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Figure 9.—Distribution of 1sohyetal orienta-
tions for 50 ma jor storms {(from sample listed
in the appendix) that ocecurred in the gulf
coa st subregion.

possibly a complex cell). BSuch a system_ 13 expected to have equal intensity at
any orlientation. An area size of 300 m1.2 ws chosen as the smllest storm area
for which a reduction should be applied. A rational argument can also be
developed to say that £if we limlt reduction of PMP for orientation to storm area
gsizes of 300 mi“ and larger, 1t is unreasonable to expect that a discontinuity
occurs at 300 mi®. On this basis, there should also be some limit at which the
maximum reduction of 157 applies. Between these limits, a reduction between O
and 15% applies. Althgugh we have no data to support our de%ision, we chose to
set a limit of 3,000 mi“ (ten times the lower limit of 300 mi®) as the area above
which 15% reduction is possible.

To use figure 10 for pattern areas greater than 300 w2 consider the d%agonal
lines prcivided for guidance., These _lines have been drawn for every 500 mi”® up te
3,000 mi“, and intermediate 100-mi“ areas are indicated by the dots along the
right margin. By connecting the vertex in the upper left with the appropriate
dot on the right, the user can determine the adjustment factor corresponding to
:hi orientation difference noted along the abscissa. As an example, for a 1,000-
ml“ {sohyetal pattern whose orientation differs by 57° from that determined from
figure 8, the adjustment factor read from figure 10 is 97.3%. Note for
orientation differences of 65° or larger, the adjustment factor is that given by
the scale along the right mmrgin for the respective areas,
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4.4.4 Noncoincidental rainfall pattern

One may find through a trial and error approach that, in some hydrologle
sltuations, an ischyetal pattern orientation different from that of the drainage
may give a more critical result tlan that obtained when the orientations
coineide. This appears to be possible, for some drainages, because there iz a
tradeoff between the volume one gets from a rainfall pattern coincident with the
drainage, but requiring maximum reduction for orientation relative to PMP, and
that from a noncoincident placement of the isohyetal pattern with less or no
orientation reduction.

To illustrate, agsume a precipltation pattern placed on a hypothetical drainage
has an orlentation differing more than 65 degrees from that given in figure 8 for
the location. The recommended procedure in this study is to apply the mzximum
reduction allowed 1in figure 10 to all the ischyet wvalues, for orientation
differences of this magnitude. However, 1t might he possible to obtain a more
hydrologically critical result if the rainfall pattern placed over the dralmage
and the drainage orientations were kept dissimilar and the 1lsohyet wvalues were
not reduced at all. Because it appears it may be necessary to check a wide range
of possible orientation arrvangements to determine the hydrologilcally most
critical relationship between PMP and rainfall pattern on drainage orientations,
we offer only limlited guidance. The most likely sltuations where non-fit and neo
reduction would be important are those that involve maximum reductions to BMP for
low drainage shape ratios (<2), i.e., "fat” drainage shapes. '

Another consideration that needs teo be noted is that the discussion of pattern
placement in this report i1s primarily directed at drainages that are not affected
by orographle influences (the nonorographic region in HMR No. 51). Should 1t be
of interest to estimate PMP from HMR No. 51/52 techniques applied to a dralnage
in the orographic region, it is necessary to Jjudge whether placement of the
pattern to center 1in the drainage or to align with the drainage 1s
meteorologically possible. An example is the following: 1f a troplcal storm is
taken ag the PMP storm type for a dralnage on the western slopes of the southern
Appalachian Mountains, 1t is unlikely that the 4ischyetal pattern can be
realistically centered more than a few miles west of the ridgeline. Thus, in the
orographic reglons, one needs to recognize the storm type most likely to give PMP
and then determine where and how the idealized pattern can be placed.

4.54.5 Comparison to other studies

There are only a few references to orientation of ischyetal patterns 1in the
meteoroclogical literature. HMR No. 47 (Schwarz 1973) discusses the subject of
orientation preferences and reduction to ™P for pattern orientation in the
Tennessee Valley. Schwarz concludes that 100% of PMP would apply to orientations
between 195 and 205 degrees. Riedel (1973) suggests that 100%Z of PMP appllies to
orientations between 200 and 280 degrees for the Red River of the North and the
Souris River in North Dakota. For these locations, figure 8 gives central
orlentations between 210 and 245 degrees, and between 240 and 255 degrees,
respectively. Our + 40° range for full ™P, when added to these central
orientations, permits general agreement between these two studies and the present
study, although in general we allow for more westerly components than were
reported in the earlier studies.
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Huff (1967) reported that in a detailed study of 10 large scale storms
(I11inoig) in the period 1951-1960 in which 12-hour rainfall exceeded 8 in. at
the storm center, the median orientation was 270 degrees. This compares with a
range of 243 to 235 degrees for central orientations across Illinols 1in figure
8. A later study (Buff and Vogel 1976) reported that for heavy rainstorms in
northeastern Illinois, B84 percent had orientations between 236 and 315 degrees.

