
, .
';"'1

A'UIIIBl,ITATES
IIPA'UMOIT Of__lICE

PIIIlUCATIlJN

WEATHER BUREAU
Western Reolon
Salt Lake City. Utah
January 1970

Ul ~I

o

, ,~

Precipitation Probabilities in the
Western Region Associated With '

, Fall 500-mb.Map" Types
Richard P. Augu'lis

S Technical Memorandum WBTM WR-45-4

u.s. DEPARTMENT OF COMMERCE / ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION



-9" ./1'on_

WESTERN REGION TECHNICAL MEMORANDA

•

The Technical Memorandum series provide an informal medium for the documentation and
quick dissemination uf results not appropriate, or not yet ready, for formal publica
tion in the standard journals. The series are used to report on work in progress,
to describe technical procedures and practices, or to report to a limited audience.
These Technical Hemoranda will report on investigations devoted primarily to Regional
and local probl~ of interest mainly to Western Region personnel, and hence will not
be widely distributed.

These Memoranda are available from the Western Region Headquarters at the following
address: Weather Bureau Western Region Headquarters. Attention SSD, P. O. Box 11188,
Federal Building. Salt Lake City. Utah 84111.

The Western Region subseries of ESSA Technical Memoranda, beginning with No. 24, are
available also from the Clearinghouse for Federal Scientific and Technical Informa
tion. U. S. Department of Commerce. Sills Building, Port Royal Road, Springfield.
Virginia 22151. Price $3.00.

Western Region Technical Memoranda:

Hay 1966.
Edward D. Diemer.

Local Fire Control Agencies for Lightning
March 1967.

End of East Winds 1n the Columbia Gorge.
-,

)

Stratus

Arid Region.

ShOTt-Range Fog and
September 1966.

Precipitation in an

Some Notes on Probability Forecasting. Edward D. Diemer. September 1965.
Climatological Precipitation Probabilities. Compiled by Lucianne Miller.
"December 1965.
Western Region Pre- and Post-FP-3 Program. Edward D. Diemer. Harch 1966.
Use of Meteorological Satellite Data. March 1966.
Station Descriptions of Local Effects on Synoptic Weather Patterns.
Philip Williams. April 1966.
Improvement of Forecast Wording and Format. C. L. Glenn.
Final Report on Precipitation Probability Test Programs.
May 1966.
Interpreting the RAREP. Herbert P. Benner. May 1966. (Revised Jan. 1967.)
A Collection of Papers Related to the 1966 NMC Primitive-Equation Hodel.
June 1966.
Sonic Boom. Loren Crow (6th Weather Wing. USAF. Pamphlet). June 1966.
Some Electrical Processes in the Atmosphere. J. Latham. June 1966.
A Comparison of Fog Incidence at Missoula, Montana, with Surrounding
Locations. Richard A. Dightman. August 1966.
A Collection of Technical Attachments on the 1966 NHC Primitive-Equation Hodel.
Leonard W. Snellman. August 1966.
Applications of Net Radiometer Measurements to
Forecasting at Los Angeles. Frederick Thomas.
The Use of the Hean as an Estimate of "Normal"
Paul C. Kangieser. November 1966.
Some Notes on Acclimatization in Han. Edited by Leonard W. Snellman. Nov. 1966.
A Digitalized Summary of Radar Echoes Within 100 Miles of Sacramento, California.
J. A. Youngberg and L. B. Overaas. December 1966.
Limitations of Selected Meteorological Data. December 1966.
A Grid Method for Estimating Precipitation Amounts by Using the WSR-57 Radar.
R. Granger. December 1966.
Transmitting Radar Echo Locations to
Fire Detection. Robert R. Peterson.
An Objective Aid for Forecasting the
D. John Coparanis. April 1967.
Derivation of Radar Horizons in Mountainous Terrain. Roger G. Pappas. April 1967.
"K" Chart Application to Thunderstorm Forecasts Over the Western United States.
Richard E. Hambidge. Hay 1967.

