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Abstract

Historical heavy precipitation events were defined for three different climatic regimes in California, including the
south coast drainage basin, the north coast basin and the Sacramento basin. Synoptic patterns were associated with
these events using gridded NMC analyses. The purpose of this study was to identify the primary large-scale features
associated with heavy precipitation in the various climatic regimes of California and to document the synoptic
climatology of these events.

For simplification, heavy precipitation events were defined for three classifications. The first classification was
defined by at least 3 stations receiving > 3.00 inches of liquid equivalent precipitation in one day. The second class
was defined by at least 3 stations receiving > 6.00 inches in two consecutive days and the third class was the same as
class 2, but with the added stipulation that at least one station received > 10.0 inches in two consecutive days.

Various synoptic patterns were identified and composited with each of these cases. There was a great deal
of similarity between pattern types in the North Coast basin and the Sacramento basin. Some of the main features
which appeared to contribute to heavy rain included strong westerly flow across the Pacific Ocean into California or a
large scale upper level trough or closed low off the Pacific Northwest/British Columbia coast into the Gulf of Alaska
with southwesterly flow into California. Sometimes there was a blocking upper level high over the Pacific in the
vicinity of Alaska and sometimes the upper jet was displaced equatorward, especially in the South Coast cases. A sea
level low pressure area was generally present along the west coast of North America in the vicinity of the Pacific
Northwest or British Columbia, with varying pressure gradient strength across California. The Sacramento basin had
the most frequent occurrence of heavy rain as defined for this project, while the South Coast had the least frequent.
The Sacramento basin had more cases that were difficult to classify than the other basins and also had some cases
with weaker synoptic features that were evidently still able to produce heavy precipitation. Heavier precipitation
events, defined as the second class, were associated with stronger synoptic features, such as lower heights, a stronger
upper jet and deeper sea level pressure lows and a few events appeared to be mainly attributable to more tropical
moisture. The stronger synoptic features usually provided stronger orographic ascent and sometimes allowed a tap
into subtropical moisture. There were also some events where an injection of cold continental air into the upper
trough appeared to compensate for less moisture.



Literature Review

Weaver (1962) categorized storms in California by synoptic pattern
-storm classification focused on longitude of blocking high
-identified three types

+ low-latitude type

+ high-latitude type

+ mid-latitude type

Ferber et al (1993) characterized snowstorms over the Pugent Sound Lowlands
using composites of basic meteorological fields such as 500 mb geopotential
heights

Mitchell and Blier (1997)

-correlated California wintertime monthly mean precipitation variability and
regional 500 mb height and sea level pressure anomalies

-reconstructed 500 mb height and sea level pressure fields that were
representative of the extreme wet and dry California winter months

-however, examination of individual extreme wet and dry months showed
several flow patterns were capable to producing anomalously large monthly
precipitation totals in California



Methodology

Precipitation data examined to identify
heavy rain events within each climatic zone



Climatic Divisions

Select a division from the map

Hestearn Regional Climoate Cepter

uuuuuuuuuuu




Arbitrary values selected as criteria for identifying heavy precipitation
for three classes of events

Classification I required at least 3 stations in the selected basin to have
received >3.0 inches of liquid equivalent precipitation in one day

Classification II required at least 3 stations in the selected basin to
have received >6.0 inches of liquid equivalent precipitation in two
consecutive days

Classification III defined the same as class II with the added stipulation
that at least one station received >10.0 inches in two consecutive days

No attempt to account for basin geometry or antecedent soil
conditions, both of which can affect impact of a given amount of
precipitation



Precipitation data generally available from the 1940s to 1997

NCEP gridded analyses available from 1949 to 1994

Generally looked at 500 mb geopotential heights and sea level pressure
since these were widely available

Initial time assigned to each event was 1200 UTC of the day the
criteria were met for classification I and 1200 UTC of the first of the

two consecutive days where the criteria were met in classifications II
and III

Initial time used to tie each event to the associated 500 mb and sea
level pressure fields

Fields were composited using a program called DeCep (LeBlang 2001)



Frequency ranged from about 2 events/year in the South Coast to 5
events/year for the Sacramento Basin

Nearly all events occurred in the cool season Oct-Apr with the highest
frequency in Jan



Some of the main features seen in the following slides include one or
more of the following:

Moderate to strong westerly flow across the Pacific Ocean into
California

Moderate to strong westerly flow across the Pacific under a blocking
high in the vicinity of Alaska

A large scale upper level trough or closed low off the Pacific
Northwest/British Columbia coast into the Gulf of Alaska with
southwesterly flow into California

An equatorward displacement of the upper jet, especially in the South
Coast cases

A sea level low pressure area was generally present along the west
coast of North America in the vicinity of the Pacific Northwest or
British Columbia, with varying pressure gradient strength across
California



South Coast Distribution

Southern California Coast (Cases with 3+ stations >3.0 in/24h)
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North Coast Distribution

North Coast distribution for cases with precip > 3inches/24hrs
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Sacramento Distribution