4.5 Meteorological Evaluation of Isohyetal Orientations

We believe the basis for the orientations in figure 8 1is related to the
occurrence of certain meteorological factors conducive to optimum rainfall
production. We know that certain combinations of storm movement, frontal
gurfaces, and moisture 1inflow c¢an influence the orientation of observed
rainfall. We also know that the movements of storm systems are often guided by
the mean tropospheric windas (generally represented by winds at the 700- to 500-md
level). An attempt is made in this section to understand some of these large-
scale factors relative to the occurrence of the major rainfall events listed in
table 11. These factors are listed in table 13. Note that the isohyetal
orlentations for the total storm given in column & of this table are those
observed for these individual rainfall cases (from table 11) and are not to be
confused with the orlentations appearing in figure 8 £for the generalized
analysis.

The following comments explain the information given in table 13:
Col. 1 1location of maximum rainfall

Col. 2 date within the period of extreme ralnfall on which
the greatest daily rainfall occurred, as derived
from selected mass curves shown in "Storm Rainfall”
(7. 8. Army Corps of Engineers 1945- )

Col. 3 vrainfall type categories: tropical (T) for all
extreme rains that occur as the tresult of passage of
a troplcal cyclone within 200 miles of the site of
heavy rain; wodified tropical (MT) for those extreme
rains that appear to be derived from molsture
assocliated with a tropical c¢yclone at some distance,
or whose molsture has fed into a frontal system that
has moved to the wicinity of the rain site. The
presence of tropical ecyclones has been determined
from Neumann et al. (1977). Tropical cyclone rains
that become extratropical are also labeled MT;
general (G) Includes all rains for which no tropical
storm was likely involved; local (L) for relatively
short—duration small-area storms.

Col. 4 the orientation (direction storm Is moving from) of
the track of low-pressure center passing within 200
miles of the heavy rain, for the date of closest
passage of the rain center. When no low-pressure
center passes near the rain site, "none” is listed
in table 13.
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Table 13.—Meteorological factors pertinent to isohyetal orlemtation for ma jor
storms used to develop regional analysfis (fig. 8)

Column
1 2 3 b4 5 6
Date of Type of Orient. Orlent. Observed
max. daily rain- of storm of fromnt. orient. of
Storm center rain storm track gurface iso. pat.
1. Jefferson, QH 9/13/1878 MT 190 135 190
2. Eutaw, AL 4/16/00 G none 210 230
3. Paterson, NI 10/09/03 MT 100 180 170
14. Beaulieu, MN 7/19/09 G none none 285
17. Altapass, NC 7/16/16 MT*1 none none 155
18, Meek, W™ 9/16/19 MT*2 none none 200
19. Springbrook, Mt. 6/19/21 G 260 200 240
20. Thrall, TX 9/09/21 MT#3 none none 210
21. Savageton, WY 9/28/23 G none none 230
22. Boyden, IA 9/17/26 G none 210 240
23. Kinsman Notch, M  11/04/27 MT*4 none 180 220
24. Elba, AL - 3/14/29 G . none 210 250
25. St. Fisgh Htchy.,TX 7/01/32 G none 240 205
27. Ripogenus Dam, ME 9/17/32 MT 185 160 200
30. Hale, CO 5/31/35 L none 090 225
37. Hayward, WI 8/30/41 G none 250 270
38. Smethport, PA 7/18/42 L nene - 190 145
39. Big Meadowns, VA 10/15/42 MT*5 none none 200
42. Collimsville, IL 8/16/46 G nene 260 260
44. Yankeetown, FL 9/05/50 T 180%8 none 205
45. Council Grove, K8 7/11/51 G none 250 280
48, Bolton, Ont. Gan. 10/16/54 MT 200 200 190
49. Westfield, MA 8/18/35 MT 175 none 230
51. Sombreretillo, Mex. 9/21/67 T 020 none 220
53. Zerbe, PA 6/22/72 MT 150 220 200
5S4, Broome, TX 9/17/36 MT*6 none none 230
55. Logansport, LA 7/23/33 T 240 245 215
56. Golconda, IL 10/05/10 G none 235 235
57. Glenville, GA 9/27/29 MT=*7 230%7 none 180
58. Darlington, SC 9/18/28 T 230 220 205
59. Beaufort, NC 9/15/24 MT 240 210 235
LEGEND
T = Tropical MT ~ Modified Tropiecal
G - General L - Loecal
%] — Trop. cycl. dissipated in central Georgia on lith
2 - Hurricane dissipated in southwestern Texas on l5th
3 - Hurricaane dissipated on Texas-Mexico border on 8th
4 = Tropical cyclone headed north @ 36°N, 80°W. mid-day 3rd
3 - Tropical cyclone digsipated in eastern North Carolina on 12th
6 — Troplcal cyclone disgipated near Del Rio, TX on lith
7 - Hurricane at Xey West on 27th, track given for 30th
8 - Storm looping on 4-5th
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Col. 5 the orientation (only one end of the 2-ended Iline
given) of the frontal surface if the front 4is within
100 miles of the rain center (from United States
Daily Weather Maps) for the date of greatest daily
rainfall. When no frontal surface appears near rain
site, "nomne" is listed in table 13.

