to occur. PG&E did not
have better data to challenge the 70 percent assumption to be higher or lower, and
ultimately, maintained this for consistency.

3. SMEs used to approximate the failure rates include members of Risk Management,
Asset Strategy, Inspection, and the Vegetation organization.

4. PG&E is engaged in various wildfire best practice forums to discuss ways to perform
better estimations. PG&E continues to benchmark practices with other California
utilities and is also engaged in working groups as part of the International Wildfire
Risk Management Consortium.

ACTION PGE-15 (Class B)

1) Describe why it used a linear relationship between probability of fire type and time
passed

2) Provide supporting materials showing a linear relationship.
Response:

1. PG&E used a linear relationship to be conservative as it relates to the probability
of fire type to time passed. Because PG&E only had fire simulation data for
2-hour and 8-hour spread, despite expecting the relationship to be exponential,
PG&E used a linear relationship as a conservative estimate as a stated
assumption.

2. Attached is the ‘Technosylva Fire Probability’ dataset (See Attachment
2021WMP_ClassB_Action-PGE-15_Atch01), which includes the outputs of the
probability of small, large, and destructive based on an 8 hour and 2 hour spread.
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Summarized in a table is the probability of a small, large, and destructive
probabilities between the 2 time frames.
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4.2.A. Contribution of Weather to Ignition Probability and Estimated Wildfire
Consequences

A) Describe how the utility monitors and accounts for the contribution of weather to
ignition probability and estimated wildfire consequence in its decision-making,
including describing any ultility-generated Fire Potential Index or other measure
(including input variables, equations, the scale or rating system, an explanation of
how uncertainties are accounted for, an explanation of how this index is used to
inform operational decisions, and an explanation of how trends in index ratings
impact medium-term decisions such as maintenance and longer-term decisions
such as capital investments, etc.).

This section describes the teams, tools and models PG&E has deployed to assess the
contribution of weather to wildfire risk. In order to understand the real-time to short-term
weather and fire risk (hour to week ahead), PG&E’s meteorology department utilizes
real-time weather station data and weather model data from multiple models. These
weather model data are utilized to drive dead fuel moisture (DFM) and live fuel moisture
(LFM) models, which ultimately feed together into PG&E’s Fire Potential Index (Utility
FPI or FPI) Model and Outage Producing Winds (OPW) Model to inform PSPS. For
longer-term decisions such as grid-hardening, PG&E utilizes climatological weather
datasets and fire spread simulations across a range of historical fire weather days to
inform investment decisions where the risk is highest over the long-term.

PG&E’s Meteorology team is comprised of 15 scientists, most with advanced degrees in
scientific fields with diverse backgrounds in operational meteorology, utility meteorology,
outage prediction, fire science, data science, cloud computing, atmospheric modeling,
application development and data systems development. The team is comprised of
alumni from the San Jose State University (SJSU) Fire Weather Research Laboratory
(https://www.fireweather.org/), former wildland firefighters, former NWS forecasters, and
Veterans of the Marine Corps and United States Air Force.

The remainder of this section includes the following subsections:

e Subsection (a): Weather considerations for PSPS events generally;

e Subsection (b): Operational weather forecasting models and climatological
datasets informing PSPS;

e Subsection (c): The weather analysis contributing to PSPS events on the
distribution system;

e Subsection (d): Determination of the minimum fire potential conditions;

e Subsection (e): Utility Fire Potential Index Model,;

e Subsection (f): Outage Producing Winds Model;

e Subsection (q): Black swan conditions;

e Subsection (h): The weather analysis contributing to PSPS events on the
transmission system;
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e Subsection (i): Development and use of climatology data;

e Subsection (j): Long-term risk assessment and weather input into models; and,

e Subsection (k): Responses to Actions identified in WSD’s evaluation of PG&E’s
Remedial Compliance Plan (Action PGE-5 (Class A)).

(a) Weather Considerations for PSPS Events Generally

No single factor drives the determination that a PSPS is necessary, as each situation is
dynamic and unique. The main drivers of PSPS are described below, but PG&E also
carefully reviews external forecast information from the NWS (i.e., Red Flag Warnings),
the Northern and Southern Geographic Area Coordination Centers (GACC) and the
National Oceanic and Atmospheric Administration (NOAA) Storm Prediction Center to
ultimately decide to de-energize portions of the grid for public safety. In the days
leading up to a PSPS event, PG&E Meteorologists participate on interagency
conference calls hosted by either the Northern or Southern CA GACC where NWS
meteorologists and GACC meteorologists discuss their forecast of upcoming events.
PG&E greatly appreciates this collaboration and the opportunity to coordinate with
external and independent forecast agencies on upcoming risk periods.

The general conditions that are present during PSPS events are presented in
Figure PG&E-4.2-4.

FIGURE PG&E-4.2-4: GENERAL PSPS CONDITIONS

As will be discussed in more detail below, PG&E’s relies on our Large Fire Probability
Models for distribution and transmission for every PSPS assessment. However, in
addition to these models, PG&E carefully reviews an array of available data and federal
forecast information to verify that multiple authorities recognize an upcoming or
imminent period of risk:

e On-the-ground observations from field observers
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¢ Red Flag Warnings from the NWS

e High Risk forecasts of Significant Fire Potential from the GACC

e Fire weather outlooks from the Storm Prediction Center (SPC), which is part of
the NWS

e The California Weather Threat Briefing provided to California Office of
Emergency Services (Cal OES) by the NWS Western Region, Regional
Operations Center

(b)  Operational Weather Forecast Models and Climatological Datasets
Informing PSPS

Before discussing the methodology that PG&E utilizes for PSPS, it is important to have
a better understanding of operational weather forecast models and climatological
datasets. PG&E leverages multiple external and internal numerical weather models in
each PSPS assessment. One of the primary drivers is output from the PG&E
Operational Mesoscale Modeling System (POMMS), which is a version of the National
Center for Atmospheric Research-Weather Research and Forecasting Model. This
model provides weather forecast data (e.g., wind, temperature, relative humidity) at

2 x 2 km model resolution out 105 hours and is updated four times each day. This
modeling framework provides forecast data for >45,000 model “grid points” across
PG&E'’s service territory. These “grid-points” can be thought of like virtual weather
stations where data can be extracted. PG&E also coupled Live Fuel and Dead Fuel
Models into POMMS, to provide dead and live fuel moisture forecasts across the same
2 x 2 km model domain for PSPS assessments. A more detailed discussion of PG&E'’s
numerical weather and fuels systems can be found in Section 7.3.2.

PG&E utilized the same weather model configuration to produce a 30-year, hour-by-
hour historical weather and fuels climatology also at 2 x 2 km resolution. This
climatology provides over 45,000 “grid points” in the same domain as the forecast
model where historical data can be extracted each hour going back 30 years. This is a
powerful dataset that was combined with historical outages and fires to better
understand the meteorological and fuel moisture levels that contribute to large fires.

(c) Analysis of Weather Contribution for Distribution PSPS Events

PG&E evaluates the risk for a catastrophic fire caused by PG&E distribution equipment

as the probability of an outage leading to an ignition combined with the consequence or
growth potential of a resulting fire. There are three key inputs of PG&E’s meteorological
and fuels analysis to determine PSPS criteria on the distribution system:

e Minimum Fire Potential Conditions being met
e PG&E’s Distribution Large Fire Probability Model (LFPp) comprised of the
following:
o OPW Model
o Utility FPI Model

e Distribution “Black Swan” criteria

The minimum Fire Potential Conditions are a weather and fuels filter based on relative
humidity values and fuel moisture values that must be exceeded for PSPS to be
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considered. These values were established from an examination of historical fire
occurrence in PG&E’s territory as well as information published by federal agencies
regarding fire behavior and criteria used to issue warnings to the public. The exact
criteria used in the minimum fire potential conditions are described later in this section.

Once the minimum Fire Potential Conditions are met, PG&E then considers the output
from the LFPp Model on the distribution system. The LFPp Model is a product of the
OPW and Utility FPI Models, which are combined in both space and time. The LFPp is
given by the equation below.

LFPp = OPW * FPI

The LFPp Model provides hourly output for each grid cell in PG&E’s weather model
domain (>45,000 cells in the PG&E territory) and highlights locations that have
concurrence of an increased probability for large fires and increased probability of wind-
related outages on PG&E’s distribution system. The LFPpo Model was backcast through
PG&E’s 30-year climatology to establish a guidance value for PSPS. The goal of this
analysis was to ensure large fires of the past would have been identified by LFPp Model
while balancing customer impacts by limiting PSPS events to the extent possible. This
involved evaluating the LFPob for large wind-driven fires in the past to ensure events
such as the 2017 Northern California Fires and 2018 Camp fire would be identified by
the guidance, as well as determining the annual number and size of PSPS events that
would have occurred in the past using the established guidance value.

Figure PG&E-4.2-5 below represents the conceptual risk framework of how OPW and
Utility FPI Models are used to forecast PSPS events for distribution facilities. For
example, PSPS is considered when there is concurrence of high FPI and high OPW in
space and time, which represents locations that have a high wind-related outage
probability and high probability of large fires.
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FIGURE PG&E-4.2-5: FIRE RISK MODEL INTERACTION: OUTAGE PRODUCING WINDS AND FIRE
POTENTIAL INDEX

In addition to LFPpb, PG&E also evaluates areas that meet our “Black Swan” criteria.
These are areas that have a low likelihood of observing an outage, but critical
conditions that may lead to explosive wildfire growth. The Black Swan criteria are
described in more detail in Subsection (g) below.

(d)  Minimum Fire Potential Conditions

The first step in determining the scope of a PSPS event is evaluating the minimum Fire
Potential Conditions in space and time. This serves as a weather and fuels filter based
on relative humidity values and fuel moisture values that must be met for PSPS to be
considered. The values utilized were established from an examination of historical fire
occurrence in PG&E’s territory in relation to the weather and fuel conditions during each
fire, as well as Fire Danger information published by federal agencies.

PG&E first conducted a review of National Wildfire Coordinating Group (NWCG) training
material and next completed an analysis of all large fires in the PG&E territory from
1992 - 2018 to determine the minimum fire potential conditions that must be met before
PSPS is considered. The fire information was sourced from a United States Forest
Service (USFS) fire occurrence database, while weather and fuels information were
sourced from PG&E’s 30-year climatology (discussed in more detail below).

Figure PG&E-4.2-6 below represents some of the agency training material and
validation that was performed by PG&E. For each fire in the USFS database, the
weather and fuel moisture data were extracted from PG&E’s 30-year climatology in
space and time. A review of past fires revealed, for example, that fires that eventually
grow larger than 10,000 acres most often occur when Relative Humidity (RH) is less
than 30 percent and the 10-hour DFM is less than 8 percent. This aligns with training
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material in NWCG material offered in course S-290 (Intermediate Wildland Fire
Behavior), where RH and DFM values above 25% and 8%, respectively, would produce
“‘moderate” burning conditions whereas drier conditions would be more dangerous.

FIGURE PG&E-4.2-6: AGENCY TRAINING MATERIALS AND PG&E VALIDATION

Similar analyses were conducted on the 100 hour and 1,000-hour DFM time-lagged
classes to determine when large fires most often occur. For example, there is very low
historical precedence based on this analysis for large fires to occur when the 1000-hour
DFM is greater than 14 percent.

Another important element considered in the minimum fire potential conditions is wind
speeds. PG&E recognizes that PSPS events should not be conducted when gusty
winds are not present even though the FPI may be high due to hot and very dry weather
alone. To establish a minimum wind speed value, PG&E first reviewed RFW guidance
from the NWS. A Red Flag Warning means warm temperatures, very low humidity, and
stronger winds are expected to combine to produce an increased risk of fire danger.
Many NWS offices have developed their own RFW criteria and most offices consider
wind speed when issuing an RFW. Some NWS offices consider wind gusts over 35
mph, while others utilize a minimum sustained wind from 15-25 mph, while others use a
matrix approach dependent on the combination of RH and wind speed.

The Northern CA GACC, a federal forecast agency, was also consulted about wind
speed criteria used to generate high-risk forecasts for winds. High Risk Days are
issued by the GACCs when fuel and weather conditions are predicted that historically
have resulted in a significantly higher than normal chance for a new large fire or for
significant growth on existing fires. Based on personal communications with GACC fire
weather meteorologists, wind speed criteria generally range from 30-40 mph gusts
depending on RH and fuel moisture values associated with an event.

The NOAA Storm Prediction Center is another federal forecast agency that generates
fire weather outlooks (https://www.spc.noaa.gov/products/fire_wx/). The SPC is
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responsible for forecasting meteorological conditions which, when combined with the
antecedent fuel conditions, favor rapid growth and spread of a fire should an ignition
occur.

The SPC issues three categorical risk areas to highlight fire weather threats in their fire
weather outlooks: elevated, critical, or extremely critical for temperature, wind and RH.
Two other forecast categories are also used to address dry thunderstorms.

The SPC guidance for critical areas is as follows:

Dry Fuels

Sustained winds 20 mph or greater

Relative humidity at or below regional thresholds (<15% in CA)
Temperatures at or above 50-60 degrees F, depending on the season
Concurrency of the above criteria for 3 hours or more

The SPC extremely critical guidance contains more stringent criteria such as sustained
wind speeds 30 mph and greater, for example.

To generally align with federal forecast agency forecasts of high fire risk, a forecast
wind speed value of 20 mph sustained is utilized in the minimum fire potential conditions
PG&E considers. A summary of minimum fire potential conditions is shown in Table
PG&E-4.2-5 below. ldentification of these conditions in space and time is the first step
when determining a PSPS event. Additional outage potential, fire potential, and Black
Swan criteria are then utilized to determine the ultimate scope of a PSPS event, which
is discussed later in this section.

TABLE PG&E-4.2-5: MINIMUM FIRE POTENTIAL CONDITIONS

Logic Variable Sign Value
& Fire Potential Index (FPI) > 0.2
& Sustained Wind Speed mph > 20
& Dead Fuel Moisture (DFM) 10hr < 8%
& Dead Fuel Moisture (DFM) 100hr < 10%
& Dead Fuel Moisture (DFM) 1000hr < 14%
& Relative Humidity (RH) < 30%

(e) The Utility Fire Potential Index

PG&E developed and calibrated the Utility FPI Model using our 30-year climatology
dataset combined with a USFS fire occurrence dataset in the PG&E territory. The Utility
FPI Model is considered in PG&E’s models for potential distribution and transmission
PSPS events and is also used to evaluate field work to help mitigate fire ignitions. The
Utility FPI Model combines several factors including a fire weather index (wind,
temperature, and humidity) with fuel moisture data (10-hour dead fuel moisture and live
fuel moistures), and landcover type (grass, shrub/brush, or forest).

-74-



The Utility FPI Model is a logistic regression model and is related to the probability of a
small fire becoming a large fire. The Utility FPI Model forecast describes the potential
for fires to spread rated on a scale from “R1” (lowest) to “R5” (highest). The Utility FPI
Model is run at 2 x 2 km resolution and provides hourly forecasts out four days. Fire
Danger forecasts from the federal National Fire Danger Rating System available at
WFAS.net, provide a day ahead forecast only; thus, the ability to model the FPI multiple
days ahead allows PG&E to communicate the stakeholders and customers that a PSPS
may be needed.

)] The Outage Producing Winds Model

In 2020, PG&E revised our OPW Model. The revised version represents the next
generation distribution outage model building on the 2019 OPW model. The OPW
Model was built from the ground up and is focused on supporting mitigation of utility
caused wildfire risk through PG&E’s PSPS program and other wildfire risk mitigation
programs.

The OPW Model is based on an analysis of windspeeds from PG&E’s 30-year weather
climatology and approximately 400,000 sustained and momentary outages occurring on
distribution grid from 2008 to 2020. Damages and hazards from PG&E’s 2019 PSPS
events were also included in the training set. Excluded from the outage data are
outages due to snow, rain and lightning, and outages due to non-weather driven major
events such as fires and earthquakes.

The OPW Model forecasts the probability of unplanned outages associated with wind
events occurring in PG&E’s service area. The output of the OPW Model is a measure
of the probability of an outage in specific parts of PG&E'’s service territory based on
forecasted wind speed. The OPW Model is driven by PG&E’s high-resolution weather
modeling output, POMMS, at both 2 km and 3 km resolution. Outage producing winds
are forecast four times per day with the hourly outage probabilities for each grid cell with
a forecast horizon of 84 hours ahead for the 3 km resolution, and 105 hours ahead for

2 km resolution. These winds vary across PG&E’s system based on differences in
topography, vegetation and climatological weather exposure in different parts of PG&E’s
service territory.

Outage nodes are created to relate historical outages to nodes, and then the nodes to
POMMS grid cells. The geographic area of a node is as a function of distribution line
mile density. Spatially contiguous nodes of similar line miles per node were created
using a genetic growth algorithm. Approximately 23,000 logistic functions are fit for
each of the node-cell pairs, to the observations of windspeeds in that cell, and whether
an outage was observed on the node. The OPW of the node is then the mean of

the OPW of the node-cell models for that node. This approach is referred to as Multiple
Instance Learning in the literature and performs well where the labels of the grid cells
(instances) is not well known, but the labels of the outage nodes (bags) is well known,
while retaining information from the cells, i.e., the windspeeds. The outage-node-cell
relation allows wind-outage relationships to be learned for localized areas, and outage
probabilities to be compared across the territory.