No. l'
No. 2

No. 3
No. 4
No. 5"

No. 6
No. 7

No. 8
No. 9

No. 10'
No. 11
No. 12'

No. 13

No. 14

No. 15

No. 16
No. 11

No. 18
No. 19

No. 20

No. 21

No. 22
No 23

*Out of Print
**Revised

A western Indian symbol for rain. It also symbolizes
~an's dependence on weather and environment in the West.



(J

()

.j

..~

U. S. DEPARTMENT OF COMMERCE
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION

WEATHER BUREAU

Weather Bureau Technical Memorandum WR-45/4

PRECIPITATION PROBABILITIES IN THE WESTERN REGION
ASSOCIATED WITH FALL 500-MB MAP TYPES

Richard P. Augulis
Meteorologist

Scientific Services Division
Western Region Headquart~rs, Salt Lake City, Utah

WESTERN REGION
TECHNICAL MEMORANDUM NO. 45/4

SALT LAKE CITY, UTAH
JANUARY 1970

I



C)

o

•

TABLE OF CONTENTS

I. Introduction

Appendix A

Appendix B

i i

2-52

53-65



()

o

PRECIPITATION PROBABILITIES IN THE WESTERN REGION
ASSOCIATED WITH FALL 500-MB MAP TYPES

I. INTROOUCTION

Precipitation probabi I ities associated. with fal I 500-mb map types
were generated employing the same typing technique presented in WBTM
WR 45/1 "Precipitation Probabi lities in the Western Region Associated
with Winter 500-mb Map Types".

The fal I season consisted of 1170 maps for 0000 and 1200GMT September
1962-1968, October 1962-1968, and November 1961-1967. CI imatologies
for 12-hour precipitation were calculated for the same station net
work in the Western Region.

Maps of fal I type climatoiogies along with associated type and pure
mean map are given in Appendix A. The type maps have been arranged
according to basic simi larities in the large-scale flow over the
typ i ng a rea. The d ivis ions are as fo I lows:

Trough 130 - 150o W.--types 2, 5, I I, 14, 18,23

Trough 120 - 125°W.--types 3, 16, 17, 20

Trough 110 - 115°W.--types 6, 7, 10, 13, 22, 25

Zonal flow--types 1,9

Ridge 120 -140o W.--types 4,8, 12, 15, 19,21, 24.

A listing of dates of occurrence of each fal I type is given in
Append ix B.
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APPENDIX A

Fal I Types and Associated Precipitation CI imatologies

Types Arranged According to Simi larity of
Basic Flow Pattern
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o
APPENDIX B

Listing of Maps Within Each Type

TYPE

Sep 1961 Sep 1963 Sep 1964 Sep 1965 Sep 1966 Sep 1967 Sep 1968

9-12 1-0 11-12 30-12 3-12 1-12 7-0
12-12 1-12 12-12 4-0 2-0 7-12
13-0 2-0 13-0 5-0 2-12 8-0
13-12 2-12 13-12 5-12 3-0 8-12
14-0 13-12 14-0 6-0 3-12 9-0
14-12 14-0 14-12 15-12 4-0 9-12
15-0 21-0 15-0 16-0 7-0 11-12
15-12 21-12 15-12 16-12 7-12 ·12-0
16-12 22-0 16-0 17-0 8-0 12-12
17-12 23-0 16-12 17-12 8-12 13-0

() 19-12 23-12 17-0 18-0 9-0 13-12
21-12 24-12 28-0 25-12 9-12 14-0
22-0 28-12 26-0 10-0 14-12
22-12 29-0 26-12 10-12 15-0
27-0 29-12 11-0 18-0
27-12 30-0 12-0 23-12
28-0 30-12 12-12 24-0
28-12 21-0 24-12
29-0 21-12 25-0
29-12 22-0 25-12
30-0 22-12 26-0
30-12 23-0 26-12

23-12 27-0
24-12
25-0
25-12
28-12
29-12
30-0

o
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Type I (Cant i nued)

Oct 1962 Oct 1963 Oct 1964 Oct 1965 Oct 1966 Oct 1967 Oct 1968

o

5-0
5-12
6-0
7-0
7-12
8-0
8-12
9-0
9-12

10-12
21-12
26-12

1-0
2-12
3-0
3-12
4-0

12-12
18-0
18-12
20-12
21-0
21-12
22-0
22-12
23-0
23-12
24-0
24-12
25-0
25-12
26-12
27-0
27-12 .
28-0
28-12
29-0
29-12
30-0
30-12
31-0
31-12

