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INTRODUCTION

In California, the greatest daily rainfalls occurring during the winter months have come from the
same weather patten. The term used to refer to this weather pattern is "TEREC" (pronounced
ter'ek) standing for "Truly Extraordinary Rainfall Event in California."

TEREC is a weather pattemn which has been identified as bringing heavy rainfall to California.
Greater awareness of and further development of this knowledge can provide advance
waming of these events to operators of flood control dams and reservoirs, to office of
emergency services, to disaster relief organizations, and to the citizens of California.

The purpose of this paper is (1) to explain the basic stages of the TEREC weather pattern, (2)
to show how using the pattern can help predict heavy rainfall, and (3) to ldentlfy areas where
additional study and research is needed.

PREDICTING WEATHER

The ability to predict weather events has improved since the 1960's. The first weather satellite
was launched on April 1, 1960, and was known as TIROS (Television and Infrared Observation
Satellite). In 1966 the United States launched its first geostationary satellite called GOES
(Geostationary Operational Environmental Satellite).! Weather forecasting has become more
accurate as satellites and computer technology have increased the amount of data available
and increased the ability to process the mountains of data quickly.

"In its forecasts for all types of weather, the National Weather Service in 1980
had achieved an accuracy of 85 per cent for periods of up to 48 hours; beyond
that, the chances diminished rapidly."?

Awareness of weather patterns which are characteristic of specific geographic areas, like
California, can increase our ability to predict or anticipate major weather events which cause
floods. Efforts have been made over the years to identify these weather pattems.

NAMING WEATHER PATTERNS

Over the years weather patterns impacting California have been studied. At least three earlier
studies identified what we term the TEREC weather pattern. Each study identified the same
pattern, but assigned a different name. Don Baker created the term TEREC because it
identified the general weather pattern impacting all of California and it describes the
importance of the pattern.

In August 1949, Robert D. Elliott (American Institute of Aerological Research) published a
series of articles on forecasting the weather entitied "The Weather Types of North America" in

1 A.B.C. Whipple and Editors of Time-Life Books, Planet Earth; Storm, (Time-Life Books, Alexandria, VA, 1982),
. 158-159.
Ibid., p. 155.
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Weatherwise. In the fourth of the series, Elliott identified weather Type Em which produces
especially heavy rainfall in California. Figure 1 is the map developed by Eliiott which shows
the surface level weather features for the Type Em weather type.3
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Figure 1

In June 1959, Robert L. Weaver (U.S. Weather Bureau, San Francisco) presented his study of
major California storms of this century classified by the position of blocking pattemns. He
identified storm types associated with high intensity rainfall and durations of over one day
covering extensive geographic areas of 200 or more miles. Weaver identified and classified
three variations, of what we now term the TEREC weather pattern, using the position of the
blocking high pressure over the Gulf of Alaska. He described his three storm types as Type A,
Type B, and Type C.4

The last study was performed by M.C. Williams, D.A. Griffith, and G.L. Smith (Fresno State
College) in May 1970. This study was part of an overall weather modification research
program sponsored by the U.S. Department of Interior, Bureau of Reclamation. The study
were designed to develop a catalogue of the types of winter-time storms from 1949 through
1969 affecting the central portion of California. Using upper air pressure charts, surface

3 Robert D. Elliott, "The Weather Types of North America - 4," Weatherwise, August 1949, p. 87.
4 Robert L. Weaver, "Types and Synoptic Characteristics of Major California Storms," presented at 177th National
Meeting of the American Meteorological Society at San Diego, California, June 18, 1959.
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weather charts, and daily precipitation records, eleven weather types were classified including
storm Type J, which is the TEREC pattern.s

THE TEREC WEATHER PATTERN

Four major flooding events have been studied: December 1955, December 1964, January
1969, and February 1986. Weather maps and rainfall totals support the conclusion each event
was caused by a similar weather pattem.

The weather pattern for each TEREC event is basically the same as seen in Figure 2 through
Figure 5. Except for minor differences, the pattemn has blocking high pressure located over
Alaska with the jet stream breaking beneath the high pressure bringing tropical moisture into
California from around Hawaii, and a cold low pressure stretching from Canada southwestward
between the high pressure and the southerly jet stream.