Sacramento distribution for cases with precip > 3inches/24hrs
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South Coast category | type 1 composite — 500 mb heights
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South Coast category | type 1 composite — sea level pressure
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South Coast category | type 2 composite — 500 mb heights
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South Coast category | type 2 composite — sea level pressure
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South Coast category | type 3 composite — 500 mb heights
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South Coast category | type 3 composite — sea level pressure
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South Coast category | type 4 composite — 500 mb heights
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South Coast category | type 4 composite — sea level pressure
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North Coast
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North Coast category | type 1 composite — 500 mb heights
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North Coast category | type 1 composite — sea level pressure
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North Coast category | type 2 composite — 500 mb heights




North Coast category | type 2 composite — sea level pressure
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North Coast category | type 3 composite — 500 mb heights




North Coast category | type 3 composite — sea level pressure
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North Coast category | type 4 composite — 500 mb heights




North Coast category | type 4 composite — sea level pressure
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North Coast category | type 5 composite — 500 mb heights




North Coast category | type 5 composite — sea level pressure
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Sacramento Basin
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Sacramento category | type 1 composite — 500 mb heights
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Sacramento category | type 1 composite — sea level pressure
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Sacramento category | type 2 composite — 500 mb heights
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Sacramento category | type 2 composite — sea level pressure
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Sacramento category | type 3 composite — 500 mb heights




Sacramento category | type 3 composite — sea level pressure
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Sacramento category | type 4 composite — 500 mb heights
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Sacramento category | type 4 composite — sea level pressure
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Sacramento category | type 5 composite — 500 mb heights




Sacramento category | type 5 composite — sea level pressure
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Sacramento category | type 6 composite — 500 mb heights
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Sacramento category | type 6 composite — sea level pressure
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Highlights

Most events were associated with one or more of
the following synoptic characteristics:

Q An upper trough or low near the coast of BC or
the Pacific Northwest

a Moderate to strong low amplitude westerly flow

across the Pacific, often undercutting a blocking
high



a The Sacramento Basin produced more cases than the other
two basins, with many cases depicting ill-defined or weak
synoptic patterns

O Many of the extreme events (classification III) that were
accompanied by significant flooding were associated with
strong low latitude westerly flow undercutting a blocking
high in the Pacific

Q These events are frequently related to the Madden-Julien
Oscillation and often referred to as the “Pineapple
Express” - Weaver referred to these events as the “low
latitude type”



a A 4-wave hemispheric pattern was associated with many
events, mainly in Northern California

Q Precipitation in some events appeared to be enhanced by
an injection of cold continental air into the trough
(implying increased baroclinicity and a reduction in static
stability)

Q Heavier events were usually associated with deeper
systems, which tended to tap subtropical moisture and
increase orographics- This is illustrated through
composites of categories I and II for events with westerly
flow and events with troughing for the Sacramento cases



Category | composite for westerly flow cases (Sacramento) — 700 mb
heights
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Category |l composite for westerly flow cases (Sacramento) — 700 mb
heights
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Notice the following characteristics evident from the 700
mb heights in the category Il westerly flow cases:

the heights are displaced southward implying moisture
advection from the subtropics
a tighter gradient is indicated through California, implying

stronger orographics

there 1s a stronger block near the Western Aleutians, with

a colder trajectory flowing into the Gulf of Alaska — this
implies stronger baroclinicity along the Pacific Coast



Category | composite for troughing cases (Sacramento) — 700 mb heights
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Category | | composite for troughing cases (Sacramento) — 700 mb heights
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From the 700 mb heights in the category I and II troughing
cases:

e There is a colder trajectory into the western side of the
trough in the category Il cases implying stronger
baroclinicity near California

® The upper low is deeper 1n the category II cases across
Western B.C. and the gradient is tighter across California,
implying stronger orographics



South Coast
1-1 500 mb
1-2 500 mb
1-3 500 mb
1-4 500 mb

North Coast
1-1 500 mb
1-2 500 mb
1-3 500 mb
94 500 mb
1-4 500 mb
1-5 500 mb

1-1 SLP
1-2 SLP
1-3 SLP
1-4 SLP

1-1 SLP
1-2 SLP
1-3 SLP
94 SLP
1-4 SLP
1-5 SLP

Sacramento

1-1 500 mb

86 500 mb

1-2 500 mb

1-3 500 mb

1-4 500 mb

1-5 500 mb

1-6 500 mb

1-1 SLP
86 SLP
1-2 SLP
1-3 SLP
1-4 SLP
1-5 SLP
1-6 SLP




Questions You Are Likely to Have:

You haven’t shown much in the way of

your type II cases. Can you show an
example of type I vs type 117



South Coast Type | vs |

500 mb heights
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South Coast Type | vs |

Sea Level Pressure
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What about type 1117



North Coast Type | vs Type Il
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North Coast Type | vs Type Il
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Doesn’t a composite field smooth out all of
the interesting features?



North Coast Type 3 Example
17 February 1994 — 500 mb Heights
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North Coast Type 3 Example
17 February 1994 - SLP
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Here’s another example of a
composited type compared to
an individual case:



Loop Comparison —

Sacramento Type | vs 16
February 1986
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