Col. 6 the orientation of observed rainfall pattern for the
total storm from table 11

Eighteen of the 31 rains in table 13 come from troplcal or modified tropical
storms. A logical question is whether the orientation of the rainfall pattern is
the game as the orilentation of the storm track. Eleven of the thirteen rainfalls
that have storm track information show agreement within 50 degrees between the
storm track and rainfall orientations.

Some of the wmodified tropical cyclone rains showed that maximum rainfall
occurred where tropical molsture interacted with a frontal surface generally
approaching from the west or northwest. This kind of {interaction and the
complexity involved 1in ascertaining the cause Ffor the particular 1ischyetal
orientation is {llustrated in the case of the Zarbe, Pa. storm (6/19-23/72).
Figure 11 shows a cold front through the "Great Lakes at 1200 &MT on the 21lst that
moved eastward and became stationary through western New England by 1200 "&MT on
the 22nd. The track of the troplcal cyclone center 1s shown by 6-hr positions.
After 1200 MT on the 22nd, the storm center appears to be attracted toward the
approaching frontal trough position and recurves 1nland through Pennsvlvania.
The orientation (approx. 200°) of the total-storm isohyetal pattern is plotted in
figure 11 for comparison. Although the front appears to be dissipating with the
approach of the tropical cyclone, the orientatfon of the total-storm rainfall
would suggest that the effect of the frontal surface as a mechanism for heavy
rainfall release was important. Thunderstorms along the frontal surface may have
moved in a northeasterly direction (200°), steered by the upper-level winds.
Since all of these features are in motion, it is likely that the orientation of
the {1isohyetal pattern i1s the composite result of several interactions. Ona
additional factor that has not been discussed is the effect of the Appalachian
Mountains. The ridges comprising these mountains alsoe have a northeast—
southwest orientation. We are unable to say at this time how the interaction
between molsture flows and these terrain features contribute to the overall
orlentation of the precipitation pattern.

The Springbrook (6/17-21/21) and Savageton (9/27-10/1/23) storms Were
associated with nontroplcal low-pressure centers to the south of the respective
ralnfall wmaxima, around which moist air drawn from gulf latitudes encountered
strong convergence to release convectlve energy.

Reviewing the results given in table 13, one may ask, what meteorological
feature provides the source of precipitation for those storms that show "none” in
columns 4 and 5. To answer this question requires studies beyond the scope of
this discussion, but in many instances we believe the precipitation was caused by
horizontal comvergence of very moist air. This convergence in most instances was
due to meteorclogical conditfons, while in others it may have been enhanced by
terrain features.
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Figure 11.—Track of hurricane Agnes (6/%?-22/72) showing frontal positions and
orientation of the greatest 20,000-mi“ precipitation area centerad at Zerbe,

PA.

The Golconda, Illinois, storm (10/3-6/10) 1is representative of most of the
other major storms in table 13 4{n which the lsohyetal orientation can he more
closely related to the orientation of the frontal surface. For this storm figure
12 shows a weak and dissipating cold front (A) approaching Golconda from the west
on the 3rd and 4th. Farther west on the 4th a second cold front (B) is passing
through the Dakotas and moves rapidly eastward to a position southwest-northeast
through the "Great Lakes on the 5th. Twenty-four hours later this second front
has passed eastward of ‘Golconda. Prior to 1ts passage, strong scutherly surface
winds bring moist tropical air northward through the Migsissippi Valley. It isg
presumed that this moist air upon meeting the frontal surface, is lifted to a
level at which counvective lifting takes over. Thunderstorms, or local storms,
triggered along the frontal surface produce the observed rainfall orieatation.
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Figure 12.~Frontal positions and orientation of the greatest 20,000—u12
precipitation area centered at Golconda, IL (10/3-6/10). :

Almost all of the 31 major storms listed in table 13 included thunderstormtype
bursts of heavy rain. Tendencies for these short-duration bursts are evident in
ma jor portions of the mass curves (not shown here) for each storm. Thunderstorms
imbedded within widespread rain patterns are common to ma jor rainfalls {in the
study region. Since thunderstorms are involved, we speculate that the isohyetal
pattern orientations probably are controlled to some degree by the upper—level
flows (see Newton and Katz 1958, for example).