Alternative OPW Model formulations were evaluated, including circuit level models, and
circuit-cell level models. Due to the high variability of lengths of PG&E’s approximately
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3,300 circuits, these models were found to be less granular for the longer circuits which
are spreading the weather information over too large of an area, and too small for the
shorter circuits, with insufficient observation of outages to train the model.

There were between 27 to 1029 outages over the 13 years per node for training the
model, with a mean of 261 outages per node. The nodes are an imbalanced
classification problem, with a mean Positive Class Fraction of 0.25 percent.

FIGURE PG&E-4.2-7: TRAIN-VALIDATION-TEST SETS

Train Validation Test
{80%) (10%)7 (10%)

Lol

Cross Cross

Validation Validation
Train Validation
{64%) (16%)

The statistical evaluation metrics of Average precision divided by Positive Class
Fraction and Area under the Receiver Operating characteristic curve are calculated
using the models training on the training sets and evaluated on the validation set as
shown in Figure PG&E-4.2-7 above. The test split is withheld for potential future model
selection. Average precision summarizes the precision-recall curve as the weighted
mean of precisions achieved at each discrimination threshold with the increase in recall
from the previous threshold used as the weight. Positive Class Fraction is the fraction
of positive class labels out of all labels. Average precision divided by Positive Class
Fraction, has an average across the nodes of 7.4. For reference, a naive model will an
Average Precision divided by Positive Class Fraction of 1. The Receiver Operating
Characteristic (ROC) curve plots the true positive rate against the false positive rate for
each discrimination threshold. The area under the ROC curve, has an average across
the nodes of 0.57. For reference, a naive model will have an area under the ROC curve
of 0.5.

A positive correlation is observed between positive class fraction and model
performance indicating greater imbalance nodes are more difficult to predict. Tier 2 and
Tier 3 HFTDs observe stronger model performance with stronger relationships of
outages to windspeeds given typically higher vegetation risk. The San Joaquin Valley
Tier 1 area is of note with high class imbalance, weaker relations of outages to
windspeeds, and thus weaker model performance.

In order to further evaluate model skill before operational implementation for PSPS, an
interactive dashboard was created to visualize and analyze the actual outages versus
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OPW hour-by-hour for over 300 high impact historical weather days for subject matter
expert review. Operational meteorologists used the dashboard to evaluate model
performance against key historical storm events by evaluating the timing of weather
onset compared to modeled outage probability increases, and relative magnitude of
outage probabilities against actual outage data. Figure PG&E-4.2-8 below represents a
snapshot of the OPW dashboard.

FIGURE PG&E-4.2-8: SNAPSHOT OF OPW DASHBOARD

(9) Black Swan Conditions

In 2020, PG&E introduced an evaluation of Black Swan conditions to review low
probability, high consequence events. The inclusion of Black Swan Guidance allows
PG&E to identify lines that may show, for example, low wind-related outage probability
but may experience conditions that have been present in some past, catastrophic fire
incidents. This allows a pass at capturing outage and potential ignition events that are
much rarer. These potential outage pathways include animal contacts, third party
contacts, foreign debris contacting lines (e.g., metallic balloons), etc. A review of 2020
CPUC-reportable fire ignitions originating from PG&E assets showed that approximately
one-third of ignitions were caused by third-party or animal contact with PG&E assets.

The guidance values utilized for Black Swan are presented in Table PG&E-4.2-6 below.
If these conditions are forecast, the distribution line is considered for PSPS under Black
Swan regardless of LFPp. These utilize the same fuel dryness factors aside from the
sustained wind speed, RH and FPIl. The 30-mph sustained wind speed was chosen as
it aligns with the SPC wind-speed classification of “Extremely-Critical” conditions
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employed in their categorical risk assessment. In the future, PG&E may also consider
fire spread consequence output as part of our Black Swan Guidance.

The SPC guidance for Extremely-Critical areas are as follows:

e Very Dry Fuels

e Sustained winds 30 mph or greater

e Relative humidity at or below 1/3 lower than regional thresholds

e Temperatures at or above 60-70 degrees F, depending on the season
e Concurrency of the above criteria for three hours or more

Table PG&E-4.2-6 below provides further information regarding the values for black
swan conditions on PG&E’s distribution system.

TABLE PG&E-4.2-6: PG&E DISTRIBUTION BLACK SWAN CONDITIONS

Logic Variable Sign Value
& Fire Potential Index (FPI) > 0.3
& Sustained Wind Speed mph > 30
& Dead Fuel Moisture (DFM) 10hr < 8%
& Dead Fuel Moisture (DFM) 100hr < 10%
& Dead Fuel Moisture (DFM) 1000hr < 14%
& Relative Humidity (RH) < 20%

(h)  Analysis of Weather Contribution for Transmission PSPS Events

There are three key inputs of PG&E’s meteorological analysis to determine PSPS
criteria on the Transmission system:

e Minimum Fire Potential Conditions
e PG&E’s Transmission Large Fire Probability Model (LFPT) comprised of the
following:
o0 Transmission Operability Assessment Model (OA Model)
o Utility FPI Model
e Transmission “Black Swan” criteria

For transmission, the same general risk framework is utilized as is used for distribution
(see Figure PG&E-4.2-9 below); however, the distribution OPW Model is replaced with
the OA Model, which provides a forecasted probability of failure for each transmission
structure. The OA Model and Utility FPI Model are combined in both space and time to
form PG&E’s Transmission Large Fire Probability model (LFPT), which is presented
below:

LFPr = OA * FPI
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Figure PG&E-4.2-9 below represents the conceptual risk framework of how the OA
Model and the Utility FPI Model are used to forecast PSPS events for transmission
facilities.

FIGURE PG&E-4.2-9: FIRE RISK MODEL INTERACTION: OPERABILITY ASSESSMENT AND FIRE
POTENTIAL INDEX

PG&E partnered with a third party to develop the OA Model for transmission. This
model combines historical wind speeds for each structure, historical outage activity, and
the condition of assets based on inspection programs to help understand the wind-
related failure probability of each structure. The OA Model can be driven with forecast
wind speeds to output the probability of failure at the structure level each hour.

(i) PG&E’s Development and Use of Climatology Data

Working with external experts, PG&E Meteorology improved our operational weather
model and historical datasets in 2020 by increasing the model granularity from 3 x 3 km
to 2 x 2 km, and creating a new 30-year weather, dead fuel and live fuel moisture
climatology at 2 x 2 km resolution. This hourly climatology provides data from

~45,000 grid points across the PG&E territory. These grid points can be thought of like
virtual weather stations where data can be extracted from each point for any hour over
the past 30 years. The variables included in this climatology are weather outputs (wind
speed, temperature, relative humidity, precipitation, etc.), dead fuel moisture for the 1-,
10, 100, 1000-hour dead fuels, and live fuel moisture for chamise and manzanita plant
species.
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This is a valuable and sizable dataset. For example, there are ~12 billion data points for
a single variable (e.g., wind speed) available in the climatology (45,000 grid points *

30 years * 8,760 hours/year). The actual data size is much larger as PG&E’s modeling
domain extends well beyond the bounds of the PG&E territory. All told, the PG&E
weather and fuels climatology contains more than 100 billion data points that can be
extracted in space and time across the past 30 years in the PG&E territory.

In order to process these large datasets and run climatological analyses, dedicated
infrastructure was built in the Amazon Web Services (AWS) cloud to store these
datasets and spin up computational resources on-demand to perform numerous studies
with these climatology datasets.

To build the OPW and Utility FPI Models, data were extracted from the climatology at
the nearest virtual weather station (i.e., grid point) at the time the fire or outage incident
occurred. This data was then used to develop the OPW and Utility FPI models. Once
the models were developed, they are then operationalized in the forecast model to
provide a 4-day look ahead at the weather, the probability of wind-caused outages, and
the probability of large fires. When constructing models for PSPS, PG&E was able to
reconstruct our LFP Models through the climatology so that large, catastrophic fires in
the past would have been captured by the model, while also looking at the number of
times per year and on average, customers would be impacted during a PSPS event.

With this climatology, other studies can be performed to determine where offshore
winds events and PSPS events are most often expected to occur. These offshore wind
events are commonly known as Diablo or Santa Ana wind events. The Diablo wind is a
dry, northeast wind that occurs over northern California. These events are critical to
consider as the vast majority of destructive fires in California history have occurred
during dry, offshore wind events. Figure PG&E-4.2-10 below presents the average
frequency of offshore (Diablo) wind events across the PG&E territory. For this analysis,
a dry, Diablo wind event was defined as an event lasting at least 3 hours, having
sustained winds >20 mph, wind direction from the north to northeast (offshore), and a
FPI indicating dry conditions. This analysis shows the relative frequency of these
events is higher in the North Bay Area and northern Sierra than in other portions of the
PG&E territory. This study also revealed dry, offshore wind events are most common in
Autumn, as expected. These patterns generally held true in 2019 and 2020 as the
majority of PSPS events occurred during autumn across the northern half of PG&E’s

territory and impacted communities more often in these locations.24

24 PpG&E is also working with Argonne National Laboratory to conduct a climate change
modeling study to determine if the location and or frequency of Diablo wind events may
change by mid-century. The results of this study are expected to be completed in 2021, but
preliminary analysis reveals that the North Bay, Northern Sierra and Sacramento Valley will
continue to be hot-spots for Diablo wind events.
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FIGURE PG&E-4.2-10: 30-YEAR HISTORICAL ANNUAL AVERAGE OF
“DIABLO WIND EVENTS” GEOGRAPHICALLY

() Long-Term Risk Assessments And Weather Input Into Models

Climatology data is also used to determine which circuits have the overall highest risk of
large fires over the long-term. This is a separate assessment from PSPS, as large fires
can and have occurred during low and moderate wind speeds and are mostly fuels or
plume-dominated. A range of meteorological data sets are used as inputs to the ignition
probability models described in Section 4.3. Table PG&E-4.2-7 below itemizes the
meteorological data sets used in the 2021 Wildfire Distribution Risk Model as inputs to
the Vegetation Probability of Ignition Model and the Equipment Probability of Ignition
Model described in Section 4.3. In all cases these are historical data sets used as a
proxy to represent forecasted future conditions.
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TABLE PG&E-4.2-7: METEOROLOGICAL DATASETS USED
IN 2021 WILDFIRE DISTRIBUTION RISK MODEL

Covariate Category Source ReSs%?lt;tailon Units Descriptions
Unless otherwise noted, all
GRIDMET data aggregated
from 2014 to 2016. The dead
fuel moisture data were
obtained from GRIDMET, and
. the “100-hour-fuels” feature
100-hour fuels Z"aet;eom'og'ca' gridMET |  ~4km % was included in the model.
The exact GRIDMET variable
use is known as fm-100 and is
a standard fire modeling metric
of fuel dryness for fuels about
1-3” in diameter - intermediate
sized fuels.
Meteorological . 5 fm-1000, as defined above, but
1000-hourfuels | .- gridMET 4km % for 3-8” in diameter.
. the US, the National Fire
burn index (I;/Iaef[’;eorologlcal gridMET ~4km Danger Rating System
(USNFDRS) Burning Index (Bl)
Meteorological . USNFDRS Energy Release
energy release data 9 gridMET ~4km Component (ERSC;));
precipitation Meteorological . -
average data gridMET 4km Mm Daily precipitation average
- - Meteorological . -
specific humidity data gridMET 4km kg/kg Specific humidity
Measure how much water is in
the air compared to how much
. it could hold at the given
yaporpressure | Meteorologeal | gridMET | ~akm kPa | temperature. VPD drives
9 evapotranspiration and is the
mechanism for fuels drying out
during fire season.
. Average of daily maximum
;evrzger:ture max (I;/I;Zeorologlcal gridMET ~4km K temperature in Kelvin (recall
9 that it is sensed via satellite)
. Hourly average wind speed at
wind avg Meteorological RTMA ~2.5km m/s 10m, averaged from 2016 to
data 2018
Meteoroloaical Annual 99th percentile hourly
wind max dat 9 RTMA ~2.5km m/s wind speed at 10m assessed
aa over 2016 to 2018
. . The percentage of days with
windy summer Meteorological RTMA ~2.5km sustained hourly wind speeds
day pct data over 15 mph
. The percentage of days with
gusty summer Meteorological RTMA ~2.5km sustained hourly wind speeds

day pct

data

over 20 mph
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(k) Response to RCP Actions

ACTION PGE-5 (Class A):

In its 2021 WMP update, PG&E shall:

1) Refile the updated OPW and wind analysis data;

2) Provide detail on how it has verified the accuracy of its OPW model; and

3) How it accounts for less granularity in historic weather data due to fewer deployed
weather stations.

Response:

Details regarding PG&E'’s updated OPW Model above addressing questions (1) and (2)
are found in Section 4.2.A(f) above. Regarding question (3), PG&E uses the 30-year
climatology of historic weather to train the OPW Model, which is on a 3 km and 2 km
grid, and does not suffer from the challenge of lower weather station density in the past
compared to now.
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4.2.B. Contribution of Fuel Conditions

B) Describe how the utility monitors and accounts for the contribution of fuel conditions
to ignition probability and estimated wildfire consequence in its decision-making,
including describing any proprietary fuel condition index (or other measures tracked),
the outputs of said index or other measures, and the methodology used for
projecting future fuel conditions. Include discussion of measurements and units for
live fuel moisture content, dead fuel moisture content, density of each fuel type, and
any other variables tracked. Describe the measures and thresholds the utility uses
to determine extreme fuel conditions, including what fuel moisture measurements
and threshold values the utility considers “extreme” and its strategy for how fuel
conditions inform operational decision-making.

PG&E’s Utility FPI Model, Dead Fuel Model, and Live Fuel Model are discussed in detail
as part of our discussion of Advanced Weather Modeling in Section 7.3.2.1.2. In 2020,
PG&E deployed a Dead Fuel Model on the cloud capable of predicting the moisture
content of multiple DFM fuel classes (i.e., DFM 1hr, DFM 10hr, DFM 100hr, DFM
1000hr) at 2 x 2 km resolution. PG&E also deployed 2 x 2 km Live Fuel Model for
Chamise as well as Manzanita plant species. These are machine-learning models
developed using National Fuel Moisture Database (NFMDB) observations. In addition
to creating new forecast models, PG&E created a 30-year climatology of DFM and LFM
output at 2 x 2 km resolution as well. These historical datasets allow PG&E
meteorologists and data scientists to evaluate the fuel conditions present during
historical fires.

PG&E also created a new Live Fuel Model using remotely-sensed satellite data. The
Live Fuel Model is trained on field observations. PG&E is taking steps to bolster these
observations and to provide them to the public, to help validate existing models and
enable more accurate models to be developed in the future as they can take advantage
of many more observations. To this end, PG&E partnered with SUSU in 2019 and 2020
to sample LFM at multiple locations in the HFTD areas within the Bay Area and share
that data broadly. In 2020, PG&E also established an internal LFM sampling program
to complement samples collected by state and federal across Northern and Central CA.
This network consists of 30 locations where plant species such as Chamise and
Manzanita are sampled to measure the amount of fuel moisture in these plants
throughout the seasonal cycle. Samples are collected in the field and shipped to
PG&E’s chemistry laboratory for processing. The results of all measurements are
uploaded and made publicly available via the NFMDB. These observations are critical
to train and validate high resolution live fuel moisture models and satellite-derived live
fuel moisture products and will be helpful for PG&E and others to train the next
generation of Live Fuel Model.
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4.2.1 Service Territory Fire-Threat Evaluation and Ignition Risk Trends

Discuss fire-threat evaluation of the service territory to determine whether an expanded
HFTD is warranted (i.e., beyond existing Tier 2 and Tier 3 areas). Include a discussion
of any fire threat assessment of its service territory performed by the electrical
corporation, highlighting any changes since the prior WMP report. In the event that the
electrical corporation’s assessment determines the fire threat rating for any part of its
service territory is insufficient (i.e., the actual fire threat is greater than what is indicated
in the CPUC Fire Threat Map and HFTD designations), the corporation shall identify
those areas for consideration of HFTD modification, based on the new information or
environmental changes. To the extent this identification relies upon a meteorological or
climatological study, a thorough explanation and copy of the study shall be included.

List and describe any macro trends impacting ignition probability and estimated
wildfire consequence within utility service territory, highlighting any changes since
the 2020 WMP report:

1. Change in ignition probability and estimated wildfire consequence due to climate
change;

2. Change in ignition probability and estimated wildfire consequence due to relevant
invasive species, such as bark beetles;

3. Change in ignition probability and estimated wildfire consequence due to other
drivers of change in fuel density and moisture;

4. Population changes (including Access and Functional Needs population) that
could be impacted by utility ignition;

Population changes in HFTD that could be impacted by utility ignition;
Population changes in WUI that could be impacted by utility ignition;

Utility infrastructure location in HFTD vs non-HFTD; and

©© N & O

Utility infrastructure location in urban vs rural vs highly rural areas.

In this section, we describe the High Fire Risk Area (HFRA) Map that PG&E has
developed. The HFRA Map is currently used in scoping PSPS events and may be used
in the future for other purposes, such as prioritizing inspections and work.

