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0.30 

6 " " 4.06 4.84 5.98 
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STORM 38 ·NOV 19-22, 1921 

ENTIRE STORM 
45 28'N 121 52'W 

DURATION (HR) 

36 42 

9.71 11.23 12.15 
9.71 11.23 12.13 

9.53 11.02 11.93 

9.15 10.59 11.50 

8.53 9.89 10.79 

8.13 9.23 10.15 

7.87 8.89 9.52 

7.31 8.30 8.90 

6.62 7.64 8.29 

5.80 6.76 736 

4.81 5.70 6.23 

3.11 3.69 4.06 

H7 2.94 3.26 

STORM 40- DEC 9-12. 1921 

WASHINGTON CASCADES CENTER 
48 01 'N 121 32'W 

DURATION {HR} 

" 30 36 

6" 10.66 11.82 12.57 

8.59 10.66 11.82 12.57 

8.34 10.36 11.49 12.24 

8.16 10.14 11.24 11.96 

7.69 9.80 10.87 11.56 

747 9.28 10.28 10 96 

7.21 8.95 9.93 10.60 

6.91 8.57 9.56 10.20 

5.91 739 8.33 8.92 

4.96 6.24 705 7.57 

46 

12.57 

12.44 

, 2.25 

11.84 

11.15 

, 0.52 

9.78 

9.11 

8.57 

7.63 

6.44 

4.29 

3.49 

46 

12.57 

12.57 
12.24 

11.96 

11.56 

10.96 
10.60 

10.20 

8.92 

7.57 

STORM 40. DEC 9-12, 1921 

COASTAL WASHINGTON CENTER 
4740'N 123 26'W 

DURATION (HR) 

46 

766 9.32 10.77 11.61 11.61 

7.39 9.32 10.77 11.61 11.61 

"' 9.32 10.77 11.61 11.61 

7.10 9.08 10.57 11.42 11.43 

6.91 8.79 10.32 11.19 11.22 

6.42 8.22 9.75 10.67 10.70 

5.88 7.67 9.13 10.12 10.14 

5.39 7.15 8.54 9.56 9.59 

4.87 635 7.54 8.46 8.50 

"' 5.65 6.58 7.45 756 

262 

60 66 

1 2.138 13.47 13.75 14.18 

12.79 13 23 13.70 14.18 

12.62 , 3.07 13.55 14.03 

12.27 12.72 13.24 13.71 

11.67 12.12 12.69 13.14 

11.02 11 49 11 91 12.39 

10.24 10.88 11.21 11.55 

9.58 9.98 10.44 10.81 

8.99 9.34 '" 10.19 

7.95 604 677 9.10 

6.70 7.25 752 7.86 

476 5.25 5.43 5.66 
3.87 '26 4.45 4.66 

60 66 " 13.92 16.14 17.67 19.31 

13.92 16.14 17.67 19.31 

13.53 15.69 17.17 18.76 

13.19 15.31 16.76 18.29 

"" 14.72 16.09 17.52 

t 1 58 13.64 14.87 16 05 

10.90 12.94 14.06 14.98 

10.36 12.29 13.27 13.93 

8.95 10.63 11.43 11.90 

7.61 8.96 9.62 10.02 

60 66 

11.61 12.48 12.84 13.14 

11 61 12.48 12.84 13.14 

11.61 12.48 12.84 13.14 
1, .43 12.31 12.66 12.96 

1 1.22 12.11 12.45 12.75 

10.72 11.74 12.09 12.38 

10.18 11.37 11.75 12.04 

9.66 10.98 11.38 11.66 

8.57 9.68 10.05 10.29 

760 8.45 676 8.94 
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STORM 40 ·DEC 9·12. 1921 

ENTIRE STORM 

4801'N 121 32"W 

DURATION {HR) 

30 

10.66 11.82 12.57 

10.66 11.82 12.57 

10.36 11.49 12 24 

10.14 11.24 11 96 

9.80 10.87 11.56 

9.28 10.28 1096 

8.95 9.92 10.60 

8.57 9.56 10.20 

7.39 8.33 8.92 

6.09 6.90 7.45 

5.39 6.19 6.89 

4.92 5.66 6.35 

STORM 59- MAR 30 ·APR 1. 1931 

ENTIRE STORM 

46 OO'N 11800"W 

DURATION (HR) 

" 24 36 

3 . .50 4.79 5.49 5.79 

3.50 4.79 5.49 .5.79 

3.39 4.66 5.35 5.64 

3.34 4.80 5.28 5.58 

3.17 4.39 5.04 5.32 

2.93 3.94 4.52 4.77 

2.71 3.57 4.09 "' 2.42 3.07 3.54 3.77 

2.03 2.59 3.11 3.37 

1.71 2.23 2.73 2" 
1.33 1.80 2.18 "' 
1.06 1.44 1.74 1.91 

48 

12.:H 

12.57 

12.24 

11.96 

11 56 

10.96 

10.60 

10.20 

8.92 

7.50 

6.94 

6.41 

42 

5.87 

5.87 

5.72 

5.65 

5.39 

4.84 

4.39 

"' 3.47 

3.08 

2.46 

1.98 

STORM 59- MAR 30 ·APR 1. 1931 

BLUE MOUNTAINS CENTER 

46 OO'N 11800"W 

DURATION (HR) 

" 36 

300 4.79 5.49 '" "' 3.39 4.66 5.35 564 572 

3.34 4.60 5.28 5.58 565 

3.17 4.39 5.04 5.32 5.39 

2.86 3" '" '" '" 2.64 3.57 4.09 4.33 4.39 

2.34 3.09 3.56 3.79 3.85 

263 

" 60 " 72 

13.92 16.14 17.67 19.31 

13.92 16.14 17.67 19.31 

13.53 15.69 17.17 18.76 

13.19 15.31 16.76 18.29 

12.64 14.72 16.09 17.52 

11.58 13.64 14.87 16.05 

10.90 12.94 14.06 14.98 

, 0.38 12.29 13.27 13.93 

8.95 10.63 11.43 11.90 

7.53 8.80 9.41 9.80 

6.95 "' 8.44 8.73 

6.42 7.30 7.68 7.93 

54 60 

5.96 6.00 6.00 

5.96 600 6.00 

'" 5.85 5.85 

5.74 5.78 5.78 

5.48 5.52 5.52 

4.91 4.95 4.95 

4.45 4.48 4.48 

3.69 3.92 3.92 

3.50 3.52 3.54 

3.11 3.12 3.14 

2.49 "' 2.52 

2.02 203 2.05 

" 54 60 

5.96 600 6.00 

5.81 5.85 5.85 

5.74 5.78 5.78 

"' 5.52 5.52 

4.91 '" "' 
4.45 4.48 "' 3.91 3.94 3.94 
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2.85 
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1.23 

0.85 

0.59 
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L83 3.12 

1.74 3.00 

1.65 2.88 

1.53 2.70 

1.43 2.49 

1.28 2.18 

1.24 2.11 

6 

1.22 3.82 

1.22 3.82 

"' 3.70 

1.13 3.54 

1.06 3.30 

0.89 2.82 

0.76 2.52 

0.84 2.15 

0.44 1.52 

0.29 1.12 

0.19 0.93 

0.13 067 

6.76 8.26 

6.71 8.20 

6.56 8.02 

6.42 7.85 

6" 7" 
5.48 6.72 

'" 6.05 

4.25 5.22 

3.02 3.70 

1.90 2.41 

1.46 1.95 

1.06 1.45 

STORM 59 - MAR 30-APR 1. 1931 

NORTH CENTRAL IDAHO CENTER 

" 3.32 

3.32 
3.31 

3.21 

3.11 

2.93 

2.71 

2.42 

2.35 

5.31 

5.31 

5.30 

5.25 

5.08 

4.75 

4.30 

3.67 

2.56 

'·" 1.45 

1.01 

24 

9.69 

9.63 

9.41 
9.21 

8.77 

7.88 

7.08 

'" 4.42 

2.96 

2.38 

1.74 

46 20'N 11538'W 

DURATION (HR) 

24 30 36 

3.53 3.98 4.87 

3.53 3.98 4.87 

3.52 3.97 4.86 

3.43 3.84 4.73 

3.33 3.71 4.61 

3.15 3.50 4.35 

2.92 3.31 4.06 

2.64 3.07 3.70 

25' 3.02 3.62 

STORM60-DEC17-19, 1931 

ENTIRE STORM 
47 28'N 123 35'W 

DURATION (HR) 

24 30 

6.79 8.06 9.64 

6.79 8.06 9.64 

6.75 "' 9.51 

6.67 7.85 9.32 

6.45 754 '" 5.98 6.91 8.05 

5.40 6.19 7.17 

4.60 5.28 6.11 

3.28 3.88 4.54 

244 3.02 3.55 

1.95 2.49 2.97 

1.39 1.81 2.18 

STORM 66- MAR 16-19.1932 

ENTIRE STORM 

42 10"N 12415"W 

DURATION (HR) 

30 36 

10.51 11.42 13.34 

10.44 11.34 13.25 

10.21 11.09 12.95 

"' 10.85 12.67 

9.51 10.35 12.03 

8.53 9.29 10 71 

7.66 8.36 '" 6.64 7.22 8.22 

4.93 5.42 6.12 

3.45 3.85 4.27 

2.72 3.13 3.46 

'93 225 2.51 

264 

42 " 60 

5.07 5.08 5.06 5.08 

5.07 5.08 5.08 5.08 
5.06 5.07 5.07 5.07 

4.95 4.96 4.96 4.97 

4.84 4.86 4.86 4.86 

4.58 4.60 4.80 4.60 

4.26 4.27 4.27 4.27 

3.85 3.87 3.87 3.87 

3.76 3.78 3.78 3.78 

42 46 

11 79 14.00 14 24 

11.79 14.00 14 24 

11.54 13.73 13.96 

11.21 13.36 13.59 

10.60 12.67 12.89 

9.40 11.23 11.42 

8.27 9.88 10.05 

703 8.39 8.54 

5.17 6.13 6.29 

3.95 4.62 4.82 

3.21 3.65 3.89 

2.32 2.57 2.78 

46 54 60 

14.17 14.82 14 89 15.06 15.07 

14.08 14.72 14 79 14.96 14.97 

13.76 14.39 14 45 14.62 14.63 

13.46 14.08 14 14 14.31 14 32 

12.76 13.38 13.44 13 62 13.63 

11.35 11.94 12.01 12 19 12.19 

10.16 10.71 10.79 10.95 10.96 

8.75 9.25 935 9.50 '" 6.57 7 02 7.19 7.37 HO 

4.79 5.30 5.61 5.92 6 02 

3.93 4.38 '" 5.05 5.21 

2.94 3.27 3.57 3.82 397 
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0.65 2.13 
0.59 1.94 

0.43 1.54 

03.5 1.26 

0.33 1.19 

' 0.81 3.14 

0.81 3.14 

0.78 3.14 
0.71 2.97 

06< 2.69 

0.58 2.30 

0.47 1.93 

0.40 1.71 

0.34 1.43 

0.27 1.14 

"' 0.84 

"' 0.83 

6 
0.81 2.91 

0.81 2.91 

0.78 2.82 

0.71 2.56 

0.64 2.29 

0.58 1.615 

0.47 1.72 

0.37 1.48 

0.27 1.08 

0.23 0.94 

12 18 " 4.70 6.56 8.17 

4.70 6.31 7.98 
4.68 6.16 "3 

'"' 6.0< 7.64 
4.55 5.91 7<3 
4.34 5.6< 7.06 

3.98 5.19 6.50 

3.41 4.53 5.81 

2.68 3.59 '" 2.21 3.02 3.1!3 

2.10 2.89 3.6< 

" " 4.28 '·" 6.28 

4.28 '·" 6.28 

4.11 5.62 6.24 

3.93 5.40 6.24 

3.75 5.18 '" 3.47 '"' '" 3.13 4.38 5.30 

2.68 3.76 4.53 

2.08 2.90 3.61 

1.79 2.48 "' 
1.56 2.23 207 
1.55 2.22 206 

" " 4.26 5.84 6.24 

4.28 5.84 6.24 

4.11 5.62 6.02 

3.93 5.40 5.82 

3.75 5.18 5.63 

3.47 '"' 5.27 

3.13 "' 4.77 

2.68 376 4.23 

2.02 2.86 3.50 

1.77 2.52 3.23 

STORM 74- DEC 19-22,1933 

ENTIRE STORM 

46 10'N 12213'W 

DURATION (HR) 

30 36 42 
9.23 10.38 12.41 

8.93 9.96 11.97 

8.71 9.67 11.66 

8.46 9.38 11.31 

8.19 9.06 10.92 

775 8.57 10.29 

7.17 8.03 9.52 

6.49 7.60 8.67 

5.29 6.30 7.01 

4.54 5.38 6.20 

4.36 5.16 6.00 

STORM 78 ·OCT 22·25, 1934 

ENTIRE STORM 
46 25'N 12331"W 

DURATION (HR) 

30 36 " 7.41 7.51 8.06 

7.41 7.51 0.03 

7.41 7.51 779 
7.41 751 7.67 

7.18 7.28 7" 
6.79 6.89 6.99 

6.22 6.30 6.40 

5.36 5.43 "' 
4.30 4.36 4.97 

3.78 3.85 4.48 

3.41 3.54 4.10 

3.361 3.53 "' 

STORM 78 · OCT 22-25, 16134 

CASCADES CENTER 

46 08'N 12222"W 

DURATION (HR) 

30 36 " 6.50 6.88 8.06 

650 6.85 8.03 

6.30 6.60 7.79 

6.12 6" '" 5.615 6.21 7.32 

5.59 5.82 6.90 

5.15 5.38 6.35 

4.66 4.93 5.76 

3.97 4.25 4.97 

3.71 3.99 4.68 

265 

" 54 60 66 72 
13.57 14.75 1!0 57 16.43 17.02 

13.07 14.23 14.98 16.02 16.66 

12.72 13.85 14.56 15.69 16.37 
12.33 13.44 14.11 15.30 15.99 
11.90 12.97 13.61 14.83 15.53 
11 18 12.18 12.77 13.96 14.64 

10.35 11.26 11 81 12.91 13.53 
9.42 10.22 10.70 11.67 12.21 

7.59 8.26 '" 61.48 61.616 
6.614 7.63 8.11 8.70 61.15 
6.78 7.48 797 8.52 8.96 

" " 60 " 72 
9.51 10.38 10.69 11.02 11.18 

9.:11 10.38 10.69 10.99 11.18 

9.51 10.38 10.69 10.69 11.18 
61.51 10.38 10.69 10.69 11.18 

61.23 10.06 10.37 10.37 10.89 
8.61 61.34 '·" 61.65 10.19 

7.75 8.35 '72 8.72 9.34 

6.91 7.48 7.86 7.86 8.53 
5.92 6.46 6.81 6.81 "' 5.30 5.76 6.04 6.07 6.62 
4.88 5.27 5<7 5.55 6.03 

4.86 5.25 "' 5.53 6.00 

" " 60 66 

8.74 9.12 10.26 11.02 11.02 

8.74 9.10 10.23 10.6161 10.99 

8.56 8.85 9.93 10.67 10.67 

8.37 '" '" 10 52 10.52 

8.19 8.37 9.36 10.06 10.06 

770 7.85 8.58 '" '" 703 7.22 7.66 '" 8.20 

'" 6.63 6.87 "' 7<0 
5.65 5.91 609 6.36 6.70 

5.37 5.64 5.80 6.01 6.43 
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STORM 78 ·OCT 22·25, 1934 

COASTAL CENTER 

46 25'N 12331'W 

DURATION (HR) 

36 

'" 
,, 

'" '·" 7.46 

5.38 '" 5.67 

STORM 80- JAN 20-26, 1935 

ENTIRE STORM 

47 28'N 123 43'W 

DURATION (HR) 

30 36 42 

16.58 20.34 25.50 
16.39 20.10 25.20 

15.71 19.08 24.05 

15.19 18.30 23.13 

14.76 17.91 22.58 

14.10 17.29 21.66 
13.26 16.07 19.85 

11.53 13.91 17 00 

8.58 10.36 12.54 

6.83 8.26 9.88 

5.41 6.57 7.77 

3.50 '23 4.90 

DURATION (HR) 

"' ,,. 
41.77 42.43 42.74 

41.27 41.93 42.23 

39.96 40.61 40.92 
38.64 39.28 39.57 

37 55 38.16 38.45 

35.77 36.36 36.64 

32 68 33.28 33.63 

28.33 28.94 29.37 

20.89 21.44 21.80 

16.74 17.21 , 7.61 

13.02 13.31 13.60 

"' '" 8.27 

266 

,, 
" 66 

'" "" "" "" 
H%-

"·" "" 

'·" 7.48 7.86 7.86 653 

-NH---* 

54 60 86 72 

28.41 30.15 30.48 32.06 34.80 
28.07 29.79 30.12 31.68 34.39 

26.87 28.54 28.87 30.41 33.09 

25.86 27.49 27.80 29.30 31.91 

25.23 26.81 27.11 28.56 31.08 

24.13 25.62 25.91 27.25 29.62 

22.02 23.41 23.70 24.83 26.92 

18.82 20.07 20 41 21.25 23.04 

13.89 14.87 15 27 15 70 16.94 

10.89 1 1.73 12.09 12.33 13.21 

8.54 9.21 9.53 9.70 10.20 

536 5.85 6.08 6.20 640 

'" "' "' '" 
42 91 43 03 43.11 43.11 

42.40 42.52 42.60 42.60 

41 14 41.28 41.36 41.36 

39.81 39.96 40.03 40.03 

38.66 38.79 38.87 38.87 

36.83 36.95 37 02 37.02 

33.83 33.95 34.01 34.01 

29.66 29.83 29.90 29.90 

22 16 22 36 22.48 22.51 

17.90 18.07 18.17 18.21 

13.85 13.98 14.05 14.08 

8.42 8.48 8.52 8.54 



AREA 
(SQ. MI.) 