1-0
1-12
2-0
2-12
3-0
3-12
8-12
9-0
9-12

10-0
10-12
11-0
11-12
14-12
15-0
16-0
16-12
17-0
17-12
18-0
23-12
24-0
24-12
25-0
25-12
30-12
31-0
31-12

1-0
1-12
2-0
4-12
5-0
5-12
6-0
6-12
7-0
7-12
8-0
8-12
9-0
9-12

10-0
10-12
11-12
12-0
12-12
13-0
13-12
14-0
14-12
17-0
17-12
18-0
18-12
19-0
19-12
20-0
20-12
21-0
28-12
29-0
29-12
30-0
30-12
31-0
31-12

-54-

5-0
5-12
6-0
6-12
7-0
7-12
8-0

10-0
10-12
11-0
18-0
18-12
19-0
19-12
20-0
22-0
22-12
23-0
23-12
24-0
24-12
25-0
25-12
26-0
26-12
27-0
27-12
28-0
28-12
29-0
29-12
30-0
30-12
31-0

6-0
6-12
7-0
7-12
8-0
8-12
9-0
9-12

10-0
10-12
11-0
11-12
12-0
12-12
13-0
13-12
14-0
14-12
15-0
15-12
16-0
16-12
17-0
17-12
18-0
18-12
19-0
19-12
20-0
20-12
21-0
212.12
22-0
22-12
23-0
23-12
24-0
24-12
25-0
25-12
26-0
26-12
27-0
27-12
28-0
28-12
30-12
31-0
31-12

1-0
1-12
4-0
4-12
5-0
5-12
6-0
8-12
9-0
9-12

10-0
10-12
11-0
16-12
17-0
17-12
18-0
18-12
19-0
19-12
20-0
20-12
21-0
21-12
22-0
22-12
23-0
23-1.2
24-0
24-12
25-0
25-12
26-0
26-12
27-0
27-12
30-12
31-0
31-12

o
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o
Type 1 (Conti nued)

Nov 1961 Nov 1962 Nov 1963 Nov 1964 Nov 1965 Nov 1966

()

(J

3-12
5-12
6-0
8-12
9-0
9-12

10-0
10-12
11-0
11-12
17-12
18-0
18-12
22-12
23-0
23-12

4-12
5-0
5-12
6-0
7-12
8-0
8-12
9-0

10-12
11-0
11-12
12-0
14-12
15-0
20-0
20-12
21-0
21-12
22-0
22-12
23-0
23-12
24-0
24-12
25-0
25-12
26-0
26-12
27-0
28-0
28-12
29-0
29-12
30-0
30-12

1-0
1-12
2-0
2-12
3-0
3-12
4-0
4-12
5-0
5-12
7-0
7-12
8-12
9-0
9-12

10-0
10-12
22-12
23-0
23-12
26-0
26-12
27-0
27-12
28-0
28-12
29-0
30-0
30-12

1-0
1-12
2-0
2-12
3-0
3-12
4-0
4-12
9-12

11-12
12-0
22-12
23-0
23-12
24-0
24-12
28-12
29-0
29-12
30-0
30-12
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1-0
1-12
2-0
2-12
3-0
3-12
4-0
4-12
5-0
5-12

21-12
27-0
27-12
28-0
28-12
29-0
29-12
30-0
30-12

2-0
2-12

11-12
12-0
12-12
13-0
13-12
26-12
27-0
27-12



TYPE 2

Sep 1962 Sep 1963 Sep 1966 Sep 1967 Sep 1968 0
18-0 3-0 8-0 4-12 10-0
18-12 8-12 8-12 5-0 10-12
19-0 9-0 9-0 5-12 11-0
26-12 9-12 9-12 6-0

10-0 22-0 6-12
10-12 22-12 29-0
11-0 23-0
11-12 23-12
12-0 24-0
12-12 24-12
13-0 25-0
22-12
24-0
25-0
25-12
26-0
26-12·
27-0
27-12
28-0
28-12
29-12
30-0 0