Subsection (a) describes PG&E'’s development of the HFRA Map.

This section also includes a list of macro trends impacting ignition probability and
estimated wildfire consequences. This information is included in Subsection (b).

(@) Development of PG&E’s High Fire Risk Area Map

In 2020, PG&E started the development of our territory wide HFRA Map which is a
purpose-built map for use in scoping PSPS events. The HFRA Map considers
catastrophic fire risk factors and utility infrastructure and was developed by considering
incremental changes to the HFTD map boundaries to add areas where risk factors for
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the potential of catastrophic fire from utility infrastructure ignition during offshore wind
events is higher. In developing the HFRA Map, we aimed to accomplish the following:

1. Ensure all areas of catastrophic wildfire risk are fully captured in PG&E'’s
PSPS program;

2. ldentify areas that could be removed from the PSPS scope as they do not
pose the risk of a catastrophic wildfire during offshore wind events;

3. Dedicate resources and processes that allow for on-going refinement of
the HFRA Map accounting for changes in land use, climate, and PG&E’s
infrastructure while utilizing new modeling tools as they become available
to inform catastrophic fire risk; and

4. Work with internal teams to ensure PSPS project workplans (e.g., system
hardening, PSPS sectionalization) are informed by existing HFRA
boundaries and capture/document recommendations for future review and
refinement.

In the second quarter of 2020, we completed the first version of the HFRA Map which
identified approximately 115 areas that are not included in HFTD areas to be included in
our PSPS scope. These HFRA Map areas vary from small boundary adjustments

(e.g., 0.25 acres) to larger areas (e.g., hundreds of square miles) where ignitions could
lead to catastrophic fires during offshore wind events. Many of the larger areas do not
contain high numbers of customers or PG&E assets as they are in rural, hard to access
locations where a fire could grow and spread rapidly. Table PG&E-4.2-8 below
provides a summary of the areas added to the HFRA Map that are in addition to HFTD
areas.

TABLE PG&E-4.2-8: HIGH LEVEL SUMMARY OF ADDITIONS TO HFTD AREAS

Polygons Added 115
Customers added to PSPS Scope 3,000
Distribution Circuit Miles within polygons 620
Transmission Circuit Miles within polygons 230

A map of the added areas is provided below in Figure PG&E-4.2-11, which shows the
HFTD map (Yellow and Red) with added HFRA Map areas in green. Figure PG&E-4.2-
12 is more granular and shows how the HFRA Map identified a specific risk area
outside a Tier 3 HFTD area. As well as expanding the PSPS Scope beyond the HFTD
Map, PG&E is considering the removal of areas that are within the HFTD from PSPS
scope and may do so in 2021.
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FIGURE PG&E-4.2-11: HFTD AREAS WITH HFRA MAP ADDITIONS
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FIGURE PG&E-4.2-12: HFTD TIER 3 BOUNDARY WITH HFRA ADDITIONS

The HFRA Map was developed using the following process:

1.

Areas were identified by subject matter experts familiar with local area and fire
history for potential addition to the HFRA Map.

A centralized team reviewed all areas slated for addition utilizing PG&E’s
analytical datasets and tools while documenting the criteria (see below) as to
why the areas should or should not be added.

The areas for addition were then reviewed by a third party for additional
feedback. See Section 4.4.2 for further information on the HFRA Map external
review.

The following criteria was considered and documented with regard to areas included in
the HFRA Map:

1.
2.

o a0 &~ w

Is the area consistent with surrounding HFTD areas?

Does the area have significant slope/potential for an uphill fire propagated by an
offshore wind event?

Does the area have a high fuel load?
Is the area in proximity to wildland fuels?
Is there development in high risk land use areas?

Are there insufficient firebreaks given the exposure?
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PG&E will continue to evaluate the inclusion of additional areas requiring wildfire
reduction activity in future WMPs based upon information obtained during the
implementation and evaluation of PG&E'’s annual plan. In addition, PG&E will continue
to mature our tools to analyze wildfire risk using available data, climatology and fire
spread modeling to inform potential adjustments to the HFTD areas. These analytics
may lead to additional future recommendations.

(b) Macro Trends Impacting Ignition Probability and/or Wildfire
Consequence

PG&E has identified the following macro-trends that may impact wildfire ignition
probability and/or wildfire consequences:

TABLE PG&E-4.2-9: MACRO TRENDS IGNITION PROBABILITY AND/OR WILDFIRE
CONSEQUENCE

Rank Macro trends Comments

Several key climate change trends are influencing variable periods of extreme
wildfire risks in Northern California. These trends significantly increase wildfire
ignition risks around utility networks.

Warmer winters are causing increases in rainfall rather snow, resulting in a
decrease to the snowpack. This reduces available water resources earlier in
summer months, stressing vegetation and increasing available fuels.
Compounding the shift from snow to rain are extended dry periods following
summer months deeper into fall and early winter. Northeast winds are more
common in fall and winter months in Northern California and if not accompanied
by rainfall or other atmospheric moisture wildfire risks continue to increase
despite the presence of lower temperatures. Ignitions that occur under these

Change in ignition conditions can result in large conflagrating wildfires that can further promote risk
probability and associated with Northern California’s abundant fuel and extreme terrain resulting
estimated wildfire in fires that develop their own devastating weather.

consequence due to Reference: OEHHA: https://oehha.ca.gov/epic/changes-climate/precipitation.
climate change “Extremely dry and extremely wet years have become more common in

California. On average, the state receives 75 percent of its annual precipitation
from November through March, with 50 percent occurring from December through
February. As the winter months have become warmer in recent years, more
precipitation has been falling as rain instead of snow over the watersheds that
provide most of the state’s water supplies.” “The last decade also includes the
driest consecutive four-year period, from 2012 to 2015.” “Warming temperatures,
declining snowpack, and earlier spring snowmelt runoff can create stresses on
vegetation”

Reference: National Geographic:
https://www.nationalgeographic.com/science/2019/10/climate-change-california-
power-outage/.
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TABLE PG&E-4.2-9: MACRO TRENDS IGNITION PROBABILITY AND/OR WILDFIRE

CONSEQUENCE
(CONTINUED)

Rank

Macro trends

Comments

Change in ignition
probability and
estimated wildfire
consequence due to
relevant invasive
species, such as bark
beetles

Invasive species create landscape level concerns that have significant potential to
impact areas within and adjacent to utility rights-of-way (ROW). Effects can
extend well beyond the ROW making effective mitigation challenging for utilities
without more holistic engagement and support from surrounding landowners and
stakeholders.

Of concern to utilities are both invasive plant and insect species.

Invasive insect species, such as bark beetles, can exacerbate forest health
concerns and result in hazardous tree conditions that require repetitious
monitoring and mitigation by utilities. Native insect species, under stressed
environmental conditions — like drought, can impose the same impacts and
challenges.

Invasive plant species in California tend to thrive in disturbed environments, often
displacing native species. There is evidence that these invasions can change
and intensify fire regimes. Landscape disturbance can be presented following
fires, as well as during ROW maintenance and enhancements.

Regardless of disturbance origin utilities are continually compelled to perform
additional monitoring and mitigation to identify and control detrimental impacts
associated with invasive species.

References:
Emergency Proclamation — Office of Governor
https://www.ca.gov/archive/qov39/2015/10/30/news19180/index.html.

PNAS - Invasive grasses increase fire occurrence and frequency across US
ecoregions.

“Fire-prone invasive grasses create novel ecosystem threats by increasing fine-
fuel loads and continuity, which can alter fire regimes.” “The existence of an
invasive grass-fire cycle is well known, evidence of altered fire regimes is typically
based on local scale studies or expert knowledge.” “As concern about US
wildfires grows, accounting for fire-promoting invasive grasses will be imperative
for effectively managing ecosystems.”
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TABLE PG&E-4.2-9:

MACRO TRENDS IGNITION PROBABILITY AND/OR WILDFIRE
CONSEQUENCE
(CONTINUED)

Rank Macro trends Comments
PG&E’s service territory has experienced noteworthy changes in both fuel density
and moisture over the last several decades. These trends significantly increase
wildfire ignition risks around utility networks.
Fuel density is increasing while available moisture in critical wildfire risk periods is
decreasing. This has been accompanied by increases in large tree mortality and
C overall changes in forest structure.

Change in ignition

probability and Contributing factors cover a wide range of influences, including but not limited to;

estimated wildfire climate change, land use patterns, fire suppression and variable forest

3 consequence due to management practices.

other drivers of change
in fuel density and
moisture

Forests are becoming denser with decreased presence of large trees and

significant tree mortality over the last decade. Lands that are left unmanaged are
subject to increases in accumulated dead and downed fuels that can be annually
influenced by surrounding finer, flashier fuels following periods of rain or snowfall.

Reference: PNAS: https://www.pnas.org/content/112/5/1458.

Reference: California Energy Commission:
https://www.energy.ca.gov/sites/default/files/2019-07/Projections CCCA4-CEC-
2018-014.pdf.
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TABLE PG&E-4.2-9: MACRO TRENDS IGNITION PROBABILITY AND/OR WILDFIRE

CONSEQUENCE
(CONTINUED)

Rank

Macro trends

Comments

Population changes
(including Access and
Functional Needs
population) that could
be impacted by utility
ignition

Population in California and PG&E’s territory continue to show projections for
growth in decades to come. A fair amount of this growth continues in lands
previously undeveloped and bordering, or in, fire prone wildland areas. Many
utility customers have left the urban environment in favor of more fire prone areas
for reasons unassociated with the associated wildfire risk. Current estimates
suggest that at least 25 percent of California’s residents already reside in areas
subject to significant wildfire risk. With projection of upward population trends
continuing, it is likely that populations in the Wildland Urban Interface (WUI)
and/or the HFTD areas will relatedly increase. These trends may be
compounded by the societal impacts of Covid-19. Housing trends in 2020
indicated a shift associated with stay-a-home orders and increased capability to
telecommute. These emerging trends have indicated a desire to relocate from
urban communities to more rural communities, many within the HFTD areas.

The lack of availability and affordability of housing in lower wildfire risk urban
areas within the PG&E territory are also factors that many residents evaluate and
that all stakeholders, including policymakers, must consider as we all move
forward. A significant, but variable and uncertain, portion of the population
increases in higher wildfire risk areas will include customer with supplemental
access or other functional needs.

Utilities (and other stakeholders) will need to continue to engage in programs and
education campaigns that inform and prepare all customers to mitigate these
growing risks.

References:
LCAU: https://lcau.mit.edu/project/cataloguing- interface-wildfire-and-urban-
development-california.

PPIC: https://www.ppic.org/content/pubs/report/R _116HJ3R.pdf.

HBI: http://www.homebuyinginstitute.com/news/california-housing-predictions-
for-2021/.

CNBC: Warming climate, population sprawl threaten California’s future with more
destructive wildfires, https://www.cnbc.com/2019/11/09/why-californias-wildfires-
are-going-to-get-worse.html.

Population changes in
HFTD that could be
impacted by utility
ignition

See PG&E’s response to ltem #4. Given the overall area of the HFTD areas as a
percentage of PG&E’s service territory (over 50%), it is likely that population
growth in the HFTD areas will not be an exception to anticipated trends. In fact
population growth in HFTD areas may exceed, at least in some areas, population
growth in non-HFTD areas.

Population changes in
WUI that could be
impacted by utility
ignition

See PG&E’s response to Item #4. Given the overall area of the WUI as a
percentage of PG&E’s service territory, it is likely that population growth in WUI
will not be an exception to anticipated trends. The HFTD map was informed by
WUI data and tremendous overlap between the two categories exists within
PG&E service territory.
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TABLE PG&E-4.2-9:

MACRO TRENDS IGNITION PROBABILITY AND/OR WILDFIRE
CONSEQUENCE
(CONTINUED)

Rank

Macro trends

Comments

Utility infrastructure
location in HFTD vs
non-HFTD

PG&E anticipates limited net-addition of utility assets in the near future.
Therefore the overall breakdown of assets between HFTD and non-HFTD areas
is not expected to significantly evolve going forward. Nonetheless, the volume
and location of utility infrastructure already in HFTD areas (~1/3rd of PG&E’s
overhead electric assets) presents a risk to be mitigated, which is the focus of this
plan. When adding or replacing utility infrastructure, particularly in or near HFTD,
siting decisions should complement other resiliency and hardening programs
continually over the decades to come. Given the increased focus on upgrading,
strengthening or replacing assets in HFTD, the location and characteristics of
infrastructure in HFTD areas will see more significant changes as compared to
Non-HFTD areas.

Utility infrastructure
location in urban vs
rural vs highly rural
areas

See PG&E’s response to Item #7. There is high correlation between the HFTD
areas and rural/highly rural areas within PG&E’s service territory. There is similar
correlation between urban areas and non-HFTD areas. Therefore the trends
impacting urban vs. rural are largely similar to those impacting HFTD vs. non-
HFTD.
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4.3 Change in Ignition Probability Drivers

Based on the implementation of the above wildfire mitigation initiatives, explain how the
utility sees its ignition probability drivers evolving over the 3-year term of the WMP,
highlighting any changes since the 2020 WMP report. Focus on ignition probability and
estimated wildfire consequence reduction by ignition probability driver, detailed risk
driver, and include a description of how the utility expects to see incidents evolve over
the same period, both in total number (of occurrence of a given incident type, whether
resulting in an ignition or not) and in likelihood of causing an ignition by type. Outline
methodology for determining ignition probability from events, including data used to
determine likelihood of ignition probability, such as past ignition events, number of risk
events, and description of events (including vegetation and equipment condition).

For 2021, PG&E has updated the 2019-2020 Wildfire Model that was described in
previous WMPs. The updated model is referred to as the 2021 Wildfire Distribution Risk
Model because it addresses wildfire risks on PG&E’s distribution system. PG&E is
currently developing a 2022 Wildfire Transmission Risk Model for our transmission
system and plans to have it completed in 2021 for use in informing and prioritizing work
that will occur in 2022.

Consistent with past risk models, the risk scores in the 2021 Wildfire Distribution Risk
Model are the product of the likelihood of an ignition event multiplied by the
consequence of the event. For the 2021 Distribution Wildfire Risk Model, ignition
probabilities were developed for the top risk drivers as outlined in the table below. The
wildfire consequence values leveraged the Technosylva Fire Model and are calibrated
to the system level wildfire MAVF risk scores reported in PG&E’s 2020 RAMP Report.
This section provides details on the ignition probabilities while a more detailed
explanation of the 2021 Wildfire Distribution Risk Model is provided in Section 4.5.1.

Since the 2020 WMP, PG&E has adopted a consistent categorization of ignition
probability drivers. PG&E’s 2020 RAMP Report details the approach to ignition
probability drivers. To create an accurate categorization of ignition drivers, a thorough
analysis of historical data resulted in six (6) top level risk drivers and thirty-five (35) sub-
drivers. The six (6) top level drivers for ignition are provided in Table PG&E-4.3-1.
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TABLE PG&E-4.3-1: TOP LEVEL IGNITION DRIVERS

Ignition
Probability Driver

Description

Detailed Risk Driver

How the Utility Expects
to See Incidents Evolve
Over the 3-year WMP
Term

D1 — Equipment
Failure

Events where failure of a
PG&E asset such as a
conductor, arrester,
insulator, breaker,
transformer, etc., caused a
reportable ignition

Overall, the Equipment
Failure risk driver accounts
for 38% ignitions
systemwide and 27% of
ignitions in HFTD areas
(26% for HFTD Distribution
and 37% for HFTD
Transmission). Conductor
and splice/clamp/connector
failures account for the
majority of the equipment
failure incidents.

Equipment and more
specifically conductor
caused wildfires are
forecasted to decrease due
to mitigation programs that
are informed by the risk
models described in this
section.

D2 — Vegetation

Events where trees, tree
limbs, and other vegetation
came in contact with a
PG&E asset, resulting in a
reportable ignition

Overall, the Vegetation risk
driver accounts for 26% of
ignitions systemwide, 45%
of ignitions in HFTD areas
(48% for HFTD Distribution
and 2% for HFTD
Transmission).

Vegetation caused wildfires
are forecasted to decrease
due to mitigation programs
that are informed by the
risk models described in
this section.

D3 — Third-Party
Contact

Events where member(s)
of the public or an object
under their control come in
contact with a PG&E asset,
resulting in a reportable
ignition. Examples of third-
party contact include a
vehicle hitting a distribution
or transmission pole or a
Mylar balloon hitting
equipment or conductor.

The Third-Party Contact
risk driver accounts for
19% of ignitions
systemwide and 15% of
ignitions in HFTD areas
(16% for HFTD Distribution
and 14% for HFTD
Transmission).

No anticipated decrease in
ignitions due to 3™ party
contact. Programs
designed to mitigate
equipment and vegetation
caused ignitions could
potentially reduce the
probability of third-party
caused ignitions, but those
programs have not been
focused on locations with a
high probability of such
contact.

