























































































































Offset 4 Months

Area (mi’) 1 hr 6 hr 12 br 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.860 0.893 0.912 0.930 0.941 0.961
100 0.778 (.823 0.850 0.871 0.887 0.913

200 0.688 0.742 6.777 0.802 0.823 0.853

500 0.568 0.632 0.673 0.703 0.734 0.765

1000 0.474 0.543 0.588 0.621 0.658 0.697

2000 0.385 0.456 0.498 0.536 0.579 0.623

5000 0.276 0.347 0.393 0.434 0.472 0.503

10000 0.202 0.273 0.312 (.358 0.403 0.440
Offset 5 Months

Area (mi?) 1hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.846 (.883 0.902 0.922 0.941 0.965
100 0.761 0.809 0.832 0.855 0.872 0.898
200 0.664 0.725 0.756 0.783 0.803 0.833
500 0.543 0.610 0.646 0.679 0.709 0.740

1000 0.448 0.526 0.560 0.595 0.635 0.676
2000 0.356 0.438 0.476 0.516 0.561 0.604
5000 0.245 0.332 (.369 0413 0.461 0.496
10000 0.176 0.251 0.288 0.337 0.386 0.422
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Table 2.8.  Seasonally adjusted areal reduction factors for the Southwest region.

Offset 1 Month

Area (mi?) 1hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.893 0.915 0.928 0.940 0.952 0.965
100 0.837 0.863 0.881 0.898 0.920 0.939

200 0.770 0.799 0.818 0.842 0.870 0.899

500 0.658 0.696 0.730 0.758 0.795 0.828

1000 0.555 0.611 0.647 0.686 0.723 0.760

2000 0.441 0.513 0.561 0.601 0.636 0.670

5000 0.284 0.361 0.419 0.468 0.499 0.538

10000 0.165 0.254 0.291 0.338 0.384 0.428
Offset 2 Months

Area (mi?®) 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.875 0.906 0.919 0.932 0.944 0.955
100 0.807 0.848 0.867 0.887 0.904 0.921

200 0.739 0.782 0.805 0.829 0.851 0.872

500 0.623 0.674 0.708 0.739 0.767 0.795

1000 0.519 0.585 0.616 0.655 0.690 0.722

2000 0.411 0.484 0.525 0.564 0.598 0.629

5000 0.261 0.332 0.382 0.433 0.462 0.498

10000 0.150 0.227 0.262 0.308 0.353 0.391
Offset 3 Months

Area (mi?) 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.864 0.902 0.913 0.924 0.935 0.946
100 0.786 0.840 0.858 0.875 0.891 0.907
200 0.715 0.770 0.793 0.815 0.838 0.859
500 0.602 0.660 0.689 0.720 0.747 0.775

1000 0.497 0.566 0.596 0.630 0.661 0.692
2000 0.390 0.459 0.499 0.533 0.566 0.598
5000 0.245 0.310 0.361 0.403 0.428 0.462
10000 0.141 0.213 0.250 0.287 0.323 0.361

32




Table 2.8. (cont.)  Seasonally adjusted areal reduction factors for the Southwest region.

Offset 4 Months
Area (mi%) 1hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.846 0.888 0.907 0.920 0.931 0.942
100 0.765 0.818 0.845 0.861 0.877 0.894
200 0.683 0.742 0.772 0.793 0.813 0.834
500 0.560 0.624 0.659 0.685 0.712 0.738
1000 0.451 0.527 0.563 0.595 0.624 0.654
2000 0.344 0.426 0.463 0.496 0.527 0.558
5000 0.203 0.279 0.329 0.368 0.387 0.414
10000 0.111 0.186 0.221 0.257 0.292 0.327
Offset 5 Months

Area (mi%) 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.833 0.879 0.897 0.912 0.931 0.946
100 0.748 0.805 0.827 0.846 0.863 0.879
200 0.660 0.725 0.751 0.774 0.794 0.814
500 0.536 0.602 0.633 0.662 0.688 0.713
1000 0.427 0.510 0.536 0.571 0.602 0.635
2000 0.319 0.409 0.443 0.477 0.510 0.541
5000 0.180 0.267 0.308 0.350 0.378 0.409
10000 0.097 0.171 0.204 0.241 0.279 0.313
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Table 2.9.  Seasonally adjusted areal reduction factors for the Southeast region.

Offset I Month

Area (mi®) 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.902 0.935 0.945 (0.952 0.964 0.970
100 0.838 0.877 0.894 0.912 0.920 0.929

200 0.779 0.832 (0.848 0.874 0.880 0.891

500 0.713 0.760 0.776 0.807 0.820 0.837

1000 0.643 0.702 0.725 0.745 0.763 0.780

2000 0.561 0.622 0.647 0.655 0.675 0.690

5000 0.389 0.477 0.522 0.535 0.553 0.573

10000 0.253 0.355 0.427 0.444 0.464 0.484
Offset 2 Months

Area (mi?) 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.921 0.944 0.954 $0.960 0.972 0.980
100 0.869 0.892 0.908 0.924 0.936 0.947

200 0.813 0.849 0.861 0.887 0.900 0918

500 0.753 0.785 0.800 0.828 0.850 0.871

1000 0.688 0.733 0.761 0.781 0.799 0.821

2000 0.602 0.659 0.691 0.698 0.717 0.735

5000 0.423 0.519 0.572 0.578 0.597 0.618

10000 0.279 0.397 0.474 (.488 0.506 0.529
Offset 3 Months

Area (mi®) 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.932 0.949 0.960 0.968 0.982 0.990
100 0.892 0.902 0.918 0.936 0.950 0.962

200 0.840 0.862 0.874 (0.902 0.914 0.933
500 0.779 0.802 0.822 0.850 0.872 0.894
1000 0.718 0.759 0.787 0.811 0.834 0.857
2000 0.634 0.695 0.728 0.738 0.759 0.773
5000 0.450 0.556 0.605 0.621] 0.644 0.667
10000 0.297 0.423 0497 1 0523 0.552 0.573
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Offset 4 Months

Area (mi®) 1hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.952 0.964 0.967 0.972 0.986 0.994
100 0.917 0.926 0.932 0.951 0.965 0.976