Maddox et al. (1973) studied the synoptic scale aspects of 151 flash floods,
113 of which occurred east of the 105th meridian. (One-third of these had
maximum precipitation amounts equal to or exeeding 10 in.) Their results showed -
that the winds aloft tend to parallel the frontal zone durfing these events. They
also showed that 500-mb winds were reprasentative of the winds aloft between 700
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and 200 mb, and that mean 500-mb winds for these events varied between 220 and
250 degrees (standard deviation of about 30°). Although they do not discuss
rvegional wariation, this range of 500-nb winds agrees well with the orientations
adopted for PMP-type rain patterns (fig. 8).

Upper-level winds are routinely available only after December 1944 (Northern
Hemi sphere Daily Maps). Seven storms in table 12 occurred after this date, for
which the 500-mb winds were 280° at Collinsville, Illinocis, 260° at Council
Grove, Kansas, 210° at Bolton, Ontario, 215° at Westfileld, Massachusetts, 020° at
Sombreretillo, Mexico, and 220° at Zerbe, Pa., the 500-mb winds were
indeterminate for the Yankeetown, Florida rain site because of the occurrence of
a smll closed low system aloft associated with the surface hurricane. There
is agreement within + 20° between 500-uwb winds and the orientation of heaviest
rainfall for these storms. Had S500-mb information been awvallable for more of the
storms, 1t is expected that this assoclation would be further supported.

4,6 Application to HMR Ne. 51

This study of isohyetal orientation of ma jor rainfalls has produced guidelines
we recommend for wuse in adjusting the volume of rainfall obtained from the
- igsohyetal patterns of the 6-hr PMP increments. Figures 8 and 10 are used to
reduce the PMP for certain area sizes if the orientation of the pattern placed om
the drainage does not fall within % 40° of the prescribed PMP orientation for
that site. To apply these results use the followlng steps:

1. For a specific drainage, locate its center on figure 8 and
linearly 1interpolate the central orientation for MP at
that location.

2. Obtain the orientation of the isohyetal pattern that best
fits the drainage. 1In the oregraphic region of HMR NWo. 51,
the orientation of the pattern my not fit the drainage but
will be controlled by terrain and meteorological factors.

3. If (1) differs from (2} by more than *+ 40° the isohyet
values for each of the 6~hr increments of PMP are to be
reduced {n accordance with flgure 10. Differences in
orientations of more than + 65° require the mximum
reduction. The reduction that 1s applicable, however, is a
function cif the storm pattern areas size with no reduc%ion
if 300 mi“ or less, and a mximum of 15% 1if 3,000 mi“ or
more.

5. ISOHYET VALUES
5.1 Introduction

When consldering the spatial distribution of rainfall over a drainage, a
question that needs to be answered is how concentrated the rain should be. Keep
in mind that the concentration or distribution of the drainage-average PMP does
not change the total rain volume for idealized elliptically shaped drainages.
For this report, the spatial distribution is set by the values of isohyets Iin the
isohyetal pattern. Part of thlis question has been answered in chapter 3, where
we developed an idealized pattern shown in figure 5. This chapter, therefore,
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deals with determination of the values to assign the isohyets in that figure for
each 6=hr increment. Chapter 6 treats isohyet values for shorter durations.

One mnner of distributing the drainage-average PMP is to apply the depth-area
relation of PMP itself, that 1is, giving PMP for all area sizes within any
particular drainage. Studies mde for HMR No. 51, however, showed that the
storms, controlling or setting MMP for smll area sizes, often did not countrol
for large areas and vice versa. Therefore, we assume that rainfall €for areas
less than the area of the PMP pattern will be less than the corresponding PMP,
and that the depth-area relation of PP should not be used to determine the
isohyet values. The term adopted for the depth-area relations in a storm i3 thus
a "within-storm” relation, since 1t serves to represent a relation for which ome
storm controls over all area sizes less than MP. We have made a similar
assumption, in this study, that such a curve alsc applies to areas larger than
the area for which average PMP 1s being distributed (referred to as without-storm
curves, see fig. 1),

If one applies the pattern in figure 5 to a drainage in the orographic region
in HMR No. 51 there will be an additional modification to the distribution of BMP
brought about by terrain effects. It is not the intent of this report to discuss
how thesa local modifications are derived, but their effect will be to modify or -
warp the pttern in the direction of ma jor storm mtterns that ave been observed
on the drainage. Because these modifications are a function of the speclific
drainage, it 1s recommended that each application of BMR No. 51/52 1in the
‘orographle region be the subject of an individual study.