' " 50 

"0 
200 
500 

1000 

2000 

5000 

5987 

AREA 

(SQ. MI.) 

" 50 

,00 

200 
500 

1000 

2000 

5000 
5987 

AREA 

(SQ. MI.) 

0 

" 50 

"0 
200 

500 

1000 

2000 

4279 

AREA 
(SQ. MI.) 

0 

" 50 

"0 
200 

500 
1000 

2000 

4279 

" 84 

38.10 38.80 

37.65 38.34 

36.30 36.97 

35.04 35.68 
34.10 34.73 

32.47 33.08 
29.48 30.13 

25.25 25.91 

18.50 19.12 

16.99 17.60 

6 

"5 3.92 

'" 3.76 

'" 3.47 

0.98 3.35 
0.94 3.20 

0.79 2.66 

0.66 2.24 
0.60 2.06 

0.48 1.65 

" 64 

1843 19.75 
17 89 19.75 

17.56 19.55 

16.98 18.89 

16.41 17.61 

15.40 16.47 

13.63 14 67 

12.50 13 63 

10.86 12.02 

" '" 
39.87 40.43 40.85 

39.40 39.95 40.36 

38.01 38.55 38.99 

36.70 37.22 37.67 
35.71 36.21 36.63 

34.01 34.50 34.89 

30.99 31.49 31.84 

26.69 27.24 27.53 

19.70 20.19 20.55 

18 12 18.58 18 95 

" " 5.88 7.73 8.53 

5.65 7.43 8.20 

5'2 7.13 7.87 

5P 7.01 '" "' 6.74 "' 
'" 6.02 "' 
3.61 5.07 500 
3.26 4.52 5.20 

2.62 3.69 4.40 

96 '" 
21.53 22.80 22.80 

21 53 22.80 22.80 

21 30 22.57 22 57 

20 59 21.81 21 83 

19 18 20.32 20 36 

17 86 18.52 18 56 

16 06 16.70 16.74 

14.98 15.67 15 73 

13.21 13.89 13.96 

STORM 80 -JAN 20-26, 1935 

OLYMPIC PENINSULA CENTER 
4728'N 123 43'W 

DURATION (HR) 

DURATION (HR) 

"' '" "' 41 77 42.43 42.74 

41.27 41.93 42.23 

39.96 40.61 40.92 

38.64 39.28 39.57 

37.55 38.16 38.45 

35.77 36.36 36.64 

32.68 33.28 33 63 

28.33 28.94 29.37 

20.89 21.44 21.80 

19.17 19 72 20.06 

STORM 80- JAN 20-26, 1935 

NORTH CASCADES CENTER 

48 OO"N 121 28'W 

DURATION (HR} 

30 36 42 

9.25 10 20 11.53 

8.98 '" 11.19 

8.41 9.44 10.71 

8.14 9.14 10 55 , ... 8.89 10 25 

7.50 8.53 '" 6.75 7.86 "' 
6.09 "' 8.20 

5.40 6.44 7.31 

DURATION (HR) 

"' "' '" 
23.16 24.61 26.26 

23.16 24.61 26.26 

22.92 24.35 25.99 

22.16 23.52 25 10 

20.66 21.90 23 36 

18.76 19.03 20 23 

16 92 17 16 18.05 

15.89 1619 16 94 

14.12 14 39 15.11 

267 

"' 42.91 

42.40 

41.14 

39.81 

38.66 

36.83 
33.83 

29.66 
22.16 

20.40 

" 12 50 

12.14 

1 1.57 

11.41 

11.09 

10.58 

9.81 

903 

"' 

"' 26.26 

26.26 

25.99 

25.12 

23.40 

20.31 

18 15 

17 03 

15.18 

"' "' 43.03 43.11 43.11 

42.52 42.60 42.60 

41 28 41.36 41.36 

39.96 40.03 40.03 

38.79 38.87 38.87 

36.95 37.02 37.02 

33.95 34.01 34.01 

29.83 29.90 29.90 

22.36 22.48 22.51 

20.62 20.75 20.80 

60 " 13.26 14.20 15.62 17 26 

13.26 14 20 15.01 16.61 

13.12 14 05 14.64 16.19 

12.70 13 60 14.31 15.99 

11.86 12.70 "" 15.47 

11.10 11.36 12 73 14.41 

10.31 10.56 11 25 12.71 

9.73 10.07 10.41 11.66 

8.84 9.21 9.30 10.12 

"' '" 
26.26 26.26 26.26 

26.26 26.26 26.26 

25.99 25.99 25.99 

25 13 25.13 25.13 

23.43 23.44 23.44 

20.36 20.38 20 38 

18 21 18.24 18.24 

17 08 17.10 17 10 

15 22 15.23 15.23 



AREA 
(SQ. MI.) 

0 
10 
50 

100 
200 
500 

1000 
2000 
5000 

10000 
13869 

1.17 
1.17 

1.12 

1.02 
0.90 

0.74 

0.58 

0.54 

0.45 

0.34 

0.29 

6 12 
3.38 5.90 
3.32 5.80 
3.23 5.64 
3.07 5.40 
2.84 4.96 
2.44 4.20 
2.18 3.58 
2.02 3.19 
1.69 2.59 
1.33 -2.31 

1.16 2.18 

AREA 
(SO. MI.) 

15 
50 

100 
200 
500 

1000 

2000 
5000 

10000 
20000 
23729 

18 

8.40 
8.26 
8.03 

7.66 

6.95 
5.72 

4.84 

4.43 

3.70 

3.33 

3.16 

AREA 
(SQ. MI.) 

0 

10 

50 
100 
200 
500 

1000 

2000 

5000 

10000 

13869 

0.45 

0.43 

0.41 

0.38 

0.32 

0.27 
0.22 
0.18 
0.15 

0.11 

0.10 

24 
10.94 

10.76 

10.46 

9.98 
9.09 

7.40 

6.43 

5.89 

4.87 

4.31 

4.04 

78 

22.67 

22.28 

21.67 

20.80 

19.10 
16.12 

14.55 

13.13 

10.92 

9.90 

9.44 

STORM 82 ·MAR 24-25, 1935 

ENTIRE STORM 

47 22'N 115 26'W 

DURATION 

6 12 18 

2.03 3.16 3.61 

1.94 3.01 3.44 

1.85 2.88 3.29 

1.72 2.68 3.06 

1.43 2.23 2.54 

1.21 1.88 2.15 

1.00 1.55 1.78 

0.70 1.18 1 40 
0.49 0.91 1.12 

0.37 0.68 0.85 
0.34 0.62 0.78 

STORM 88- DEC 26-30. 1937 

ENTIRE STORM 
44 55'N 44 55'N 

DURATION 

30 36 42 
13.35 15.31 16.47 

13.13 15.05 16.19 
12.76 14.63 15.74 

12.21 14.01 15.07 

11 14 12.80 13.75 

9.12 10.53 11.37 

7.72 8.91 10 15 

7.17 8.19 9.10 

5.95 6.82 7.59 

5.23 6.00 6.65 

4.89 5.63 6.22 

DURATION 
84 90 96 

24.80 26.80 27.08 

24.38 26.34 26.61 

23.71 25.62 25.88 

22.78 24.63 24.88 

20.95 22.67 22.90 

17.75 19.25 19.49 

15.97 17.24 17.71 

14.51 15.70 16.15 

12.15 13.22 13.55 

10.93 11.81 12.18 

10.37 11.16 11.55 

268 

24 
4.06 

3.87 

3.70 
3.44 

2.86 
2.44 
2.04 
1.67 
1.39 

1.08 

1.01 

48 54 60 66 72 
17.56 17.56 17.56 19.83 20.71 
17.26 17.26 17.26 19.49 20.36 
16.78 16.78 16.78 18.95 19.79 
16.05 16.05 16.05 18.13 18.95 
14.62 14.62 14.62 16.51 17.31 

12.02 12.06 12.14 13.64 14.58 
10.72 11.04 11.59 12.53 13.27 

9.60 9.85 10.39 11.23 12.00 

7.99 8.07 8.51 9.17 9.92 
7.00 7.13 7.54 8.18 8.99 

6.55 6.70 7.10 7.72 8.57 



AREA 
(SQ. MI.) 

0 

" 50 

100 

200 
500 

1000 

2000 

5000 

5103 

AREA 

(SQ. MI.) 

10 

50 

too 
200 

500 

1000 

2000 

4685 

1.17 

1.17 

1.12 

1.02 

0.90 

0.74 

0.58 

0.54 

0.45 

0.44 

0.69 

064 

"' 
0.55 

0.53 

0.47 

0.40 

0.32 

0.22 

' 
3.38 5.90 

3.32 5.60 

3.23 5.64 
3.07 5.40 

2 .... 4.96 

2.44 4.20 

"' 3.58 

2.02 3.19 

"' 2.59 

1.68 2.58 

' 
2.96 5.08 

2.96 5.08 

2.67 4.53 

2.45 4.17 
2.14 3.79 

1.78 3.41 

1.58 3.00 

1.37 2.58 

t tt 2.08 

" 8.40 

8.26 

'"' 7.66 

6.95 

5.72 ..... 
4.43 

3.70 

3.68 

STORM 88- DEC :26-30. 1937 

COASTAL OREGON CENTER REVISED 

44 55'N 123 30'W 

DURATION (HR) 

24 30 " 10.94 13.35 15.31 16.47 17.56 

10.76 13.13 15.05 16.19 17.26 

10.46 12.76 14.63 15.74 16.78 

9.98 12.21 14 01 15.07 16.05 

9.09 11.14 12.80 13.75 14.62 

7.40 9.12 10.53 1 1 _37 12.02 

6.43 7.72 '" 10_15 10.72 

5.89 7.17 8.19 9_10 9.60 

4.87 5.95 6.82 7.59 7.99 ,,. 5.91 6.77 7_54 7.94 

AREA 

(SO. MI.) DURATION (HR) 

78 " 00 " 0 22.67 24.80 26.80 27 08 

10 22.28 24.38 :26.34 26.61 

50 21.67 23.71 25.62 25.88 

100 20.80 22.78 24.63 24.88 

200 19.10 20.95 22.67 22.90 

500 16.12 17.75 19 25 19.49 

1000 14.55 15.97 17 24 17 71 

2000 13.13 14.51 15.70 16.15 

5000 10.92 12.15 13.22 13.55 

5103 10.85 12.07 13.13 13.46 

STORM 88- DEC 26-30, 1937 

60 

17 56 17.56 

17.26 1 ~ 26 

16.78 16.78 
16.05 16.05 

14.62 14.62 

12.06 12.14 

""" 11.59 

"' 10.39 

8.07 8.51 

8.01 8.45 

CASCADES CENTER REVISED MASS CURVES NEAR COUGAR, WA 

" 6.38 

'" '" 5.55 

5.19 

4.66 

4.13 

3.58 

2.92 

46 05'N 122 18'W 

DURATION (HR) 

7.35 

7.30 

6.73 

6.45 

6.11 

'" 4.93 

4.41 

3.77 

AREA 
(SQ. MI.) 

tO 

50 
too 

200 

500 

1000 

2000 

4685 

eo7 
eo7 
no 
700 
7.07 

6.55 

5.77 

505 

"' 

78 

14.80 

14.80 

13.97 

13 84 

t"4 
13.18 

12 27 

11.25 

9.99 

269 

36 

9.59 10.15 

959 10.15 

8.86 9.93 

8.28 9.72 

'·"" 9.39 

7.49 6.61 

6.63 7.52 

5.74 6.43 

5.36 6.03 

DURATION (HR) 

" 00 

15 36 16.37 

15.33 16.37 

14.93 18.37 

14.79 16.19 

14.59 15.90 

14.14 15.24 

13.19 14.10 

12.07 12.85 

10.62 11.36 

" 1 1 .31 11.99 12.75 

11.31 11.99 12.75 

10.53 11 .08 12 13 

10.31 10.85 11 .88 
9.95 10 48 1 1.48 

9.16 9.66 10.54 

8.00 8.44 9.22 

6.82 7.23 8.13 

6.38 6.71 7.45 

" 17.39 

17.39 

17.39 

17.21 

16.92 

16.20 

14.95 

13.55 

11 88 

" 72 

19.83 20.71 

19.49 20.36 

18.95 19.79 
18.13 18.95 

16.51 17.31 
13_64 14.58 

12.53 13.27 

1, .23 12.00 
9.17 9.92 

9.11 9.85 

72 

13.31 14.05 

13.31 14.05 

12.55 13.04 

12.33 12.88 

11.97 12.62 

11.08 12.14 

1011 11 .2'7 

9.20 10.29 

8.32 917 



AREA 
{SO. MI.) 

0 

10 

50 

100 

200 
500 

1000 

:2000 

5000 

10000 

20000 
50000 

80511 

1.84 

1.84 

1.77 

1.58 

1.31 

1.01 

0.86 

0.72 

0.56 

0.45 

0.34 

0.20 

0.14 

6 

6.44 

6.44 

6.20 

5.63 

4.80 

3.91 

3.13 

2.88 

2.30 

1.89 

1.49 

1.02 

0.75 

AREA 

(SQ_ MI.) 

1 

10 

50 

100 
200 
500 

1000 

2000 

5000 

10000 

20000 

41818 

12 

11.47 

11.47 

11.05 

10.12 

8.76 

7 05 

5.57 

4.85 

4.14 

3.41 

2.71 

"' 1.42 

1.22 

119 

1 06 

0.94 

0.89 

0.83 

0.74 

0.63 

0.47 

0.34 

026 
0.17 

AREA 
(SQ. MI.) 

4 

10 

50 
100 

200 
500 

1000 

2000 
5000 

10000 

20000 
41385 

18 

13.47 

13.47 

13.00 

11.98 

10.51 

9.03 

7.52 

6.32 

540 

4.58 

3.83 

2.79 

2.09 

6 

4.28 

4.28 

4.26 

4.26 

4.22 

4.01 

3.67 

3.27 

2.51 

186 

1.45 

0.94 

0.97 

0.96 

0.94 

0.92 

0.89 

0.84 

0.76 

0.60 

0.36 

0.26 

0.17 

0.12 

24 
15.84 

15.84 

15.31 

14.21 

12.62 

11.02 

9.29 

7. 77 

6.59 

5.68 

4.88 

3.65 

2.75 

8.02 

8.02 

8.02 

8.02 

701 

7.35 

6.67 

5.86 

455 

'" 2.72 

1.79 

STORM 106- JUNE 26-27, 1944 

REVISED ENTIRE STORM 

44 16'N 11204'W 

DURATION (HR) 

6 

2.71 3.05 "' 2.70 "' 3.91 

'" 2.96 3.81 

2.58 2.92 3.75 

2.50 2.83 3.64 

2.37 2.68 3.45 

2.17 2.47 3.18 

1.77 2.15 ,... 
"' 1.71 2.23 

0.97 1.51 "' 
0.75 1.24 167 

0.57 0.99 1.34 

STORM 126. OCT26-29, 1950 

ENTIRE STORM 

41 52'N 123 58'W 

DURATION (HR) 

30 

16.50 17.96 18.96 

16.50 17.96 18.96 

15.98 17.42 18.46 

14.95 16.47 17 68 

13.49 15.14 16.61 

11.78 13.69 15 65 

9.99 12.19 14 55 

9.00 11.34 13.24 

8.02 9.62 10.96 

7.02 8.41 9.51 

6.17 7 44 8.35 

4.42 5.29 5.93 

3.28 3.88 4.36 

STORM 133 ·NOV 2-4, 1955 

ENTIRE STORM 

4734'N 123 28'W 

DURATION (HR) 

10.15 12., 6 13.36 

10.15 12.16 13.36 

10.15 , 2.16 13.36 

10.15 12.16 13.36 

10.05 12.06 13.26 

945 11.41 12.62 

8.56 10.42 11.68 

755 9>1 10.65 

"' 735 8.43 

"9 5.70 6.46 

3.68 4.48 5.08 

2.45 2.89 331 

270 

4.27 

4.25 

414 

4.07 

3.95 

3.75 

3.48 

3.15 

2.68 

2.38 

2.06 

1.68 

54 60 " 19.37 19.98 20.69 20.93 21.17 

19.37 19.98 20.69 20.93 21.17 

18.89 19.47 20.19 20.46 20.72 

18.30 18.88 19.56 19.97 20.35 

17.51 18.19 18.71 19.33 19.89 

16 88 17.71 17.90 18.73 19.18 

15 97 17.02 17.17 17.90 18.29 

14.57 15_73 15.90 16.62 17.03 

12.17 13.17 13 39 14.17 14.57 

10.56 11.26 11.47 12.23 12.65 

9.25 9.74 9.96 10.67 11.15 

6.54 6.89 7,11 7.67 8.18 

4 75 5.02 5.34 5.78 6.21 

15 12 16.10 17-27 

15.12 16.10 17 27 

15 , 2 16 10 17 27 

15 12 1610 17.27 

15.00 15.98 17.15 

14.27 15.21 16.30 

13.15 14.08 15.04 

11.90 12.75 13.58 

9.48 10.09 10.74 

739 "9 "' 578 6.21 6.69 

'·" "' 
,,. 