200 0.879 0.896 0.898 0.927 0.941 0.961

500 0.838 0.849 0.859 0.893 0.916 0.939

1000 0.791 0.815 0.833 0.859 0.883 0.907

2000 0.719 0.750 0.783 0.794 0.815 0.829

5000 0.543 0.618 0.664 0.680 0.711 0.743

10000 0.376 0.484 0.562 0.585 0.612 0.634
Offset 5 Months

Area (mi%) 1hr 6 hr 12 hr 24 hr 48 hr 72 hr
10 1.000 1.000 1.000 1.000 1.000 1.000
50 0.968 0.974 0.977 0.981 0.986 0.990
100 0.938 0.941 0.952 0.968 0.981 0.993

200 0.910 0916 0.923 0.951 0.964 0.984
500 0.876 0.880 0.894 0.924 0.948 0.971
1000 0.836 0.841 0.875 0.896 0.915 0.934
2000 0.776 0.781 0.820 0.825 0.841 0.855
5000 0.612 0.646 0.709 0.714 0.729 0.753
10000 0.432 0.526 0.608 0.622 0.639 0.662
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Figure 2.12. Depth-area relations for the California Northwest/Northeast region for I to 72 hour durations.
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Figure 2.13. Depth-area relations for the California Midcoastal region for 1 to 72 hour durations.
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Figure 2.15. Depth-area relations for the California Sierra region for 1 to 72 hour durations.
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cumulative 6-hour values. A margin of plus or minus 0.5 inch is permissible in
drawing this curve due to various roundings in Steps 1 to 6. Subtract each
cumulative 6-hour depth from the depth of the next longer cumulative 6-hour
duration. Some applications may require hourly increments. If this is the case, the
smooth curve is subdivided into 72 cumulative hourly amounts and each cumulative
hourly depth is subtracted from the depth at the next cumulative 1-hour longer
duration.

Snowmelt parameters, temporal, and areal distributions.

During peer review a consensus recommendation was to include some procedures in
the report to deal with these items. These items had not been within the scope
originally formulated for the study. The snowmelt procedure from HMR 36 is
incorporated in this report and found in the Appendix.

Chronological partitioning of the PMP and its areal distribution were not studied in
this report We would recommend that the user employ historical storms or divide
the 72-hour PMP into 6-hour increments. Then arrange the final storm configuration
into a front-, middle-, or end-loaded temporal distribution depending on the water
management decisions that are required. One possible way of doing this is as
follows:

A. For DAD regions 1-6 (Figure 2.11), group the four heaviest 6-hour values of the
72-hour PMP in a 24-hour sequence.

B. Within the maximum 24-hour period arrange the four 6-hour values as follows.
Place the second highest 6-hour values next to the highest, the third highest on either
side of the first two 6-hour values, and the fourth highest at either end.

C. The 24-hour largest 6-hour values may be positioned anywhere in the 72-hour
storm period. The remaining eight 6-hour amounts may be positioned anywhere else.

A hydrologist may experiment with different temporal sequences to uncover any
factors that would make a particular sequence more critical than another for a basin
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of concern. Selection of a particular sequence for a basin is a decision for the user.

One way of distributing the storm spatially is by developing an isopercental analysis
based on the 100-year precipitation frequency maps from NOAA Atlas 2 (Miller et
al., 1973). This approximation was used to develop the individual storm analyses for
this study, and has been used on other occasions to represent storm distributions.

Another approximation can be made by using a significant storm with a sufficient

number of observations to draw a storm pattern over the basin of interest. If such a

storm has been observed, then the storm pattern can be used to define an isopercental

analysis for the PMP distribution. However, only a few California storms have

sufficient detail to define a storm pattern over the complex terrain.

2.3 Example of General-Storm PMP Computation

The 973-mi* Auburn drainage above Folsom Lake is used as an example for the
general-storm PMP. The Auburn drainage is located in the Sierra subregion or region 5.
In this example, we will use the steps of Section 2.2. First, we will calculate the all-season

PMP for the drainage, and then the PMP for the "off-season” month of May.

All-Season Calculation

Step
1. Drainage Outline

The Auburn drainage is outlined on a section of the 24-hour, general-storm PMP
Index in Figure 2.18, at a scale of 1:1,000,000.

2. User Decision

We will do an all-season PMP calculation.
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Figure 2.18. Contours of general-storm index PMP in and around the 973-mi’ Auburn
drainage (heavy solid line) in California.
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All-Season Index PMP Estimate

Figure 2.18 shows the contours of index (10-mi?, 24-hour) PMP superimposed on the
outline of the Auburn drainage. It’s average value is 24.6 inches.

Seasonal Index PMP Estimates

Skip this step.

Depth-Duration Relations

The Auburn drainage is within the Sierra classification (region 5) except for a very

small portion near the dam site which may be regarded as inconsequential. Table 2.1
gives the ratios for durations from 1 hour to 72 hours.

Ratios for Auburn drainage

Duration (hours)

1 6 12 24 48 72

All-Season 14 42 .65 1.00 1.56 1.76

Multiply the result from Step 3, the average 10-mi®, 24-hour PMP of 24.6 inches, by
these ratios to produce the following 10-mi* depths of all-season PMP for Auburn:

Auburn drainage 10-mi’ PMP

Duration (hours)

1 6 12 24 48 72

All-Season Depth
(inches) 34 10.3 16.0 24.6 38.4 433
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6. Areal Reduction Factors

Using the Auburn drainage area of 973 mi” and Figure 2.15, we get the following
reduction ratios:

Reduction factors for Auburn drainage

Duration (hours)

1 6 12 24 48 72

All-Season .64 .67 .70 12 77 .80

The depths from Step 5 are multiplied by these ratios to obtain the all-season, storm-
centered average depths of PMP for the 973-mi” area of the Auburn drainage:

Auburn drainage average PMP depths

Duration (hours)

1 6 12 24 48 72

All-Season Depth
(inches) 2.2 6.9 11.2 17.7 29.6 34.6

The results are plotted in Figure 2.19 as a solid line.
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Incremental Estimates