-95-




TABLE PG&E-4.3-1: TOP LEVEL IGNITION DRIVERS
(CONTINUED)

How the Utility Expects
to See Incidents Evolve

Ignition Over the 3-year WMP
Probability Driver Description Detailed Risk Driver Term
D4 — Animal Events where animals such | The Animal risk driver No anticipated decrease in

as birds or squirrels came
in contact with a PG&E
asset, resulting in a
reportable ignition.

accounts for 12% of
ignitions systemwide and
10% of ignitions in HFTD
areas (7% for HFTD
Distribution and 40% for
HFTD Transmission).

ignitions due to animal
contact. Programs
designed to mitigate
equipment and vegetation
caused ignitions could
potentially reduce the
probability of animal
caused ignitions, but those
programs have not been
focused on locations with a
high probability of animal
contact.

D5 — Unknown or
Other

Events associated with
PG&E assets, which led a
reportable ignition, where
evidence of the root cause
of the ignition was not
available

The Unknown or Other risk
driver accounts for 5% of
ignitions systemwide and
4% of ignitions in HFTD
areas (3% for HFTD
Distribution and 7% for
HFTD Transmission).

No anticipated decrease in
ignitions due to unknown or
other events. Programs
designed to mitigate
equipment and vegetation
caused ignitions could
potentially reduce the
probability of unknown or
other caused ignitions, but
those programs have not
been focused on locations
with a high probability of
this category of events.

D6 — Seismic
Scenario (Cross-
Cutting)

Failure events caused by
seismic activity. This risk is
described further in
Chapter 20 of the 2020
RAMP Report.

The Seismic risk driver is
estimated to account for
<1% of ignitions.

No anticipated decrease in
ignitions due to seismic
events.

The focus on the risk modeling and the resulting mitigation initiatives is on the
vegetation and equipment failure modes as they represent a high percentage of the
overall ignitions by cause. Combined with the Wildfire Consequence Model described
in Section 4.5.1, the mitigation initiatives are designed to reduce the ignitions in the
highest wildfire risk areas. It is important to note that as PG&E is mitigating areas of
highest risk, reportable ignitions may not show a demonstratable decrease. This is due
to the fact that ignition probability and wildfire consequence are not highly correlated.
That is to say that locations with a high probability of ignition caused by vegetation or
equipment failures generally may not be locations with high wildfire consequence.

In the remainder of this section, PG&E describes our methodology for determining
ignition probability, the Equipment Probability of Ignition Model, and the Vegetation
Probability of Ignition Model.
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(a) Methodology for Determining Ignition Probability From Events

In support of risk-based Electric Operations planning, PG&E has developed

distribution25 asset risk models designed to quantify wildfire risks from the distribution
system at planning and situational awareness timescales, support risk-based decision
making, and enable reporting of risk reduction activities to regulators and the public. To
do this, PG&E characterizes wildfire risk as:

Risk = Ignition Probability x Wildfire Consequence.

Both the probability (also referred to as likelihood) and the consequences of an ignition
are conditioned, to a degree, on the environmental factors (i.e, wind and gust speeds,
temperature, vegetation structure, and topography) experienced by distribution assets,
and their age and other physical characteristics.

To answer the question of where ignition events are likely to occur, we have estimated
fire season ignition probabilities using maximum entropy models (MaxEnt) pioneered in
the modeling of ecological ranges of species. These models are trained on ignition (or
outage) locations and gridded spatial (raster) environmental and asset attribute data.
The data can draw from a specific time period, but the model itself is dedicated to
spatial, not temporal, patterns. The MaxEnt Model provides relative scores or, if
properly calibrated, probabilities for fire-season ignitions per “pixel” of input data.

In order to more accurately assess and define risks, in 2020 PG&E:

1. Replaced the regression equipment ignition likelihood from prior models
with the Equipment Probability of Ignition Model

2. Replaced the regression vegetation ignition likelihood from prior models
with the Vegetation Probability of Ignition Model

By incorporating these new models into the 2021 Wildfire Distribution Risk Model,
PG&E was able to:

e Incorporate additional variables in the models, increasing accuracy (tree
types, wind scores, ground cover);

¢ Model ignitions directly by utilizing the MaxEnt Model as compared to
modeling proxies in prior models; and,

e Reduce overfit by developing training and testing datasets for model
development.

A wide range of input data sets were used in developing both the Vegetation Probability
of Ignition and the Equipment Probability of Ignition Models. Table PG&E-4.3-2
summarizes the data developed to date for use in these models. A more detailed
description of the Vegetation Probability of Ignition and the Equipment Probability of
Ignition Models is provided after Table PG&E-4.3-2.

25 PG&E defines voltages below 60 kV as distribution and voltages 60 kV and above as
transmission.
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TABLE PG&E-4.3-2: DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS

Spatial
Data Set Category Source resolution Units Descriptions
Unless otherwise noted, all
GRIDMET data aggregated
from 2014 to 2016. The dead
fuel moisture data were
obtained from GRIDMET, and
Meteoroloaical the “100-hour-fuels” feature was
100-hour fuels data 9 gridMET ~4km % included in the model. The
exact GRIDMET variable use is
known as fm-100, and is a
standard fire modeling metric of
fuel dryness for fuels about 1-3”
in diameter - intermediate sized
fuels.
1000-hour fuels Meteorological gridMET ~4km % fm-10(10_, as defined above, but
data for 3-8” in diameter.
Meteoroloaical The US, the National Fire
burn index data 9 gridMET ~4km Danger Rating System
(USNFDRS) Burning Index (BI)
Meteorological . N USNFDRS Energy Release
energy release data gridMET 4km Component (ERC)
precipitation Meteorological | ymET ~4km Mm | Daily precipitation average
average data
specific humidity Z"a‘i;eom'og'ca' gridMET ~4km kg/kg | Specific humidity
Measure how much water is in
the air compared to how much it
vapor pressure Meteorological could hold at the given
por p 9 gridMET ~4km kPa temperature. VPD drives
deficit avg data L .
evapotranspiration and is the
mechanism for fuels drying out
during fire season.
temperature max | Meteorological Average of daily maximum
gridMET ~4km K temperature in Kelvin (recall
average data e . X
that it is sensed via satellite)
Meteorological Hourly average wind speed at
wind avg 9 RTMA ~2.5km m/s 10m, averaged from 2016 to
data
2018
Meteoroloaical Annual 99th percentile hourly
wind max data 9 RTMA ~2.5km m/s wind speed at 10m assessed
over 2016 to 2018
windy summer Meteorological The percentage of days with
RTMA ~2.5km sustained hourly wind speeds
day pct data
over 15 mph
gusty summer Meteorological The percentage of days with
RTMA ~2.5km sustained hourly wind speeds

day pct

data

over 20 mph
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TABLE PG&E-4.3-2: DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS

(CONTINUED)

Data Set

Category

Spatial

Source resolution

Units

Descriptions

tree height max

Tree data

Salo

Sciences 100m

Tree height data were obtained
from a third-party vendor, Salo,
and the “tree-height-max”
feature was developed by
calculating the maximum tree
height, in meters, for each
100m x 100m pixel area along
the distribution grid, according
to the processed satellite data
provided by Salo. The satellite
imagery was collected in
November 2019.

tree height
average

Tree data

Salo

Sciences 100m

Same as above but taking the
pixel average height.

impervious

Surface
condition

NLCD 100m

%

NLCD imperviousness products
represent urban impervious
surfaces as a percentage of
developed surface over every
30-meter pixel in the United
States, scaled to 100m.

unburnable

Surface
condition

LANDFIRE
2016 Surface
Fuels Model

100m

%

The “un-burnable” feature is a
land surface descriptor similar
to imperviousness that includes
surfaces that typically don'’t
ignite when a spark occurs.
The feature was derived from
several land use types within
the 2016 LANDFIRE surface
fuel model (USGS, 2016) and is
the percentage of the 100m x
100m pixel identified as un-
burnable. The land use types
considered “un-burnable” in the
composite spatial layer include:
urban, snow/ice, agriculture,
water, and barren.

local topography

Surface
condition

NED National
Elevation
Database

100m

The relative topography of the
area was also used as a feature
in the model. The topographic
position index (TPI) was
extracted from a USGS national
elevation dataset (NED) at 100-
meter resolution. The TPI
compares the cell elevation to
the mean elevation for the local
neighboring area (positive
values are above the mean and
negative values are below the
mean) (The Nature
Conservancy).
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TABLE PG&E-4.3-2: DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS
(CONTINUED)

Data Set

Category

Source

Spatial
resolution

Units

Descriptions

hftd

HFTD

CPUC

100m

Categorical variable that is 1 for
non-HFTD locations, 2 for Tier
2 and 3 for Tier 3.

Age

Asset data

EDGIS
Conductors

100m

The estimated conductor age
(the “estimated-age”) was
calculated as the number of
years since the installation year,
as listed in ED-GIS. If the
installation date was missing or
invalid, then the estimated age
in the STAR model dataset was
used

Materials

Asset data

EDGIS
Conductors

100m

The type of conductor material
was split into one-hot encoded
dummy variables, which
identified conductor materials
aluminum (Al), copper (Cu), and
ACSR (“conductor-material-al,”
“conductor-material-cu,” and
“conductor-material-acsr,”
respectively) as binary model
features.

Size

Asset data

EDGIS
Conductors

100m

The conductor size dataset was
split into one-hot encoded
dummy variables, which
identified conductor size 2, 4,
and 6 (“conductor-size-2,”
“conductor-size-4,” and
“conductor-size-6,” respectively)
as binary model features.
Lower numbers correspond with
larger diameters.

Splice count

Asset data

EDGIS
Conductors

100m

Splices were identified from the
splices database table (Emili
Scaief, 2020). In order to
prevent splice locations from
introducing bias to the model,
only the Reliability Program
splice records were used, which
only included spans with more
than three per phase.
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TABLE PG&E-4.3-2: DATA USED TO DEVELOP PROBABILITY OF IGNITION MODELS

(CONTINUED)
Spatial
Data Set Category Source resolution Units Descriptions

Coastal areas were identified
using a binary feature in the
model. Coastal areas within

- EDGIS PG&E service territory were

Coastal indicator | Asset data Conductors 100m mapped internally in PG&E and

conductors are tagged with a
coastal indicator field in ED-
GIS.

(b) Equipment Probability of Ignition Model

Ignition likelihood for equipment in 2021 was determined based on a probability analysis
predicting ignitions in 100m x 100m pixels. The Equipment Probability of Ignition Model
was trained on conductor failure related ignitions limited to fire season events and
CPUC reportable ignitions from 2015 to 2018 and tested using the 2019 ignitions. The
modeling technique used was a maximum entropy model. MaxEnt Model provides a
way of estimating the relative occurrence rate given a fairly modest number of ignition
locations the principle of maximum entropy states that the probability distribution which
best represents the current state of knowledge is the one with the largest entropy, in the
context of precisely stated prior data.

A range of variables were included in the initial modeling. These included meteorology
data, PG&E asset data, and remote sensing data from government and private third
parties. The most important variables for the Equipment Probability of Ignition Model
are identified below in Table PG&E-4.3-3.
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TABLE PG&E-4.3-3: VARIABLES IN EQUIPMENT PROBABILITY OF IGNITION MODEL

Permutation
Variable Importance

Non-burnable area 30.8
Daily precipitation, mean 29.8
Conductor material: ACSR 9.7
Estimated conductor age 8.9
Max tree height 4.3
Reliability Program splice 4.3
Vapor pressure deficit, mean 4.0
Conductor size: 2 3.4
Conductor size: 4 1.6
100-hour fuels, mean 1.1
Max temperature, mean 1.0
Wind speed, mean 0.9
Local topography 0.2
Conductor size: 6 0.1
Conductor material: Al ~0

Conductor material: Cu ~0

Using these variables, a probability of ignition was assigned for each 100m x 100m grid.
These probabilities were indexed and calibrated to the total expected ignition frequency.

Given the amount of work required to develop new models, PG&E was only able to
include in the Equipment Probability of Ignition Model used in the 2021 Wildfire
Distribution Risk Model information regarding conductor failures. Updates to this model
are planned on an annual basis. In 2021, we currently intend to include maintenance
tag data and asset data in the Equipment Probability of Ignition Model and additional
equipment failure models for poles and transformers. These additional equipment
models will combine with an update to the conductor failure model to improve the
predictive power of equipment caused ignition probabilities will be enhanced to better
inform mitigation programs.

(c) Vegetation Probability of Ignition Model

Ignition likelihood for vegetation in 2021 was determined based on a probability analysis
predicting ignitions in 100m x 100m pixels. The Vegetation Probability of Ignition Model
was trained on vegetation ignitions limited to fires season evens and CPUC reportable
ignitions from 2015 to 2018 and tested using the 2019 ignitions. This data set includes
all vegetation related outages that resulted in an ignition. The modeling technique used
was a maximum entropy model. The MaxEnt Model provides a way of estimating the
relative occurrence rate given a fairly modest number of ignition locations. The principle
of maximum entropy states that the probability distribution which best represents the
current state of knowledge is the one with the largest entropy, in the context of precisely
stated prior data.

Variables in the initial model included meteorology data, PG&E asset data, and remote
sensing data from government and private third parties. The most important variables
for the Vegetation Probability of Ignition Model are included below in Table PG&E-4.3-4.
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TABLE PG&E-4.3-4: VARIABLES IN VEGETATION PROBABILITY OF IGNITION MODEL

Permutation
Variable Importance

tree-height-max 26.1
100-hour-fuels-avg 241
vapor-pressure-deficit-avg 21.6
gusty-summer-day-pct 6

Hftd 4.2
precipitation-avg 3.1
Impervious 2.8
specific-humidity-avg 2.4
burn-index-avg 23
wind-max 1.9
temperature-avg 1.6
windy-summer-day-pct 1

local-topography 0.8
tree-height-avg 0.8
1000-hour-fuels-avg 0.6
energy-release-avg 0.4

Using these variables, a probability of ignition was assigned for each 100m x 100m grid.
These probabilities were indexed and calibrated to the total expected ignition frequency.

Updates to this model are planned on an annual basis. In 2021, PG&E currently
intends to incorporate LIiDAR informed tree species data so that the predictive power of
vegetation caused ignition probabilities will be enhanced to better inform mitigation
programs.
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4.4 Research Proposals and Findings

Report all utility-sponsored research proposals, findings from ongoing studies and
findings from studies completed in 2020 relevant to wildfire and PSPS mitigation.

4.4.1 Research Proposals

Report proposals for future utility-sponsored studies relevant to wildfire and PSPS

mitigation. Organize proposals under the following structure:

1. Purpose of research — Brief summary of context and goals of research;

2. Relevant terms — Definitions of relevant terms (e.q., defining “enhanced
vegetation management” for research on EVM); and

3. Data elements — Details of data elements used for analysis, including scope
and granularity of data in time and location (i.e., date range, reporting frequency
and spatial granularity for each data element, see example table below).

Example table reporting data elements

Collection Collection Spatial Temporal

Data Element Period Frequency Granularity Granularity Comments
Ignitions from contact | 2014 -2020+ | Per ignition Lat/lon per Date, hour of -
with vegetation in non- | (ongoing) ignition ignition
enhanced vegetation (estimated)
areas
Ignitions from contact | 2019 -2020+ | Per ignition Lat/lon per Date, hour of -
with vegetation in (ongoing) ignition ignition
enhanced vegetation (estimated)

areas

4. Methodology - Methodology for analysis, including list of analyses to perform;
section shall include statistical models, equations, etc. behind analyses

5. Timeline - Project timeline and reporting frequency to WSD

San Jose State University — Climatological Analysis

1. Purpose of Research

The purpose of the research is to better understand wildland fire behavior
by studying fire-atmospheric interactions through partnership with the SJSU
Fire Weather Research Lab. SJSU has established the largest academic
Wildfire Interdisciplinary Research Center in the United States with five new
tenure-track faculty members. SJSU will help PG&E analyze their 30-year
2 km x 2 km WRF model climatology to better understand the fire weather
conditions associated with extreme wildfire and PSPSs. The analyses will
be conducted by two tenure-track faculty, one post-doctoral scholar, and

two graduate students.
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2. Relevant Terms

WRF — Weather Research and Forecasting Model

3. Data Elements

TABLE PG&E-4.4-1: DATA ELEMENTS (SAN JOSE STATE UNIVERSITY — CLIMATOLOGICAL

ANALYSIS)
Collection Collection Spatial Temporal
Data Element period frequency granularity granularity Comments
PG&E 30 year 1990-2020 Modeled 2km x 2km Hourly Data
downscaled climatology (modeled) hourly grid through the
weather data climatology
PG&E Fire Occurrence 2003-2019 N/A N/A N/A Dataset of fire
Dataset ignitions in
PG&E territory
gathered from
multiple
sources

4. Methodology

a)

b)

Conduct analyses using PG&E’s new 30-year climatology of 2 kilometer,
hourly, WRF model output
e This data shall allow for robust analyses on critical fire weather
conditions using a combination of high spatiotemporal resolution and
long duration data to investigate the following combined with fire
occurrence datasets:

o Climatology and decadal trends in fire weather and Diablo Wind
events, or other Foehn wind events (type, intensity, duration,
etc.).

o A Diablo Wind metric shall be created and used to understand
the climatology of events.

0 This metric shall be used to rank all Diablo Wind Events across
the 30-year history based on strength, geographic extent, and
duration.

o0 Using PG&E’s proprietary and public fire occurrence datasets to
evaluate numerous fire weather indices to help determine which
index is best correlated to daily fire growth.