5.2 Within/Without-Storm D.A.D Relations

From consideration of the possible depth-area-duration (D.A.D) relations, we
recommend a within/without-storm distribution of PP for a drainage that falls
gomewhere hetween a flat average value (uniform distribution) and the depth-area
relation of PMP. Such a relation can be patterned after depth-area relations of
ma jor storms. The within-storm technique has heen used in several HMR reports
(Riedel 1973, Goodyear and Riedel 1963). In this chapter, we use the
generalization of such within-storm depth-ares relations combined with wilithout-
storm relations to set the values of isohyets for the adopted pattern.

The following sections describe the method used to obtain isohyet values at one
location and explain how we generalized the procedure throughout the region.
Since the method 1s somewhat complex, it is necessary to present a more detailed
description of 1ts development.

To begin this discussion several questions are posed: a.) For which 6-hr PP
increments do we need lsohyetal wvalues?, b.) How are within/without-storm depth—
area relations for 6-hr PMP increments in (a) determined?, c.) How are isohyetal
profiles for a 6-~hr incremental PMP used to obtain isohyet wvalues?, and d.) How
caa we generalize (c) to provide 1sohyet walues for areas between 10 and 20,000
mi“ anywhere within the study region?

5.2.1 PP increments for which isohyet wmlues are required

Record storm rainfalls show a wlde wvariation in D.A.D relations. They all

indicate a sharp decrease with area size for the maximum 6-hr rainfall. The
remining 6 hr rainfall increments my vary from showling a decrease, an increase,
or no change with increasing area size. This mixture may be due in part to a

43



storm with a complex combination of both high and low rainfall centers with
maximum depths contrelled by several centers. However, for internal consistency
no Increase in incremental M™MP values with increasing area size ws allowed 1in
HMR No. 51. 1If it were, it would designate a low rather than a high rainfall
center, or a doughnut type configuration.

We have let the D.A.D relations of PMP in HMR No. 51 set the number of
increments for which areal variation is required. These show that most spatial
variation occurs in the largest 6-hr increment, and practically none, if any,
occurs after the third greatest 6-~hr increment. This is to say, as an example,
that the fourth greatest 6~hr Incremental PMP determined by subtracting 18~hr PMP
from 24-hr PMP varies only slightly, 1if at all, with area size. Therefore, we
recommend distributing incremental PP for only the three greatest 6-hr PMP
increments. The remining nine 6-hr ™MP increments are uged as storm pattern
averages, that is, as uniform depths over the pattern area used for distributing
PMP.

$.2.2 Isohyet walues for the greatest 6-hr PMP increment

Since we need to obtain all isohyet values for only the three gremtest 6-hr ™MP
increments, we Mmave chosen to discuss each increment separately. The procedure
we followed began with consideration of the depth-area-duration relations taken
from me jor storms 1n table 1; we used these data to develop within/without-
storm curves which we then converted to isohyetal profiles. Finally, we
generalized these profiles in developing a set of nomograms that give 1lsohyet
values for any area size.

5.2.2.1 Depth-area relations. We chose to consider depth-area data only for
those storms In table 1 that provided meisture mximlized transposed depths within
10 percent of PMP for 6 hr. This condition reduced our sample to the 29 storms
in table l4. Next, depth-area data for these storms, taken from the appendix of
HMR Na. 51, were used to form all available ratios of depths. For example, for
10 mi®, vide the 10-, 200-, 1,000-, 5,000-, 10,000-, and 20,000-mi“ depths by
thﬁ 10-mi“ depth. Then form all the ratios for 200 mi” and so on to the 20,000-
HEN ratios. Those within/wlithout-storm average ratios, since they are
individwmlly done for each storm, are thus glven as a percent of the respective
standard area size value.

Table 14.—Ma jor storms from table 1 used fn depth-area study (index numbers
refer to listing in table 1)

1. Jefferson, OH 15. Merryville, LA 36. Hallett, OK

2. Wellsboro, PA 15. Boyden, IA 38. Smethport, PA

3, Greeley, NE 23. Kinsmn Notch, M 40. Warner, OK

6. Hearne. TX 24, Elba, AL 44. Yankeetown, FL

7. Eutaw, AL 27. Ripogenus Dam, ME 45. Couneil Grove, KS
8. Paterson, NJ 28. Cheyenne, CK 46. PRitter, IA

10. Bomaparte, IA 29. Simmesport, LA 47. Vic Pierce, TX

12. FKnickerbocker, TX 30, Hale, CD 51. Sombreretillo, Mex.
13. Meeker, OK 34. Grant Townshlip, NE 53. Zerbe, PA

14. Beaulieu, MN 35. Ewan, NJ

Because of the relatively small sample of storms, we chose not to consider any
regional wvariation thmt my exlist in these storm ratios. This conclusion is
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bellieved justified at this time, however, future study should investigate
regional variation in depth-area relatious.