Cumulative depths at 6-hour increments, extracted from the curve of Figure 2.19 are:

6-hour cumulative depths

Duration (hours)

6

12

18

24

30

36

42

48

54 60 66

72

All-Season PMP
(inches)

6.9

11.2

14.6

17.7

20.8

23.8

26.7

29.6

31.6 | 32.7 | 33.7

34.6

The 6-hour incremental amounts are obtained by subtracting each (cumulative)

durational amount from the next larger amount to get:

6-hour incremental depths

Duration (hours)

6

12

18

24 30

36 42 48

54 60 66

72

All-Season PMP
Increment (inches)

6.9

43

34

3.1

31 | 3.0

29

29

20 1 1.1 1.0

0.9

Temporal Distribution, Areal Distribution, and Snowmelt Parameters

Using the rules from Step 8 the twelve 6-hour increments from Step 7 could be

distributed as following: 3.1,3.0,2.9,2.9,3.1,4.3,6.9,3.4,1.1,09,2.0,1.0

The areal distribution can be found by following Step 8 in Section 2.2.

For snowmelt parameters see the Appendix. A completed example for the all-season

month of November may be found there.
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Step

Seasonal or Monthly PMP Calculation

Drainage Outline

As with the all-season example, the outline of the drainage depicted nominally at a
scale of 1:1,000,000 in Figure 2.18 is the of Auburn drainage.

User Decision
We will calculate seasonal PMP for the month of May.
All-Season Index PMP Estimate

Even though we are doing PMP for May which is not an all-season month, we need
an all-season index value as a starting point. As with the previous all-season
example, Figure 2.18 shows the average depth to be 24.6 inches.

Seasonal Index PMP estimates

Figure 2.4 shows the variation of general-storm PMP for the month of May as a
percentage of all-season PMP (Plates 1 and 2). We determined an average value of
68 percent (to the nearest whole percent) for the Auburn drainage. This percentage
was multiplied by the average depth from Step 3, and gives an average value of PMP
of 16.7 inches for May. The nearest all-season month is March (Figure 2.2), and the
monthly offset is 2.

Depth-Duration Relations
Asindicated earlier, the Auburn drainage is within the Sierra classification (region 5)
except for a very small portion near the dam site which is inconsequential. Table 2.2

shows that the seasonally adjusted 10-mi® depth-duration ratios for May or a
two-month offset are:

49



Ratios for Auburn drainage

Duration (hours)

1 6 12 24 48 72

May 148 437 .663 1.00 1.451 1.549

The 10-mi* depth of May PMP is obtained by multiplying the average 24-hour,
10-mi® PMP for May (16.7 inches) at Auburn by ratios for 1 hour to 72 hours. These
are shown below:

Auburn drainage 10-mi’ PMP

Duration (hours)

1 6 12 24 48 72

May Depth (inches) 2.5 7.3 11.1 16.7 24.2 259

Areal Reduction Factors

Interpolating to 973 mi® from Table 2.7 (Sierra region, offset of 2), we obtain the
following reduction ratios:

Reduction factors for Auburn drainage

Duration (hours)

1 6 12 24 48 72

May 548 .607 648 687 731 173

Multiplying these ratios by the corresponding May PMP depths from Step 5 gives
the following storm-centered average depths of PMP across the 973-mi* Auburn
drainage for May:
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Auburn average drainage (973-mi*) PMP depths

Duration (hours)
1 6 12 24 48 72
May Depth (inches) 1.4 4.4 7.2 11.5 17.7 20.0

7. Incremental Estimates

The results from Step 6 are also plotted in Figure 2.19 and a curve (dotted line) is
drawn for these results. Cumulative depths at 6-hour increments to the nearest tenth
of an inch, extracted from the curves, are as follows:

6-hour cumulative depths

Duration (hours)

6 12 18 24 30 36 42 48 54 60 66 72

May PMP (inches) | 44 | 7.2 94 | 115 1133 | 150 | 164 { 17.7 | 185 ] 19.1 | 19.6 | 20.0

To obtain 6-hour PMP values, subtract each (cumulative) amount from the next
larger amount to get:

6-hour incremental depths

Duration (hours)

6 12 18 24 30 36 42 48 54 60 66 72

May PMP Increment |\t hg 122 | 20 |18 |17 14| 13|08 ]o6|os]| 04
(inches)
8. Temporal Distribution, Areal Distribution, and Snowmelt Parameters

A possible temporal precipitation (inches) sequence for the twelve 6-hour increments
in Mayis: 0.6,0.8,2.2,44,28,2.1,18,1.7,14,13,05,04
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This is a possible sequence from the guidelines mentioned is Step 8 of Section 2.2.
The areal distribution of isohyets can be obtained using the guidance from Step 8 of
Section 2.2. No snowmelt parameters are required for May, since they are only valid
for October through April.

2.4 Local Storm Procedures

Two options are available for obtaining the local-storm PMP values. They are:

A. Obtain the average depth of PMP for a drainage without specifying its areal
distribution, or

B. Specify the areal distribution of the precipitation from a PMP storm within a
drainage.

Option A requires Steps 1-5 below; Option B requires that Steps 1 and 2 are used
followed by Step 6. If Option B is selected, a drainage average depth of the isohyetal
precipitation pattern for various PMP storm placements must be chosen. There will be as
many average depths for the drainage as there are placements for the PMP storm. The
average depths of precipitation in a drainage obtained from Option B will be less than the
average depth of PMP from Option A unless the drainage has the exact boundary shape

shown in Figure 2.20.
Step
1. One-hour, 1-mi? local-storm PMP

Locate the basin on Figure 2.21 and determine the basin-average, 1-hour, 1-mi?,
local-storm index value of PMP. Use linear interpolation.

2. Adjustment for Mean Drainage Elevation

Determine the mean elevation of the drainage. No adjustment is necessary for
elevations of 6,000 feet or less. If the mean elevation is greater than 6,000 feet,
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reduce the PMP from Step 1 by 9 percent for every 1,000 feet above the 6,000-foot
level. Figure 2.22 can be used to graphically determine this value.