Generation of grid point distributions, percentile data maps from the
climatology data.
e Map visualizations to be generated: 90th, 95th, 99th and Maximum
(minimum) maps of:
o Wind Speed
Wind Gust
Temperature
Relative humidity (minimum)
Dewpoint depression (minimum)
Precipitation
Diablo Fire Weather Index

Oo0Oo0o0OO0OOo
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e Grid point specific distributions shall be used by PG&E to put the
forecast in perspective with the historical data

c) Covariation of fire weather mesoscale circulation patterns with the synoptic
patterns and known modes of climate variability

d) High-resolution trends in existing fire-weather indices and local fire season
duration to help determine annual average start and end time of fire season.

e) SJSU will interact regularly with the PG&E Meteorological staff and will
provide regular online meetings on research progress.

f) SJSU shall conduct the proposed analyses and publish the results in peer-
reviewed journals.

5. Timeline

As the project is still in its initial planning stages, no timeline has been set
at this time.

Wildfire Mitigation Open Innovation Challenge
1. Purpose of Research

PG&E has initiated an “Open Innovation Challenge” to identify novel
technologies that could potentially reduce PG&E-caused wildfire risk. The
search for innovations is global in reach and goes beyond the electric
utility industry technology sector. PG&E hopes to identify one or more
promising innovative technologies for use in a pilot project.

2. Relevant Terms
No terms used herein require additional definition.
3. Data Elements

No specific data elements for analysis are available at this time. See
Methodology.

4. Methodology

The open innovation challenge process started with a definition of problem
statements, instead of pre-supposing potential solutions. These problem
statements were created following a series of interviews conducted with
internal and external subject matter experts on areas where innovations
could potentially provide the greatest ignition risk reduction. The set of
problem statements described the problem areas that PG&E would like
solved or improved upon, without specifying any technology or techniques
to solve the problems. As a result of this process, PG&E narrowed our
focus for this challenge to the following four areas:

¢ Advancement of the state-of-the-art for “monitor & mitigate”
technologies for real-time detection of faults and prevention of
arcing, sparking, and other ignition events along transmission and
distribution infrastructure
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e Alternatives to current undergrounding methods, including level-
grounding

e Reducing labor required for vegetation management

¢ Innovative heat-resistant materials

Using these problem statements, PG&E solicited innovators,
entrepreneurs and startups to request that they apply if they have
solutions for the defined problems. The solicitation was made through two
methods: one being a research community network-driven effort and the
other being an automated computer programmed Internet search method.
For the research community network-driven method, PG&E reached out
through known innovation networks, academic research partners, and
other technology knowledge experts. For the second method, an
automated computer programmed Internet search parsed technical
journals, professional sites, startups sites, patent databases, and other
publications across industries and disciplines to identify authors, institutes,
and companies with relevant ideas or expertise. After compiling the
potentially relevant resources, PG&E will create a ranked list of the top
innovators in each challenge area for further solicitation including for
referrals and submission of an application to this challenge. The resulting
proposals will then be vetted, and winners selected with the desired result
being technology pilots that lead to deployment.

5. Timeline

In December 2020, PG&E announced this open innovation challenge,
published the problem statements described in the Methodology section
above, and set a submission deadline in January 2021. The solicitation
and innovator communication phase are ongoing and scheduled to
complete in February 2021. The ranking and final selection phase for
each of the challenge areas is scheduled to conclude in March 2021. The
final report will be completed by September 2021. Results are to be
reported in the next annual update.

Cal Poly Wildland Urban Interface Fire Information Research and Education
Institute

1. Purpose of Research

The purpose of the newly formed Cal Poly Wildland Urban Interface Fire
Information Research and Education Institute (FIRE Institute) is to make
significant contributions to solving the WUI fire problem through integrated
and applied research and education that innovates, informs policy,
disseminates information, and educates students and professionals.

In 2021, PG&E is partnering with, and advising on the direction of research
and associated activities by, the FIRE Institute as it embarks on the
development of solutions for sustainable fire resilient communities and
safer and more effective fire-preparedness and response operations
through applied research and incorporation of technology.
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2. Relevant Terms
No terms used herein require additional definition.
3. Data Elements

There are no specific data elements related to this effort at this time
because PG&E'’s advisory role for the Institute’s new research is in the
beginning phase.

4. Methodology
None currently as this research partnership is in its beginning phase.
5. Timeline

Planned activities in 2021 include a symposium to engage stakeholders
(private sector, utilities, government, regulatory bodies, academia), define
research priorities, and identify policy recommendations. Specific PG&E-
specific research workstreams are anticipated though not defined at this
time.

We will report, in the next annual update, on our advisory role to the
Institute, PG&E-relevant research direction and initiatives, as well as PG&E
WMP-relevant results from this research collaboration.

Targeted Tree Species Study
1. Purpose of Research

The purpose of PG&E’s Targeted Tree Species Study is to identify species
that are more likely to fail near PG&E facilities, thereby creating potential
wildfire ignitions. PG&E will use the information obtained through the study
to evaluate the performance of the species risk rating component of our
Tree Assessment Tool (TAT). The study will involve an analysis of tree
mortality rates related to precipitation. PG&E will also use the information
obtained through the study to evaluate our scheduling for patrol cycles as
part of our vegetation management responsibilities.

2. Relevant Terms

Species Risk — What a particular tree species (in isolation of everything
else) tells you about the likelihood of the tree failing or the likelihood of its
failure relative to its frequency in the population.

Tree Assessment Tool or TAT — Tool that evaluates an individual tree’s
likelihood of failing and supplies instruction of whether to abate or not abate
the tree.

Patrol Cycle — The span of time between inspections.
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3. Data Elements

TABLE PG&E-4.4-2: DATA ELEMENTS (TARGETED TREE SPECIES STUDY)

Collection Collection Spatial Temporal
Data Element Period Frequency Granularity Granularity Comments
Ignitions from contact | 2008-2020+ Per ignition Circuit and/or | Date -
with vegetation (ongoing) Regional
level
Outages from contact | 2008-2020+ Per outage Circuit and/or | Date
with vegetation (ongoing) Regional
level
Trees assessed by March 2020+ Per tree basis | Lat/Long per | Date -
TAT (ongoing) tree
TBD Per vendor
input- vendor
will extract
and provide
additional
data

4. Methodology

e Vendor will identify the appropriate external data sources to study in
conjunction with internal data provided by PG&E to develop and execute a
targeted tree species study to quantify failure risk by species and region.

e Vendor will study tree mortality rates in conjunction with precipitation
levels in order to evaluate patrol cycles within our service territory.

e Vendor will develop a working knowledge of the TAT and the species risk
rating component currently in use.

e Vendor will evaluate the species risk component of the TAT currently in
use for effectiveness, using available external data sources and data

provided by PG&E.

e Vendor will evaluate the weighting of the risk component of the TAT using
data provided by PG&E.
e Vendor will help set up a system for continuous monitoring of TAT for

ongoing evaluation.

5. Timeline

The research is planned to be complete in Quarter 2 2022. PG&E plans to
report on the status of this research in the next annual update.
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4.4.2 Research Findings

Report findings from ongoing and completed studies relevant to wildfire and PSPS
mitigation. Organize findings reports under the following structure:

1. Purpose of research — Brief summary of context and goals of research;

2. Relevant terms — Definitions of relevant terms (e.g., defining “enhanced
vegetation management” for research on EVM);

3. Data elements — Details of data elements used for analysis, including scope
and granularity of data in time and location (i.e., date range, reporting
frequency and spatial granularity for each data element, see example table
above);

4. Methodology — Methodology for analysis, including list of analyses to
perform; section shall include statistical models, equations, etc. behind
analyses;

5. Timeline - Project timeline and reporting frequency to WSD. Include any
changes to timeline since last update;

6. Results and discussion — Findings and discussion based on findings,
highlighting new results and changes to conclusions since last update; and

7. Follow-up planned — Follow up research or action planned as a result of the
research.

PG&E engineers and technical staff perform analysis and review of concepts, tools,
and technologies as a normal and consistent part of business operations; however,
those analyses and reviews are not often characterized as “Research Studies” in the
same formal approach as the kind of academic research that this section is set up to
discuss. PG&E conducts research through the EPIC program and findings for EPIC
projects are published as part of the closeout documentation. The relationship of the
EPIC research program with this WMP is described in Section 7.1.D.2. There are a
number of wildfire mitigation-related EPIC projects included as part of this WMP; they
are listed in Section 7.1.D. In addition, PG&E documents “lessons learned” on projects,
including numerous non-EPIC projects included in this WMP, in various sections,
including, but not limited to, Section 7.1.D. The following are specific academic
research findings for completed studies relevant to wildfire and PSPS mitigation:

Independent, External Review of the Proposed 2020-21 HFRA Map for PSPS
Scoping by the B. John Garrick Institute for Risk Sciences at UCLA (GIRS-RT)

1. Purpose of Research

The GIRS-RT provided an independent, external review of the proposed 2020-
21 PG&E HFRA Map for PSPS. The HFRA map builds on the CPUC’s HFTD
Map developed in 2018. The HFRA map makes incremental changes to the
HFTD map by adding regions where the risk of utility triggered catastrophic
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2.

wildfire from an offshore wind event is high and removing regions where it is
not.

PG&E used this methodology review and polygon by polygon feedback to
further inform the HFRA map development polygons.

Relevant Terms

High Fire Risk Area or HFRA - Mapping terminology that aligns with other
California utilities use of maps supplemental to the HFTD Map. While the
HFTD is a foundational tool to identify areas of elevated or extreme wildfire risk
for utilities, it was not developed at the electric asset level and is not
operationally informed for PSPS program scoping and execution. HFRA
refinements may also serve to inform future adjustments or recommendations
to improve the HFTD map.

Aspect — The direction the slope faces (north, east, south, west). The aspect
determines the effect of solar heating, air temperature, and moisture. In the
Northern Hemisphere, south facing slopes receive more solar heating which
results in lower humidity, rapid moisture loss, and lighter fuels such as grasses.
Seasonal directions of solar heating should be taken into consideration when
analyzing a slope’s aspect.

Slope — A ratio of rise over run. Another way to think of it is height over
distance expressed as a percentage. Slopes can range from slight to steep but
the influence on wildland fire is substantial. The steeper the slope the faster a
fire moves uphill. Flames are closer to the fuel source, radiation heat increases
the dehydration and preheats the vegetation, resulting in ignition sooner than
on a slight slope or level ground.

Land Use — Evaluation of modification and maintenance activities to the natural
wildland landscape. Land Use can change probability of fire ignition and fire
behavior.

Fuel Loading — Fuel loading is reported in tons of fuel available per acre. The
higher the fuel loading, the more heat that will be produced during a fire.

Fuel Position — Fuel position is based on relation to the ground. It can be
defined by three types of fuels: subsurface fuels, surface fuels, and aerial
fuels.

Fuel Continuity — The horizontal and vertical spacing of fuels. These are often
referred to as continuous fuels or patchy fuels. The rate and direction of the fire
is predictable with continuous fuels. Patchy fuels are difficult to calculate
because the radiant heat may not be able to ignite the source.
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3. Data Elements

TABLE PG&E-4.4-3: DATA ELEMENTS (INDEPENDENT, EXTERNAL REVIEW OF THE PROPOSED
2021-21 HFRA MAP FOR PSPS SCOPING BY THE B. JOHN GARRICK INSTITUTE FOR RISK
SCIENCES AT UCLA (GIRS-RT)

Data Element

Collection Period

Collection
Frequency

Spatial
Granularity

Temporal
Granularity

Comments

Aerial imagery

Varied

Varied

Varied

Varied

Utilization of readily
available and current
satellite imagery from
Google Earth and ESRI to
inform land use, fuels, and
terrain at variable scale to
inform wildfire ignition risks
and potential fire behavior.

Topographic map
layers

Varied

Varied

Varied

N/A

Utilized to evaluate the
slope off the terrain in and
adjacent to areas of the
HFRA to inform potential for
fire spread.

Fire perimeter
history

Annual Ongoing
MTBS and
GeoMAC

Ongoing

Varied

Varied

Utilization of fire perimeter
data to evaluate fire
frequency/regimes, fire
spread patterns and
effectiveness of historical
suppression efforts.

Fire spread
modeling

N/A

Varied

N/A

Varied

The use of computational
fire spread modeling to
inform or support
recommendations based on
qualitative local knowledge
and other analysis.

Qualitative
historical local
knowledge

N/A

N/A

N/A

N/A

Experience-based inputs
and recommendations from
PG&E Public Safety
Specialists with fire
response and experience in
specific regions of PG&E
service territory.

Field visits

N/A

N/A

N/A

N/A

As needed field verification
for supplemental evaluation
of actual current conditions.

Meteorology
outputs

1989-2020 *
modeled

N/A

2km x 2km
grid

Hourly

Utilization of 30-year
climatological re-analysis to
inform anticipated
exposures to electric assets
and surrounding wildland
fuels and terrain.
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Collection Spatial Temporal

Data Element Collection Period | Frequency | Granularity | Granularity Comments
Historical outage |2009-2017 On-going N/A N/A Datasets of outages that
datasets occurred during offshore

wind events were used to
inform polygon creation and
by highlighting areas that
typically experience outages
during offshore wind events.

4. Methodology

After internal draft development of the HFRA Map, PG&E commissioned the
GIRS-RT to review PG&E’s HFRA Map development methodology and the
polygons associated with the draft map. During this review, the GIRS-RT
evaluated the criteria used to add or remove the areas to or from the HFTD
Map. To supplement these criteria, the GIRS-RT accessed additional data sets
to enable complementary, objective assessments for land use, fuel load and
slope. The GIRS-RT also utilized fire history and perimeter data to check
alignment of candidate regions with recent fires.

5. Timeline

This was a one-time review in 2020 of the proposed 2020-21 PG&E HFRA Map
for scoping PSPS events and associated mitigation programs. PG&E may
utilize the GIRS-RT for additional HFRA Map reviews going forward.

6. Results and Discussion

The GIRS-RT reviewed the polygons to the build the HFRA Map off of the
existing HFTD map as well as the rationale used to make the case for each
areas’ addition or removal. The GIRS-ST agreed with PG&E’s methodology
and concurred with the majority of the polygons slated for the map. The GIRS-
RT also recommended that some areas be expanded or shrunk based on their
analysis. PG&E used this external analysis as a secondary check to confirm
that the addition or removal rationale is correct and that the areas either pose
or do not pose catastrophic wildfire risk.

7. Follow-up Planned

PG&E may further contract the GIRS-RT to review any additional areas slated
for addition or removal to the HFRA Map that have not already been reviewed.
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Continual Improvement within Enhanced Vegetation Management Program

1. Purpose of Research

The EVM program engaged with researchers at University of California
Cooperative Extension and the University of California Berkeley to help
evaluate the EVM procedural requirements for work execution that would help
reduce wildfire risks. This research is part of continuous improvement efforts
focused on long term analysis and strategy around the EVM program. PG&E
worked with the engaged researchers to evaluate the methodology of targeting
high risk tree species and trees exhibiting flawed branches for overhang zone
clearing during EVM inspections. In addition, the parties evaluated potentially
adjusting PG&E’s minimum radial clearance requirements for trees whose
trunks are within the defined minimum clearance zone.

2. Relevant Terms

EVM: Enhanced Vegetation Management; the PG&E program and effort to
reduce vegetation-related risks to electric distribution facilities

3. Data Elements
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TABLE PG&E-4.4-4: DATA ELEMENTS (CONTINUAL IMPROVEMENT WITHIN ENHANCED
VEGETATION MANAGEMENT PROGRAMS)

Collection Collection Spatial Temporal
Data Element Period Frequency Granularity Granularity Comments
Outages from 2008-2019 Per Outage Regional * From June- This Data element was
contact with October/ used for creating analysis
vegetation Species- reports regarding:
Redwood . .
— Fire risk ranking per
** Species region for targeting
Redwood, overhanging high risk
Douglas Fir species
* Tree failure data for
Redwoods
** Branch statistics for
Redwoods and Douglas Fir
to evaluate ignition ratings
Ignitions from All records up to | Per Ignition Regional * From June- This Data element was
contact with 4/2019 October/ used for creating analysis
vegetation Species- reports regarding:
Redwood N .
— Fire risk ranking per
** Species region for targeting
Redwood, overhanging high risk
Douglas Fir species
*** Month, * Tree failure data for
. Redwoods
Species-
Redwoods ** Branch statistics for
Redwoods and Douglas Fir
to evaluate ignition ratings
*** Redwood ignitions
based on acres burned
Species Composition | 11/15/2016- Per Tree Regional/ and By project year This Data element was
11/15/2017 division used for creating analysis
reports regarding:
— Fire risk ranking per
region for targeting
overhanging high risk
species
— Tree failure data for
Redwoods
— Branch statistics for
Redwoods and Douglas Fir
— Redwood ignitions based
on acres burned to evaluate
ignition ratings
Acres Burned 2008-2019 Per Ignition N/A Month This Data element was

used for creating analysis
reports regarding:

Redwood ignitions based on
acres burned
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4. Methodology

The above data elements were used to create the analysis reports used in
this review. PG&E had the researchers review the analysis reports to
evaluate our methodology for calculating the fire risk ranking for different
types of trees per region, as set forth below.