Figures 2 through 5 represent the National Weather Service's 500 millibar (MB) charts
corresponding with the beginning of the heaviest rainfall of each TEREC. The four TEREC
events are:

December 18 - 24, 1955
December 19 - 24, 1964
January 18- 26, 1969
February 12 - 20, 1986

The 500 mb (millibar) charts® are maps showing where the jet stream? is located. The 564 mb
line is very special. As most West Coast meteorologists know, this line is where the heaviest
precipitation occurs during winter storms. The 564 mb line in the January 1969 TEREC went
through Southem California, whereas in other TEREC's the line went through different parts of
Northern California.

The key similarities of these four storm events are (1) the blocking high pressure over Alaska,
(2) the spilit jet stream flowing south below the high pressure toward Califomnia, and (3) a cold
low pressure over Canada moving toward the southwest pushing up against the southerly jet
stream.

TEREC DEVELOPMENT STAGES

There are six stages in the development of the TEREC weather pattem. These stages are
shown in Figures 6 through 11. These figures are based on the actual weather maps for the
February 1986 event. The stages are:

1. Blocking high pressure begins to form (Fig. 6).
2. Blocking high pressure formed. Jet stream flowing to north of high pressure (Fig. 7).

5 mc Williams, D.A. Griffith, and G.L. Smith, "Storm Typing — California," Fresno State College Foundation,
Atmospheric Water Resources Research, Technical Report No. 10, May 1970.

& Each line represents the height above sea level in tens of meters where the atmosphere has a pressure of 500
mb. Average sea level pressure is 1013.25 mb (29.92 inches of mercury). The 564 mb line represents an altitude
of 5640 meters (18,500 feet) above sea level for the 500 mb pressure surface,

7 Knowing the location of the jet stream is essential for predicting weather. The jet stream is a "river” of air flowing
between 15,000 and 30,000 feet. The jet stream is the area where the highest winds blow, and is responsible for
the creation, growth, and death of tropical storms (known as mid-latitude storms) impacting California.
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DECEMBER 22, 1955
500 MB CHART

a

FIG 2. WEATHER PATTERN AT BEGINNING OF HEAVIEST RAINFALL OF DECEMBER 1956 TEREC

DECEMBER 23, 1964
500 MB CHART

FiG 3. WEATHER PATTERN AT BEGINNING OF HEAVIEST RAINFALL OF DECEMBER 1964 TEREC
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JANUARY 25, 1969
500 MB CHART

-

FiG4. WEATHER PATTERN AT BEGINNING OF HEAVIEST RAINFALL OF JANUARY 1969 TEREC

'FEBRUARY 17, 1986
500 MB CHART
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FIGS. WEATHER PATTERN AT BEGINNING OF HEAVIEST RAINFALL OF FEBRUARY 1986 TEREC
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FEBRUARY 1986 TEREC DEVELOPMENT
500 MB CHART

FIGE. FEB4 BLOCKING HIGH BEGINS TO FORM

FEBRUARY 1886 TEREC DEVELOPMENT
500 MB CHART

FIG 7. FEB 8 BLOCKING HIGH FORMED
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FEBRUARY 1986 TEREC DEVELOPMENT
500 MB CHART

FIG8. FEB 11 JET BEGINS TO SPLIT WITH THE SDi.JTHERLY BRANCH BREAKING THROUGH SOUTH OF THE BLOCKING HIGH

FEBRUARY 1986 TEREC DEVELOPMENT
500 MB CHART

FIGS. FEB 12 BREAK THROUGH COMPLETE OF THE SOUTHERLY BRANCH OF THE JET
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FEBRUARY 1986 TEREC DEVELOPMENT
500 MB CHART

FIG 10. FEB 16 CANADIAN COLD LOW BEGINS TO MOVE SOUTHWESTWARD

FEBRUARY 1986 TEREC DEVELOPMENT
500 MB CHART

+ + +

FIG 11. FEB 17 CANADIAN COLD LOW IN FINAL POSITION NEXT TO THE SOUTHERLY BRANCH OF THE JET
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Jet stream begins to split into two parts. Southerly branch breaking through south of
blocking high pressure (Fig. 8). _

Break through complete of southerly jet stream around high pressure (Fig. 9).