Oct 1962 oct 1963 Oct 1964 Oct 1965 Oct 1968

1-0 8-0 8-0 3-0 28-0
1-12 8-12 12-0 3-12 28-12
2-0 9-0 12-12 4-0 29-0
2-12 9-12 13-0 24-0

29-0 10-0 26-12
29-12 10-12 27-0
30-0 11-0 28-0

11-12
13-0
13-12
14-0
14-12
15-0
19-12
20-0

Nov 1962 Nov 1963 Nov 1964 Nov 1965 Nov 1966

3-12 11-0 22-0 4-0 14-0
4-0 11-12 8-0 14-12

12-12 12-0 8-12 28-0
12-12 9-0 28-12 I:)13-0 9-12 29-0
13-12 18-0
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o
TYPE 3

Sep 1962

20-0
20-12
21-0
26-0

Sep 1963

8-0
19-0
19-12
20-0
20-12
30-12

Sep 1966

13-0
13-12
14-0
14-12
15-0
18-12
19-0
19-12
20-0
20-12
21-0
21-12

Sep 1967

1-0
18-0
18-12
24-0
28-0

Sep 1968

29-12
30-0
30-12

Oct 1963 Oct 1964

CJ

C)

12-0
15-12
16-0
16-12
17-0
17-12

13-12
14-0
29-12
30-0
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TYPE 4 0
Sep 1962 Sep 1966 Sep 1967 . Sep 1968

23-12 4-12' 13-0 29-0
24-0 13-12
24-12 14..:0
25-0 14-12
25-12 15-0

15-12
16-0
16-12
17-0
17-12
26-0
26-12
27-0
27-12

Oct 1962 Oct 1963 Oct 1964 Oct 1965 Oct 1968

24-0 1-12 4-12 11-0 3-0

24-12 2-0 5-0 21-12 3-12

25-0 5-12 22-0

025-12 6-12 22-12
26-0 7-0 23-0
27-0 7-12 23-12
27-12 18-12 24-12
28-0 19-0 25-0
28-12 19-12 25-12
30-12 20-12 26-0
31-0 21-0 27-12
31-12 21-12

22-0
22-12
23-0

Nov 1961 Nov 1962 Nov 1963 Nov 1966

7-0 1-12 29-12 1-0
7-12 1-12
8-0

o
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(J TYPE 5

Sep 1964 Sep 1966 Sep 1967

17-12 6-12 30-12
7-0
7-12

10-0
10-12
11-0

Oct 1962 Oct 1963 Oct 1964 Oct 1965 Oct 1966 Oct 1967 Oct 1968

3-0 4-12 26-0 15-0 20-12 1-0 11-12
3-12 5-0 26-12 1-12 12-0
4-0 5-12 27-0 2-0 12-12

10-0 2-12 13-0
11-0 3-0 13-12
11-12 3-12 14-0
12-12 4-0 29-12
13-0 4-12 30-0
13-12 5-0
14-0 5-12
14-12

(J Nov 1961 Nov 1962 Nov 1963 Nov 1964 Nov 1965 Nov 1966,

24-0 13-0 6-0 8-0 6-0 15-0
24-12 13-12 6-12 10-0 10-0 15-12
27-0 14-0 14-0 10-12 16-0
27-12 27-12 14-12 17-12 16-12
29-12 15-0 19-12 20-0
30-0 15-12 23-0 20-12
30-12 23-12 21-0

24-0
24-12

C)
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TYPE 6 0
Sap 1962 Sap 1963 Sap 1964 Sap 1965 Sap 1967 Sap 1968

10-0 14-12 18-0 27-12 11-12 15-12
10-12 15-0 20-12 28-0 18-12
11-0 15-12 19-0
11-12 16-0 19-12
12-0 16-12 20-0

17-12 20-12
18-0 21-0
18-12 21-12

Oct 1962 Oct 1965 Oct 1966 Oct 1968

15-0 15-12 11-12 6-12
16-0 12-0 7-0

12-12 7-12
13-0 8-0
14-12 14-12
15-0 15-0
15-12 15-12
17-12
21-0

021-12

Nov 1961 Nov 1962 Nov 1963 Nov 1964 Nov 1965 Nov 1966

19-12 15-12 16-0 11-0 21-0 10-0
20-0 16-0 16-12 12-12 22-0 23-12
20-12 16-12 17-0 13-0 22-12 24-0
21-0 17-12 13-12 25-0 25-12
21-12 18-0 25-0 25-12 26-0