PGG&E bases the overall species fire risk ranking per region for targeting
overhanging high-risk tree species on the following data:

e Overall species risk formula adds outage score to 1.5 times the
ignition score. This is to account for the inherently greater wildfire
risk associated with ignitions compared to outages alone.

1.5 factor was evaluated and determined as part of this effort by
both internal and external Subject Matter Experts.

e The Species list is limited to species that are related to >1 percent
of a region’s outages. This limit enables a focus on those species
that are present and have had impacts in meaningful numbers in
the region.

The parties also evaluated whether Redwoods and Douglas Fir should be
excluded from target species lists based on the following data:

e Tree failure statistics from June to October
e Branch statistics to indicate low ignition ratings for both
e Ignitions based on acres burned and month of year

5. Timeline

This review was conducted in September and October 2020.
6. Results and Discussion

The research found that PG&E’s fire risk ranking per species uses a sound
methodology. The engaged researchers agreed that we should focus on
tree species that have been observed to have a higher branch failure rate
as part of our continuous improvement efforts. Redwoods and Douglas Firs
were determined to not qualify as high risk tree species in any region based
on this review. Lastly, the researchers also agreed that it may be
appropriate to leave more healthy low risk tree species by adjusting
PG&E’s minimum radial clearance requirements for trees whose trunks are
within the defined minimum clearance zone.

7. Follow-up planned
Results of this research may not result in any changes in 2021 but are part

of long-term analysis for performing EVM in the most effective way
possible.
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Lab Testing to understand ignition behaviors associated with Electric and
Magnetic field induction

1.

Purpose of Research

To understand potential ignition risks associated with de-energized power
lines with induced voltages and currents, a thorough literature search was
performed both internally and with the help of a third party, the Electric
Power Research Institute (EPRI), and no technical publications was found
related to this scenario. To further explore this potential risk, lab testing
was conducted to determine the fire ignition potential of induced voltages
and currents at relatively low energy level associated with de-energized
power lines in close proximity to other energized lines. Various scenarios
were created in internal PG&E and external Powertech vendor labs in
Canada to mimic the induction level currents and voltages and potential
ignitions of a down conductor, with recognition of the varying factors in field
conditions (i.e., ground resistivity).

2. Relevant Terms

GPR — Ground Potential Rise

3. Data Elements

TABLE PG&E-4.4-5: DATA ELEMENTS (LAB TESTING TO UNDERSTAND IGNITION

BEHAVIORS ASSOCIATED WITH ELECTRIC AND MAGNETIC FIELD INDUCTION)

Collection Collection Spatial Temporal
Data Element period frequency granularity granularity Comments
Lab Testing to 2020 N/A N/A August-Sept Lab data
understand 2020 collected via
Induction driven testing
Ignition

4. Methodology

Two types of current injection methodologies were used to perform the

testing:
e Current injection via a ground rod.

Current injection via a conductor resting on the surface of the

ground.

Two types of fuel beds were used to represent flammable vegetation. The
first type is a CAL FIRE-specified fuel bed per Section 9.1 of the Power Line
Fire Prevention Field Guide used to qualify electrical equipment devices for
exemption from Public Resource Code Section 4292. This fuel bed is an
erosion control blanket, Excel S-22, manufactured by Western Excelsior
Corporation, consisting of 12 mm (1/2 inch) thick layer of agriculture straw
material. Four layers of the blanket were laid over the 44” x 44” area of
compacted topsoil. The required moisture of the fuel bed is <5 percent, and
this was achieved by using an environmental chamber to dry the blanket for
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at least 48 hours prior to testing. The temperature of the environmental
chamber was kept at approximately 100 °F.

The second type of fuel bed consisted of sod purchased at the local
hardware store and naturally dried outdoor for five days.

PG&E Internal Lab Test Circuit: For internal testing, energizing the ground
rod/conductor using a high potential test unit with a max current output of
70mA, a current was injected through the fuel bed and soil to the ground
plane, which created a ground potential rise (GPR) and voltage gradient
around the electrode.

Powertech’s High Power Lab Test Circuit: For external testing, a high
power lab set was used, which was connected to the BC Hydro’s largest
substation via a 230 kV transmission line. A step-down transformer can
provide voltages up to 44 kV. The lab capacitor bank had a selection of
capacitors to adjust the current within the desired range of 0.1 -5 A to
match as closely as possible the large source impedance of the real system
in an induced voltage scenario.

5. Timeline
The testing was conducted in August and September 2020.
6. Results and Discussion

Empirical data collected through a total of 150 tests provided us with better
insight into ignition behaviors at low power levels, with different voltage and
current combinations. However, the testing did not provide clear thresholds
of ignition. The research found that the cases where the conductor was on
the ground (representing a fallen conductor due to high wind or tree
impact), the conditions of the ground and contact material were the most
influential factors for ignition. We also witnessed reduced probability of
ignition at lower voltage and current combinations, as well as increased
ground impedance. Additionally, it was observed that current was less
likely to be established and sustained in dry hay with lower voltages due to
high impedance.

7. Follow-up Planned

Based on the findings from the testing, it was determined that grounding
and sectionalizing the de-energized lines, where feasible, to reduce induced
voltages and currents may be the best way to minimize ignition risk. PG&E
is working on determining the feasibility and PSPS procedural impact of this
requirement and establishing revised guidance.
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4.5 Model and Metric Calculation Methodologies
4.5.1 Additional Models for Ignition Probability, Wildfire and PSPS Risk

Report details on methodology used to calculate or model ignition probability, potential
impact of ignitions and/or PSPS, including list of all input used in impact simulation; data
selection and treatment methodologies; assumptions, including Subject Matter Expert
(SME) input; equation(s), functions, or other algorithms used to obtain output; output
type(s), e.g., wind speed model; and comments.

For each model, organize details under the following headings:
1. Purpose of model — Brief summary of context and goals of model;

2. Relevant terms — Definitions of relevant terms (e.q., defining “enhanced
vegetation management” for a model on vegetation-related ignitions);

3. Data elements — Details of data elements used for analysis, including scope
and granularity of data in time and location (i.e., date range, reporting
frequency and spatial granularity for each data element, see example table
above);

4. Methodology — Methodology and assumptions for analysis, including
Subject Matter Expert (SME) input; equation(s), functions, statistical
models, or other algorithms used to obtain output;

5. Timeline — Model initiation and development progress over time. If
updated in last WMP, provide update to changes since prior report; and

6. Application and results — Explain where the model has been applied, how
it has informed decisions, and any metrics or information on model
accuracy and effectiveness collected in the prior year.

This section of the 2021 WMP addresses the information requested in the Guidelines,
as well as the information requested in certain Action ltems identified in WSD’s
evaluation of PG&E’s Remedial Compliance Plan related to Class A Conditions and
PG&E'’s First Quarterly Report related to Class B Conditions. The remainder of this
section is organized as follows:

e Subsection (a): Introduction and summary table;

e Subsection (b): Overview of the 2021 Wildfire Distribution Risk Model and
discussion of future models;

e Subsection (c): Developing a risk framework;

e Subsection (d): Modeling methodology for the 2021 Wildfire Distribution Risk
Model;

e Subsection (e): Additional models developed and used for wildfire risk;
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e Subsection (f): The Transmission Operability Assessment Model,

e Subsection (g): Validation of models and frequency of updates;

e Subsection (h): Models used for PSPS events; and,

e Subsection (i): Response to the following Action Items:

o Class A: Action PGE-1, PGE-2, PGE-7, PGE-17, PGE-18, PGE-19, and
PGE-20

o Class B: Action PGE-31, PGE-37, PGE-38, PGE-39, PGE-40, PGE-41,
PGE-42, PGE-52, PGE-53, and PGE-80.

(a) Introduction and Summary Table

PG&E’s wildfire risk models produce a quantified risk value that is the product of two
terms—the ignition probability and the wildfire consequence at each location.
Consistent with this approach, this section discusses the probability and consequence
portions of PG&E’s wildfire risk models separately, as well as the resulting risk value.
Table PG&E-4.5-1 below provides an overview of the wildfire risk models developed by
PG&E, organized using the six headers requested by WSD, followed by a detailed
narrative of the models and their uses and development.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

Model Name

Purpose of Model

Relevant Terms

Data Elements

Methodology

Timeline

Application and
Results

Enterprise Risk
Model

To assess
enterprise risks
(including wildfire)
using a common
framework

(i.e., risk bowtie
and MAVF) and
compare
consequences
using the MAVF
scoring approach
agreed to in the
SMAP Settlement
Agreement; and
ultimately to
develop RSEs at a
portfolio/program
level

Risk drivers, risk
event, outcomes,
consequence
dimensions, MAVF

For wildfire: CPUC
Reportable
Ignitions, CalFire
historical fire
reports, Red Flag
Warning days

Reference SMAP
Settlement
Agreement (D. 18-
12-014)

RAMP Report filed
every four years
preceding the GRC
submission by

one year (i.e. 2020
RAMP and 2023
GRC - filed 2021)

For wildfire:

results used to
qualify pre and
post mitigation risk
score (for
comparison to
other enterprise
risks).

Provide wildfire
risk values for the
distribution system
to provide insights

Vegetation
Probability of
Ignition Model (see
row #3 below)
Equipment

Data elements
listed below for the
Vegetation POI,

Risk values are
calculated for risk
drivers (vegetation,
equipment, etc.), at
a 100-meter by
100-meter
granularity and
then aggregated

Initiated January

Used to provide

2021 Wildfire into the locations Probability of Equipment POI, up to Gircuit 2020 and insights for the
Distribution with high wildfire laniti Myd | and Wildfire P leted System Hardening,
Risk Model risk by risk driver gnition Model (see Consequence sggments or complete EVM programs
) row #4 below) circuits according November 2020. ;
to inform the e Models. respectively.
Wildfire " to the need of the
development of Definitions for o
mitigation Consequence circuit segments m_ltlggtlon program.
roarams Model (see row #5 Risk is calculated
prog below) as the product of
ignition probability
and wildfire
consequence.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Model Name

Purpose of Model

Relevant Terms

Data Elements

Methodology

Timeline

Application and
Results

Vegetation
Probability of
Ignition Model

Provide annual
ignition probability
due to vegetation
failures

MaxEnt — Short for
Maximum Entropy.
The name given to
a family of models
that seek to
maximize the
information

entropy26

(i.e., instead of the
likelihood or some
other optimization
criteria) of the
probability
distribution
associated with a
given set of
conditions — in this
case, ignition
probability, given
environmental and
asset
characteristics. It
can also be
interpreted as
finding the least
unique distribution
that fits the
underlying data.

Environmental,
Meteorological,
and Asset data

MaxEnt algorithm
to provide
100-meter by
100-meter pixel
values along the
Tier 2 and Tier 3
distribution lines.

Initiated

January 2020 and
completed
November 2020

Not directly used to
inform workplans.
Input to the 2021
Wildfire
Distribution Risk
Model

26

Information entropy is the average level of uncertainty inherent in an outcome derived from a set of variables or covariates.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Model Name

Purpose of Model

Relevant Terms

Data Elements

Methodology

Timeline

Application and
Results

Equipment
Probability of
Ignition Model

Provide annual
ignition probability
due to conductor
failures

MaxEnt — Short for
Maximum Entropy.
The name given to
a family of models
that seek to
maximize the
information entropy
(i.e. instead of the
likelihood or some
other optimization
criteria) of the
probability
distribution
associated with a
given set of
conditions — in this
case, ignition
probability, given
environmental and
asset
characteristics. It
can also be
interpreted as
finding the least
unique distribution
that fits the
underlying data.

Environmental,
Meteorological,
and Asset data as
described below

MaxEnt algorithm
to provide
100-meter by
100-meter pixel
values along the
Tier 2 and Tier 3
distribution lines.

Initiated January
2020 and
completed
November 2020

Not directly used to
inform workplans.
Input to the 2021
Wildfire
Distribution Risk
Model.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Model Name

Purpose of Model

Relevant Terms

Data Elements

Methodology

Timeline

Application and
Results

Wildfire
Consequence
Model

Quantify the
locational fire
impacts in terms of
the MAVF
framework

Technosylva — Fire
simulation software
whose outcomes
are based on
available fuels,
topography, and
weather; and
structure and
population

data. Technosylva
simulation outputs
are used as the
source of spatially
resolved fire
severity data that
is the primary input
into the spatial
consequence
calculations.

FBI —
Technosylva’s Fire
Behavior Index. A
scale of 1-5 that
captures fire
severity as a
function of flame
length (intensity of
burn) and rate of
spread. FBI of 3 or
greater is expected
to require
aggressive
suppression.

Input data:
meteorology,
satellite derived
fuels (100-hour
and 1000-hour)
For each 8-hour
simulation the
following output
data was used to
develop the
consequence data
set:

Number of
structures, acres
burned, and Fire
Behavior Index
(FBI) which is a
combination of
Flame Length and
Rate of Spread
(ROS)

Technosylva
model output
combined to
develop a
destructive fire
probability that is
then calibrated to
the system level
MAVF score.

Initiated January
2020 and
completed
November 2020

Used to prioritize
the Distribution
Tier 2 triennial
inspections cycle
(Tier 3 inspections
are conducted
every year), and
other maintenance
programs. Also
input to the 2021
Wildfire
Distribution Risk
Model.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Model Name

Purpose of Model

Relevant Terms

Data Elements

Methodology

Timeline

Application and
Results

Quantify wildfire

MAVF risk value

Output in

Risk is calculated
as the product of
the ignition
probability and

Used to provide

risk due to for each 100-meter . wildfire . insights to the
i . ; 100-meter pixels Initiated January AT
. vegetation failures | pixel consequence for prioritization for the
Vegetation L M MAVF risk that are h 100-met 2020 and EVM ¢
Risk Model to prlorl_tlze — ean ns aggregated to the ceac o-meter completed . program to
vegetation wildfire | value for each o2 pixel. Circuit improve focus on
o N circuit segment . November 2020 . .
mitigation circuit segment or level Segment level risk highest risk
programs circuit segment. scores are the segments.
mean of the pixel
risk scores in that
segment.
Risk is calculated
Quantify wildfire as t_he _p_roduct of
X the ignition .
risk due to . " Used to provide
MAVF risk value . probability and S
conductor Output in oo insights to the
) . for each 100-meter . wildfire . AR
equipment failures el 100-meter pixels consequence for Initiated prioritization for the
Conductor Risk | to prioritize system K/I . that are q January 2020 and | System Hardening
. ean MAVF risk each 100-meter
Model hardening and aggregated to the : i completed program to
: value for each 290 pixel. Circuit ;
equipment N circuit segment . November 2020 improve focus on
circuit segment or Segment level risk . :
replacement L level highest risk
g o circuit segment. scores are the
wildfire mitigation segments.

programs

mean of the pixel
risk scores in that
segment.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Application and

# Model Name Purpose of Model Relevant Terms Data Elements Methodology Timeline Results
. The model is
Identnfy and comprised of the
quantify areas of Fire Potential
. the PG&E temtory Index and the Based on PG&E’s ; Lo
Large Fire where there is . , : First version in use
. ; Outage Producing high-resolution . . . .
Probability concurrence in . : in 2018, continued | Risk model utilized
; wind model, which | Data output every weather, outage ; e
8 Model space and time of . operations and for distribution
e : : seek to quantify 2x2km and fuels models
(Distribution) or | high potential for " enhancements PSPS events.
the probability of forecast and
LFP4 Model large fires to occur o through 2020.
and increase an outage event historical data.
outage and the probability
ge of large fire
probabilities. occurrence
The model is
. comprised of the
Identnfy and Fire Potential
quantify areas of Index and the
. the PGEE te_mtory Transmission Based on PG&E’s . Lo
Large Fire where there is Oberabilit hiah-resolution First version in use
Probability concurrence in Assessmgnt Data output for wgather outage in 2020, continued | Risk model utilized
9 Model space and time of . each transmission ’ 9 operations and for transmission
. ' . model, which seek and fuels models
(Transmission) | high potential for . structure enhancements PSPS events.
to quantify the forecast and
or LFPr Model | large fires to occur o g through 2021.
and increase probability of an historical data.
failure outage event and
_ the probability of
probabilities. large fire
occurrence.
Fuel moisture is a
measure of the 2 x 2 km output of | DFM is forecast by
Model and forecast amount of water in | four DFM fuel the Nelson Dead Initially develobed
. a potential fuel classes. Data Fuel Moisture . Y P Input to the Fire
Dead Fuel the relative amount ) . . : . in 2015, enhanced ;
10 source for fire. Itis | available in model, which Potential Index

Moisture Model

of moisture in dead
vegetation

expressed as a
percentage of
water in the dry
weight of that fuel.

forecast as well as
across 30- year
climatology

utilized by federal
agencies to model
DFM.

in 2020 to run at
2 x 2 km.