AREA 

(SQ. MI.) 

' 
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'00 
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7883 

AREA 

(SQ. Ml) 

' 
" 50 

'00 
200 

500 

1000 

2000 

3997 

0.90 

0.90 

0.90 

0.90 

0.89 

0.83 

0.74 

0.63 

0.47 

0.37 

1.12 

'" 
'" 
0.94 

0.89 

0.77 

0.65 

0.48 

0.35 

' 
4.26 

4.26 

4.26 

4.26 

4.22 

4.01 

3.67 

3.27 

2.51 

1 .98 

6 

4.28 

4.28 

4.15 

"' 
3.85 

3.44 

2.97 

2.30 

1.79 

AREA 

(SQ. MI.) 

3 

" 50 

wo 
200 
500 

1000 

2000 

5000 

10000 

20000 

22002 

8.02 

8.02 

8.02 

8.02 

7.91 

7.35 

6.67 

5.86 

4.55 

3.75 

" 6.30 

6.30 

6.11 

5.91 

5.68 

5.19 

4.57 

3.70 

2.97 

0.58 

0.57 

0.55 

0.54 

0.53 

0.47 

0.37 

0.28 

0.19 

0.14 

0.09 

0.09 

STORM 133- NOV 2-4. 1955 

OLYMPIC PENINSULA CENTER 

47 59"N 121 20"W 

DURATION (HR) 

" 10.15 12.16 13.36 

10.15 12.16 13.36 

10.15 12.16 13.36 

1015 12.16 13.36 

10.05 12.06 13.26 

9.45 11.41 12.62 

8.56 10.42 11.68 

7.55 9.31 10.65 

5.93 7.35 8.43 

5.00 6.06 8.87 

STORM 133- NOV 2-4. 1955 

NORTH CASCADES CENTER 

47 59"N 121 20'W 

DURATION (HR) 

" 7.88 9.01 10.31 

"' 9.01 10.31 

7.66 8.75 10.04 

7.42 8.48 9.74 

7.13 8.16 9.34 

652 7.61 8.55 

582 6.94 '" 4.91 6.01 '" 4.09 502 5.83 

STORM 143 ·OCT 1·2. 1957 

REVISED ENTIRE STORM 

45 49'N 119 17"W 

DURATION (HR) 

6 " 2.00 3.06 3.24 

1.98 3.03 3.21 

1.90 2.92 3.09 

1.87 2.87 3.03 

1.84 282 2.98 

1.65 2.57 2.73 

1.44 2.30 2.46 

1.22 2.02 2.20 

0.94 1.61 '" 0.71 1.29 '50 
0.51 "' 1.13 

0.48 0.89 1.07 

271 

" " " 15.12 16.10 17.27 

15.12 16.10 17.27 

15.12 16.10 17.27 

15.12 16.10 17 27 

15.00 15.98 17 15 

14.27 15.21 1630 

13.15 14.08 15.04 

11.90 12.75 13.56 

9.48 10.09 10.74 

7.84 8.37 8.98 

11 50 12.85 13.23 

11.50 12.85 13.23 

1 1.29 12.59 12.95 

11.01 12.26 12.63 

10.50 11 75 12.17 

9.69 10.82 11.34 

8.88 9.86 10.41 

7.93 8.78 9.20 

6.64 no "2 

3.43 

3<0 

'" 3 22 

"6 
2.88 

2.62 

2.35 

1.96 

1.65 

"' '23 



AREA 
(SQ. MI.) 

10 

50 

'" 
200 
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1000 

2000 
~000 

10000 

20000 

20850 

AREA 
(SQ. MI.) 

" 50 

'" 
200 

500 

1000 

2000 

3473 

1.11 

0.94 

0.78 

0.74 

0.70 

0.63 

0.58 

0.49 

0.34 

0.28 

0.23 

0.23 

1.02 

0.89 

o ... 
0.62 

0.57 

0.49 

0.42 

0.35 

0.30 

AREA 
(SQ. MI.) 

' " 50 

'" 
200 

500 

1000 

2000 

5000 

,0000 

20000 

29329 

6 

3.91 

3.55 

3.34 
3.22 

3.06 

2.86 

2.70 

2.47 
1.94 

1.61 

1.30 

1.28 

8 

3.91 

3.54 

2.67 

2.56 

2.32 

2.06 

1.93 

1.79 

1.67 

' " 0.70 3.41 5.33 
0.70 3.41 5.33 

0.69 3.41 5.33 

0.69 3.41 5.33 

0.69 3.41 5.33 

0.66 3.27 5.16 

0.62 '"' 4.86 

0.52 2.49 4.31 

0.36 1.82 3.29 

0.26 1.38 2.52 
0.21 1.13 2.09 

0.18 '00 1.85 

" " 24 

6.80 9.3!5 11.18 

6.27 8.89 10.90 

5.89 8.38 10.56 
5.67 8.12 10.18 

5.42 768 9.47 

5.10 7.05 8.86 

4.86 6.58 8.38 

4.53 6.10 7.57 
3.62 4.95 '" 2.98 4.21 5.64 

2.40 3.38 4.65 

2.36 3.32 4.57 

" " 6.35 7.24 8.88 

5.78 6.66 8.23 

4.67 6_34 8.00 
4.52 6.17 7.83 

4.2:0 5.77 7.39 
280 5.16 6.67 

3.58 4.75 6.19 

3.35 4.34 "' 
3.17 4.07 5.38 

STORM 147-DEC 14-16,1959 

ENTIRE STORM 
47 33"N 121 20"W 

DURATION (HAl 

" 24 30 

6.57 8.46 10.00 

6.57 8.48 10.00 

6.57 8.44 9.95 

6.57 8.22 9.69 

6.57 7.94 936 

6.37 7.53 8.86 .... 7.02 8.26 

5.43 6.40 7.49 

426 5.24 s.oa 
3.33 4.12 4.77 

2.78 3.45 4.07 

2.48 3.07 , .. 
STORM 149- NOV 21-24. 1961 

ENTIRE STORM 
42 10"N 123 56'W 

DURATION (HR) 

30 " 42 

12.22 13.10 13.96 

12.01 13.00 13.67 

11.66 12.77 13.34 

11.24 12.34 12.93 

10.48 11.64 12.36 

10.00 11.35 12.16 

9.59 , 1.06 11.93 

8.71 10.02 10.87 

7.61 8.57 9.40 

6.76 7.82 8.46 

5.55 6.42 7.19 

5.58 6.33 709 

STORM 149 - NOV 21-24, 1961 

OREGON CASCADES CENTER 

43 28'N 122 56'W 

DURATION (HA) 

30 " 9.70 10.92 11.53 

9.35 10.39 11.53 

9.23 10.28 11.39 

9.06 10.12 11.21 

8.62 9.69 10.70 

766 8.88 9.84 

7.35 8.35 9.33 

6.83 "' 8.83 

6.48 7.40 6.35 

272 

36 42 .. 
10_77 11.04 11.18 

10.77 11.04 11 18 

10.72 10.99 11 12 

10.44 10.71 10.83 

10.07 10.35 10.46 

9.54 9.83 9.93 

8.89 "' 9.28 

8.04 6.33 8.41 

6.58 6.81 6.87 

5.19 5.37 5.41 

4.48 4.64 4.67 

4.08 4.24 4.26 

48 60 66 72 

15.12 15.72 16.68 16.93 17.00 

14.72 15.46 16.43 16.74 16.85 

14.18 15.06 16.01 16.38 16.51 

13.75 14.66 15.56 15.96 16 09 

13.12 14.18 14.97 15.41 15.53 

12.83 13.89 14.64 15.01 15.13 

12.55 13.63 14.34 14 67 14.79 

11.71 12.78 13.43 13.71 13.80 
10.30 11.22 11 81 12.09 12 17 

9.17 9.96 10.57 10.86 10.97 

7.74 8.32 8.90 9.20 9.32 

7.63 8.19 8.77 9.07 020 

.. 54 60 " 72 

12.26 12.84 13.62 13.98 14.08 

12.26 12.84 13.62 13 98 14.08 

12.13 12.72 13.48 13.83 13.94 

11 95 12.56 13 29 13.64 13.76 

11.44 12.09 12 76 13.09 13.22 

10.58 1 1-21 11.83 12.15 12.28 

10.08 10.68 11.34 11 67 11.79 

9.59 10 16 10.85 11 18 11.30 

9.07 9.59 10.24 10.55 10.67 



AREA 
(SQ. MI.) 

2 

" 50 

"' 200 

•oo 
1000 

2000 

5000 

5936 

1.11 

0.94 

0.78 

0.74 

0.70 

0.63 

0.58 

0.49 

0.34 

0.32 

' 3.70 

3.55 

3.34 

3.22 

3.06 

2.86 

2.70 

2.47 

1.94 

1.84 

AREA 

(SO. MI.) 

2 

" 50 

"' 200 

•oo 
1000 

2000 

5000 

10000 

20000 

36321 

AREA 

(SO. MI.) 

' 
" 50 

"' 
200 
300 

1000 

2000 

4960 

12 " 6.80 9.35 

6.29 8.89 .... 8.38 

5.67 8.12 

5.42 7.68 

5.10 7.05 

4.86 6.58 

4.53 6.10 

362 4.95 

3.44 4.71 

' 
1.05 4.74 

1.05 4.74 

1.03 4.66 

1.00 4.55 

0.97 4.38 

0.88 4.01 

0.73 3.50 

0.58 2.88 

0.46 2.15 

0.36 1.86 

0.29 1.56 

0.22 '" 

' 0.86 4.67 

0.86 4.67 

0.82 4.38 

0.79 4.22 

0.77 4,08 

0.72 3.83 
0.63 3.38 

0.54 2.82 

0.41 2.16 

STORM 149- NOV 21-24, 1961 

SOUTH COASTAL OREGON CENTER 

24 

11.18 

10.90 

10.58 

10.18 

9.47 

8.86 

8.38 
7.57 

6.42 

6.13 

12 

7.91 

7.91 

7.78 

"' 732 

6.72 

5.89 

4.97 

3.87 
3.45 

3.04 

2.25 

42 10'N 123 56'W 

DURATION (HR) 

" 42 

12.22 13.10 13.96 

12.01 13.00 13.67 

11.66 12.77 13.34 

11.24 12.34 12.93 

10.48 11.64 12.36 

10.00 11.35 12.16 

9.59 11.06 11.93 

8.71 10.02 10.87 

7.61 8.57 9.40 

7.30 8.21 9.02 

STORM 151 ·NOV 18-20, 1962 

ENTIRE STORM 

47 28'N 123 43'W 

DURATION (HR) 

" 24 30 

10.45 12.45 12.96 

10.45 12.45 12.96 

10.27 12.25 12.75 

10.02 11.95 12.44 

9.62 11.48 11.95 

8.79 10.57 1\.03 

7.68 9.37 9.87 

6.57 7.95 8.50 

5.15 6.15 6.94 

4.66 5.53 6.20 

4.16 ,09 5.60 

"' 3.80 4.19 

STORM 151- NOV 18-20,1962 

" 15.12 

14.72 

14.18 

13.75 

13.12 

12.83 

12.55 

11.71 

10.30 

9.87 

12.98 

12.98 
12.77 

12.46 
11.97 

11.05 

9.90 

8.59 

7.30 

6.55 

5.90 

'" 

NORTH WASHINGTON CASCADES CENTER 

48 41 'N 121 33'W 

DURATION (HR) 

30 

776 9.33 10.56 11.14 11 14 

7.76 9.33 10.56 11 14 11 14 

7.42 8.96 10.13 10.67 10.67 

7.19 8.89 9.82 10.34 10.34 

6.95 8.38 9.47 9.97 9.97 

6.52 7.84 8.87 9.33 9.33 

5.77 7.06 7.98 8.42 '" 
"' 6.29 7.08 7.55 7.64 

3.88 "' 5.81 6.22 6.36 

273 

66 
15.72 HiSS 16.93 17.00 

15.46 16.43 16.74 16.85 
15.06 16.01 16.38 16.51 

14.66 15.56 15.96 16.09 
14.18 14.97 15.41 15.53 

13.89 14.64 15.01 15.13 

13.63 14.34 14.67 14.79 
12.78 13.43 13.71 13.60 

11.22 11.81 12.09 12.17 

10.76 11 35 11.65 11.73 

42 

13.11 13.22 

13.11 13.22 

12.89 13.00 

12.57 12.68 

12.08 12.19 

11.17 11.28 

10.05 10.18 

8.80 8.94 

7.62 7.78 

6.92 7.10 

6.20 6.41 

"' 4.94 

" 11 14 11.21 

11 14 11.21 

10.67 10.79 

\0.34 10.48 

9.97 10.11 

9.33 9.48 

8.48 8.66 

776 8.00 

6.58 6.83 



AREA 

(SQ. ML) 

2 

" " 100 

200 

500 

"00 
2000 

4885 

AREA 

{SQ. ML) 

4 

" " 100 

200 

500 

1000 

2000 
2710 

AREA 

(SQ. MI.) 

10 

50 

100 

200 

500 

1000 

2000 

5000 

10000 

20000 

50000 

87054 

1.05 

1.05 

1.03 

1.00 

0.97 

0.88 

0.73 

0.58 

0.38 

0.90 

0.90 

0.89 

0.84 

0.81 

0.72 

0.84 

0.58 

0.57 

1_ 11 

1.11 

1.09 

1.08 

0.99 

0.88 

0.79 

0.70 

0.55 

0.41 

0.31 

0.20 

0.13 

6 

4.74 

4.74 

4.66 

4.55 

4.38 

4.01 

3.50 

2.88 

1.94 

6 

3.37 

3.37 

3.21 

3.07 

2.96 

2.75 

2.54 

2.32 

2.21 

6 

5.93 

5.93 

5.80 

5.64 

5.26 

4.56 

3.94 

3.38 

2.73 

2.14 

1.57 

1.03 

0.89 

" 7.91 

7.91 

7. 78 

7.60 

7.32 

8.72 

5.69 

4.94 

3.64 

STORM 151 · NOV 18-20. 1982 

COASTAL CENTER 

47 28'N 123 43'W 

DURATION (HR) 

" 30 

10.45 12.45 12.96 

10.45 12.45 12.96 

10.27 12.25 12.75 

10.02 11.95 12.44 

9.62 11.48 11.95 

8.79 10.57 11.03 

7.68 9.37 9.87 

6.57 7.95 8.50 

5.10 6.21 7.02 

STORM 151 ·NOV 18-20, 1962 

36 

12.98 

12.98 

12.77 

12.46 

11.97 

11.05 

9.90 

8.59 

7.37 

SOUTH WASHINGTON CASCADES CENTER 

5.31 

5.31 

5.28 

5.12 

4.96 

4.75 

4.59 

4.36 

4.15 

" 9.78 

9.78 

056 

9.29 

8.77 

7.93 

723 

6.59 

5.31 

4.15 

3.02 

"' 
1.30 

46 43'N 121 43'W 

DURATION {HR) 

24 

8.63 7.64 8.42 

6.63 7.64 8.42 

6.61 7.55 8.37 

6.50 7.52 8.33 

6.32 7.29 8.07 

6.10 6.98 7.69 

5.95 6.73 7.38 

5.70 6.37 8.93 

5.45 6.07 8.61 

STORM 155- JUNE 8-8, 1964 

ENTIRE STORM 

48 34'N 11323'W 

DURATION (HR) 

" 24 30 

12 so 14.35 14.81 

12.80 14.35 14.81 

12.52 14.04 14.49 
12.17 13.85 ,.,. 
11.50 12.96 13.40 

10.44 11.93 12.39 

9.57 11.07 11.57 

8.70 10.09 10 81 

7.01 8.13 '" 
5.47 6.37 6.78 

4.05 474 5.14 

2.61 3.08 3.38 

1.82 2.17 245 

274 

36 

8.74 

8.74 

8.72 

8.67 

8.41 

8.02 

768 

7.28 

6.94 

36 

15.31 

15.31 

14.98 

14.58 

13.87 

12.86 

12.00 

11.02 

8.89 

6.97 

5.32 

3.52 

2.80 

46 

13.11 13.22 

13.11 13.22 

12.89 13.00 

12.57 12.68 

12.08 12.19 

11.17 11.28 

10.05 10.18 

8.80 8.94 

7.89 7.85 

" 46 

9.08 9.26 

9.08 9.26 

9.08 9.26 

9.04 9.22 

8.78 8.95 

8.38 8.54 

8.02 8.16 

7.56 7.68 

7.23 7.35 

46 

15.31 15.31 

15.31 15.31 

14.98 14 98 

14.56 14.56 

13.89 13.89 

12.92 12.92 

12.11 12.13 

11 17 11 27 

6.03 9.14 

7.09 7.18 

5.42 5.48 

3.80 367 

2.88 2.71 



AREA 
(SQ. MI.) 