19-0 25-12
19-12 26-0
20-0 26-12
20-12 27-0

27-12
28-0

(-J
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0 .TYPE 7

Sep 1962 Sep 1964 Sep 1965 Sep 1966 Sep 1967 Sep 1968

8-12 18-12 28-12 1-0 19-0 16-0
9-0 19-0 29-0 1-12 19-12 16-12

23-0 19-12 30-0 2-0 20-0 17-0
21-12 2-12 22-0
22-0 3-0 22-12
22-12 27-0 23-0

27-12 27-12
28-0
28-12

Oct 1962 Oct 1965 Oct 1966 Oct 1967 Oct 1968

15-12 16-12 3-12 29-0 16-0
16-0 4-0 29-12
18-12 4-12 30-0
19-0 13-12
19-12 14-0

C) 20-0 16-0
16-12

Nov 1961

2-12
4-12
5-0

12-0
12-12
13-0
13-12
16-0
16-12
17-0
22-0

Nov 1962

17-0
17-12
18-0
18-12
19-0
19-12

Nov 1963

24-12
25-0
25-12

Nov 1965

26-0
26-12
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Nov 1966

4-0
4-12
9-0

24-12
25-0



TYPE 8 0
Sep 1964 Sep 1966 Sep 1967

23-0 28-0 20-12
23-12 28-12
24-0 29-0
24-12 29-12
25-0 30-0

30-12

Oct 1962 Oct 1964 Oct 1966 Oct 1968

18-0 4-0 1-0 2-0
20-12 1-12 2-12
21-0 9-0
22-0 9-12
22-12 31-12
23-0
23-12

Nov 1961 Nov 1962 Nov 1966

6-12 1-0 3-0

0
TYPE 9

Sep 1962 Sep 1964 Sep 1965 Sep 1968 Nov 1966

1-0 27-12 1-0 1-0 5-0
1-12 1-12 6-0
5-0 6-12
6-0
6-12

TYPE 10

Nov 1961 Nov 1963 Nov 1965

19-0 18-12 11-0
21-0
21-12
22-0

TYPE II '.
Nov 1961 Nov 1965

26-12 16-12 ~
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TYPE 12

0 Sep 1962 Sep 1964 Sep 1965 Sep 1968 Oct 1966 Nov 1961 Nov 1966

7-0 25-12 2-0 2-0 2-0 2-0 3-1
8-0 26-0 14-12 2-12 2-12 3-0 6-12

26-12 15-0 3-0 3-0 4-0 11-0
27-0 15-12 3-12 15-0

16-0 4-0
• 24-12 4-12

25-0

TYPE 13

Sep 1962 Sep 1964 Sep 1965 Nov 1965 Nov 1966

2-0 2-12 3-0 11-12 10-12
3-0 9-0
4-0 9-12
5-0 10-0

10-0 10-12
10-12 11-0
11-0 . 11-12

12-0
12-12
13-0

CJ 13-12
14-0
27-0

TYPE 14

Sep 1962 Oct 1964 Nov 1964 Nov 1965

16-0 27-12 5-0 15-12
17-0 28-0 5-12 16-0

28-12 6-0 20-0
29-0 6-12 20-12

7-0
7-12
8-12
9-0

TYPE 15

Sep 1968 Oct 1966 Nov 1961 Nov 1966

1-12 8-12 1-12 9-12
17-12 17-0 14-0

14-12

0
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TYPE 16 0
Sep 1966 Oct 1962

11-12 4-12
12-0
12-12

•

TYPE 17

Sep 1964 Sep 1965 Nov 1966

2-0 2-12 5-12
5-12 3-12 6-0
6-0 4-0 7-0
7-0 4-12 7-12

5-0 8-0
5-12 22-12
6-0 23-0
6-12
8-0
8-12

25-12
26-0

0
TYPE 18

Nov 1961 Nov 1965 Nov 1966

28-0 6-12 17-0
28-12 7-0 17-12
29-0 7-12 18-0

13-12 18-12
17-0 19-12
18-12 29-12
19-0 30-0

30-12

TYPE 19

Sep 1962 Nov 1965

2-12 12-0
3-0 12-12
3-2
4-0
4-12 'l
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o