The ratios obrained for the 29 storms were then averaged and the average was
plotted against area gize. Since some storms are relatively small in area size
while others are much larger than 20,000 miz, not all 29 storms have all the
depth data needed to complete all ratios, and the larger area averages are made
from fewer and fewer storms. The plotted data are smoothed inte a consgistent set
of curves as shown in figure 13. The sclid lines represent within—-storm averages
for areas less than that of the PMP, and the dashed lines represent without-storm
averages for areas greater than the area for PMP, the residual precipitation.
Because of our assumption of no reglomal variation, figure 13 applies to the
entire region.

Noew, by applying the curves in figure 13 to the storm area averaged PMP in HMR
No. 51 at a specific location, we obtain a set of curves of the form shown in
figure l4. The solid curve connects the 6-hr PMP for various area sizes (Iin
parentheses). The short-dashed lines are the within-storm curves for areas less
than the PMP areaz, and the long-dashed lines are the without-storm curves for
areas larger than the ™P area. It is the long-dashed curves covering the
residual or without-storm precipitation that are unique to this study. To use
figure 14, if one consliders MMP for a Earticular area size, say 1,000 miz, enter
the figure on the ordinate at 1,000 mi“, and move horlzontally to the solid line
to obtaln the wvalue of PP at this location, 15.5 1in. To determine the
corregponding precipitation during this PMP storm for any smaller {larger} area
size in that l,OOO-mi2 MP pattern, follow the short-dashed (long-dashed) curves
from the point of PMP. In this figure, we have treated the juncture of within-
and without-storm curves as a discontinuity, although a tangential approach to
the point of PMP may be more realistic. We assume that this decision has little
affect on our procedure and on the results obtained. If the PMP is for some area
size other than the standard areas shown, then interpolation is necessary, usiag
the indicated curves as guidance.

5.2.2.2 1Isohyetal profile. Figure 14 gives a plot of the within/without-storm
precipitation relative to area size. In the application of our 1dealized
elliptical pattern, we need to know the value of the lsohyet that encloses the
specified areas, That 1s, if we drew a radlal from the center of the pattern to
the outermost {sohyet, 1t would intersect all the 1intermediate enclosed
1 sohyets. 1f we then plotted the value of the isohyet against the enclosed area
of that isohyet, we could draw a curve through all the points of intersection and
obtain a profile of 4sohyet wvalues for a particular pattern area of MP. A
di fferent distribution pattern of PMP would give a different isohyetal profile.

For 37°N, 89°W, we have converted the within/without-storm curves in figure 14
to the correspending isohyetal profiles shown in figure 15. The curves in figure
15 were computed hy reversing the process generally followed for deriving D.A.D
curves from an isohvetal profile. Thls process has been briefly outlined in the
"Manual for Estimation of Probable Maximum Precipitation” (World Meteorological
Organization 1973). A necessary assumption for this conversion procedure is that
of equivalent radius. That is, since the radius of an ellipse varies with the
angle between a particular radius and the axis, different profiles would be
obtalned, depending upon which radial is chosen. To avoid this problem, we
approximate the elliptical pattern by a circular pattern of equivalent areas and
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determine the corresponding profiles, We applied the procedure to obtain
isohyetal profiles for the standard area sizes, as shown in figure 15.

In figure 15, the solid lines represent the profile corresponding to the short-
dashed curves in figure 14. A discontinuity occurs at the point of PMP, and the
dashed 1lines are the converted long-dashed lines in figure 14 representing
residual precipitation. Vertical lines labeled A,B,C,...,S5 are indicated to show
the specific isohyets we chose for our idealized pattern in figure 5. Should
supplemental 1isohyets be of interest, they may be interpolated from the scale of
encloged areas along the top of this figure.

To apply figure 15 for a PMP pattern of 1,000 miz, for example, enter the
abscissa _at each of the isohyets and move vertically to intersect the curve for
1,000 mi“. Then, move horizontally to the left to r%ad the respective value of
the isohyet. Note that the E isohyet for the 1,000-mi“ pattern from figure 15 1s
13.0 in., while the 1,000-mi“ PMP at 37°¥, 89°W from figure 14 ig 15.5 in. This
says that to obtain an areal average of 15.5 in., the precipitation varies across
the pattern from a central value of 23.3 in. to 13.0 in. at the enclosing
isohyet.