0 

10 

50 

'00 
'00 
500 

1000 

2000 
5000 

10000 

20000 

50000 

99988 

AREA 
(SQ. MI.) 

0 

10 

50 
,00 
,00 
500 

1000 

2000 
5000 

10000 

20000 
20120 

2.05 

2.05 

1.93 

1.72 

1.59 

1.27 

0.97 

0.71 
0.57 

0.46 

0.36 

0.28 

0.20 

2.05 

2.05 

"3 

'" 1.59 

1.27 

0.97 

0.71 

0.57 

0.46 

0.36 

0.36 

AREA 
(SQ. MI.) 

3 

" 50 

'00 
,00 

500 

,000 
,000 

5000 

10000 

20000 

34002 

' 6.11 

5.70 

5.39 

5.14 
4.90 

4.28 

3.63 

3.21 
2.72 
2.51 

1.96 

1.54 

1.11 

' 
6.11 

5.70 

5.21 

5.11 

4.90 

4.28 

3.63 

3.04 

2.72 

2.51 

1.96 

1.95 

' 1.02 5.42 

0.95 5.02 

0.83 4.44 

0.78 4.21 

0.73 3.94 

0.64 3.44 

0.54 2.89 

0.44 2.36 

0.35 1.84 

0.29 1.50 

0.23 1.15 

0.17 0.88 

" 9.74 14.26 

8.76 13.08 

8.59 11.83 

8.22 11.33 

7.76 10.86 

7.07 9.96 

6.38 9.06 

5.97 8.48 

5.29 7.55 
4.82 7.01 

"' 5.69 

3.02 4.44 

2.19 3.28 

" 9.74 14 26 

8.64 13.08 

8.15 11.83 

8.05 11.33 

7.76 10.86 

'" 9.98 

6.38 9.06 

5.97 8.48 

5.29 7.55 

4.82 7.01 

3.82 5.69 

3.81 5.68 

STORM 155 -JUNE 6-8, 1964 

STORM PORTION WEST OF CONTINENTAL DIVIDE 

LATILON NOT AVAILABLE 

8.92 

8.47 

7.79 

7.51 

7.16 

6.30 

5.35 

4.32 

3.13 

2.47 

1.85 

1.44 

17.32 

16.23 

14.99 

14.46 

13.94 

12.85 

11.65 

10.77 

9.47 

8.85 

7.28 

5.72 

'" 

DURATION {HR) 

" 30 

11 69 13.10 13.52 

11.11 12.44 12.87 

10.25 11.45 11.88 

9.90 11.03 11.48 

9.41 10.48 10.93 

8.20 9.12 9.54 

6.90 7.68 8.00 

5.49 6.13 6.42 

3.88 4.35 4.55 

"' 3.44 3.80 

2.31 2.57 2.70 

1.77 1.97 2.08 

STORM 156- DEC 21-24.1964 

ENTIRE STORM 

39 55'N 123 35'W 

DURATION (HR) 

30 36 " 19.39 21.65 25.42 

18.53 20.74 24.21 

17.53 20.10 22.94 

17.11 19.66 22.45 

16.64 19.06 21.76 

15.49 17.63 20.16 

13.91 15.83 18.10 

12.69 14.50 16.61 

11.03 12.58 14 37 

10.21 11.66 13.43 

8.40 9.86 11.37 

6.69 7.78 9.05 

4.98 5.77 6.72 

36 

13.98 

13.29 

12.27 

11.85 

11.29 

9.87 

8.35 

6.88 

4.73 

3.74 

2.81 

2.16 

" 27.14 

26.13 

25.05 
24.63 

23.94 

22.21 

19.94 

18.36 

15.84 
14.63 

12.33 

9.97 

"' 

STORM 1 56 · DEC 21 -24. 1964 

NORTHWESTERN CALIFORNIA CENTER 

39 55"N 123 35'W 

DURATION (HR) 

" 36 " 17.32 1939 21.65 25.42 27.14 

16.23 18 53 20.74 24.21 26.13 

14.99 17 53 20.10 22.94 25.05 

14.46 17 11 19.66 22.45 24.63 

13.94 16.64 19.06 21.76 23.94 

12.85 15.49 17.63 20.16 22.21 

11.85 13.91 15.83 18.10 19 94 

10 77 12.69 14.50 16.81 18.36 

"' 11.03 12.58 14.37 15.84 

8.85 10.21 11.66 13.43 14.63 

7.28 8.40 988 1 1.37 12.33 

7.27 8.38 9.83 11.34 12.30 

275 

" 13.98 

13.31 

12.32 

11.91 

11.38 

9.99 

8.53 

6.87 

4.90 

3.90 

2.94 

2.28 

28.04 

27.13 

26.05 

25.60 

24.87 

23.04 

20.65 

19.04 

16.40 

15.24 

12.80 

10.59 

7.96 

28.04 

27.13 

26.05 

25.60 

24.87 

23.04 

20.65 

1894 

1640 

15.24 

12.80 

12.77 

" 13.98 

13.31 

12.32 

11.91 

11.36 

10.02 

8.58 

6.94 

4.98 

3.97 

3.02 

2.35 

60 " 28.41 28.85 30.32 

27.42 27.89 30.29 

26.24 27.06 29.22 

25.75 26.60 28.60 

25.01 25.82 27.64 

23.21 23.96 25.65 

20.81 21.56 22 96 

19 61 20.27 21 73 

16.62 ""' 18.39 

15.47 15.93 17.12 

12.98 13.34 14.33 

10.80 11.21 12 19 

'" 8.43 "' 

60 " 28 41 28.85 30.32 

27.42 27.89 30.29 

26.24 27.06 29.22 

25.75 26.60 28.60 

25.01 25.82 27.64 

23.21 23.98 25.65 

20.81 21.46 22.96 

19.11 19.85 21.03 

16.55 16.98 18.18 

15.47 15.93 17.12 

12.98 13.34 14.33 

12.95 13.31 14 30 



AREA 
(SQ. MI.) 

' 10 

50 
100 

200 

500 

1000 

2000 

2757 

AREA 
(SQ. MI.) 

1 

10 

50 

100 

200 

500 

1000 

2000 

5000 

9580 

AREA 

(SQ. MI.) 

10 

50 
100 

200 

500 

1000 

2000 

5000 

9903 

0.85 
0.05 

0.81 

0.76 

0.66 

0.55 

0.51 
0,47 

0.45 

1.29 

1.26 

1.19 

1.14 

1.00 

0.75 

0.63 
0.50 

0.34 

0.29 

1.05 

1.05 

1.03 

0.98 

0.89 

079 

0.69 

0.59 

0.44 

0.35 

6 12 

3.23 5.60 7.52 

3.23 5.60 7.52 

2.79 5.16 7.15 

2.67 4.89 6.76 

2.57 4.48 6.15 

2.27 3.95 5.59 

2.11 3.53 4.94 

1.97 3.31 4.61 

1.91 3.21 4.46 

6 12 1S 
3.62 6.04 7.84 

3.61 6.02 7.81 

3.42 5.70 7.40 

3.17 5.33 6.92 

2.82 4.80 6.23 

2.44 4.31 5.69 

2.16 3.97 5.30 

1.97 3.54 4.97 

1.75 3.25 4.53 

1.55 2.90 4.05 

6 

5.50 8.76 11 43 

5.50 8.76 11.43 

5.39 8.59 11.21 

5.14 822 10.71 

4.67 7.49 9.78 

4.00 6.54 9.57 

3.56 6.21 9.05 

3.21 5.76 8.27 

2.51 4.68 6.68 

1 86 3.83 5.17 

STORM 156- DEC 21-24, 1964 

NORTH COASTAL OREGON CENTER 

8.84 

8.84 

8.36 

7.90 

7.38 

6.86 

6.00 

5.56 

5.36 

24 
9.40 

9.38 

8.88 

8.27 

7.77 

719 

6.76 

6.33 

5.76 

5.18 

13.50 

13.50 

13.24 

12.84 

12.56 

12.16 

11.50 

10.36 

8.29 

6.48 

44 55'N 123 36'W 

DURATION (HR) 

30 42 

10.63 12.59 13.12 

10.63 12.59 13.12 

1017 12.01 12.58 

9.89 11.41 12.04 

9.11 10.46 11.24 

8.47 9.16 10.09 

7.40 8.25 9.10 

6.81 7.84 8.72 

6.54 7.65 854 

STORM 156- DEC 21-24,1964 

OREGON CASCADES CENTER 

44 40'N 121 49'W 

DURATION (HR) 

30 " 42 

10.75 12.43 14.17 

10.72 12.40 14.13 

10.16 11.75 13.39 

9.58 11.06 12.55 

8.94 10.07 11.36 

8.18 9.33 10.53 

7.69 8.81 9.95 

7.29 8.18 9.36 

6.78 7.78 8.91 

6.01 6.95 8.10 

STORM 156- DEC 21-24, 1964 

SIERRA NEVADA CENTER 

39 38'N 120 59'W 

DURATION {HR) 

30 
15 72 17.91 20.41 

15.72 17.91 20.41 

15.42 17.57 20,03 

14.89 17.09 19 57 

14.52 16.21 18.76 

14.07 15.53 17.76 

13.31 14.85 16.99 

12.04 14.07 16.14 

9.69 11 62 13.48 

7.48 8" 10.13 

276 

" 15.39 

15.39 

14.85 

14.24 

13.27 

11.58 

10.54 

9.98 

9.73 

" 15.03 

14.99 

14 21 

13.41 

12.26 

11.52 

11.02 

10.34 

9.88 

8.94 

" 22.38 

22.38 

21.96 

21.47 

20.62 

19.64 

18.84 

17.90 

15.02 

11 28 

60 " " 16.19 16.19 1715 18.31 

16.19 16.19 17.15 18.31 

15.64 15.65 16.60 17.84 

15.01 15.03 15.95 17.19 

13.98 14.00 14.86 16.03 

11.85 11.86 12.57 14.13 

11.07 11.09 11.76 12.83 

10.45 10.46 11.08 12.23 
10 16 10.17 10.77 11.95 

54 60 66 " 16.73 17.47 18.64 20.33 

16.69 17.42 18.58 20.28 

15.81 16.51 17 62 19.22 

14.91 15.58 16.69 18.21 

13.61 14.23 15.32 16.72 
12.76 13.31 14.54 15.90 

12.20 12.69 14.07 15.40 
11.49 11.85 13.12 14.50 

10.90 11.23 12.04 13.35 

9.84 10.12 10.75 11.90 

60 66 " 23.25 23.90 24.92 26.17 

23.25 23.90 24.77 26.17 

22.82 23 46 24.14 25.69 

22.32 22 94 23.69 25.15 

21.49 22.05 23.20 24.65 

20.61 21.25 22.55 23.99 

19.83 20.21 21.56 22.91 

19.04 19.61 20.27 21.73 

16.10 16.62 17 09 18.39 

12.18 12.56 13 03 14.07 



AREA 

(SQ. MI.) 

2 

" " 100 

200 

500 
1000 

1923 

AREA 

(SQ. MI.) 

1 

" 30 

"0 
200 
500 

1000 

2000 

5000 

5140 

2.05 

2.05 

1.93 

1.72 

1.59 

1.27 

0.97 

0.72 

1.44 

1.35 

1.22 

1.13 

1.00 

0.90 

0.72 

0.62 

0.54 

0.54 

' " 5.35 7.62 

5.35 7.62 

5.21 7.39 

5.11 7.23 
4.90 6.96 

4.28 6.27 

3.03 , .. 
2.98 5.02 

' " 6.11 9.74 

5.70 '·" 5.17 8.1!5 

4.78 8.0!5 

4.37 7.76 

3.88 7.07 

3.43 6.38 

3.04 !5.97 

2.70 5.29 

2.69 5.27 

STORM 156. DEC 21·24, 1964 

ELK VALLEY REGION, NORTHWESTERN CALIFORNIA REGION 

41 52'N 123 40'W 

DURATION (HR} 

" " " " 60 " 10.02 14.05 15.83 17.10 20.33 21.11 22.56 23.23 25.04 26.28 

10.02 14.05 15.83 17.10 20.33 21.11 22.56 23.23 25.04 26.28 

9.81 13.83 15.44 16.64 19.93 20.78 22.03 22.64 24.37 25.60 .... 13.67 15.24 16.31 19.64 20.55 21.75 22.26 23.87 25.16 
9.33 13.25 14.74 15.74 19.05 19.94 21.09 21.56 23.05 24.36 

8.50 12.11 13.39 14.48 17.56 18.36 19.37 19.80 20.94 22.37 

7.86 11.04 12.14 13.42 16.12 16.90 17.83 18.25 19.11 20.57 

7.25 9.03 10.81 12.26 14.51 15.30 16.15 16.57 17.27 18.69 

STORM 156 ·DEC 21·24. 1964 

LAYTONVILLE REGION, NORTHWESTERN CALIFORNIA REGION 

39 41"N 123 35'W 

DURATION {HR) 

30 " " " 60 " 72 

14.26 17.32 19.39 21.65 25.42 27.14 28.04 28.41 28.85 30.32 

13.08 16.23 18.53 20.74 24.21 26.13 27.13 27.42 27.90 30.29 

11.83 14.99 17.53 20.10 22.94 25.05 26.05 26.24 27.06 29.22 

11.33 14.46 17.11 19.66 22.45 24.63 25.60 2!5.75 26.60 28.60 

10.86 13.94 16.64 19.06 21 76 23.94 24.87 25.01 25.82 27.64 

9.98 12.85 15.49 17.63 20.16 22.21 23.04 23.21 23.96 25.65 

9.06 11.65 13.91 15.83 18.10 19.94 20.65 20.81 21.46 22 96 

8.48 10.77 12.69 14.50 16.61 18.36 18.94 19.11 19 65 21.03 

7.55 9.47 11.03 12.58 14 37 15.84 16.40 16.55 16.98 18.18 

7.52 9.43 10.98 12 52 14.30 15.76 16.32 16.47 16.90 18.09 
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AREA 

(SO. MI.) 

10 

50 

100 

200 
500 

1000 

2000 
5000 

10000 

20000 
50000 
59661 

AREA 
(SO. MI.) 

' 
10 

50 

100 

200 

500 

1000 

2000 
5000 

10000 
20000 

50000 
61179 

0.93 

0.93 
0.90 
0.86 

0.03 

0.75 

0.03 

0.50 

0.38 

0.31 

0.23 

0.14 

0.13 

1.27 

1.27 
1.19 

111 

0.94 

0.70 

0.57 

0.48 

0.43 

0.38 

0.33 

0.25 

0.22 

6 

3.20 

3.20 

3.10 

2.99 

2.87 
2.63 

2.22 

1.80 

1.42 

1.21 

0.95 

0.58 

0.51 

6 

4.30 

4.21 

3.89 

3.74 

3.46 

3.06 

2.61 

2.34 

1.96 

1.66 

1.47 

1.22 

1.09 

3.43 

3.43 

3.34 
3.24 
3.14 

2.94 

2.62 

2.33 

2.05 

1 ... 

U52 

0.99 

0.1!9 

12 
7.19 

7.19 

6.88 

6.53 

5.58 

5.15 

4.95 
4.48 

3.77 

3.25 

2.52 

2.03 

1.82 

18 

3.6S 

3.88 

3.65 

3.56 

3.49 
3.38 

3.26 

3.13 

2.86 

2.42 
1.90 

1.29 

1.19 

AREA 

(SQ. MI.) 