Cold low pressure over Canada begins moving towards southwest (Fig. 10).
Canadian cold low pressure in final position next to southerly jet stream (Fig. 11).

RAINFALL AND THE TEREC WEATHER PATTERN
The ability of the TEREC weather pattern to bring extraordinary rainfall to California was

identified and described in California High Water 1964-65 (Bulletin No. 69-65) published by the
California Department of Water Resources (DWR) in November 1966. An extensive analysis
with accompanying weather maps explained the TEREC pattern (although not identified as the
TEREC weather pattern at the time). Later in California High Water 1985-86 (Bulletin 69-86)
published in May 1988, the description of the weather pattern for the February 1986 flood in
Northern California was written in detail along with satellite pictures illustrating the weather
development.

oL o

Bulletin 69-65 described the weather pattern responsible for the December 1964 flooding in |
Northem California and observed: "The pattem in December 1964 was very similar to that in
December 1955."8 Northern California's last major flood occurred in December 1955. This
was similar to the comment in Bulletin 69-86 describing the February 1986 flood in Northermn
California: "The forecast computer models for the coming weekend began to resemble the
general pattens of the December 1964 flood."®

Looking at Figure 12, one can see the near carbon copy location of the high pressure area
near Alaska, cold air stream flowing from Canada, trough of low pressure extending from the
Pacific Ocean to Canada, warm tropical air flowing from Hawaii to California, high pressure
area off the coast of Mexico, and the area of heavy rain in Northem California. Comparing
these schematic diagrams of the weather pattern for December 22, 1964 and February 17,
1986, published by DWR in its Bulletins, confirms the TEREC weather pattern produces heavy
rainfall.

PREDICTING HEAVY RAINFALL

In Figure 13, the four TEREC storm events are shown. The six stages are identified as to the
time of development during each event. As can be seen, the amount of time between the
development of each stage and when each stage occurred was different over the four events.
However, the heaviest rainfall did not occur until AFTER the jet stream had established the
southerly route beneath the blocking high pressure. This southerly flow brings warm, moist
tropical air from around Hawaii to California. The result is a flow of moist air which meets the
cold air of the Canadian low pressure which has either already formed or is still forming when
the heavy rains begin to fall.

Preliminary study of other significant rainfall events reveals a partial TEREC pattem at work.
The partial TEREC has the blocking high pressure and the southerly jet stream, but the
Canadian low pressure does not develop. As can be seen from Figure 13, monitoring the
weather maps for developing high pressure over Alaska and the southerly jet stream flow

8 California High Water 1964-65, (Bulletin 69-65),California Department of Water Resources, Sacramento, CA,

Nov. 1966, p. 2.
California High Water 1985-86, (Bulletin 69-86), California Department of Water Resources, Sacramento, CA,

May 1988, p. 7.
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Flgure 5. Schematic Dlagram of Weather Patterns
at 500 Milllbars (elevation approximately 3,000 feet)
February 17, 1986

VR

SCHEMATIC DIAGRAM OF WEATHER PATTERN
AT 500 MILLIBARS DECEMBER 22, 1964
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SOURCE: California High Water 1964-65, (Bulletin 69-65), California Department of Water Resources, SOURCE: California High Water 1985-86, (Bulletin 69-86), California Department of
Water Resources, Sacramento, CA, May 1988, page 5.

Sacramento, CA, Nov. 1966, Plate 3,

FIG 12. Comparison of Schematic Diagrams of Weather Patterns at 500 Millibars for December 22, 1964 and February 17, 1986
Comparing the two schematic diagrams one can see the near carbon copy location of the high pressure area near Alaska, cold air stream
flowing from Canada, trough of low pressure extending from the Pacific Ocean to Canada, warm tropical air flowing from Hawaii to Califor-
nia, high pressure area off the coast of Mexico, and the area of heavy rain in Northem California. The similarities of these weather pattemns,
which occurred over 20 years apart, is astounding. This weather pattern produces Truly Extraordinary Rainfall Events in California (TEREC).