As an example of the elevation adjustment let us assume we have a basin with a mean
elevation of 8,700 feet (2,700 feet above 6,000 feet). The reduction factor would be
24.3 percent (2.7 times .09), giving an elevation-adjusted PMP of 76 percent
(rounded) of full 1-hour, 10-mi* PMP. Had Figure 2.22 been used, a value of about
76 percent is read off the line labeled pseudo-adiabat for an elevation of 8,700 feet.

Adjustment for Duration

The 1-mi” local-storm PMP estimates for durations less than 1 hour are obtained from
Figure 2.23, as a percentage of the 1-hour amount from Step 2. For durations greater
than 1 hour, determine the location of the basin on Figure 2.24, which provides a
6-hour to 1-hour ratio of the local-storm PMP. Multiply this ratio by the 1-hour
local-storm PMP to obtain the 6-hour local-storm PMP. The four multipliers on
Figure 2.24 are defined as A (1.15), B (1.2), C (1.3), and D (1.4) and correspond to
the A, B, C, and D of Figure 2.23. Local-storm PMP amounts for durations of 1 to
6 hours can be obtained from Figure 2.23 or Table 2.10 for specific durations.

Adjustment for Basin Area

Figures 2.25 to 2.28 give the area reductions to 500 mi* depending on the 6-hour
depth-duration ratio used in Step 3. The reductions obtained for the selected
durations and area of the basin then are multiplied respectively by the results from
Step 3, and a smooth curve is drawn on graph paper for the plotted values to get
estimates for durations not specified.

Temporal Distribution

Review of local-storm temporal distributions for this region show thatmostlocal
storms have durations less than 6 hours and that the greatest 1-hour amount occurs
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Figure 2.25. Depth-area relations for California local-storm PMP for a I-mi*, 6-hour to 1-hour depth-duration ratio less
than 1.2.
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equal to 1.3.
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in the first hour. The recommended sequence of hourly increments is as follows:
arrange the hourly increments from largest to smallest as obtained directly by
successive subtraction of values read from the smoothed depth-duration curve. The
most intense 1-hour of precipitation occurs in the first hour of the storm, the second

most intense hour in the second hour, and so forth.

Table 2.10. Depth-duration relations (percent of 1-hour amount) for 1-mi> PMP for
California local storms.
Relationship Designator (see Figure 2.23)
Duration (hours) A B C D
0 0 0 0 0
1/4 55 55 55 55
172 79 79 79 79
3/4 91 91 91 91
1 100 100 100 100
2 109.5 110.5 114 117
3 112 116 120 126
4 114 118 125 132
5 114.5 119 128 137
6 115 120 130 140

Areal Distribution for Local-Storm PMP

The elliptical pattern in Figure 2.20 and the tabulated percentages in Tables 2.11 to
2.14, are used to describe the areal distribution of precipitation of a local PMP storm.
The 2:1 ratio of the major to minor axis of Figure 2.20 should be used or “placed”
only on a map ata 1:500,000 scale. The average index value from Step 2 (or Step 1
if no elevation adjustment is made) is multiplied by each of the percentages from the
appropriate table (Tables 2.11 to 2.14) to obtain the value for each lettered isohyet
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Table 2.11. Isohyetal label values (percent of 1-hour, 1-mi’ average depth) to be used in
conjunction with isohyetal pattern of Figure 2.20 and basin-average depths from

Figure 2.25.

Duration (hours)

Isohyet 1/4 172 3/4 1 2 3 4 5 6
A 55 79 91 100 109.5 112 114 1145 | 115
B 35 57 68 74.8 83.5 85.5 87.5 88 88.5
C 24 40 49 56 62.9 4.5 66 66.5 67
D 18.5 30.5 39 43 48 49.5 50.6 51.1 51.5
E 13 22.5 29 322 36.6 37.7 38.6 39 39.5
F 7.5 14.0 19 224 25 25.7 26.3 26.7 27.0
G 4.5 8.5 12 14.0 16.2 16.8 17.4 17.9 18.2
H 1.8 3.5 5 6.5 8.3 8.8 9.3 9.8 10.3
I 04 0.7 0.9 1.1 2.2 2.7 3.2 3.7 4.1
J 0.1 0.3 0.5 0.7 1.2 1.7 2.2 2.6 29

Table 2.12. Isohyetal label values (percent of 1-hour, 1-mi* average depth) to be used in

conjunction with the isohyetal pattern of Figure 2.20 and basin-average depths
from Figure 2.26 .

Duration (hours)

Isohyet 1/4 172 3/4 1 2 3 4 5 6
A 55 79 91 100 110.5 116 118 119 120
B 35.5 55 68 78 88 95 99 101 102.5
C 24 39 49 57 66 72 75 77 78.5
D 19 30 39 44 51.5 56 58.5 60 61
E 13.5 22 28 33 39 42.7 44.5 46 47
F 8.5 15 20 23 28 31.5 33.5 35 36
G 5.5 9.5 13 15 19 22 24 25 26
H 2 4.5 6.0 7.5 11.5 14.5 16.5 17.5 18.5
I 1 2 3 4 8 11 13 14.5 15.5
J 1 2 3 4 7 10 12 13.5 14.5
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Table 2.13. Isohyetal label values (percent of I-hour, 1-mi* average depth) to be used in

conjunction with the isohyetal pattern of Figure 2.20 and basin-average depths
from Figure 2.27.