10 

50 
100 
200 

500 

1000 

2000 

5000 

10000 

20000 

50000 

59661 

18 
9.18 

9.11 

8.62 

8.18 

7.81 

"' 6.98 
8.32 

5.44 

4.72 

"' 2.81 

2.56 

4.89 .... .... 
'·" 4.75 
4.81 

4.46 

4.27 

3.87 

3.34 
2.67 

1.75 

1.60 

" 9.60 

9.60 

9.60 

9.46 

9.21 

8.67 

8.22 

7.79 

6.83 

5.96 

5.10 

3.80 

3.51 

" 10 71 

10.63 

10.08 

9.63 

9.35 

8.90 

8.49 
770 

6.68 

5.85 

4.79 

3.70 

3.31 

STORM 157- DEC 20-24, 1964 

ENTIRE STORM 
44 14'N 11529W 

DURATION (HR) 

36 " 5.32 6.37 7.53 

5.32 6.37 7.53 

5.32 6.37 7.53 

5.27 6.29 7.43 

5.17 6.16 7.25 

5.02 5.91 6.89 

4.85 5.65 6.54 

4.62 5.33 8.14 

4.16 .... 5.34 

3.62 4.01 4.51 

2.96 3.25 3.63 

2.14 2.37 2.59 

1.99 2.20 2.40 

DURATION (HR) 

" " 9.88 10.16 10.20 

9.88 10.16 10.20 

9.88 10.16 10.20 

9.73 10.01 10.04 

9.48 9.74 9.78 

8.91 9.15 9.18 

8.44 8.66 8.70 

8.00 8.19 8.23 

7.00 7.15 7.19 

6.09 6.19 6.25 

5.21 5.30 5.40 

3.90 3.97 4.05 

3.60 3.68 375 

STORM 165- JAN 14-17, 1974 

ENTIRE STORM 

40 20'N 124 06W 

DURATION (HR) 

30 36 " 11.27 12.48 13.90 

11.20 12.38 13.80 

11.08 12.23 13.56 

10.86 12.00 13.23 

10.33 11.57 12.65 

9.57 10.63 12.00 

9.09 9.72 11.42 

8.25 8.88 10.43 

7.21 7.90 9.17 

6.31 6.95 8.09 

5.47 6.24 7.24 

4.56 5.46 6.22 

'"' 4.82 5.46 
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" " 60 " 72 

7.87 '" 8.26 8.40 8.87 
7.87 8.13 8.26 8.40 8.87 

7.87 8.13 8.26 8.40 8.67 
7.76 8.01 8.14 8.28 8.74 

7.57 7.81 7.93 6.07 8.52 
7.18 7.40 7.52 7.65 8.05 

6.81 7.01 7.13 7.27 7.65 

6.39 6.57 6.70 '" 7.23 

"' 5.70 5 ... 5.99 8.35 

4.80 4.95 5.11 5.21 5.55 
3.96 4.17 4.36 4.44 4.75 

2.79 3.05 3.21 3.35 3.54 

2.58 2.80 2.95 3.10 3.28 

" " " 72 

14.98 17.01 17 75 18.97 19.17 

14.95 16.89 17.62 18.83 19.02 

14.66 16.05 16.75 17.84 18.02 

14.28 15.28 16.37 16.94 17.09 

13.64 14.79 15 72 16.21 16.27 

12.91 14,2 14.92 15.42 15.48 

12.22 1363 14.36 14.88 14.95 
11 18 12.63 13.31 13.74 13 79 

9.87 11.11 11.84 12.15 12.20 

8.71 9.91 10.57 10.82 1087 

7.65 877 9.34 9.57 967 

6.58 7.46 7.96 8.21 8.35 

5.93 6.69 7.17 7.40 7.57 



AREA 

(SQ. ML) 

" 50 

"' 
200 

500 

"00 
2000 

2272 

AREA 
(SQ. MI.) 

8 

" 50 

100 

200 

500 
1000 

2000 
4596 

AREA 

(SO. ML} 

4 

" 50 

100 

200 

500 

1000 

2000 

4920 

6 

1.13 3.85 

1>3 3.85 
1.00 3.38 

0.92 3.20 
0.79 3.09 

0.65 2.68 

0.57 2.36 

0.46 2.08 

0.44 2.03 

6 
0.95 4.30 

0.95 4.21 

0.95 3.89 
0.94 3.74 

0.82 3.46 

0.68 3.06 

0.57 2.61 

0.48 2.23 
0.37 1.73 

6 

0.80 2.97 

0.78 2.92 
0.73 2.70 

0.67 2.52 

0.62 2.35 

0.56 2.11 

0.51 2.01 

0.44 1.88 

0.32 154 

STORM 165- JAN 14-17, 1974 

GIBSON HWY MTCE STATION REGION, NORTHWESTERN CALIFORNIA CENTER 

" " 5.99 8.88 

5.90 8.65 
5.65 8.25 

5.55 8,14 

5.32 7.81 

4.85 7.09 

4.41 6.43 

4.01 5.82 

3.93 5.70 

" 6.10 6.84 

5.99 6.78 

5.59 6.56 

5.40 6.44 

5.10 6.10 

4.56 5.47 

3.97 4.77 

3.40 409 

2.63 3.11 

" 5.35 7.33 

5.25 7.20 

4.87 6.67 

4.55 6.23 

4.24 5.80 

3.82 5.23 

3.64 4.90 

3.41 4.52 

2.81 3.71 

24 
10.52 

10.27 

9.75 

9.83 

9.27 

8.42 

7.63 

6.96 

6.81 

24 
8.91 

8.86 

8.66 

8.54 

8.09 

7.28 

6.39 

5.50 

4.20 

41 08'N 12216'W 

DURATION (HR) 

" " 11.20 12.33 13.79 

11.20 12.33 13.79 

11.08 12.23 13.56 

10.86 12.00 13.23 
10.33 11.57 12.65 

9.32 10.63 11 61 

8.52 9.60 10.66 

7.70 8.65 9.74 

7.52 8.49 9.56 

STORM 165- JAN 14-17, 1974 

OLYMPIC PENINSULA CENTER 

47 47'N 12341'W 

DURATION (HR} 

30 " 9.52 10.09 11.35 

9.49 10.09 11.35 

9.39 10.09 11.35 

9.31 10.05 11.31 

8.89 8.84 10.86 

8.06 8.80 9.91 

7.13 7.82 8.81 

6.15 6.78 762 

4.74 5.25 5.86 

" 14.95 

14.95 

14.66 

14.28 

13.64 

12.49 

11.47 

10.40 

10.19 

" 13.34 

13.24 

12.86 

12.67 

12.22 

11 17 

9.96 

8.61 
6.62 

STORM 165 -JAN 14-17, 1974 

SOUTH WASHINGTON CASCADES CENTER 

46 11'N 121 31'W 

DURATION (HR) 

30 " " 8.11 8.46 '68 10.18 10.68 

7.96 6.31 9.50 10.00 10.49 

7.40 7.77 8.93 9.47 9.92 

6.94 7.37 8.51 9.13 9.55 

6.49 6.97 8.09 8.79 9.18 

5.89 6.43 7.54 8.34 8.68 

5.58 6.10 7.11 7.90 8.33 

5.21 5.67 859 7.27 7.79 

4.29 4.74 5.45 5.93 6.48 
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15.67 17.10 

15.67 17.10 
15.38 16.70 

15.01 16.23 
14.49 15.54 

13.43 14.33 

12.25 13.20 

11.15 12.07 

10.94 11.84 

54 60 
15.98 16.82 

15.75 16.75 

14.90 16.52 
14.52 16.37 

13.96 15.72 

12.69 14.27 

11.27 12.68 

9.71 1090 
7.44 8.27 

11 .46 11.91 

11.25 11.70 

10.71 11.18 

10.40 10.92 

10.09 10.65 

9.67 10.30 

9.25 9.86 

8.60 9.16 

7.11 7.56 

" " 17.20 17.20 

17.20 17.20 

16.79 16.79 

16.32 16.32 

15.64 15.64 

14.44 14.44 

13.40 13.42 

12.32 12.36 

12.09 12.13 

" " 17.12 17.12 

17.02 17.02 

16.67 16.68 

16.48 16.49 

15.95 15.98 

14.57 14.62 

13.03 13.08 

11.23 11.28 

855 8.61 

66 " 12 13 12.13 

11 91 11.91 

11.43 11.43 

11.20 11 21 

1098 10.98 

10.69 10.69 

10.22 10.29 

946 9.60 

7.65 8.00 



AREA 

STORM 16!5 -JAN 14-17,1974 

NORTHWESTERN CALIFORNIA CENTER 

40 20'N 124 06'W 

(SO. Ml) DURATION (HA) 

10 

50 

100 

200 

500 

1000 

2000 
5000 

10000 

18947 

AREA 

(SO. !'ill 

5 

10 
50 

100 

200 

500 
1000 

2000 

5000 

7714 

AREA 

(SQ. Mil 

0 

10 

50 

100 

200 
500 

1000 

2000 

5000 

5875 

1.27 

1.27 

1.19 

1.11 

0.94 

0.70 

0.57 

0.47 

0.37 

0.32 

0.29 

0.82 

0.80 

0.78 

0.75 

0.67 

0.56 

0.52 

0.48 

0.43 

0.40 

0.86 

0.71 

0.61 

0.59 

0.55 

0.47 

0.42 

0.37 

0.26 

0.25 

6 

3.85 

3.85 

3.65 

3.47 

309 

2.68 

2.56 

2.34 

1.96 

1.65 

1.31 

6 

3.20 

3.20 

2.74 

2.8.5 

2 . .53 

2.36 

2.26 

2.11 

"9 
1.72 

' 3 01 

2.99 

2.68 

2.53 

2.35 

209 

1.88 

1.63 

1.24 

117 

18 " 7.19 9.18 10.71 

7.19 9.11 10.63 

6.88 8.62 10.08 

6.53 8.18 9.63 

5.58 7.81 9.35 

5.15 7.27 8.90 

4.95 6.98 8.49 

4.48 6.32 7.70 

3.77 5.44 6.68 

3.2S 4.72 5.85 
2.S6 3.81 4.86 

12 " 24 

5.57 6.93 8.80 

5.57 6.93 8.80 

4.86 6.45 7.88 

4.54 6.22 7.49 

4.20 5.76 7.03 

3.87 5.08 '" 3.72 4.92 504 

3.54 4.65 5.68 

3.12 4.23 5.03 

3.01 4.05 4.82 

12 " 24 

4.86 5" 7.48 

463 5.75 7.45 

4.56 5.59 'o• 
4.33 5.43 7.08 

4.04 5.23 8.81 

3.65 4.97 6.45 

3.32 4.67 6.09 

2.90 4.10 532 
2.20 3.20 404 

209 3.04 3.79 

30 36 " " 11.27 12.48 13.90 14 98 

11.21 12.38 13.81 14.95 

11.08 12.23 13.56 14.66 

10.86 12.00 13 23 14.28 

10.33 11.57 12.65 13.64 

9.57 10.63 12.00 12.91 

9.09 9.72 11.42 12.22 

8.25 8.88 10.43 11.18 

7.21 7.90 9.17 9.87 

6.31 6.95 •. 09 8.71 

5.52 6.28 7.29 7.70 

STORM 165 -JAN 14·17. 1974 

CENTRAL OREGON CENTER 

44 56'N 123 38'W 

DURATION (HR) 

30 " 42 .. 
10.21 11.28 12.57 13.59 

10.21 11.28 12.57 13.59 

9.26 10.95 12.30 13.02 

8.78 10.57 11.88 12.57 

8.24 9.81 11.02 11.75 

7.48 8.61 10.19 10.93 

7.01 8.20 9.65 10.30 

6.S1 7.70 8.94 9.53 

S.78 6.74 7.71 8.18 

5.51 544 '" ns 

STORM 165 -JAN 14-17,1974 

NORTH CASCADES CENTER 

4819"N 121 05'W 

DURATION (HR) 

30 " 42 .. 
9.33 11.40 11 92 12 70 

8.95 10.24 11.52 12.70 

8.71 10.09 11.52 12.70 

'" 10.09 11.S2 12.70 

8.42 9.87 11.23 12.4S 

7.75 9.33 10.45 11.75 

7.24 '" 9.84 11.08 

6.42 '·"" 8.66 965 

5.02 6.10 6.67 7.31 

4.71 5.74 6.27 6.87 

280 

54 60 66 72 

17.01 17.75 18 97 19.17 

16.69 17.62 18.83 19.02 

16.05 16.75 17.84 18.02 
15.28 16.23 16.94 17.09 

14.79 15.69 16 21 16.27 

1412 14.92 15.42 15.48 

13.63 14.36 14.88 14.95 

12.63 13.31 13.74 13.79 

11.11 11.84 12.1S 12.20 

9.91 10.57 10.82 10.87 .... 9.41 9.64 9.73 

54 60 " 72 

14 71 15.52 16.17 16.23 

14.71 15.52 16.17 16.23 

14.42 15.22 15.86 15.92 

13.91 14.69 15.30 15.37 

12.88 13 70 14.48 14.57 

11.70 12.77 13.54 13.65 

11 03 11.99 12.67 12.75 

10.25 11.04 11.6S 11.73 

8.88 9.53 10.02 10.12 

8.47 9.06 050 9.60 

54 50 " n 
13.76 14.37 14 98 15.32 

13 76 14.37 14.98 15.32 

13.76 14 37 14.98 15.32 

13.76 14.37 14 98 15.32 

13.52 14.16 14 82 15.14 

12.77 13.49 14.23 14.50 

12.04 12.72 13.44 13.69 

10.60 11.17 11.85 12.07 

8.04 8.44 8.97 9.17 

754 '" 6<1 8.61 



STORM 165 -JAN 14-17,1974 

UPPER MATIOLE REGION, NORTHWESTERN CALIFORNIA CENTER 

AREA 
{SQ. MI.) 

6 

10 

50 

'00 

200 
600 

1000 

2000 

2895 

AREA 

0.89 

0.88 

079 
0.71 

0.63 
0.56 

0.52 

0.47 

0.44 

6 18 
3.38 6.44 9.18 

3.3:5 6.39 9.11 

3.16 6.06 8.62 

2.98 5.75 8.18 

2.79 5.41 7.67 

2.86 5.15 7.27 

2.58 4.95 6.98 

2.34 4.48 6.32 

2.14 4.12 5.83 

24 

10.71 

10.63 

10.08 

9.56 

9.35 

8.90 

"' 
770 
7.12 

40 20'N 124 06'W 

DURATION (HR) 

30 36 

11.27 12.48 13.90 

11.18 12.38 13.80 

10.61 11.69 13.09 

10.30 11.04 12.85 

10.07 10.60 12.61 

9.57 10.13 12.00 

9.09 9.72 11.42 

8.25 8.88 10.43 

7.62 8.25 9.67 

STORM 168- JAN 13-16. 1974 

ENTIRE STORM 

47 29'N 1 15 44'W 

{SQ. MI.) DURATION (HR) 

3 

'0 
50 

,00 

200 
500 

1000 

2000 
5000 

10000 

20000 

42267 

0.44 

0.43 

0.41 

0.40 

0.38 
0.35 

0.32 

0.28 

0.22 

0.18 

0.15 

0.11 

' 18 
1.53 2.84 3.43 4.42 

1.52 2.82 3.43 4.42 

1.43 2.85 3.43 4.42 

1.39 2.57 3.43 4.42 

1.33 2.47 3.36 4.31 

1.24 2.30 3.13 3.96 

'" 2.12 2.79 3.51 

1.02 1.91 2.52 3.11 

0.86 1.65 2.26 2.70 

0.74 1.44 2.05 2.38 

0.62 1.21 1.74 2.01 

0.46 0.90 1.28 1.49 

AREA 

30 36 42 

4.91 5.42 5.84 

4.91 5.42 594 
4.91 5.42 594 
4.91 5.42 594 
4.79 5.27 5.71 

4.39 4.81 5.31 

3.87 4.22 4.77 

3.41 3.78 4.31 

2.91 3.37 3.94 
2.54 3.05 3.47 

2.15 2.62 2.95 

1.61 1.91 2.16 

STORM 175- DEC 24-26. 1980 

ENTIRE STORM 

44 55"N 123 44'W 

(SQ. MI.) DURATION (HR) 

'0 
50 

100 

200 
500 

1000 

2000 

5000 

10000 

20000 

24865 

0.97 

0.97 

0.95 

0.87 

0.80 
0.70 

0.58 

047 

0.36 

0.29 

0.23 

0.21 

6 

2.93 4.99 

2.93 4.99 

2.88 '·" 2.76 4.59 

2.62 4.11 
2.24 3.22 

2.06 2.77 

1.76 2.46 

1.36 2.00 

1.11 "7 
0.90 '" 
0.83 1.35 

18 30 

7.07 922 10.84 

7.07 9.22 10.84 

6.94 9.05 10.66 

6.56 8.53 1011 

5.90 7.63 9.09 

4.66 5.96 7H 

3.99 5.08 6.18 

3.57 "' 5.64 

2.95 3.78 4.78 

2.52 3.16 404 

2.19 2.68 3.48 

2.08 2.53 3.30 

281 

" 60 
14.98 17.01 17.75 
14.87 16.89 17.62 

14.12 16.05 16.75 

13.92 15.28 16.02 

13.64 14.79 15.69 

12.91 14.12 14.92 

12.22 13.63 14.38 

11.18 12.63 13.31 
10.37 11.81 12.45 

" 54 60 
6.43 6.92 7.45 

'" 6.92 7.45 

'" 6.92 7.45 

6.43 6.92 7.45 

8.28 6.75 7.27 

5.63 6.25 6.69 

5.25 5.61 5.97 

4.74 5.05 5.39 

4.20 ,44 4.80 

3.77 3.95 4.33 

3.21 3.35 "' 
2.33 2.45 "' 

36 " 11 27 11.27 11.27 

11 27 11.27 11.27 

11 12 1 1.12 11 12 

10.62 10.63 10.63 

9.65 9.67 9.67 
790 792 792 
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SYNOPTIC DESCRIPTIONS 

The following synoptic descriptions cover storms from the sample in Table 2.1 
considered most significant to this study, and are included to give insight to the 
types of conditions supporting these major events. None of the storm analyses 
attempted here have created cross sections or involved isentropic analysis that 
would show in temporal detail the relative moisture flows. Such analysis of 
vertical sounding data is more time consuming than could be justified for this 
study. Similarly, synoptic discussions in other hydrometeorological reports have 
included maps that depict the position of pressure centers and major fronts. Such 
maps have not been included in this study because of the time needed to draft 
them and it was believed that their importance could be replaced by the word 
descriptions that follow. 

STORM: 12 
DATE: 11/18 - 19/09 
LOCATION: Western Montana near Snowshoe 
DURATION: 48 hours 

SYNOPTIC DESCRIPTION: The setting for this storm showed deep continental 
polar air settled over the intermountain region with a well established high 
pressure cell centered over southwestern Utah. A series of short waves 
originating well off the coast, moved eastward toward the surface ridge. These 
waves formed into occluded fronts with long south to southwest fetches into the 
regwn. 