Model
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Application and

# Model Name Purpose of Model Relevant Terms Data Elements Methodology Timeline Results
Fuel moisture is a
measure of the
amount .Of water in 2 x 2 km output of | LFM is forecast by
a potential fuel LEM in Chami hine-l )
source for fire. It is In Lhamise a machine-iearming L
Model and forecast ) and Manzanita model that was Initially developed .
. . expressed as a . . . Input to the Fire
Live Fuel the relative amount species. Data trained on in 2015, enhanced .
11 ; . . percentage of ) . e . Potential Index
Moisture Model | of moisture in live . available in historical LFM in 2020 to run at
X water in the dry . Model
vegetation ; forecast as well as | observations and 2 Xx2km.
weight of that fuel. L
across 30- year historical weather
As opposed to climatolo data
dead fuels, live 9y '
fuels are
biologically active.
Probability is
calculated based
on an asset The OA Model is
Enhanced fragility curve that primarily used for
Provides inspection varies with Initiated in 2019. PSPS events, but
Transmission probability of condition scores, windspeed. Asset | Continually is also a factor
Operability failure of pf = probability of repair data, outage | failure curves are updated/enhanced | incorporated into
12 Assessment transmission line failure, Bayesian data, ETGIS data adjusted from with official version | operational,
Model or OA assets (ata updating (age, “brand new” based | releases by maintenance, and
Model structure level) in environment), on various factors May 31 of each fire | investment

windy conditions

PLSCADD data (in
progress), etc.

such as inspection
condition, age,
environment and
previous
performance.

season.

decisions for the
transmission
system.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Application and

# Model Name Purpose of Model Relevant Terms Data Elements Methodology Timeline Results
Wind speeds were
first linked with
over 400,000
historical sustained
The OPW model 33?ag§;r:gustlpoance
was built using 2 x 2 km output of | and time. The OFW is a main
historical weather ; - input in the LFPg4
. OPW in forecast OPW model was Initially developed )
Quantify and compared C : ; . Model. It is used
Outage . : and historical then trained with in 2019, enhanced
. forecast the wind- sustained and R . to understand the
Producing mode. Data this historical data | in 2020 to run at "
13 ; related outage momentary ; . ; probability of an
Wind Model or o . available in for localized areas. | 2 x 2 km. Future
probability on the outages and is run outage event
OPW Model A forecast as wellas | OPW can be enhancements ;
distribution system | at2 x 2 km . . . ; occurring hour-by-
. .| across 30- year driven with discussed in WMP.
resolution. OPW is ; . hour at 2 km
. . climatology forecasted wind .
an input into the resolution.
speeds to

LFPd model.

determine areas
that have an
increased outage
probability in the
future.
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TABLE PG&E-4.5-1: OVERVIEW OF PG&E RISK AND OPERATIONAL MODELS

(CONTINUED)

Application and

# Model Name Purpose of Model Relevant Terms Data Elements Methodology Timeline Results
Weather, fuel
moisture, and
other
environmental data
were linked to a
historical fire
occurrence in
space and time.
The goal was to
determine which
factors and
FPI describes the combination of Initially developed FPl is a main inout
. probability fires 2 x 2 km output of | factors yield the in 2018, model . P
. , Quantify and ; ) s in the LFPd and
Fire Potential growing large FPlin forecast and | most predictive enhancements .
forecast the . . . .. . LFPt models. Itis
Index Model or robability of large (>1000 acres). It historical mode. skill of probability made in 2019, and used to understand
14 FPI Model of ?ires baseyd on 9 combines weather | Data available in of large fires. Over | enhanced to run at the brobability of a
Utility FPI . (wind, RH, forecast as well as | 4,000 FPI models 2 x 2 km resolution pro yo
environmental and : large fire occurring
Model vegetation factors temperature), across 30- year were constructed in 2020. Future hour-bv-hour at
9 DFM, LFM, and climatology by combining enhancements y

land-classification.

multiple indices
and factors to
ultimately
determine the most
predictive and
operable FPI. The
FPlis runin
forecast model out
several days to
determine the
hour-by-hour risk
of large fires.

discussed in WMP.

2 km resolution.
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(b)  Overview of 2021 Wildfire Distribution Risk Model And Future Models

The 2021 Wildfire Distribution Risk Model supersedes the prior wildfire risk models used

in the 2019 and 2020 WMPs, referred to as the 2019-2020 Wildfire Risk Model.27 Key
objectives for the 2021 Wildfire Distribution Risk Model are:

1. Provide situational awareness of risk;
2. Enable risk-informed decision making; and,

3. Enable PG&E to develop line-of-sight on risk reductions from wildfire risk
mitigation initiatives.

Recognizing that risk-informed decision making is desired for both workplans developed
on an annual basis and operational decisions, such as PSPS, PG&E has been
developing models specific to the temporal needs of each model. There are primarily
two forms of models that can be used to address wildfire risk. First, planning models
support annual workplans and are based on either worst case conditions such as
weather and fuels or cumulative probabilities of failure or ignition. The 2021 Wildfire
Distribution Risk Model described below is a planning model for the Electric Distribution
system. Second, operational models, such as those used for PSPS events utilize real-
time weather, fuels data, and asset conditions as reflected by maintenance tags or
recently completed asset hardening. The Large Fire Probability Model (Distribution) or
LFPb Model, described in Section 4.2.A, is an example of an operational model. Given
the respective application of planning and operational models, planning models are
updated on an annual cadence while operational models are updated as frequently as
weekly during fire season.

The 2021 Wildfire Distribution Risk Model seeks to quantify the risk of wildfire
represented by the probability of ignitions associated with electric grid infrastructure
combined with the consequences if that ignition propagates into a wildfire. The 2021
Wildfire Distribution Risk Model is a set of models that represents failure modes, or risk
drivers, underlying ignitions and the consequences of wildfire. These models comprise
the components of the wildfire risk formula:

Wildfire Risk = Ignition Probability x Wildfire Consequence

The “Ignition Probability” portion of the 2021 Wildfire Distribution Risk Model is modeled
according to the risk drivers identified in PG&E’s 2020 RAMP Report for wildfire risk.
From among these risk drivers, the 2021 Wildfire Distribution Risk Model developed
probabilities for vegetation and equipment failure caused ignitions as they represent

38 percent and 26 percent systemwide of the grid related ignitions respectively. Within
equipment failures, the 2021 Wildfire Distribution Risk Model has developed
probabilities for conductor failures. As described in Section 4.3, future modeling efforts

27 |n the 2021 WMP, the naming convention used for models reflects the period of time the
model was used to inform and prioritize planning. For example, the 2019-2020 Wildfire
Risk Model was developed in 2018 but was used to inform planning in 2019 and 2020. The
2021 Wildfire Distribution Risk Model was developed in 2020 and is being used to inform
planning in 2021.
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will add failure models for other drivers such as 3rd party contact and for electric grid
equipment such as poles and transformers. The modeling framework established with
this model will accommodate the future addition of such models.

The “Wildfire Consequence” portion of the 2021 Wildfire Distribution Risk Model focuses
on impact measures such as acres, number of structures, and variables describing the
nature of the fire such as flame length and rate of spread. The key improvement for the
2021 Wildfire Distribution Risk Model is tied to the advanced modeling capabilities of the
Technosylva fire simulation tools. In the 2019-2020 Wildfire Risk Model, REAX
Engineering provided simulations that relied heavily on the concentration of fuels to
determine the potential for an ignition to propagate to a wildfire. While informative, the
Technosylva simulation tool improves on this capability by modeling what fire science
refers to as ladder fuels whereby an ignition will propagate from low fuels such as grass
and brush to increasingly denser fuels leading to treetop, as well as updated ground
fuels, buildings and population data layers. The result is a more accurate
representation of the potential consequences of wildfire in the wildland urban interface
and the broader Tier 2 and Tier 3 HFTD areas modeled. Future model versions will
model the entire PG&E distribution system.

Bringing the improvements to the both the Ignition Probability and Wildfire
Consequence portions of the model together, the 2021 Wildfire Distribution Risk Model
now provides an improved measure of wildfire risk. The 2019-2020 Wildfire Risk Model
provided a relativistic measure that was instructive for prioritizing circuits and circuit
segments, but it did not allow for measuring the degree of risk between those segments.
The 2021 Wildfire Distribution Risk Model provides this capability as the risk scores are
absolute scaled units. Furthermore, these wildfire risk scores are calibrated to the
system and tranche risk scores for wildfire risk event as described and modeled in
PG&E’s 2020 RAMP Report. As a result, risk values can now identify how much riskier
a location is compared to another, risk can be more accurately compared across wildfire
and PG&E’s other risk events, and the actual value of risk reduction is now more easily
computed.

Even as the predictive power of the 2021 Wildfire Distribution Risk Model has been
greatly improved as compared to the 2019-2020 Wildfire Risk Model, PG&E is
continuing to develop and refine our risk modeling. The 2021 Wildfire Distribution Risk
Model has several limitations; it does not include transmission facilities, does not have
the ability to compare wildfire risks for additional risk drivers as well as measuring the
risk reduction for specific mitigations, and for equipment probability of ignition only
includes conductors.

In 2021, PG&E intends to develop the 2022 Wildfire Distribution Risk Model which will
include certain upgrades to the 2021 model and will include data on additional electrical
equipment (e.g., poles). In 2021, PG&E is also working to develop a 2022 Wildfire
Transmission Risk Model for our transmission facilities that will be similar to the 2021
Wildfire Distribution Risk Model. Finally, PG&E is also working on a Pilot Probabilistic
Risk Assessment or “PRA.” The PRA is still conceptual, but, if successfully developed,
will integrate all models into a single electric system view of wildfire risk. PG&E is
working to develop a reference model of the PRA in 2021 and potentially, depending on
the effectiveness of the reference model, to use the PRA for planning in 2022.
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(c)

Developing a Risk Framework

To accomplish the improvements from the 2019-2020 Wildfire Risk Model to the 2021
Wildfire Distribution Risk Model, a systematic Risk Modeling Framework was used to
develop the capabilities identified in the CPUC Utility Wildfire Mitigation Maturity Survey
(Maturity Survey). This general framework is shown in Figure PG&E-4.5-1.

FIGURE PG&E-4.5-1: RISK MODELING FRAMEWORK

The specific risk model framework steps that resulted in the development of the 2021
Wildfire Distribution Risk Model include:

Scoping — defining the problem and desired outcomes. Beginning with the
Scoping step, the 2021 Wildfire Distribution Risk Model is tied to the wildfire risk
bowtie and risk scores outlined by PG&E’s Enterprise & Operational Risk
Management (EORM) department in our 2020 RAMP Report. Examples
include the development of risk scores calibrated to the system MAVF scores
and modeling failure modes for the identified wildfire risk drivers. During the
scoping step, key desired capabilities were identified tying to the Maturity
Survey, such as the improved level of granularity, the ability to aggregate risk
scores to different levels such as circuit segments, and the comparability of risk
scores to facilitate the development of risk reduction and RSE values.

Data Intake — key data sets are identified and prepared for modeling. For
the 2021 Wildfire Distribution Risk Model, vegetation data, ignition data, and
asset data were critical data sets that were identified and prepared in this step.
As LIiDAR data was not fully available at this stage, LIDAR informed satellite
vegetation data was obtained by one of our project partners, Salo Sciences.

Risk ID - Failure Modes Effect Analysis (FMEA) and Exploratory Data
Analysis (EDA) are employed to understand and identify the root cause
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and characteristics of the problem. From the identified risk drivers in the
RAMP Wildfire Risk bowtie, vegetation and conductor equipment caused
ignitions were investigated. Using a previously developed FMEA, EDA was
conducted on the identified data sets in the Data Intake step. EDA begins the
process of gaining insight from the data before the modeling begins. This
includes understanding the accuracy of the data, patterns including outliers and
anomalies, as well as interesting relationships between data sets.

Risk Assessment — development of the models and model features. In this
step, the model algorithm is selected and trained on the ignition data to provide
spatial probabilities of ignition. The Wildfire Consequence Model data was also
developed from the Technosylva simulation model. To quantify the predictive
power of the model, precision assessments were developed. These metrics
informed iterative adjustments that were subsequently made to improve
predictive ability. The resulting MAVF risk scores were then calibrated, and
validation exercises were held with the Vegetation Management and
Distribution Asset Strategy teams that would use the models to inform their
2021 workplans. At this point the 2021 Wildfire Distribution Risk Model was
reviewed and approved by the WRGSC which is led by the Chief Risk Officer
and made up a cross-functional officer team.

Risk Management - insights from models are used to develop work plans.
The modeling insights are combined with project factors and variables not
incorporated in the models. For example, species data was not fully
incorporated in to the EVM Risk model. As a result, the Vegetation
Management team applied species data as an overlay to the Vegetation Risk
Model to produce the 2021 EVM workplan. With the Distribution Asset Strategy
team, model data is combined with information on terrain, customers locations,
and customer counts to identify the preferred mitigation alternative. Similar to
the risk models, the resulting workplans are also reviewed and approved, as
part of this step, by the WRGSC.

Risk Mitigation — monitors and reports the drawdown of risk as work is
performed. This is accomplished with the model as well as validating the
model against actual system performance metrics. For example, ignition
probability models are validated against actual annual ignitions to capture
insights into future improvements. As modeling capabilities improve monitoring
the risk drawdown can become a key operational metric.

Modeling Methodology for the 2021 Wildfire Distribution Risk Model

The 2021 Wildfire Distribution Risk Model formulates risk in probabilistic terms in a
manner that is similar to and compatible with the MAVF risk framework established by
the CPUC. The fundamental concept is that the risk associated with an event, such as
a fire ignition, can be expressed as the product of the probability of the event happening
and the consequences if it does happen. The MAVF framework calls these the
likelihood of risk event (LORE) and the CoRE, respectively. In the 2021 Wildfire
Distribution Risk Model, the notation P(ignition) for ignition probability and C(ignition) for
the consequences of an ignition, is used, as shown below:
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Risk = P(ignition) x C(ignition)

Below, PG&E describes in more detail how the 2021 Wildfire Distribution Risk Model
addresses ignition probability and consequence.

Ignition Probabilities — Vegetation Probability of Ignition Model and Equipment
Probability of Ignition Model. To answer the question of where ignition events are
likely to occur, fire season ignition probabilities have been estimated using maximum
entropy models (MaxEnt), which was pioneered in the modeling of ecological ranges of
species. These models are trained on ignition (or outage) locations,

gridded spatial environmental data, and asset attribute data. While the data

can draw from a specific time period, the model itself is dedicated to spatial, not
temporal, patterns. The MaxEnt model provides relative scores or, if properly
calibrated, probabilities for fire-season ignitions per “pixel” of input data. MaxEnt
models take the set of locations of ignitions under study and rasterized (i.e., pixelated)
data on environmental conditions and asset attributes as explanatory covariates for all
locations with grid infrastructure as inputs and output rasterized maps of ignition
probabilities.

For the 2021 Wildfire Distribution Risk Model, the objective is to identify which
environmental conditions and asset attributes (collectively called the model covariates)
are more common among ignition locations than they are among all distribution grid
locations. For example, tall trees are more common among vegetation caused ignition
locations than they are among typical distribution grid locations. Metrics of vegetation
dryness, HFTD tier assignments, conductor materials and size, and others, can all be
checked for such patterns. The ratio of covariate value prevalence at ignition locations
to their prevalence across all grid locations is called the relative occurrence rate.
MaxEnt provides a way of estimating the relative occurrence rate given a fairly modest
number of ignition locations. The way it does this is to fit a statistical distribution of
covariate values for ignition locations that is consistent with the values at known ignition
locations, but otherwise as similar as possible to the distribution of values found
everywhere else along the distribution grid. The similarity criteria are enforced using a
metric called the relative information entropy between the ignition locations and the
distribution grid locations, where the larger that metric is, the more similar the two
distributions are. For this reason, the overall approach is referred to as a maximum
entropy or MaxEnt estimation of the relative occurrence rate. When multiplied by the
fraction of all grid locations that experience ignitions annually, the relative occurrence
rate is normalized into an estimate of the annual probability an ignition will occur for all
values of the covariates. This can be used to forecast annual ignition probabilities
based on the covariate values found at each distribution grid location.

MaxEnt models have been successfully applied in ecology to the problem of estimating
a species’ range (i.e., the physical extent of its suitable habitat), given a set of locations
where members of that species have been observed and the corresponding
environmental conditions at those locations and all candidate locations for the range. In
that context, the model assigns a score to every location that captures how similar the
conditions at that location are to the locations where the species was observed. There
is a correspondence between MaxEnt applied to species observations and ranges and
ignition locations and at-risk locations—Ilooking for the “range” of grid-caused wildfires—
the environmental conditions and asset attributes associated with elevated wildfire
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probabilities. PG&E has applied MaxEnt methods to event occurrences and their
proximate asset and environmental conditions contrasted with the background
conditions everywhere else along the distribution grid to identify the locations most likely
to experience similar events in the future.

PG&E developed two models regarding the probability of ignition related to specific risk
drivers—the Vegetation Probability of Risk Model (Model #3 in Table PG&E-4.5-1
above) and the Equipment Probability of Ignition Model (Model #4 in Table PG&E-4.5-1
above). These models are further described in Section 4.3.

Ignition Consequences — Wildfire Consequence Model. PG&E uses MAVF to
calculate the consequence of an event. The consequence attributes and their
respective weights are:

1. Safety (50%)
2. Financial (25%)
3. Electric Reliability (20%)

Each outcome in the Wildfire Consequence Model (Model #5 in Table PG&E-4.5-1
above) is assigned a score for these three categories which is then aggregated to
calculate the consequence score. The consequence values assigned to each simulated
fire comes from these existing MAVF consequence scores. MAVF divides wildfire risk
events into severity categories, modeling each category as a separate set of inputs
(think tabulations/counts of historical ignitions that fit into each severity category) and
consequence outcomes.