>

Sep 1964

4-12
7-12
8-0
8-12
9-0

Sep 1968

5-0
5-12

TYPE 20

Sep 1965

26-12

TYPE 21

Oct 1964

6-0

TYPE 22

Nov 1966

21-12
22-0

Nov 1964

19-12
20-0
20-12
21-0
21-12

()

Sep 1965

16-12
17-0
17-12
18-0
18-12
19-0
19-12
20-0
21-0
21-12
22-0

TYPE 23

Nov 1964 Nov 1966

14-12 8-12

TYPE 24

o

Oct 1963

6-12
7-0
7-12

Nov 1966

19-0

TYPE 25

Nov 1964

15-0
16-0
16-12
17-0
17-12
18-0
18-12
19-0

-65-

Sep 1965

22-12
23-0
23-12
24-0



Western Region Technical Memoranda: (Continued)

o No. 24

No. 25

No. 26

No. 27

Historical and Climatological Study of Grinnell Glacier, Montana.
Richard A. Dightman. July 1967.

Verification of Operational Probability of Precipitation Forecasts,
April 1966 - March 1967. W. W. Dickey. October 1967.

A Study of Winds in the Lake Mead Recreation Area. R. P. Augulis.
January 1968.

Objective Minimum Temperature Forecasting for Helena, Montana.
D. E. Olsen. February 1968.

No. 28** Weather Extremes. R. J. Schmidli. April 1968.

o

Nt>. 29

No. 30

No. 31

No. 32

No. 33

No. 34

No. 35

No. 36

No. 37

No. 38

No. 39

No. 40

No. 41

No. 42

No. 43

No. 44

Small-Scale Analysis and Prediction. Philip Williams, Jr. May 1968.

Numerical Weather Prediction and Synoptic Meteorology. Capt. Thomas
D. Murphy, U.S.A.F. May 1968.

Precipitation Detection Probabilities by Salt Lake ARTC R~dars.

Robert K. Belesky. July 1968.

Probability Forecasting in the Portland Fire-Weather District.
Harold. S. Ayer. July 1968.

Objective Forecasting. Philip Williams, __ Jr. August 1968.

The WSR-57 Radar Program at Missoula, Montana. R. Gran~er.

O,ctober 1968.

Joint ESSA/FAA ARTC Radar Weather Surveillance Program. Herbert P.
Benner and DeVon B. Smith. December 1968.

Temperature Trends in Sacramento--Another Heat Island. Anthony D.
Lentini. February 1969.

Disposal of Logging Residues Without Damage to Air Quality. Owen P.
Cramer. March 1969.

Climate 9f Phoenix, Arizona. R. J. Schmidli, P. C. Kangieser, and
R.S. Ingram. April 1969.

Upper-Air Lows Over Northwestern United States. A. L. Jacobson.
April 1969.

The Man-Machine Mix in Applied Weather Forecasting in the 1970s.
L. W. Snellman. August 1969.

High Resolution Radiosonde Observations. W. W. Johnson. August 1969.

Analysis of the Southern California Santa Ana of January 15 - 17,
1966. Barry B. Aronovitch. August 1969.

Forecasting Maximum Temperatures at Helena, Montana. David E. Olsen.
Octo'Der 1?6S.

Estimateci Return Periods for Short-Duration Precipitation in Arizona.
Paul C. Kangieser. October 1969.

f'

No. 45/1 Precipitation Probabilities in the Western rregion Associated with
Winter 500-mb Map Types. Richard P. Augulis. December 1969.

No. 45/2 Precipitation Probabilities in the Western Region Associated with
Spring 500-rob Map Types. Richard P. Augulis. January 1970.

No. 45/3 Precipitation Probabilities in the Western Region Associated with
Summer 500-mb Map Types. Richard P. Augulis. January 1970.

**Revised