The first wave moved onshore and over the storm region on the 17th. This 
brought generally light to moderate precipitation to the area. The occlusion 
dissipated with eastward movement and the southwesterly flow was reestablished 
by the high pressure cell prior to the onset of the next wave. 

Vertical motions due to the orographic lifting became important as the 
maritime Pacific air moved across land. Additional lifting was supplied by the 
colder polar air mass. On the 19th, the moisture trajectory became more westerly 
as the next front passes through the area and brings an end to the supply of 
moisture into this storm. 

Precipitation began on the morning of the 17th and the precipitation moved 
eastward across Idaho and into Montana by about 1600 LST of the same day. The 
heaviest reported rainfall was recorded on Snowshoe, Montana, at 7.05 inches. 
The most intense rainfall fell with the second impulse, which apparently included 
slightly stronger vertical motions. 
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STORM: 38 
DATE: 11118 - 22/21 
LOCATION: North central Oregon near the Cascade Mountains 
DURATION: 72 hours 

SYNOPTIC DESCRIPTION: Continental polar air drifted southward over 
Washington and into Oregon as an approaching low pressure system moved across 
the Gulf of Alaska and a ridge built up off the California coast near 35N, 135W. 
The polar air became stalled in central Washington and the major push went 
southeastward. The offshore ridge shifted gradually to the east, while taking on a 
more northeast-southwest orientation. The main energy of the Pacific disturbance 
continued its easterly movement and became well defined by the 18th. 

Minor shortwaves traveled east along the Washington/Oregon border bringing 
some precipitation to the interior. The southwesterly flow moving into the coast 
was forced over the stationary polar front, in addition to the orographic lifting. 
These strong flows continued until the 21st when a cold front associated with the 
low' pressure system finally moved onshore. Heaviest precipitation appeared to be 
associated with the strong southwesterly flows that had their origin in tropical 
latitudes. Temperatures in the southwesterly air were in the 50's, while to the 
north of the front they were below freezing. 

Winds increased with the approach of the low pressure system. Precipitation 
appeared to have been focused by the stationary front and the lifting provided by 
the Cascades. Rainfall was heaviest in northwestern Oregon and southwestern 
Washington, with the highest observed amount at Wind River, Washington, where 
over 15 inches was reported. The precipitation began as light rain early on the 
18th, becoming heavy that evening, and continuing early on the 20th. Thereafter, 
moderate rainfall prevailed through the 21st becoming light again on the 22nd. 

STORM: 40 
DATE: 12/9 - 12/21 
LOCATION: North Central Cascades 
DURATION: 72 hours 

SYNOPTIC DESCRIPTION: A broad area of high pressure extended over the 
Great Basin and southwestward into the Pacific off of California. Substantial 
flows of moist air on the backside of this ridge followed a trajectory from near 
Hawaii to the coastal area of Washington on the 9th. Over the Aleutians, a low 
pressure system moved to the north-northeast, with a trailing cold front. 
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The cold front became occluded as it pushed onshore through British 
Columbia, with surface winds increasing to over 30 kt along the Washington coast. 
The low pressure system intensified very quickly as it moved toward the northeast 
on the lOth. A second front moved onshore on the 11th causing a momentary shift 
in winds to the west before returning to the southwest ahead of the next system. 

Winds increased to 40 kt along the coast on the 
occluded front and the intensified pressure gradient. 
produced the heaviest precipitation in the core region. 
end on the 13th. 

12th as a result of the 
This appeared to have 

The rainfall came to an 

The cause of heavy rainfall was attributed to the strong southwesterly flow 
encountering the coastal and Cascade Mountains during the lOth and 11th, 
supported by a strong pressure gradient. The rainfall occurred in two surges; the 
first and lesser surge was from the aftemoon of the 9th to the morning of the 
lOth, while the heavier surge fell between late on the lOth through the morning of 
the 12th. The heaviest rainfall was reported at Silverton, Washington, where 
15.38 inches occurred. 

STORM: 80 
DATE: 1/20 - 25/35 
LOCATION: Olympic Mountains 
DURATION: 144 hours 

SYNOPTIC DESCRIPTION: The conditions leading to this storm developed on 
the 16th and 17th when a quick moving storm passed through western 
Washington to the Great Basin by the 19th. This passage was followed by ridge 
development and the merging of an eastern. Pacific High, with a strong continental 
polar anticyclone centered in the Yukon Territory. Over the next few days, this 
joint high pressure system intensified to create an effective block to subsequent 
storms moving to the east. As the next storm wave approached the coast from the 
Gulf of Alaska, the combined pressure ridge served to intensifY the gradient of 
SSW flows toward the Washington Coast and the Olympic Mountains. 

Extremely cold temperatures were observed over Washington and Oregon, 
with below zero readings reported in eastern parts of the two states. Beginning 
on the 21st, the strong southwesterly flows brought warming temperatures and 
moisture to the coast where the mountains forced lifting that was intensified by 
convergence in the numerous valleys. These conditions led to a period of 
continuous rains for several days. Rain rates of 12 inches a day were noted on the 
21st and 22nd, indicative of release of conditional instability. It was estimated 
that gradient level flows in excess of 60 kt impacted the mountainous slopes to 
produce vertical velocities ten times the normal 0.3 fps for general storms. 
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Quinault Ranger Station on the southwest comer of the Olympics measured over 
37 inches of rainfall during the 144 hours of this storm. 

Precipitation began as snow on the 21st, but changed to rain early on the 22nd 
in western Washington. Unusually deep snows were observed east of the Cascade 
ridge, with 52 inches measured at Winthrop. Dew point temperatures rose to the 
40's and low 50's by the 23rd, matching the air temperatures near the coast. As 
an indication of the subtropical air flowing into the region, Mount Baker Lodge 
recorded a temperature of 70°F on the 25th, within 2o of the all-time high for 
January in the state. 

STORM: 88 
DATE: 12126 - 30/37 
LOCATION: Coastal Mountains of Washington, Oregon 
DURATION: 96 hours 

SYNOPTIC DESCRIPTION: This storm brought moist flows into the coastal 
mountains of Oregon and Washington, with numerous rainfall centers in excess of 
10 inches. The largest observed amount occurred near Valsetz, Oregon, where 
some 25 inches fell on the southwest facing slopes. The mountains in this region 
rise to levels between 3500 and 4000 feet. 

The primary storm of the 28th to 30th followed a series of quick moving, low 
pressure centers that passed through western Washington to the east. On the 
26th, a low moved into the Gulf of Alaska and rapidly deepened during the next 
30 hours. This resulted in both a slowing of movement and an intensification of 
the onshore gradient that increased the winds to the coastal mountains. A quasi­
stationary front developed along the Washington/Oregon border. Several short 
waves passed along this surface that provided rain impulses during the storm. 
Movement of the frontal surface southward and then back northward may have 
contributed to the maximum rains occurring in Oregon. 

By the 30th, the front had been displaced eastward and the rains ceased along 
the coastal mountains except for a few showers. Most of the mass curves for this 
storm show rain occurring in two bursts separated by about 30 hours. It is also 
apparent from these curves that little convective activity was associated with this 
event. 

From the Northern Hemisphere Daily Weather Maps, dew points appear to be 
in the low 40's, with air temperatures ranging between 55o and 61° F. 
Temperatures at this level are indicative of trajectories from subtropical latitudes 
at this time of year. 
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STORM: 106 
DATE: 6/26 - 27/44 
LOCATION: Eastem end of Snake River Valley 
DURATION: 24 hours 

SYNOPTIC DESCRIPTION: This is a somewhat perplexing storm in that from 
study of the synoptic conditions, there is little to distinguish events occurring 
during this period from those that occur in a number of other storms. 
Nevertheless, this storm produced rains that exceeded the level of 1-percent 
chance rains for June. A rather weak stationary front existed across eastern 
Washington, and into Montana on the 25th. During the next 24 hours, pressure 
fell in central Idaho and formed a small low pressure system that intensified and 
moved into the Dakotas by the 27th. It was within this development that rains 
lasting to 14 hours occurred in southern Idaho and western Montana. ·The 
maximum observed rains approached 4 inches in eastern Idaho. Some of this rain 
appeared to be convective early in the period, followed by continuous light rain. 
Other parts of the storm had mass curves without convective traces evident. It 
would appear from this limited examination that the convective cells were 
imbedded in the more general-type event. Also, it would appear that in other 
parts of the storm, orographic lifting may be responsible for the majority of 
rainfall. 

It was difficult to determine the source of moisture for this storm in that there 
was no evidence of any gradient flow from the Pacific during or preceding the rain 
period. Likewise, there was no strong push of moisture from the Gulf of Mexico 
shown on these maps and it must be concluded that the moisture arrived at levels 
above the surface. It was also possible that some of the moisture was residual, 
although the period preceding the storm shows little evidence of past rains. 
Speculation was that the moisture was the result of a surge or surges that have 
pushed northward through the Great Basin from subtropical sources west of the 
Continental Divide. This track for intermountainous moisture has been 
determined for a number of local storm events in the region and was difficult to 
detect without extensive analysis (moisture cross sections, etc.). 

This storm would not be significant when compared with the other storms in 
this sample were it not for the location of the largest rainfall. There have been 
few storms reported that resulted in rains of this magnitude in least orographic 
regiOns. 
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STORM: 126 
DATE: 10/25 - 30/50 
LOCATION: Western Washington, Oregon and northern California 
DURATION: 72 hours 

SYNOPTIC DESCRIPTION: Numerous rainfall records were set during this 5-day 
period in northern California and southern Oregon. Gasquet Ranger Station 
measured 26.1 inches, Eureka, California, had 13.04 inches and 34 of 37 stations 
in California set new October records. 

The critical stonn period for this storm occurred between mid~day of the 26th 
and mid-day of the 29th, with the bulk of the rain falling from two primary rain 
sequences. The first impulse of 6 to 12-hour duration occurred early in the period, 
while the second impulse occurred near the end of the sequence. This 5-day event 
was discussed at length by Smith (Monthly Weather Review, October 1950), who 
described it as one of the strongest storms to hit the coastal region from mid­
California north to British Columbia. Extensive damage as well as loss of life 
occurred from the high winds and flooding throughout the area. Aside from the 
record rains, this storm period brought a number of record low pressure readings 
to the three coastal states. Tatoosh Island, Washington, reported an all-time 
October minimum pressure of 971.6 mb, while Eureka, California, reported a 
record low of 986.8 mb. 

Smith reported that the sequence of storms was preceded by a mass of very 
cold air that moved out of Siberia on the 22nd. By the 24th, this cold air had 
passed over Tatoosh Island and formed a large pool of cold air at low levels that 
was overlain by relatively warm air that intensified the frontal boundary and 
strengthened the low pressure systems. The first low pressure center entered the 
coast near the center of Oregon, associated with a cold front that draped through 
northern California. This storm moved rapidly eastward, while a second low 
moved into position in the Gulf of Alaska. Late on the 27th, this second storm 
moved southeastward and entered the coast near the U.S./Canadian border. 

A brief comment can be made concerning dew points. Only a limited amount 
of data existed to indicate that dew points were near normal (upper 30's to low 
50's) during the period, having come from moist air believed to originate around 
30° N latitude. Some of the mass curves suggested that convective bursts were 
included in the otherwise general type rains. Widespread convection was not 
evident, however. 
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STORM: 143 
DATE: 10/1 - 2/57 
LOCATION: North-central Oregon 
DURATION: 24 hours 

SYNOPTIC DESCRIPTION: This storm resulted in the largest rainfalls 
(3.49 inches) near Hermiston, Oregon, a least orographic region, and like storm 
106, it resulted from conditions that were not well organized. That is, a small 
thermal low moved into southeastern Oregon on the 1st and widespread 
convective activity was noticed throughout Oregon and eastern Washington. By 
October 2nd, a weak cold front had passed through western Washington and 
trailed into Oregon near Portland. Rain was reported ahead of this front and 
appeared to be associated with the upper level trough. It was concluded that the 
rains were the result of local convergence that released instability in the resident 
air mass over the Great Basin. 

It was not clear where the moisture came from, as the surface maps gave no 
indication of moist tongues from the south. Locally, Pendleton, Oregon, had a 
persisting dew point of 51° F, which when adjusted to 1000 mb gives 59° F, not 
unusual for this date. At Hermiston, the rain occurred over a period of about 
12 hours, while at most of the other stations, the rain appeared as bursts of 4 to 
8-hour lengths, indicative of the convective nature of this storm. 

STORM: 149 
DATE: 11/21 - 24/61 
LOCATION: Southwestern Oregon 
DURATION: 72 hours 

SYNOPTIC DESCRIPTION: A deep low pressure center, located over 
southwestern Alaska on the 20th, moved toward the southeastern Alaskan coast 
by the 21st. Central pressure was less than 970 mb, and an occluded front trailed 
southward along the coast to the southern end of Vancouver Island. Here, a warm 
front branched off and into the Oregon coast that initiated a three-day period of 
rainfall over western Washington and Oregon. By the 22nd, the warm front was 
replaced by a cold front that rotated clockwise to align itself east-west across the 
coast between the 22nd and 23rd. The tight gradient through this sequence pulled 
strong southwesterly winds onshore into the coastal mountains. Heavy snow was 
reported throughout the mountains, causing power outages and some road 
closings. The heaviest rains were noted along the coast with Brookings, Oregon, 
recording over 10 inches. Precipitation ended the morning of the 24th, as a wave 
passed along the front, pulling it southward into California. 
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It is possible that some of the moisture entering this storm was pulled 
northward from the remnants of tropical storm Dot; however, available synoptic 
analyses were insufficiently clear off the coast to support this claim. Moisture 
from such a source would more than account for the high rains observed. 

Most of the precipitation fell in the western portions of the two states. It was 
believed that the combination of strong convergent flows and orographic lifting 
concentrated most of the heavy rains against the major mountain slopes. 
Unseasonably cold temperatures preceded the passage of the warm front into the 
regwn. This undoubtedly accounted for the heavy snows reported in the 
mountains. 

STORM: 155 
DATE: 6/7 - 9/64 
LOCATION: Northern Montana Rockies 
DURATION: 48 hours 

SYNOPTIC DESCRIPTION: This storm was known as the Gibson Dam storm 
because of the extreme runoff that caused runoff to overtop the dam, substantially. 
The synoptic analysis for this event has been described in both HMR 43 and HMR 
55A, and will not be repeated here. However, recent review of some features in 
the analysis have brought about a few additional comments that are worth noting, 
as follows. 

In the initial discussion of this event by Dightman (Bonner and Stermitz, 
1967), easterly winds of 30 kt were claimed responsible for vertical velocities 
needed to support the observed rains. Using the best upper air station relative to 
this event (Great Falls) to get weighted averages for various layers below 20,000 
feet, does not support winds of 30 kt. At best, winds around 15 kt are possible 
from about 60°. In that Great Falls probably is representative of winds to the 
southern part of the storm, it is still possible that stronger winds, of the 
magnitude suggested by Dightman, occurred to the north. 

In reviewing the moisture trajectory to this storm, it is noted that there were 
multiple inflows possible, depending upon the time considered. HMR 55A states 
that the major moisture flows into the storm came from a reference location in 
western Kansas (Grand Island). Radar reports, on the other hand, appear to 
support inflow to the storm site through northeast Colorado. This source region 
seems to dominate during the 15 hours between 00 and 15 GMT on the 8th. Prior 
to this period, a Pacific source region appeared to be effective, while after 15 GMT, 
the best moisture flows came from the vicinity of Regina in Canada. Certainly, a 
three-source moisture inflow has to be considered unusual, but considering the 
significance of this storm, it is difficult to determine the importance of this feature 
to the observed rains. 
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Furthermore, examination of the 200-mb temperatures and lower level 
temperature changes suggest that· stratospheric warming occurred during the 
course of this event. The dynamics of the atmosphere were therefore more 
representative of winter, although the surface flows provided summer-like 
moisture to the region. This combination may represent the optimum conditions 
for maximizing orographic effects and support the particular significance of the 
Gibson Dam storm. 

STORM: 165 
DATE: 1/13- 17174 
LOCATION Coastal Washington and Oregon 
DURATION: 72 hours 

SYNOPTIC DESCRIPTION: A strong high pressure system prevailed over the 
Gulf of Alaska, representing a block to storms entering the west coast on the lOth. 
Very cold arctic air from the north and northeast persisted across the coastal 
states. Severe negative temperature departures were observed over portions of 
Washington and Oregon, with below zero temperatures reported throughout the 
region east of the Cascades. The blocking high began to regress westward by the 
11th, allowing a surge of warm air to enter the coast at the southern end of the 
region. Both temperatures and dew point temperatures rose significantly during a 
24-hour period beginning the 12th. Rapid cyclogenesis developed in the Gulf in 
place of the high pressure system, and a number of short waves moved around the 
trough at the time of the increasing temperature and moisture flows. Early 
snowfall changed to rain that intensified with time as the gradient increased and 
as the orographic influences took over. 

Coastal winds were reported at 60 mph along the Washington coast, 
increasing to 75-100 mph along the Oregon coast. Winds of such magnitude cause 
considerable damage but also support the strong orographic effects noted in the 
precipitation pattern for this storm. Beginning on the 16th, a second short wave 
began to push through the region, bringing an end to this period of heavy rains. 