Historically, risk assessments using MAVF scoring have been performed at the
enterprise-level without spatially explicit data or models. In other words, the risks are
computed in terms of the expected count and severity of “risk events” but not at their
specific locations. The purpose of the 2021 Wildfire Distribution Risk Model is to model
the spatial variation in risk so that wildfire mitigation efforts can prioritize higher risk
assets and locations for mitigation. This approach required new spatially explicit

MAVF CoRE consequence metrics that are consistent with the enterprise-wide risk
numbers. The development of spatial MAVF CoRE consequence metrics required
mapping the characteristics of every “grid pixel” in the HFTD areas to the categories
used to assign ignitions to tranches of consequence already in use in the MAVF
framework. These categories include HFTD areas, red flag warning conditions, and fire
severity. Technosylva fire simulations under extreme fire weather conditions were used
to estimate the likelihood of ignitions growing into fires of Small, Large, Destructive, or
Catastrophic extent. These characteristics were then used to lookup existing MAVF
CoRE values for corresponding tranches and used to compute probability weighted
averages of the consequence values for every grid location in the HFTDs areas.

(e) Additional Models Used for Wildfire Risk

In addition to the models described above, there are two additional models that PG&E
developed to address wildfire risk. These are submodels that include components of
the 2021 Wildfire Distribution Risk Model.

e Vegetation Risk Model. All vegetation-caused CPUC reportable fire season
ignitions from 2015 to 2018 within the HFTD areas were used to model the risk
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addressed by the EVM program. PG&E did not use 2019 ignition data initially
because this data is being used to test and validate the predictive power of the
model. A MaxEnt model was used to estimate spatial ignition probabilities
based on those ignitions. This work was informed by data on vegetation,
weather and other environmental conditions. The ignition probabilities were
combined with the MAVF CoRE values from the spatial ignition consequence
data set to produce 100m x 100m grid-pixel-level risk scores. The pixelated
risks were aggregated within each circuit segment (also called Circuit Protection
Zone or CPZ) in the HFTD areas to produce the risk summaries provided as
inputs used to inform EVM planning and prioritization. The Vegetation Risk
Model is Model #6 in Table PG&E-4.5-1 above.

e Conductor Risk Model. All conductor-involved CPUC reportable fire season
ignitions from 2015 to 2018 (2019 was held back for testing predictive power)
within the HFTDs were used to model the risk addressed by the System

Hardening program.28 A MaxEnt model was used to estimate spatial ignition
probabilities based on those ignitions. The ignition probabilities were combined
with the MAVF CoRE values from the spatial ignition consequence data set to
produce 100m x 100m grid-pixel-level risk scores. This work was informed by
data on conductor materials and size, proximity to the coast, and the location of
splices. Prior work within PG&E informed our interest in these data fields. The
pixelated risks were aggregated within each circuit segment in the HFTD areas
to produce the risk summaries provided as inputs used to inform system
hardening planning and prioritization. The Conductor Risk Model is Model #7 in
Table PG&E-4.5-1 above.

(f) Transmission Operability Assessment Model

While the 2021 Wildfire Distribution Risk Model is focused on PG&E’s electric
distribution system, the Transmission Operability Assessment Model or OA Model
works to mitigate the risk of wind-induced failures of transmission equipment that may
result in an unintentional ignition. The OA Model is primarily used for PSPS events, but
is also a factor incorporated into operational, maintenance, and investment decisions for
the transmission system.

In 2019, PG&E developed the OA Model to assess the physical condition of overhead
electrical transmission line assets. The OA Model provides for a data-driven, risk-based
framework to inform both asset management and operability assessment decisions by
incorporating elements of probabilistic-based engineering analyses commonly used in
other risk-driven industries such as nuclear power generation. The OA Model computes
an asset-based fragility (probability of failure due to wind gust speed) by quantitatively
assessing the condition (or health) of transmission structures and components and
accounting for known degradation mechanisms. This fragility, in turn, contributes to the
quantification of risk due to environmental conditions associated with PSPS. When
used in conjunction with Transmission Asset Management, the OA Model also provides

28 Note that vegetation-caused conductor-involved ignitions were also modeled by the
Vegetation Risk Model.
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probabilistic-driven insight into the operation, maintenance, and investment strategy of
transmission infrastructure.

PG&E is engaged with two ongoing modeling efforts regarding the data-driven, risk-
informed decision making for management of PG&E’s transmission system:

(1) Operation of the OA Model, which includes maintenance of existing data
supplies to ensure daily relevance of the Model’s outputs, and

(2) Use of Bayesian Updating (a data-driven, probability-based methodology) for in-
flight improvement of wind-based asset strength estimation.

Both of these modeling efforts are described briefly below.

Operation of the OA Model: The key to understanding the OA Model is the concept of
fragility. In short, fragility refers to the increasing probability of failure for increasing
applied load. In the context of the OA Model, fragility is the conditional probability that
an asset (tower, pole, conductor, anchor, etc.) will fail at a given wind speed. While
wind speed is the intensity measure used to define fragility, the OA Model considers
many damage mechanisms such as corrosion, fatigue, wear and decay that can lower
the capacity of the asset to resist wind loads.

The OA Model is based on assigning a fragility curve to each asset to reflect its current
health relative to a newly designed and constructed, but otherwise identical, asset. This
is done by first presuming a fragility associated with a new, healthy asset, and then
adjusting both the strength and uncertainty to reflect the observed condition, age,
environment, and historical performance of the circuit in whole. Specifically, the median
strength is adjusted based on asset inspection results, test and treat inspection findings
(for wood poles only), and structural engineering analysis of the towers/poles,
insulators, guys, foundations, anchors and conductors. The uncertainty is adjusted
based on the asset age versus a notional design life, the aggressiveness of the asset
environment with respect to corrosion and windiness, and the past performance of the
circuit.

Fragility can be used to predict the risk that an asset (or set of assets) will underperform
at a forecast wind speed. Alternately, if a risk tolerance is defined, the corresponding
wind speed at which that tolerance is exceeded can be determined directly from the
fragility as described earlier. The risk tolerance is an input to the OA Model, and is a
function of many concerns outside the scope of the OA Model.

Bayesian Updating: Bayesian Updating is a methodology by which the wind-based
asset strength estimation provided by the OA Model is continuously improved as
additional outage data is received. In this manner, the OA Model works to maintain up-
to-date relevancy by incorporating new data in the form of newly-reported failures and
survivals of transmission assets subjected to windy conditions. Ongoing efforts to
improve on the Bayesian Updating methodology have included:

e \Vetting of historical outage data to identify, where missing, the cause category
and location;
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e Identifying the expected wind speed at the date, time, and location of the
historical outage;

e Examining post-PSPS patrol data to identify transmission-specific damage, if
any, that may have resulted in an outage if the transmission line were
energized; and

e Working to establish a unified dataset from which all historical outage data can
be referenced.

PG&E has learned a number of key lessons from nearly two years of operating the OA
Model, including:

e Identifying and mitigating missing data: This most notably has occurred with
the operation of Bayesian Updating. When outage data was missing or sparse
(for example, location data was missing), it led to earlier indications that the
outputs from Bayesian Updating may be disproportionately penalizing
transmission assets due to limited data. Transmission OA subsequently
engaged in an extensive effort to research, vet, and document historical outage
data to improve the quality of this dataset for Bayesian Updating usage.

e Data visualization: As more data continues to be available, the computational
demands on the OA Model have stressed earlier tools. To this end, the
Transmission OA team built out and validated data processing, analysis, and
visualization tools to provide a robust, reliable, and repeatable framework for
operating, visualizing, and distributing OA Model data.

These lessons have been incorporated into the OA Model enhancements that are either
in progress or under investigation, as described in the following paragraphs.

Enhancements to the OA Model that are in progress include:

e Incorporation of quantitative outputs for Tier 2 and Tier 3 HFTD transmission
assets into the fragility calculations; and

e Integration of a refined corrosion data that incorporates additional variables
(such as an asset’s distance from a known pollution source) in the corrosion
score computation.

PG&E is also looking into the following enhancements for the OA Model that include:
e Integrating the probability of a flashover into the existing OA Model framework;
e Conductor-specific refinements to the fragility computations of this asset class;
e Aggregation and incorporation of wood pole test and treat data; and
e Incorporation of component test data collected by PG&E as part of a larger

testing program that PG&E with which PG&E has engaged to better define
fragility curves for specific components.
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(g) Validation and Frequency of Updates

As part of the Risk Assessment step in the Risk Modeling Framework, models are
reviewed and validated. Validation is conducted on a number of Quality Assurance
(QA) and Quality Control (QC) levels. Two QA methods are employed for validation.
First, following good data science and software development practice, data scientists
conduct code reviews on each other’s work. Second, model runs include test
automation code that checks model outputs to catch erroneous values. A number of
QC steps are also employed both internal and external to PG&E. Within PG&E, the
EORM team reviews the modeling methodology and results to provide feedback and
signal its acceptance of the models for use in measuring risk. Next, PG&E groups that
use the risk models to develop mitigation work plans test the model with their subject
matter expertise. The PG&E Internal Audit group also has conducted in depth reviews
of model methods, results and the application in developing mitigation workplans.
Finally, PG&E uses outside expertise to review and validate model methods, code and
model results. PG&E is currently contracted Energy and Environmental Economics,
Inc. to perform a review and validation of the modeling methodology, code, model
results and application to be completed in the spring 2021.

For transmission, the OA Model methodology is derived from the performance-based
engineering framework supported by the Pacific Earthquake Engineering Research
(PEER) program, which is a consortium of research and industry experts who have
extensively published peer-reviewed technical papers related to this topic. PG&E
subject matter experts reviewed the OA Model methodology in numerous meetings and
workshops, where the nature, purpose, and preliminary outcomes of the model were
discussed. An independent, external review was also performed by experts in
probabilistic engineering analysis with the B. John Garrick Institute for Risk Sciences at
UCLA.

Best practices from data science and software development were employed to integrate
the OA Model methodology into Python and Power Bl. These best practices included
code peer review, automated scripts that compare the model outputs from

two independent systems, and automated unit tests of the code for repeatable
validation.

Updates and enhancements to the OA Model go through the same review and
validation processes, with the additional step of PG&E’s Transmission consultant
preparing a delta study that identifies the impact of these updates or enhancements on
the model outputs. OA Model documentation, including the technical basis of the
methodology, is maintained by the Transmission OA team.

As we explained above in Section 4.5.1(b), planning models support annual workplans
and are based on either worst case conditions such as weather and fuels or cumulative
probabilities of failure or ignition. An example of a planning model is the 2021 Wildfire
Distribution Risk Model. Operational models, such as those used for PSPS events
utilize real-time weather, fuels data, and asset conditions as reflected by maintenance
tags or recently completed asset hardening. An example of operational models are the
Large Fire Probability Model (Distribution) and the Large Fire Probability Model
(Transmission).
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Given the respective application and use of planning and operational models, planning
models are updated on an annual cadence while operational models are updated as
frequently as weekly during fire season. While operational models benefit from the
latest meteorology and asset data to inform event based decisions (e.g., PSPS),
investment and planning models require less frequent updates. Planning models are
used for annual planning decisions. However, as risk mitigations are completed through
the year, planning models can be updated to measure the resulting risk reduction. The
frequency of updates in planning models to reflect the completion of risk mitigations will
occur on a quarterly basis beginning in 2021.

(h) Modeling for PSPS Events

The operational modeling used by PG&E to determine whether to initiate a PSPS event
includes the Large Probability Fire Model (Distribution) and (Transmission), that
includes the Utility FPI and OPW Models, as well as the OA Model described above in
Section 4.5.1(f). The Large Probability Fire Model (Distribution) and (Transmission),
Utility FPI, and OPW Models are also discussed in Sections 4.2.A.

PG&E has also modeled PSPS consequences to customers at a program level in terms
of MAVF as discussed in Section 4.1(e); and is currently developing a more granular,
circuit level model, to assess the impacts of PSPS denenergizations. PG&E currently
plans to complete this analysis in collaboration with the WSD and the other California
utilities by September 30, 2021.

(i) Response to RCP Actions
ACTION PGE-1 (Class A)
In its 2021 WMP update, PG&E shall elaborate on its risk modeling plans to explain:

a. how it plans to use risk modeling to evaluate benefits for each individual
initiative in its WMP;

b. PG&E shall also detail current capabilities, future capabilities, and how it
intends to use future capabilities; and

c. the frequency of model updates.

Response:

a. In Section 4.5.1(b) above, PG&E describes how the models that it has
developed, including the 2021 Wildfire Distribution Risk Model, are used for
distribution planning purposes generally. This information will assist in PG&E’s
general planning for initiatives. In Section 4.5.1(e), PG&E describes specifically
how the Vegetation Risk Model and Conductor Risk Model inform our EVM and
system hardening initiatives. In Section 4.5.1(f), PG&E describes how the
Transmission OA Model helps inform transmission planning. With regards to
other initiatives, in Section 4.5.1(b), PG&E describes our plans to develop
additional modeling capabilities in 2021. These additional capabilities will help
evaluate the benefits of additional WMP initiatives. Finally, PG&E addresses
incorporating each initiative into our risk modeling in our response to Action
PGE-6 (Class A) in Section 4.2 above.
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b. The current and future capabilities of PG&E’s models are described in
Sections 4.5.1(b)-(g) above. Section 4.5.1(h) references other sections in the
2021 WMP that specifically describe the capabilities and future capabilities of
models used for PSPS events.

c. The frequency of model updates is described in Section 4.5.1(g).

ACTION PGE-2 (Class A)
In its 2021 WMP update, regarding its vegetation probability model, PG&E shall:

1) include fall-ins and other vegetation-related instances within its
probabilistic outputs,

2) describe how non-vegetation related outputs are excluded, and

3) describe the frequency and manner in which updates are performed.

Response:

1) and 2) For the Vegetation Probability of Ignition Model, only ignition events are
predicted or produced as a probabilistic output. PG&E assumes that the term “output”
in this Action Item refers to the ignition events used to train the model. In

Section 4.3(c), PG&E outlines that all vegetation related ignition events were used to
train the model. Ignition events without the mention of vegetation in the cause code
were not included in the training set.

3) As a planning model used for the development of annual workplans, this model is
updated annually. This update trains the model with an expanded set of event data that
includes the addition of the latest year. As additional data sets are identified and made
available and algorithm improvements are identified, they are also included in the
annual update.

ACTION PGE-7 (Class A)

In its 2021 WMP update, PG&E shall specify intended benchmarks for

risk modeling and provide clearer detail on who has peer validated the models and how
the review has been incorporated, including, but not limited to, (a) qualifications and job
titles of the “peers” who provided feedback in the Utility Analytics Institute Conference,
(b) the input and validation provided by such peers, and (c) a description of how PG&E
plans to or has incorporated such external peer review into its modeling efforts.

Response:

In Section 4.5.1(g), PG&E provides details on the QA and QC validation steps that are
part of our risk model development. While PG&E did present the 2021 Wildfire
Distribution Risk Model at the November 2020 Utility Analytics Institute Conference, due
to the pandemic, the conference was remote and the presentations were pre-recorded.
As such, no significant feedback was received and PG&E did not consider this
presentation as part of the model validation process. As mentioned in Section 4.5.1(g),
PG&E is contracting with Energy and Environmental Economics, Inc. to perform a
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review and validation of the modeling methodology, code, model results and application
to be completed in the Spring of 2021.

ACTION PGE-17 (Class A)

In its 2021 WMP update, PG&E shall discuss whether it intends to update its asset risk
model daily outside of a PSPS event, giving reasons. PG&E shall also discuss when it
intends to implement more frequent than annual updates for distribution asset risk
models and the frequency of such updates.

Response: As we explained above in Section 4.5.1(b), planning models support annual
workplans and are based on either worst case conditions such as weather and fuels or
cumulative probabilities of failure or ignition based on historical analysis and asset
attributes. An example of a planning model is the 2021 Wildfire Distribution Risk Model.
On the other hand, operational models, such as those used for PSPS events utilize real-
time weather, fuels data, and asset conditions as reflected by maintenance tags or
recently completed asset hardening. Examples of operational models are the Large
Fire Probability Model (Distribution) and the Large Fire Probability Model
(Transmission).

Given the respective application and use of planning and operational models, planning
models are updated on an annual cadence while operational models are updated as
frequently as weekly during fire season. While operational models benefit from the
latest meteorology and asset data to inform event based decisions (e.g., PSPS),
investment and planning models require less frequent updates. Planning models are
used for annual planning decisions. However, as risk mitigations are completed through
the year, planning models can be updated to measure the resulting risk reduction. The
frequency of updates in planning models to reflect the completion of risk mitigation work
will occur on a quarterly basis beginning in 2021.

ACTION PGE-18 (Class A)

In its 2021 WMP update, PG&E shall: (1) discuss why it does not plan on using a
similar methodology for its distribution asset risk model as compared to its transmission
risk model, and (2) exp