5.2.2.3 VNomogram for isohyet wvalues. The isohyet values in figure 15 were
computed for PMP at 37°N, 89°W, but we see in HMR No. 51 that the magnitude of
PMP varies regilonally, and therefore we must have profiles te cover PMP for all
locations. It was decided that the simplest way to handle this was te normalize
the regional differences in PMP by converting the profiles in figure 13 to a
percentage of the greatest 6-hr increment of PMP (the same as the 6-hr PMP). For
example, as mentioned in section 5.2.2.2, the l,OOO—-mi2 PMP 1s 15.3 1in. The
isohyet value for the C isohyet 1is 20.5 in. from figure 15. Dividing 20.5 by
15.5 gives roughly 132 percent. If we compute similar ratios for the C isohyet
for other area sizes and PMP, then we have a set of values repregenting the
variation of the € isohyet values with area size. Connecting these percentages
with a smooth line, we obtain the curve labeled € in figure 16, The other lines
in this figure represent similar connections of values for the other isohyets in
our 1dealized pattern (solid lines €for PMP and dashed 1lines for residual
precipitation}., We have in figure 16 a nomogram that provides the ischyet value
as a percent of the greatest 6~hr increment of PMP for any location and area size
for all the ischyets in our standard pattern {(fig. 5). Some additional smoothing
was necassaty to obtaln a consistent set of curves.

Once all the curves had been smoothed for the lst 6-hr nomogram, a check was
made using the average storm area size PMP depth from HMR No. 51 equated to the
average PMP depth spatially distributed over the PMP portion of the storm pattern
for a similar storm area size. The check was made by assuming drainages to have
perfect 2.5 to 1 elliptical shapes for each of the standard area sizes. By
taking the é-hr PMP for a particular location, we read off percentage values for
each of the isohyets, say for the 1,000-mi“ area pattern {isohyets A to I), and
used our computational procedure (see discussion for figure 43) to compute the
precipitation volume. Dividing the volume by the area gave an average depth
which should agree with that from HMR No. 51, for that location. This was done
for each area size. If our results disagreed with those from HMR Wo. 51, we
applied a percentage adjustment, comparable to the disagreement, to the peints in
figure 14, as a correction, The final nomogram was checked at a number of
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teglonal locations to verify that all variations from average PMP in HMR No. 51
were less than 2%.

In figure 16, the cusps represeant the discontinuity points in figure 15, and
although there is a question whether first-order discontinuities occur in an
actual precipitation pattern, and while actual discontinuities 1in rainfall
patterns may not exist in the reglions of moderate or heavy rainfall, these are
regions where the gradients of rainfall change rapidly. Qur capability to
represent such changes are limited and we have chosen to show them as a cusp.
The discontinuities 4in figure 16 indicate that the gradient of the respective
isohyet value variation with area size changes at that point.

To use the nomogram in figure 16 for distributing the 1,000—m12 PMP, one enters
the figure at 1,000 =mi“ on the ordinate and reads from right to left at the
polnts of 1intersection with the respective curves. That 1s, values of
approximately 149, 140, 131,..., 82 :fercent are obtained for 1isohyets A, B,
C,e++,I contained within the 1,000-mi“ ellipse, and 60, 44, 32, 21, 12, and 5
percent are fbtained for the ischyets of residual precipitation (J to O) outside
the 1,000-mi“ ellipse.

5.2.3 TIschyet values for the second greatest 6=~hr PMP increment

Section 5.2.2 describes the development of the procedure to obtain ischyet
values for the greatest 6-hr PMP increment. We wish to follow a similar
procedure to obtain isohyet wvalues for the second greatest é-hr PMP increment.
To do thig, however, we need to return to our data base of storms in table 1 and
find the set of gstorms whose 12-hr moisture maximized and transposed rainfall
came within 10 percent of the 12-hr PMP. The 12-hr depth—area data for these
storms were used to compute ratios at all the available area sizes. Again, the
ratios were averaged and these average ratios plotted against area size to get
the 12-hr within/without-storm curves shown in figure 17. Then we converted the
curves in figure 17 to depths relative to the 12-hr PMP at 37°N, 89°W (not
shown). The computational procedure {World Meteorclogical Organization 1973) was
used again to obtain 12-hr ischyetal profile curves {not shown). At this peint,
we subtracted the 6-hr ischyetal profile data from the 12-hr profile data to get
profiles for the 2nd 6-hr increment (not shown). Then, reading depths for the
standard 1iscohyets chosen in figure 5 and converting these fntoe a percentage of
the 2nd 6-hr increment of PMP, we developed the 2nd 6-hr nomogram shown in figure
i8.

Once again, a check was made for accuracy as represented by the average PMP
data from HMR MNo. 51, and appropriate adjustments and smoothing made where
needed. The set of sclid curves in figure 18, representing ischyets within the
PMP area, tends to have shifted closer to the 100 percent wvalue. This 1is
expected, because as we mentioned earlier, by the fourth increment little to no
areal distribution was evident in our study computations; i.e., a wvalue of 100
percent of the incremental PMP applies throughout the PMP portion of the pattern
storm (this does not include residual precipitation).

5.2.4. Isohyet values for the third greatest 6-hr PMP increment
We used the observation of converging values discussed in section 5.2.3 to

obtain 1sohyet values for the third greatest 6-hr PMP increment, trather than
repeat the complex procedure followed for the greatest and second greatest
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increments. Therefore, we plotted the wvalues of the first and second greatest 6-
hr PMP increments for each 1sohyet from the respective nomograms (figs. 14 and
18) and connected them with a smooth curve to a wvalue of 100 percent used to
represent the fourth increment. From these simple curves, we then lnterpolated
the percents for the third 6-hr PMP increment. One advantage of this procedure
wvas that it guaranteed conslstency between results.