Duration (hours)

Isohyet 1/4 172 3/4 1 2 3 4 5 6
A 55 79 91 100 114 120 125 128 130
B 44 66 77.6 86 100 106 111 114 116
C 26 44 53.6 61 74 81 86 89 91
D 17 31 40.2 46.5 58 65 70 73 75
E 11 20 26.8 325 42 49 54 57 59
F 6.6 13 19 24 32 38 43 46 48
G 6.5 11 14 16 23 28 33 36 38
H 5 8 10.5 12 17.5 21.5 25.5 29 31
I 3 6.0 8.5 10.5 16 20 24 27.5 30
J 2.5 5.5 8 10 15 19 23 26.5 29

Table 2.14. Isohyetal label value (percent of 1-hour, 1-mi® average depth) to be used in

conjunction with the isohyetal pattern of Figure 2.20 and basin-average depths

from Figure 2.28.
Duration (hours)
Isohyet 1/4 172 3/4 1 2 3 4 5 6
A 55 79 91 100 117 126 132 137 140
B 39 61 74 84 100 109 115 120 123
C 24 42 52 60 76 85 91 96 99
D 15 28 37 44 59 67 73 78 81
E 9 19 26 32 44 52 58 63 67
F 6 13.5 19 24 34 40 45 50 54
G 6 10 13.5 16 24 30 35 39 42
H 4 7 10 13 19 24 28 32 35.5
I 33 6.5 9 11 18 23 27 31 345
J 3 55 8 10 17 22 26 30 33.5
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(A -J). Once the labels have been determined for each application, the pattern can
be moved to different placements on the basin. In most instances, the greatest
volume of precipitation will be obtained when the pattern is centered in the drainage.
However, peak flows may actually occur with placements closer to the drainage
outlet. The basin-averaged depth of precipitation is obtained for chosen local PMP
storm placements, by using planimetry, a GIS, or other area-averaging methods.

2.5 Example of Local-Storm PMP Calculation

We have selected a small area in southeastern California known as the McCoy Wash

to illustrate the steps for calculating local-storm PMP. The Wash has an area size of 167 mi?

and its boundary, along with selected contours of elevation, is shown in Figure 2.29. We

will illustrate both options A and B referenced in the previous section.

Local-Storm PMP for McCoy Wash

One-hour, 1-mi?> PMP

The centroid of the Wash is near latitude 33.75° N and longitude 114.75° W.
Interpolation to this centroid on Figure 2.21 gives an average local PMP value
(1-hour, 1-mi?) of 11.4 inches to the nearest tenth of an inch. Interpolation was
appropriate here since there is little, if any, gradient of index values across the Wash.
For locations where significant gradients of index values exist, an average index

value should be found.
Adjustment for Mean Drainage Elevation
The mean elevation of the Wash is well below 6,000 feet as shown on Figure 2.29.

No elevation adjustment is needed, and the local-storm PMP {rom Step 1 remains at
11.4 inches.
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Figure 2.29.

McCoy Wash, California drainage boundary (solid, heavy line) with elevation
contours (solid, thin lines) in hundreds of feet.
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Adjustment for Duration

The value of the 6-hour to 1-hour ratio near the Wash's centroid found in Figure 2.24
1s 1.3. The depth-duration curve which applies here is curve "C" from Figure 2.23,
and column "C" from Table 2.10 is also applicable.

Multiplication of the column "C" percentages by the average depth from Step 2 gives
the average 1-mi* values for the Wash:

Duration (hours)

1/4 172 3/4 1 2 3 4 5 6

1-mi* Average Depth
(inches) 63 190 1041114 113.0}113.7|143 1146 1438

Adjustment for Basin Area

Figure 2.27 gives the depth-area relations for a 6-hour to 1-hour ratio of 1.3 The
reduction ratios used to obtain average depths basin from 1-mi® depths for the
167 mi® and their depths are:

Duration (hours)
1/4 1/2 1 3 6
Reduction Ratio 31 .37 43 .50 54
167-mi* Average Depth (inch) 2.0 3.3 4.9 6.9 8.0

These results are shown, and a smooth curve fitted to these depths as shown in
Figure 2.30.

68



69

Basin average depth of PMP (in)

Duration (hr)

Figure 2.30. Average depth of local-storm PMP for the 167-mi* McCoy Wash, California.



Temporal Distribution

The smoothed cumulative hourly values from Step 4 and the incremental hourly

values resulting from successive subtractions are:

Hourly Intervals

1 2 3 4 5 6
Cumulative PMP (inch) 49 6.1 6.9 7.4 7.7 8.0
Incremental PMP (inch) 4.9 1.2 0.8 0.5 0.3 0.3

The highest increment to lowest increment sequence shown above is the
recommended chronology for local-storm PMP at McCoy Wash.

Areal Distribution of Local-Storm PMP

The areal distribution of local-storm PMP is given by the isohyets of Figure 2.20.
Remember these isohyets are meant to be placed within a basin boundary at the
1:500,000 map scale. For this example, the percentages from Table 2.13 apply for
a basin with a 6-hour to 1-hour ratio of 1.3. When the 6-hour to 1-hour ratio is 1.15,
1.2, or 1.4, Tables 2.11, 2.12, or 2.14 apply respectively.

It is important to note that when Tables 2.11 to 2.14 are used in a particular case, that
the percentages from the selected table apply only to the 1-mi®, 1-hour average
local-storm PMP from Step 2, and NOT to the values from Step 3. In this example,
the average depth is 11.4 inches, and the isohyetal labels of Table 2.15 result. An
average 6-hour depth of 8.0 inches for the 167-mi*> McCoy Wash Basin is given
(Step 4). Using Figure 2.20 the isohyetal labels range from 14.82 inches enclosing
1 mi® to 4.33 inches enclosing 220 mi® for that duration.

Remember that the isohyetal labels in Step 6 produce the average depths from Step 4
only if the basin in consideration is elliptical with a 2:1 ratio of the major to minor
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axis and the ellipses are centered in a "perfect” drainage. The ellipses with the
indicated values from this step when placed in an irregularly shaped drainage and
then averaged, will produce average depths less than those resulting from Step 4.
The PMP level for the drainage comes from Step 4, with the isohyetal labels of
Step 6 giving an idea of a possible areal distribution for the storm.

Table 2.15. Isohyetal label values for local-storm PMP, McCoy Wash, California (167 mi’),

Duration (hours)
Isohyetal
Tag
(mi?) 1/4 1/2 3/4 1 2 3 4 5 6

A (1) 6.27 | 9.01 10.37 11.40 | 13.00 | 13.68 14.25 14.59 | 14.82

B (5 502 | 7.52 8.85 9.80 11.40 | 12.08 12.65 13.00 | 13.22

C (25 296 | 5.02 6.11 9.65 8.44 9.23 9.80 10.15 | 10.37
D (55) 1.94 | 3.53 4.58 5.30 6.61 7.41 7.98 8.32 8.55
E (95) 1.25 | 2.28 3.06 3.71 4.79 5.59 6.16 6.50 6.72
F (150) 15 1.48 2.17 2.74 3.65 4.33 4.90 5.24 547
G (220) 74 1.25 1.60 1.82 2.62 3.19 3.76 4.10 4.33
H (300) 57 91 1.20 1.37 2.00 2.45 291 3.31 3.53

I (385) .34 .68 .97 1.20 1.82 2.28 2.74 3.14 3.42
I (500) .29 .63 91 1.14 1.71 2.17 2.62 3.02 3.31
Endnote!