Mount Shasta, California, set an all-time 24-hour rainfall of 6.97 inches during 
this storm, and Sexton Summit, Oregon, set 12-, 24- and 72-hour records of 3.39, 
5.98 and 11.52 inches, respectively. Over 9 inches fell on a large portion of 
western Oregon, while a few stations had maxima of nearly 13 inches. 
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STORM: 179 
DATE: 11129 - 12/4/75 
LOCATION: Western Washington and Oregon 
DURATION: 72 hours 

SYNOPTIC DESCRIPTION: Storm 179 is a combination of storms 176 and 178, 
effectively joining a northern and southern portion to what was considered two 
large precipitation patterns. What was storm 177, covering a subportion of storm 
176 for the Olympic Mountains, is included, as well. 

The temporal and spatial distribution of the precipitation associated with this 
storm was controlled by several factors. Initially, the development and 
subsequent movement of a classic, well-defined warm front and its associated 
dynamics were the primary mechanisms responsible for widespread heavy 
precipitation throughout the region. After the 30th, precipitation was caused by a 
combination of a strong surface to 700-mb onshore flow, orographic effects, and the 
relative closeness of a quasi-stationary surface frontal system acting as a focusing 
mechanism. 

A series of short waves moved through the west coastal zone prior to the 28th, 
leading to the deepening of an upper level pressure trough along the western 
states. A strong jet stream edged southward during the period, with core winds 
up to 100 kt. The jet stream was aligned north-northwest to south-southeast and 
this became more westerly after the 30th. 

The deep trough along the coast moved to the east beginning the 30th, 
creating a more zonal pattern aloft during the first few days of December. The jet 
stream remained over northern Washington through the storm period, finally 
moving into Canada at the end of the rains. The movement of the jet stream 
coincided with the surface movement of the polar front. North of the front were 
unseasonably cold temperatures, while to the south was relatively warm maritime 
air. Warming at all levels took place through the period of intense precipitation 
during this storm. Although the origin of the warm air was difficult to trace, the 
temperatures entering the coast were 50-60° F. Precipitation was concentrated 
along the frontal slopes and was further focused by the various orographic 
features encountered. Prior to the warm front, most all the precipitation fell as 
snow. After the front moved in, mostly rain was reported throughout the region. 
Rain was not constant through the period, but appears to have come in two 
primary bursts. The first burst occurred early in the period and the second, 
particularly in the northern stations, fell on the 2nd to 3rd. Weak high pressure 
built back into the region after the 4th ending this storm. 
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STORM: SEYMOUR FALLS 
DATE: 1/12 - 17/1961 
LOCATION: Southwestern British Columbia, Canada 
DURATION: 126 hours 

SYNOPTIC DESCRIPTION: Depth-area-duration analysis for this storm was 
officially made by Environment Canada, who determined that the Seymour Falls 
rain amounted to some 20.87 inches, beginning late on the 12th and tailing off late 
on the 15th, essentially making this a 72-hour storm. Bear Creek, on the lower 
end of Vancouver Island, received 15.93 inches during the same period, but was 
not part of the isohyetal pattern analyzed for the Seymour Falls center. 

This storm is interesting in that conditions favorable for a sequence of frontal 
waves to pass into southern British Columbia at 24-hour intervals, produced the 
significant rains observed at Seymour Falls. At 00 GMT, on each of the 13th, 
14th and 15th, a front moves through the Pacific coastal region. The last of the 
sequence moved slowest and produced the most intense rains. The fronts 
appeared to be spun off from an intense low pressure system that was anchored in 
the Gulf of Alaska. Strong pressure gradients were set up through Washington 
and British Columbia that caused convergence of flows north of a ridge of high 
pressure that extended in north-central California. The trajectory of moist warm 
air, feeding into the storm area ahead of the fronts, can be traced back along the 
north side of the ridge to latitudes of 30° For lower. 

The upper air pattern supported low latitude flows, as a trough occurred off 
the coast, with ridging along the western states. Strong warm air advection 
occurred ahead of the trough. This pattern appears to remain fixed throughout 
the period of this storm. The inflowing moist air encountered strong uplifting 
when crossing the coast and striking the coastal mountains of northwest 
Washington and southern British Columbia. 
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APPENDIX3 

STORM SEPARATION METHOD 

The Storm Separation Method (SSM) was developed in Hydrometeorological 
Report (HMR) 55A as method to obtain the convergence component of PMP and a 
corresponding orographic factor, and provided a means to obtain total PMP. The 
discussion in Chapter 6 essentially describes the modifications made to the SSM 
for the present study. 

As a convenience to the reader of this report, and for those who may not have 
access to HMR 55A, the entire Chapter 7 of HMR 55A that describes the SSM has 
been reprinted in this appendix. The SSM is a complex analytical process that 
has been tested by numerous meteorologists during its original development. The 
results indicated that an acceptable level of comparability between results was 
possible when analysts had considerable experience in storm analysis. 
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7. STORM SJ!'l'ARATION I'I':TIIOD 

7.1 Introduction 

In order to establish P:1P in th~ CD-10~ region, it was considered necessary to 
tind d prope<ty of observed major storm precip:ltation events that is only 
!Oinimally effected by tenain so transposition of observed precipitation amounts 
would not be limtted to places "here the terrain characteristics are the &am<! as 
those at the place "here the storm occurred. The name Uven to this idealized 
property is "'free atmospheric forced preclpication" (fAFP) ort..tch has been called 
""convergence only"" precipitation in publications such •'" HMR No. 49 (llanaen 
et a!. 1977). t"or a more complete definition of FAfP, s~e the Glossary of Terms 
in section 1.1. It is erophasized thac FAFP is an ideaiized propeny of 
ptectpitation since no experiment !las yet been devised to id~ntify in nature 
\olhl.ch raindrops we<e tormed by orograptoic_ [orcin~ and which by Hmosphetlc 
forClng. This chapter explains ho\ol fAFP may be estimated tor specific storms. 
Bad.ground infor..,.tion is pro~ided on the development of the ~corm separation 
method (SSM). 

7.2 Glossacy of Te~ 

Terms frequently used in the SSM are list~d alphabetically. 

A
0

: See P
3

• It is the term for the effectiveness of orographic forcing 
used in module l. 

AI: The analysis interval, in inches, for the isohyets drawn for a stonn. 

See PCT2. lt i• the term representing the ""triggering effects"" of 
orography. It Is used ln module l. Bi is a number betOieen 0 and 1.0 
representing the degree of FAFP implied by the relative positioning 
of the lst thtough i-th isohyetal maxima wlth those terrain featuteo 
(steepest slopes, proroinences. converging upslope valleys) generaily 
thought to induce or "'stimulate"" precipitation. A high positive 
correlation between terrain features and isohyeta.l maxima. yields a 
low value for 81 • for each isohyetal maximum there Is just one 

BfAC: 

DADRf: 

DADFX: 

B-type correlation and, thus, if the area covered by a given maximum 
is extensive enough so that more than one area catu:orv Is con~ained 
within its limits, the B correlations ace determined using all 
isohyets comprisin~ a ps~ticular m~ximum. fo~ the 
lar~<er-area/shorter-duration catuories, the IIi correlation ""'" need 
to he made in widely separated. nonconti~uous areas. 

llhen available, the chart of maximum depth-ar;a-du~ation curves 
from the Part II Summary of the storm analvsis , alnn~ .. ah its 
associated docu...,ntation, Is the primarv source for detenoinln"' ~ow 
many centera (n) and which isohyetal maxinut were used to determine 
the average depth fo~ the ~rea being considered. 

1).'15 (~CAT). 

J. See aho 
lt represents an upper 

the definition for PX. 
limH for fAfP in ooodules 2 and 

The depth-area-duration r<!duction factor h the utio of two avera~<:e 

depths of precipitation. 

DADRF ~ RCAT/MXVATS 

DADFX • (RIFX)(DADRF). It is used in module 2 to represent the 
lar~~:est amount of nonorognphic precipitation caused by the same 
atmospheric mechanism th~t produced MXVATS. 

Fi: See PCTl, It is the term for the "updopin~ effects'" of oroO(raphV 
and it is u~ed in ooodule 2. It is a number between 0 and 1.0, which 
repruents the degree of atmospheric forcinll! Implied by the 
odentation of the applicable upwind se~ments of the lsobvets with 
elevation contours (high positive correl~tion of these parameters 
'"eans a low value for F

1
) for the lst th~ough 1-th madma. fnr an 

isohyetal IIIIIXimm• there h just one f-tvpe correlation, and 1f the 
are~ covered by a o;tiven maximum is extensive enou~h so that ~re than 
one area category is contained within its limits, the F correlations 
are the same for each of the area cata~ories. F-type correlations 
are detendned uSing ~ll isohyetg conlprisin~ a particular maximum. 
A• with B-type correlations, maximum depth-area-duration curves from 
the Part 11 of the atorm report should be used to determine ~<hich 

precipitation centers are involved in the isohvetal maximum. 

*A depth-area-dutacion sto.., analysis is separated into t"o pans. The fiut 
part develops a preliminary isohyetsl mll.p and maas curves of rainfall for all 
nations tn the ator. area. The second part includes a final isohyetal TMp, 
COIIputation of the average depth of rainfall o""r all isohyetal areas and 
do!-tem1nation of the ••nimum average depth for all acea sizes up to the total 
atom area. The complete procedure used for makinlt" depth-area-duration analyots 
1a described in ""Manual for Depth-Area-Duration Analysis of Storm Precipitation" 
(World MetO!Orological Orll!aniution 198~). 



IIIFX: 

Free Atmospheric Forced Precipitation is the precipitation not caused 
by oro)lrapbic forcfn)l; f,e., it h precipitatiOn caused by the 
dyna11ic, thennodvnamic, ~nd OJicroohvs1cal proceues of the 
atmosphere. It is all the precipitation froro a storm occurring in an 
area where terrain Influence or fordn)l is ne!l;"li)lible, tenoed a 
nonoro)lrapblc area. In areas chutfied aa oro!l;"raphic, It U that 
part of the total precipitation which remaina when allounta 
attributable to oro)lraphlc forci~ have been re110v~d. ractora 
involved in the production of FAI'P are: conver)lence at 11iddh and 
low tropospheric levels and often, divergence at high levels; 
buoyancy arising from heating and Instability; fordo~: fr011 n>eSOscale 
syste01s, i.e., pseudo fronts, squ.JI lines, bubble hi,llhs, etc.; storm 
structure, especially at the thunderatom scale involvi"!! the 
Interaction of precipitation unloading with the storm sustaining 
updraft; and lastly, condensadon efficiency involvin~ the role of 
hydrnscopic nuclei and the hehrhts of the condensation and freezing 
levels. 

The largest tsohvetal value in the nonorol!raphic part of the atom. 
The sa01e atmospheric fo,.ces (stot'111 mechanism) must he the cause of 
precipitation over the areas COI7ere<l bv the hohvet used to detenoine 
H[Fl( and MXVATS. 

101 : That part of RCAT attributed aalelv to atmospheric processes and 
havinp: the dimension of depth. Since it fa postulated that FAFP 
cannot be dtrectl\7 observed In an oroll;"taphic area, SOIIH! ftnite 
portion of it was caused bv ford~ other than free st1110apheric• The 
FAFP c0111ponent of the total depth ti'IUH always b" derived by llBkill,ll 
one or more assumptions shout how the precipitation wu caused• The 
subscript -.,·· fdenttfles the s!OI!le aaaumptlon or SH of assumptions 
used to derive the amount dea!Rnated by 1. For e•ample, s subscript 
of 2 will refer to the assumptions used in module 2, The ke~ 

asaumpttons of all the ..,dules are detailed In section 7,].1, Refer 
to the schematic for each 100dule in fi)lurea 7,3 to 7,6 for the 
specific fot'lllulatlon for each J,.. 

~: LOFACA is the lo"est hohyetal value n which it first becoroes clear 
to the analyst that the topoRrapby Is influencing the distribution of 
precipitation depths. Confirmation of this influence 1a assumed to 
occur when good correlation fa observed between the LOFACA taohyet 
and one OI" more elel7atlon contours in the orographic part of the 
storm. 

llow is LOFACA found? A schematic isohyetal pattern Ia shown by the 
solid lines in fi~t:url! 7.1 to tllustrate this procl!dure, Start at the 
atom center and follow the inflow wtnd direction out to the l,_st 
valued lsohvet In the analysis (no l,_r than l in.) located In the 
orop:raphlc psn of the stOt"tll• If the storm l"'ttern Is oddly shapl!d, 
tt may be necessarv to uae a direction sll~t:htly different from the 
exact Inflow direction. Any direction within ~ 22.5 de~~:rees either 
side of the Inflow direction which allows comparisons of the sort 
described above is acceptable. The vector CL In the ach.,YIBtic of 
figure 7.1 represents the oath In this stom that Ia parallel to the 
inflow wind and directed at the lowest valued tsohvet. Next, duw 
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two lineo parallel to and either side of the vector CL, Ea~h of the 
parallel linea will be drawn at a distance frort CL of 1/2 the le11,11th 
of CL. These line9 are the dash-dot linea in fl~t:ure 7.1. These 
lines will I><! ~ailed ran,11e lines. •• The ran)le linea end at the 
orographic Bl!paratton line (the saw-toothed line in fi~t:ure 7.1) since 
only correlations in the orographic part of the atom are important 
In determinin~t: LOFACA, 

The next step is to exaroine those lsohyets which intenect the 
rang<' linea down wind of the atom center of isobyetal II&Xbnua. Such 
seg-nts are conaidered candidate hohyetal &lt,llaents (CIS) and they 
are depicted by the aegTIII!nta of the lsohyets PY and QZ in 
figure 7,1, The obji!Ctive is to determine which CIS has a good 
correlation with topographic features Indicated by the daabed 
linea, A Rood correlation is a CIS that parallels one of the 
smoothed elevation contoun alon~ one-half or 110re of its len~th• 

When no faobyet is found n>eeting the critl!rion, LOI'ACA Is defined to 
be zero. Aa depicted in the sche1118tfc, the 4-in. CIS indicated bY 
the solid line (frOI!I P to Y) shows a ,11ood correlation with the z + 2 
and Z + l coritours, so tbe value of LOFACA ia 4 in, If the 4-in• 
isohyet In figure 7.1 had been along the dotted line from P to X, 
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che~e would have been a poor correladon and the value of LOFACA 
would have heen zero for this sto~. 

The si~nifi~ance of LOFACA is that precipitation depths at and 
below this value are assumed to have been produ~ed solely by 
atmospheric forces without any additional precipitation re9ultin.o: 
from topo~raphic effects; i,e., they represent the "miniBum leV<!l" of 
FAFP for the sto~. If more than one isohyetal center exists for the 
area she selected, the pre>cedure is fe>llowed for e&ch center, If 
the value of LOFACA is different for two or more of these ~enters, 
th" lowest of the valul!s is used as the one &nd only valul! of LOFACA 
for that storm and area size, 

LMAC ~ LOFACA + ~I (PB (A~) ). 

It is a 
prejudice 

refinement to LOFACA based on 
the assl!!;nir>g of a minimum level 

the concept 
of FAFP. 

that AI 

The average J .. pth of precipitation for the total storm duration for 
the "'"fllest a~ea size analyzed, provided that H is not lar~er th&n 
IOO mi • It is obtained from the pertinent data sheet (P.O.S,) fo~ 
the stonn included in "Storm Rainfall"" (Cot"jls of 
En~lneers ]945- ), It is us"d in sev .. ral MOrlules to calculate 
Percenta!<es of FAFP. If the area criterion cannot be ...,t, the ato,.,. 
is not ua~d in the study, 

When used in module 2 it is the number of analvzed hohyetal madma 
used to set the average depth of precipitation for a ~iven area size, 

Orographic S"paratlon Line h a line which separates the CD-103 
~eglon into two distinct regions, "he~e the~e are different 
orographic affects on the precipitation process. In one rulon, the 
nonoro!<raphic, it is assu10ed no more than a 5-perc .. nt change (In 
either Increasing or decreasing the precipitation a010unt fo~ any 
storm or series of sto~ms) results from terrain effe~ts, In 
contrast, the other ~eglon Is one where th" influence of terrain on 
the precipitation process is significant. An upper limit of 
95 percent and a lower limit of no leu than S percent is &!lowed. 
The line maY""eJttst anywhere from a few to 20 miles upwind (where the 
wind dir .. ction is that which is judged to Prevail in typi~al record 
setting storms) of the point at whi~h the terrain slope <!quais or 
exceeds 1,000 ft om 5 miles or less wlth respect to the lnflowing 
wind direction (sec. 3.2), 

Pa (and A0 ) is a ratio in Which the effectiveness of an actual stonn 
In produdnl\ precipitation is com1>ar"d with a conceptualized storm of 
""perfect"" effectiveness. In such a conceptual modl!l, f"atures known 
by experl.,nce to be hi~hlv ~orrelated with positive vertic&! motions, 
or an efficient .rorrn structure, would be rtume~ous and exist at an 
Optimum (not always th~ lar~est or stron~est) Intensity level. 