FIGURE 13

STAGES OF THE TEREC WEATHER PATTERN DEVELOPMENT
AND RAINFALL FOR FOUR TEREC EVENTS
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below the high pressure can provide early warning regarding heavy rainfall in California.
When these three stages occur, somewhere in California there will be heavy rainfall over a
number of days.

The National Weather Service's computer forecast maps in February 1986 predicted the
TEREC weather pattem. A major question is knowing exactly where the heaviest rainfall will
occur. Don Baker's efforts to date have focused on determining whether or not the TEREC
weather pattern exists and how it operates, and not to where the heavy rain will fall.

Significant rainfall usually occurs across much of Califomnia whenever full or partial TEREC
events take place. The ability to predict heavy rainfall by using the TEREC pattern can be
seen from the historical data of the American River. Table A shows the unregulated rain
events on the American River at Fair Oaks gaging station from 1905 through 1986 based on
the maximum mean daily flow exceeding 70,000 cfs. Also Table A identifies the 15 rainfall
events according to whether the event was a full TEREC, partial TEREC, and location of
heaviest rainfall in California (North, Central, South). The need for additional research is
indicated for those events which have not yet been studied in detail.

TABLE A

TEREC IDENTIFICATION AND UNREGULATED RAIN EVENTS ON AMERICAN RIVER
BASED ON ANNUAL MAXIMUM MEAN DAILY FLOW OVER 70,000 CFS

AMERICAN RIVER AT FAIR OAKS FROM 1905 THROUGH 1986

7-DAY MAXIMUM FULL | PARTIAL | FURTHER | LOCATION
DATE VOLUME | MEAN DAILY | TEREC | TEREC STUDY OF
(acre feet) FLOW EVENTS | EVENTS | NEEDED | HEAVIEST
(cfs) RAINFALL
18 Feb 1986 1,366,000 204,000 X North
23 Dec 1955 986,000 189,000 X North
23 Dec 1964 1,218,000 183,000 X North
1 Feb 1963 682,000 153,000 X Central
21 Nov 1950 858,000 132,000 X Central
14 Jan 1980 886,000 125,000 X South
25 Mar 1928 815,000 119,000 X
16 Feb 1982 629,000 113,000 X North
19 Mar 1907 915,000 105,000 X
14 Jan 1909 821,000 98,000 X North
22 Jan 1970 689,000 88,300 X North
21 Jan 1969 687,000 83,500 X South
11 Dec 1937 347,000 81,100 X North
22 Jan 1943 460,000 73,800 X South
2 Feb 1945 329,000 70,900 X

SOURCES: Water Control Manual; Folsom Dam and Lake, U.S. Army Corps of Engineers, Sacramento District,
December 1987, Table 7 and Piate 21.
James D. Goodridge, "A Study of 1000 Year Storms in California," prepared for the 9th Annual PACLIM Workshop,

April 21-24, 1992.
Research by Don Baker on TEREC weather pattern.
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FURTHER STUDY
Areas of further study are:

1. Analyze the TEREC pattern to develop the ability to predict with greater accuracy
the locations where heavy rainfall is most likely to fall. One criticism about using the TEREC
pattern for warning is the inability to know exactly where the heaviest rainfall will occur. The
major modernization program announced by the National Weather Service provides the
opportunity to greatly improve our ability to predict where. New technologies, like NEXRAD
Doppler Radar and the Advanced Weather Interactive Processing System (AWIPS), combined
with existing technologies holds great promise.

2. Study the partial TEREC events from 1955 through the present to understand why
they did not develop into full TEREC's. These rainfall events have the weather maps available
for the type of study done by Don Baker on the four events presented in this paper.

3. Study pre-1955 major rainfall events which occurred before reliable weather maps
showing the jet stream were available. Rainfall and stream gage analysis will be necessary for
this study. Prior to the early 1940's, rainfall stations reported daily totals. Hourly rainfall totals
became available after 1945. Such rainfall analysis will require creating a model which can
evaluate daily rainfall totals and stream flow gage readings for the earlier events.
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