Plates 1 and 2 have limited detail in some regions. The Hydrometeorological Design Studies Center will
provide supplemental map(s) containing a more complete set of isohyets or digital values for specific

drainages areas, upon request.

71






ACKNOWLEDGMENTS

This report was prepared under the direction of John Vogel, formerly Chief of the
Hydrometeorological Design Studies Center and presently Director of the National Weather
Service Training Center, and subsequently by Lesley T. Julian, Program Manager of the
Hydrometeorological Design Studies Center. Other contributors include: Julie Daniel, Tania
Davila, Susan Gillette, John McGovern, Dan Romberger, Barbara Turner, and Michael
Yekta.

This report was submitted to and reviewed by the following: Catalino Cecilio, Robert
Collins, Dennis Marfice, T

Ronald Spath, and Richard Stodt. The following individuals from the U.S. Army Corps of

1as Morris, John Riedel, Maurice Roos, Louis Schreiner,

Engineers provided valuable insights and guidance during review of this report: Earl Eiker,
Richard DiBuono, Frank Krhoun. All of the above are thanked for their invaluable

contributions.

73






REFERENCES

American Meteorological Society, 1959: Glossary of Meteorology, Boston, MA, 638 pp.

Browning, K. A., 1980: On the Low-Level Redistribution of Atmospheric Water Caused
by Orography. Proceedings International Cloud Physics Conference, Tokyo,
Supplement, 96-100.

Cotton, W. R., and R. A. Anthes, 1989: Storm and Cloud Dynamics. Academic Press, San
Diego, CA, 883 pp.

Hansen, E. M., D. D. Fenn, P. Corrigan, J. L. Vogel, L. C. Schreiner, and R. W. Stodt, 1994:
Probable Maximum Precipitation--Pacific Northwest States. Hydrometeorological
Report Number 57, National Weather Service, National Oceanic and Atmospheric
Administration, U. S. Department of Commerce, Silver Spring, MD, 338 pp.

Hansen, E. M., D. D. Fenn, L. C. Schreiner, R. W. Stodt, and J. F. Miller, 1988: Probable
Maximum Precipitation Estimates--United States Between the Continental Divide
and the 103rd Meridian. Hydrometeorological Report Number 55A, National
Weather Service, National Oceanic and Atmospheric Administration, U. S.
Department of Commerce, Silver Spring, MD, 242 pp.

Hansen, E. M., F. K. Schwarz, and J. T. Riedel, 1977: Probable Maximum Precipitation
Estimates, Colorado River and Great Basin Drainages. Hydrometeorological Report
Number 49, National Weather Service, National Oceanic and Atmospheric
Administration, U. S. Department of Commerce, Silver Spring, MD, 161 pp.

Hobbs, P., 1989: Research on Clouds and Precipitation: Past, Present, and Future, Part 1,
Bulletin of American Meteorological Society, Vol. 70, 282-285.

75



Katzfey, J. J., 1995: Simulation of Extreme New Zealand Precipitation Events. Part II:
Mechanisms of Precipitation Development. Monthly Weather Review, Vol. 123,
755-775.

Miller, J. F., R. H. Frederick, and R. J. Tracey, 1973: Precipitation Frequency Atlas of the
Western United States, Vol. XI, California. NOAA Atlas 2, National Weather
Service, National Oceanic and Atmospheric Administration, U. S. Department of
Commerce, Silver Spring, MD, 71 pp.

U.S. Weather Bureau, 1969: Interim Report Probable Maximum Precipitation in California

—Revised. Hydrometeorological Report Number 36, U.S. Department of Commerce,
Washington, DC, 207 pp.

U.S. Weather Bureau, 1961: Interim Report Probable Maximum Precipitation in California.

Hydrometeorological Report No. 36. Hydrometeorological Section, Washington,
D.C., 202 pp.

Vogel, J. L., 1993: New PMP Estimates for the Pacific Northwest. 1993 Annual
Conference Proceedings, Association of State Dam Safety Officials, Lexington, KY,

pp 41-46.

U.S. Weather Bureau, 1960: Generalized Estimates of Probable Maximum Precipitation
West of the 105th Meridian. Technical Paper Number 38, Washington D.C.

76



APPENDIX

Snowmelt Parameters

In HMR 36 a snowmelt procedure was provided. Information was included for
determination of temperatures, dew points, precipitation, and winds during and prior to a
PMP storm. The development of new snowmelt parameters was beyond the scope of this
report. However, during peer review, inclusion of snowmelt parameter procedures was
mentioned by most reviewers as highly desirable. This Appendix is in response to those
requests.

The core of the Appendix is a worksheet consisting of five sections (A-E). It is
essentially the same worksheet that appeared in HMR 36. An example for the Auburn
drainage above Folsom Dam is provided for mid-November. The figures referenced in
Chapter X of HMR 36 dealing with variation of precipitable water, temperature/elevation
relations, temperature prior to a PMP storm, and winds have not been changed except for
new figure numbers. The seasonal variation of maximum moisture table (Table 4-1 in HMR
36) was replaced by Table A1. The revision of this table was based on new dew-point data.
The durational variation of maximum moisture, Table A2, is unchanged. The seasonal
variation of maximum moisture, Table A1, is a function of the regional DAD boundaries for
Figure 2.11.

An important part of this methodology is the wind speed expected at the surface of
a snow pack; these winds and reduction factors are needed in Steps D.1 and D.2 of the
worksheet. The recommended factors for basins not sheltered from the winds by
topographic features in advance of a PMP storm are a function of regions.