~: 

!f.: 

Thus, 

' • 
• Effectiveness of Actual Atmospheric Mechanisms 

'" 
where the num.,rator Is a number bet<~een 5 and 95 

• Effectiveness of Actual Orog~aphic Mechanisms 
Ao 100 

where the nu~rator is a number between 0 and *95, 

It would have been desirable to e1<press b"oth Pa and A
0 

in physically 
tiH!aningful units; however, this waa not considered practical because 
the available ...,teorological data for ..,;,t of the storms of concern 
are generally extreBely lhlited. Hence, th" present formulation i• 
expressed in terms of subjective Inferences about physical 
parameters known to be effective in the production of prl!cipitation 
either in major storms in nonorographic regions or by conside~ing the 
results of flow of saturated air against orogr&phic barrl~rs. This 
type Of formulation is required, because of the limited avallability 
of meteorologlcal information for the storms, but is ~onsidered 

adequat" for the purposes of this report. Mechanically, the 
effectiveness of the particular storm is derived by using the 
checklists in module 3. 

The ratio of the nonorographic area containing precipitation to the 
total sto~ precipitation area is given by FA. Its inverse is used 
when setting a realistic upper limit for 12 and Is (see definition 
for PX on the followin~ page), Areas In which the depth of 
precipitation is less than l in. are not used In forming the ratio. 
In contras~ to PC, PA doea not depend upon the area sne being 
considered in the stom separation method, 

When the LOFACA lsohyet does not estend from the orographic pa~t into 
the nonorognlphi~ part of the stonn, it is the ratio of the s~m of 
the areas in the nonorographic p~n containing amounts equal to or 
greHer than LOF.O.CA (the numeratod to the total nonorographl<" area 
in which precipitation depths associated with the stonn are l ln. or 
more. When the LOF.O.CA isohyet does extend into the nonorographic 
part of the storm, the nume-;:;ror is increased by an amount 
rep~esentlng the area bounded by the LOFACA isohyet and the OSL. It 
Is used In roodule 2 in seUing a value for LOFAC. :-lote: \olhen 
LOFACA is zero, PB will be one and LOFAC .. 111 also e<!ual zero. 

lt is usl!d in the formulations of PCTl, PCT2, and PCT3 to take Into 
account the contribution of nonorographi~ precipitation to total FAFP 
(which includes FAFP contributions from orographic areas), lt is 
expressed as a number between 0 and 0.95 The value of the upper 
limit is 0.9S because no stom In which more than 95 P"t~ent of the 
p~ecipitation fell in nonorographic areas was considered, Thus, some 
storms f~om the list of Important ocorms were not considered since 
they occurred In the nonorog~aphic region, 

If, for the a~ea size being considered, part of the total volume o! 
precipitation occurred in a nonorographic area, PC Is the ratio of 



PCT): 

that partial volume ro rhe total volume. If none of the total volume 
,.as nonom!(raphic, PC - 0. The ratio of volumes 1B obtained by 
fonnln~: the ratio of the correspondinl< area sizes first, then 
multiplvin" that ratio by an estimate of the avera11e depth in the 
nonotof(raphic area, and finallv dividing this result by the aveuge 
depth for the total area, both of these depths occurring at maxlroum 
duration. 

1s the smaller of either BFAC or DADFX multiplied by (PA)-1 except 
when PA - 0, in which case PX • BfAC. Once selected, PX aervu to 
define what is a realistic upper limit for 12 and 15 • 

PCTl = PC + RNOVAL (0.95-PC) 
MXVATS " 

HXVATS lS used only for the s .. allest are":! size on the P.D.s. 
(provided that it is not greater than !DO .. t ) be.,ause the average 
depth at larger area sizes h influenced by how isohyets "ere dtawn. 

( 
l (F 1 +B 1 ) ) 

PCTl~~c+ i-l (0.95-PC) 

'" It Is a number betwe.,n 0 and 0,95 "here n is the number of isohvetal 
maxima in the orol!"raphi" part of th; s'orm applicable tn the 
area/du'ration catep;orv beim! considered. Estimates of F- and 8-tvpe 
correlations are dependent upon the Quality of the isohyetal analysis 
and upon proper identification of the precipitation centers involved 
in the area catei!"Ot"Y under conside~ation. When there is no Part II 
stonn study infotmatiOQ available, the analvst must decide whether a 
reasonable estimate can he made for n. When there a~e lust a f"" 
maxima, each at a different depth, a reasonable estimate is likely, 
whereas when there are numerous maxiiM all of which are for the same 
depth and which enclose about the same area, it is less likely that a 
reliable value for PCT2 can be calculated. When the latter is the 
case, the answer to Question ll in ondule 2 will be "no" and the 
analyst documents this situation in module 5 after completin~ 

modules J and 4. 

This is 
is PAFP. 

the ratio 12 /RCAT where 1 2 Is the total 
12 is defined by -the relationship: 

amount of RCAT that 

lz • [LDPAC +(MXVATS-L0FAC)PCT2)DADRF 

Substitution of these tenns into the definition for PCTl2 leads to 
the relationship: 

(
LOFAC ) PCT22 ~ PCT2 + MXVATS (I-PCT2) 

PCTl- PC+ (pap! AJ (0.95-PC) 

lt is a dimensionless number 
representing the percent of ~he 

,o:lven area/duration cateii"Oty 

'" 

usuallv between 0,05 and 0,95, 
total depth 
attributable 

of prec1p1tarion for a 
to thl! atmospheric 

processes alone. It is obtained not onlv bv considerin" primarily 
m•teorolo)<ical information, but also by considering the followinll 
minimal lin of additional infonrtation: a P.D.s. for the stol"!!1 (DAD 
~ncluding the location of the storm center; a chart of s~othed 
contours of terrain elevation; and precipitation data sufficient to 
define where precipitation did or did not occur. '1ore detailed 
precipitation information is used, when available. 

The range of O,D5 to 0.95 is considered reasonable, be"-ause It 1s 
postulated that the orographi"- influence never completely vanishes, 
and when the O'ographic influence is pr,.do10inant, precipitation would 
not "-ontinue without so10e "-Onttibution from atmospheric fore{~ 

mechanisru. Thoup;h not expected to occur, it is conceivable that 
PCTJ may exc,.ed 0,95 if the estimated oro~:raphic fouift$! was 
downslope, actually decreasinl< the total possible pre"-ipitation. 
This matter is discuned further In the section dealinll "1th 
lllOdule ]. The fortllulation for PCTJ is meant to apply only to major 
stoma and definitelv not to minor stoma where ne~ative terrain 
forcing on lee slopes might approach, or exceed, the maf(nHude of the 
atmospheric forcift$!. 

The averaf(e depth of 
"CAT"' Indicates that 
catep;orv definition. 

p~ecipitation for 
the parameter R 

the selecteri cace.,orv. The 
Is a variable dependln~ on 

Repreaentstive nonorographtc value of precipitation, It Is the 
hip;heH observed a10ount in the nonoro~unhic part of the stonn. The 
value of RNDVAL Is not adtusted to the elevation at which HXVATS Is 
believed to have occurred. RNOVAL and IQ:VATS must result from the 
same atmospheric f•>rces (stonn ""'chanism). 

7 ,J ll•dr.gr<>Und 

The SSM was developed in the pr.,sent format because four distinct sets of 
precipitation infonoation were available for record-settin~ storms In the CD-103 
region, These were: 

'· 
'· 

Reported total Storm precipitation, used in module), 

lsohyet and depth-area-duration analyses of total stonn precipitation, 
includin,;: Part I and Pan 11 Sull'lmariea, used in module 2, 

3, Meteorolo,o:tcal data and analyses therefrom, used in lllOdule 3, 

4. Topographic charts, used in all modules. 

Since the QuantitY and quality of the info~01ation in the first three of these 
seu would vary from stonn to stonn, it was concluded thst s method which ~elied 
on lust one of the first three seu (alon~~: with topographic charts) mil":ht be 
quite useless for cenain stonrts. Alte~natlvely, one could have ~ ~SH which 
alwaY!:' corobined infor!Uation from the first three sets. Thh choice was rejected 
Since, for 11108t of the sto.-..s, one or R!Dre of the sets mi11ht contain no useful 
lnforiL!ltion and boj!US data would have to be used. Clearlv, the SSM depends on 
the validity of the input lnfor01ation. 

"' 



"' 0 
0 

OETUitlNE VALUES TO 
BE USED IN SUliS!QUUIT 
MODULES 

fAfP lloi.SED ON OISEllvtD 
KAXIIIUH AIIOUII'TS IN 
OII.OGIW'HIC ANti liON· 
OII.OGIW'~IC PARTS Of STOII:II 

l"AFP &AS£ll ON DEGI\£t 

OF COUl:t.ATlOll BETWI':Ell 
ISOII'!ETS AND TEII»U 
CO!miDRS 

FAFP !lASED ON COMPARISON 
OF STOR!I f!:AT\IIti!S IIU'II 
THOSE rROH K.UOR NON­
OROGRAPHiC STOII:IIS 

MODIILE J RESULTS CctllllNED 
lllt11 KOD\ILI; I ,\,liD 2 
II.ESIILTS 

EV.I.LUHt, SELECT ANti 
DOCUMENT PREVIOUS 

ENOUG!l METEOlO!.OG!CAL 
D.I.TA 

"' 

rout" 9ets of lnfomatlon are used In th~ SSM to pr<>du~e up to five estimates r 
F.l.ff• tor area cate!(odes up to 5,000 mi and duntions up to 72 hr for storw 
with 01ajor rainfall centers in areas classified as "orollraphlc.·· The mechanic 
of the procedure u~ed to arrive a<: one numeri"-al value of FAFP for anv relevan 
area/du..-ation (A/D) category for anv quallfyinil storm are accompliohed ~ 
completing the tasks symbolically represented in a MAIN FLOWCHART for the SS 
(fig. 7.2) along With its associated SSM MODULE FLOWCHARTS (fig. 7.3 to 7.7) !rlt 
references to the following items: 

j. Glossary of Terms (sec. 7.2). 

2. Concepts for use of the modules (s.._c. 7.3.1). 

l. Specific question& to be answered In the MAIN FLOWCHART and the MODUL 
FLOWCIL4.RTS. 

7.).1 B.aslc Conc<>pt:s 

The validity of the techniques In the SSM depends on the valldltv of th 
concepts upon which they ar"- based. ~valuation of these concepts Is cn1d.al I 
the application of the procedure. A relative evaluation of the valldltv of th 
concepts underlvln~ the individual modules will iOvern which of the five possibl 
values will b"- used for FAFP fo< a l!iven AID catel!orv. The evaluation I 
fomalized in module S (column E) of the SSM based on the analysts evaluation o 
the various concepts. Several concepts are hasic to acceptance of the procedur 
as a whole (all modules) while others relate to the evalmttion of individua 
module&. 

7.1.1.1 OYe~all Metbod. The total depth of p~ecipitatloo for a ~lven A/" 
catep:ory is composed of precipitation that results from atmosphedc forces an. 
fro11 the added effect of orol!raphy. The method assumes that the effect o· 
oro~raphy may either contribute to or take away from the amount of precip1tatio1 
that is produced by the atmosphere. When the orographic effect is positlv, 
(e~tpressed as a percentage contribution to total precipitation), 1t mav not b< 
less than 5 percent. If it Is also assumed that the terrain sunoundin,o; th• 
location where a given storm of record occurred had been transparent; I.e •• har 
no effect on the atmospheric forces actin,. there. the resultinl! total p~ecip­

itation would be the same as the free air forced component of precipitation fo1 
the actual stont. 

lt is assumed that the FAFP never completely disappears in sconns cf record, 
and the total volume 10ay contain contributions over both the orol!raphlc anc 
nonorographic areas. The further assumption is made that, ~hen no other 
infor..,tion is available at the shorter durations, inferences made fron 
precipitation depths valid at maximum storm duration for a ,o;iven area are equal!' 
Valid for the same area at shorter durations down to and includinl! the minimu• 
duration category. 

7.].1.2 Madole 1. There are three components that underlie the nse ot 
precipitation observations in the estimation of the contribution of th< 
atmosphere to the precipitation amounts In •tonns. These are: 

If free atmospheric forcin~ tn the nonoro~raphic part of the 
been smaller thllt It was, the value of the maximum 

precipltarion would have been proponionally less. 

storm 
depth 



The I'AI'P in the orographic region of the stona h approxifll.!l.ted by the 
maxi~m precipitation depths in the nonorographic region, as long as the 
same atmospheric forces are involved at each location• 

Esrimates of the FAfP based on assumptions 1 and 2 are bett .. r fo< sroall 
rather than intermediate or large area sizes. 

7.3.1.3 Module 2, ThiS module uses an isohyetal analysis of the precipitation 
data to evaluate the free air forced component of precipitation, Inherent in the 
uae of this module is the exiatence of an isohyetal analyds based on adequate 
precipitation information and prepared "ithout undue reliance on nonaal annual 
precipitation or other rainfall indices which mav induce a spurious correlation 
between the predpitation amounts and topography. In addition, there are five 
other concepts underlying this nodule, These are: 

J, One or more than one level of LOI'ACA rnav exist in• the orographic part of 
a storm. When mo~e than one storm center Is contained in a given area 
category, the lOV@st level of LOFACA found is used for that area size. 

2. LOFACA exists .,hen there is a good correlation betwe"n some isohyet and 
elevation contours. 

'. 

;, 

llpsloping and triggering (F- and B-type correlations) a~e of equal 
significance in deternining the percentage of p~ecipitation above LOFACA 
"hich is terrain forced. 

For an orographic stom (centered in th orographic portion of the 
region), the Ia•ger the nonorographic ponion becomes (in relation to 
the total stom. area), the more likely that the obsenred largest 
rainfall a<Dount In the nonorographlc portion (as repruented by DADFX) 
Is the ""true" upper limit to FAFP in tbe oro~raphlc part of the stonn, 

Estimates of I'AI'P usin~ the above assumptions are better at Intermediate 
and large rather than small area sizes, 

7.1.1.4 Nodule 3. ThiS module makes use of the meteorological analysis and the 
evaluation of the interaction of dvnanic mechanhms of the atmosphere >iith 
terrain to eatiroate the I'AFP. There are seven baste concep-ts underlyin.<( the use 
of this roodule. These are: 

J, Estimates of FAFP made using the techniques of this module maY be of 
marginal reliability if the storms considered are those producing 
moderate ot lesser precipitation amounts• 

'· A variety of storms exist, each one of which 
configuration for producing extreme precipitation. 

••• •• opt iroum 

3. The more closely the atmosphedc forcing mechanisms for a given storm 
approach the ideal effectiveness for that type of stonn, the larger the 
effectiveness value (Pal for that stonn becomes, 

4. The fAI'P is directly proportional to the effectiveness of ~tmospheric 

forcing mechanisllS and inversely proportional to the effectiveness of 
orographic forcing mechanisms, 

,,. 

'· 

•• 

If the effectiveness of the orogr-aphic ford nit" mechanisms is of opposit• 
Bilt"n to the effectiveness of the atmospheric forcing mechanisms and o• 
equal or larger magnitude, little or no precipitation should occur, 

The I'AI'P of stonns of record is arbitrarily limited to no more thar 
100 percent of the maximum precipitation depth for the area/duratior 
category under consideration. 

7, Estimates of FAI'P using the above assumptions are better at lar~e rather 
than at inten~~ediate or small area sizes. 

7.3.1.'> tlodule 4. A basic assumption underlyin~: the use of module 4 1s that 
better results can be obtained by combinin~: Information; i.e., averaging th< 
percentages obtained from the isohyetal analysis with the meteorological analyst• 
and those obtained from analysts of the precipitation observations with th< 
IIH!teorological analysis. Better estimates are produced by avera~ing when there 
is little difference in the expressed preference for any one of the techniques or 
sources of infonnation and, aho, when the calculated percenta~e of I'AFP fro~ 

each of the modules e~hibits wide differences. 

Litde is to be gained from use of the averaging technique over estimates 
produced by one of the individual analyses of modules 1, 2, or) when: 

l. There are large differences in the expressed pref,.rence for the 
techniques of one module. 

2, The sources of information for one of the individual modules is 
definitely superior. 

). The calc~lated percentages among the ""'dules are In close a~:reement. 

7.4 Methodology 

The SSM wu developed In a modular framework. This ""rmit• the user to 
consider only those factors for "htch inforn~ation is available for an Individual 
storm. A MAIN FLOWCHART of the SSM is shown in ft~ure 7.2. 

The MAIN fLOWCHART gives the user an overview of the SS!1. Modules 1, 2, and 3 
are designed to u~e the first three Information S@tS n>entloned in se~tion 7.3 a5 

indicated by the remarks column at the left side of the fl011chan. A decision 
mun be made initially for any stor111 and category as to "hich roodules can be 
appropriately used, module I, 2, or 3. The decision is based on a roinimu11 level 
of acceptability of the infon~ation required by the module in Question. The 
d,.chions ar .. formalized for each of these three modules in module o. The h,.art 
of the SSM procedure is nodule S "here documentation ts made of the SSM proce~s, 
thereby penattting traceability of results• Thou~h module 5 can he reach,.d on 
the fl011chan only after passing through each of the other modules, it is 
recommended that the steps in each module h" documented in the record sheet of 
110dule 5 as the analyst proceeds. Transposition and moisture maximization of the 
indu value of precipitation foll""s the completion of the SSM and "ill be 
dhcusaed in chapter B. 

'" 




