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Roadway flooding at “King” tides Dec 2012
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SF Bay Area AQPI System

Decision Support Tools - Integrate & 
disseminate observations & forecast 
information to…
o Emergency response & flood managers
o Water and wastewater managers
o Fire smoke detection capabilities (new)

For DPW - The next generation flooding 
models will use real time radar linked to 
hydraulic models…but until then…

X-band Radar

C-band Radar

Surface Met
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The New Marin DPW Flash Flood 
Forecast Model (beta)

Need a reliable practical flood 
forecast tool to support efficient 
operation of flood responses
Marin’s steep smaller 
watersheds, microclimate, 
geology – drive flash flooding
beta Solution – Uses statistical 
analysis of past events to 
predict flooding

Atmospheric River Impacting Bay Area



Marin County, CA

Steep hills grading 
to river valleys and 
old marsh

Geologically active 
– high sediment 
loads

Vulnerable to SLR

Open to Pacific 
Ocean and Bay



Marin County Rainfall



Rainfall MAP – Marin





Historic Flooding

Highway 37 2017



Department Emergency Operations Center

Civic Center EOC

Expensive to 
open and staff 
24/7

Overtime pay

Limited staff = 
quick burnout 
maybe 3 to 5 
days realistically



One solution…borrow a trigger from another County



But didn’t really work for Marin
The CCC 7-5-3-2 (-1” for us)
oToo conservative and doesn’t account for 
Marin rainfall variability
oBased on analysis of two or maybe events 
(so not statistically valid?)



Marin Storm Events – Spiky
Very early draft results for Novato…
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So a 360 minute average forecast depths from NWS – maybe not all the useful? 



Step 1- The Event Analyzer
Developed an event analyzer that works in DSS to divide 
into user specified “events” 

User specifies the…
◦ interevent time
◦ minimum threshold values for storm depth and 

duration
◦ antecedent days 
◦ event rainfall durations (10 min to 360 minutes typ)

Most work was cleaning up the data
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Complete Output for Each “Event” 
1. Event total rainfall
2. Antecedent rainfalls (6 user specified days)
3. Average and maximum depths for user specified 

durations (usually 10 to 360 minutes)
4. Calc’ed Parameter – (Max/Avg) for each user 

specified duration - peakiness
5. Tide at peak and at gauge 
6. Wind speed and direction 
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Partial output table (25 year) - 290 events

Sample Novato watershed event table – 48 hour IE



Partial output table (25 year record)

Sample Novato watershed event table – 48 hour IE (page 2)

Average depths --->



Now goes into the Statistical Analyzer 

User provides the event table in Excel

Plus whatever NWS forecast depth(s) for whatever 
intervals match the event table 

Best statistical match (so far) was MLR on event table to 
predict flood peaks
Used tried NLR and machine learning – did worse but 
want to revisit all stats
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Statistical Analyzer Input Table

NY 2006 storm event 

NY2006 Event Inputs 

7 known 
antecedent 

Up to 14 
NWS 
forecast 
values



    

R^2 = 0.75



Statistical Analyzer Input Table – NY2006 

NY 2006 storm event 

NY2006 Event Inputs (not spiky)



24



Test Case Result

NY 2006 Storm Event – predicted 
stage = 31.9 ft (CI - 30.9 – 33) actual is 
30.86 ft NAVD88
R2 values range from 0.6 to 0.88 – not 
bad for hydrology
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Need Custom NWS Forecast
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Standard NWS forecast is 6 hour (360 minutes avg? depths)



Useful for other analysis

Is there a CC signal in higher intensity events 
that drive a lot of Marin flooding? 
Allows us to develop future design storms –
design life in flooded streets world
More accurate coincident analysis of storm and 
tide events
Help verify connected future H&H models with 
radar
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Next Steps

First draft done last Nov – then it didn’t rain all 
year so gathered dust
Unable to test last year – maybe this year? 
Need to make many improvements to interface 
and model to be done w/ time and money
Hire a statistician evaluate methods and results
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