The factors for the regions are:

Region Factor
1,3,6 .80
2,5 75
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In cases where basins are sheltered from the winds the reduction factors should reduce the
surface winds speeds even more. The amount of the reduction should be decided by the

uscr.

We have assumed that snowmelt is not an important factor for basins in regions 4 and
7. If snowmelt parameters are needed for basins in these regions, use the factor in the above

list from the region closest to the basin of concern.

Data values from Figures A1 to A7 may vary, and there will be some difference from
user to user. Figure A8 gives the dew-point temperatures for February over California.

Table A1. Monthly variation of maximum moisture (percent/100 of February maximum,).
See Figure 2.11 for region boundaries.
Month
Region October November | December | January February March April
3,4,6 1.22 1.13 1.08 1.03 1.00 1.03 1.06
7 1.35 1.11 1.03 0.97 1.00 1.03 1.06
1,2 1.29 1.14 1.12 1.05 1.00 1.00 1.08
5 1.29 1.17 1.11 1.03 1.00 1.03 1.09

water).

Table A2. Durational variation of maximum moisture (percent of 12-hour precipitable

Duration (Hour)

6 12

18 24

30 36 42 48

54 60 66

72

Percent

104 | 100

97 195

93

91 189

88 | 86

85

84

83
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Snowmelt Parameters Worksheet

Drainage: Average elevation (nearest 100 feet):
Month: Region:

A. Temperatures and Dew Points During PMP Storm

1) Average 12-hour February 1000 mb persisting dew point over basin (Figure A8):
2) Precipitable water (W) for temperature from Step A.1 (Figure Al):
3) Seasonal adjustment for month selected (Table Al):

DHLine2  xlined =

6-Hour Period

i 2 3 4 5 6 7 8 9 10 11 12

5)W,
corresponding to
6-hour temperature
increments during
PMP storm. Line 4
x %’s of Table A2
(inches).

6) 6-hour
incremental sea-
level temperatures
and dew points
from Figure A1
("F).

7) Sea-level
temperatures and
dew points
adjusted to average
basin elevation.
Figure A2 ("F).

8) Height of 32°F
above mean sea-
level. Figure A2
(1000's feet). Use
dew points from
line 6.

9) The temperatures and elevations in Steps A.7 and A.8 should be arranged in time sequence corresponding to the
selected PMP storm sequence (see E).
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B. Temperatures Prior to PMP Storm

Hours Prior to Storm Onset

48 42 36 30 24 18 12 6

1) Differences between temperature at the beginning of
storm and at indicated hours prior to storm. From Figure
A3, in range from curve A, to curve B (°F).

2) The above differences are added to the initial temperature determined in Step A.9.

C. Dew Points Prior to PMP Storm

Hours Prior to Storm Onset

48 42 36 30 24 18 12 6

1) Differences between dew point at the beginning of storm
and at indicated hours prior to storm. Figure A3, curve C
(K)F).

2) The above differences are subtracted from the initial temperature (dew point) determined in Step A.9.

D. Snowmelt Winds

6-Hour Period

1 2 3 4 5 6 7 & 9 10 11 12

1) Winds from Figure AS (Regions 1, 3, 6) or
A6 (Regions 2, 5) and interpolations at
average basin elevation (feet msl) reference
Figure A4 (mph).

2) Winds reduced to surface conditions. See
text for factor to be used. Step D.1 winds x

factor (mph).

3) Surface winds adjusted to month selected.
Step D.2 winds x (from Figure A7)
(mph).

4) Arrange 6-hour winds (Step D.3) in time sequence similar to arrangement of precipitation and
temperatures in PMP storm (see E).
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Pages A5 and A8 - REVISED JANUARY 1999

E. Time Seguence of Temgeratures! Winds and Precigitation During PMP Storm ‘

6-Hour Period
1 2 3 4 5 6 7 8 9 10 11 12

1) Month of concern 6-hourly
PMP increments for the selected
drainage obtained by procedures
of Chapter 2 (inches).

Time in Hours From Beginning of Storm
6 12 18 24 30 36 42 48 54 60 66 72

2) 6-hour PMP
increments arranged
according to
sequence adopted in
Section 2.2, Step 8
(inches).

3) 6-hour tempera-
tures from A.7
arranged in same
sequence (°F).

4) 6-hour winds
from D.3 arranged
in same sequence
(mph).

5) Height of
freezing level from
A8 in same
sequence (1000's
feet).

Hours Prior to Storm Onset

48 42 36 30 24 18 12 6 0

6) Temperature prior

to storm. Differences of B.1
added to the temperature from
E.3, 6-hour column.

7) Dew points prior to storm.
Differences of C.1 subtracted
from the temperature from E.3,
6-hour column.

8) Winds prior to storm may be assumed to be the 72-hour duration value from D.3 for two days prior to storm.
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Snowmelt Parameters Worksheet
(Example)
Drainage: Auburn Average elevation (nearest 100 feet): 4700
Month: Mid-November Region: Sierra (5)

A. Temperatures and Dew Points During PMP Storm

1) Average 12-hour February 1000 mb persisting dew point over basin (Figure A8): 60° F
2) Precipitable water (W,) for 60° F (Figure Al): 1.38
3) Seasonal adjustment for November (Table A1): 1.17

4) 1.38 times 1.17 = 1.61 inches

6-Hour Period

1 2 3 4 5 6 7 8 9 10 11 12

)W,
corresponding to
6-hour temperature
increments during
PMP storm. 1.61 1.67 | 1.61 | 1.56 | 1.53 | 1.50 {147 143 142 1138 {137 |1
x %’s of Table A2
(inches).

(8]
h
(o8
sy

6) 6-hour
incremental sea-
level temperatures
and dew points 63.8 | 630 | 623 |620 616 |61.1 |60.8 {606 | 600 |599 {596 |593
from Figure Al
(°F).

7) Sea-level
temperatures and
dew points
adjusted to 4700
feet elevation. 51.5 1507 [49.8 1494 |49.0 | 484 [48.0 476 1473 1470 ;467 {463
Figure A2 (°F).

8) Height of 32° F
above mean sea
level. Figure A2
(1000's feet). Use | 11.6 | 11.3 1109 | 108 | 10.7 | 104 | 102 | 10.1 | 99 9.8 9.7 9.6
dew points from
line 6.

9) The temperatures and elevations in Steps A.7 and A.8 should be arranged in time sequence corresponding 1o the
selected PMP storm sequence (see E).
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B. Temperatures Prior to PMP Storm

Hours Prior to Storm Onset

48 42 36 30 24 18 12 6
1) Differences between temperature at the beginning of
storm and at indicated hours prior to storm. From Figure 100 [ 95190 |80 |70 |60 4535
A3, selecting curve A, (°F).
2) The above differences are added to the initial temperature determined in Step A.9.
C. Dew Points Prior to PMP Storm
Hours Prior to Storm Onset
48 42 36 30 24 18 12 6
1) Differences between dew point at the beginning of storm .
and at indicated hours prior to storm. Figure A3, curve C 35125120120} 151101}110]05
(°F).
2) The above differences are subtracted from the initial temperature (dew point) determined in Step A.9.
D. Snowmelt Winds
6-Hour Period
1 2 3 4 5 6 7 8 9 10 11 12
1) Winds from Figure A6 and interpolations
at 4700 feet msl (4700 feet = 840 mb) 78 169 164 |60 |57 |54 52|50 |49 |48 §47 |46
reference Figure A4 (mph).
2) Winds reduced to surface conditions
similar to Auburn. Step D.1 winds x 0.75 59 |52 |48 |45 143 140 139 |38 {37 13635135
(mph).
3) Surface winds adjusted to November. Step
D.2 winds x 0.82 (from Figure A7) (mph). 48 |42 139 |37 |35 133 132131 }130]301}29 |29

4) Arrange 6-hour winds (Step D.3) in time sequence similar to arrangement of precipitation and

temperatures in PMP storm (see E).
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E. Time Sequence of Temperatures, Winds and Precigitation During PMP Storm
6-Hour Period

4

5

6 7 8

9 10 11

12

1) November 6-hourly PMP
increments for the selected
drainage obtained by procedures
of Chapter 2 (inches).

6.9

43 § 34

32

3.0

29 129 ]28

21112111

1.0

12

Time in Hours From Beginning of Storm

18

24

30

36

42 48

54

60 66

72

2) 6-hour PMP
increments
arranged according
to sequence
adopted in Section
2.2, Step 8
(inches).

3.0

29

2.8

29

3.2

43

6.9 34

1.2

1.0 2.1

1.1

3) 6-hour tempera-
tures from A.7
arranged in same
sequence (°F).

49.0

48.4

47.6

48.0

494

50.7

515 ] 498 | 47.0

46.3 | 47.3

46.7

4) 6-hour winds
from D.3 arranged
in same sequence

(mph).

35

33

31

32

37

42

48 39

30

29 30

29

5) Height of
freezing level from
A .8 in same
sequence (1000's
feet).

10.7

104

10.1

10.2

10.8

11.3

11.6 | 109

9.8

9.6 9.9

9.7

48

Hours Prior to Storm Onset

42

36

30

24 18

6) Temperature prior

to storm. Differences of B.1
added to the temperature from
E.3, 6-hour column.

59.0

58.5

58.0

57.0

560 | 55.0

535 52.5

49.0

6-hour column.

7) Dew points prior to storm.
Differences of C.1 subtracted
from the temperature from E.3,

45.5

46.5

47.0

47.0

475 | 48.0

48.0 | 485

49.0

8) Winds prior to storm may be assumed to be 29 mph for two days prior to storm.

A8




B K B
Fr

,_
®
!

Precipitable Water (inches)
N D B
R

o
<

f

Saturated Psuedo-Adiabotic Almosphere

ST Y U S SN A SR NN S N N,

|

l

Figure Al.

44 46 48 30 52 8¢ 56 58 80 62 64 €6 &8 70

1000 mbd Dewpoint Temperature {°F)

Variation of precipitable water with 1000-mb dew point temperature.

A9

72

74



Pseudoadiabatic Atmosphere

Elevation ({(thousands of feet)

o i ) i t )
32 34 38 38 40 42 44 46 48 S0 52 sS4 <13 58 60 62 84 €6 68
Temperature (°F)

Figure A2.  Decrease of temperature with elevation.
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Figure A3.  Temperature prior to a PMP storm.
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Figure AS.  Maximum winds normal to coast range.

Al3

oo

50

2t



250 _
17 7 T T 1717 17T 1T T T TIfprrnpnrp i
300 - JANUARY s 1
36°N LATITUDE %
"
h@
400 —
500 (— I —
] |
2600 [ t —
13
; |
2
(%]
w
700 — I
o
800 — I‘“GEOST/?OPH/C WINDS
850 — l —
300 |— ! l l —
S50 — ” i E —
‘ el il | |
1000 725 \g‘z 363029 18 /2( 6 Sour —
N N N N N <A NN NN DU O N N B I N N R
10 20 30 40 50 &0 70 80 S0 110G 10 120 13G 114G {50 60 170 {80 (90 200 2zZiC 220
SPEED (MPH}
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No.

No.
No.
No.
No.
No.
No.
No.

No.

49.

51
52.
33.
54.
55.
55A.
56.

57.

(Continued from inside front cover)

Probable maximum precipitation estimates, Colorado River and Great Basin drainages. 1977.

The meteorology of importani rainstorms in the Colorado River and Great Basin drainages. 1982.

.Probable maximum precipitation estimates, United States east of 105" meridian. 1978.

Application of probable maximum precipitation estimates—Uniied States east of the 105” meridian. 1982.

Seasonal variation of 10-square-mile probable maximum precipitation estimates, United States east of the 105" meridian. 1980.

Probable maximum precipitation and snowmelt criteria for southeast Alaska. 1983.

Probable maximum precipitation estimates-United States between the Continental Divide and the 103* meridian. 1984.

Probable maximum precipitation estimates-United States between the Continental Divide and the 103™ meridian. 1988.

Probable maximum and TVA precipitation estimates with areal distribution for Tennessee River drainages less than 3,000 mi? in area.
1986.

Probable maximum precipitation-pacific northwest states Columbia River {including portions of Canada), Snake River and pacific

coastal drainages. 1994.