The results of this interpolative scheme are shown in figure 19 in percent of
the third greatest 6-hr PMP increment. In this figure, we see that the
respective curves for PMP (solid lines) are very near to 100 percent. Note the
difference in scale of the abscissa between PP curves and residusl precipitation
curves, made to facilitate their use. These curves were also checked for
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agreement with HMR HNo. 51 as described for the previous twoe 6-hr increment
nonmograms .

5.2.5 Residual-area precipitation

The nomograms in figures 16, 18 and 19 were believed sufficient te provide
areal distribution of PMP within any pattern area and location. It was mentioned
in section 3.5.3, that it was necessary to 1Introduce the concept of residual
precipitation, i.e., that which fell outside the area for which PMP was belng
distributed. Regsidual precipitation 1s needed to cover the remainder of the
drainage not covered by the alliptical pattern for the area of the PMP. TIn each
of the nomograms the dashed curves give isohyet values for application to the
uncovered drainage. For the fourth through 12th increments, we have said that a
constant value applies to the area of PMP belng considered.

Qutside this area, there would be a decrease in the precipltation from that of
the PMP pattern. The distribution of this residual precipitation for the fourth
to 12th 1increments was determined from the tendencies showan for the residual
pracipitation ischyet wvalues {In figures 14, 18 and 19, The results of
extrapolation from these relations are presented as a nomogram for the fourth
through 12th 6-hr increments, in figure 20. Note these curves all start from
100%, as compared to the residual precipitation curves in figure 19.

To emphasize the difference between precipitation patterns for the 1lst three
nomograms and that for figgre 20, we show two schematic diagrams in figure 21 for
a PMP pattern of 1,000 mi®, as an example. The figure at the top represents a
pattern of isohyets for which values are obtained for the three greatest 4-hr PMP
increments. The figure at the bottom shows the pattern of isohyets for whic?
values are obtained for the fourth through 12th 6-hr PMP increments of 1,000-mi
PMP pattern. Residual precipitation ia both diagrams is indicated by the dashed
lines. We have added an irregularly shaped drainage to the patterns in figure 21
to clarify the point that there will be a reduction in the wvolume of
precipitation that occurs even for the fourth through 12th 6-hr perieds. That
15, even though a constant value applies across the drainage as shown by the I
isohyet, only a portion of the area enclosed by this isohyet liss within the
drainage.

5.2.6 Tables of nomogram values

We have found that different users read slightly different values Ffrom the sat
of nomogram figures provided in thils study. To minlimize such dAifferences and
since the reading of wvalues from these figures 1s a recurrent process in the
application procedure outlined in chapter 7, it was decided that wvalues read fron
the nomograms would he provided in tabular form. Reference to the tables when
making the computations in chapter 7 will assure all wusers have the same
values. Tables 15 to 18 previde nomogram values for each of the standard isohyet
area sizes and for an intermediate area size between each of the standard ischyvet
area sizes.

Note that, although these tables are useful for all computations, 1t may still

be necessary to refer to the nomograms on occasion. One such ocassion would be
when one wishes to distribute PMP over an arvea size other than one of the

56



T AR B AR R T A
i | il b ,LQ | | i
B 4]0 M I .W
. . - AT :_
GRS Lt IR SRRkl i ik | HH s
i - A AREun | | 1 1= a
i , | llish TN N i 2
-[.ﬂ {JT NG N N . WHEHTI =
its ity T T ﬁ RIH Y
1 . | 41 ) Al 1o o
A | VTN T s i HNH "L,
__ _ & it LI ST 1l TN ,_.,.-_ —
N T NIIERERED T
@t HyC A ,.F _ hll i} i N ©
I Mt N N I N1 W . 2
YT . 1 *, L[ N \ J47 i m_mw
e WD R | E
I . Il , 1T sl
] I B . -
N | i | : ﬁ ! i it ,.,A_H ~ g
B il il 1115 Rtk ,, 53 MU | o s
T §us | T =
| T HEARSER I NG =
1 X - [N H fz il 1IN | 13 | ] | % 1/../ - m
i e et ]
. HitH 3] - 411! - Al 44 b
4] - _}x_ 4# #._. h 4 1 7#4:.....:.. p ¥ m h.u._.f.__
¥ i} | > L L 1 s
;3 : 4 L = | ..n_.....i!a.. 1r|
L] N | ! N | §__. T .._,.r,...ﬁ,;_n '
H11.1 |- .._ fy 1211 N ¥ # N ot ,..f.‘_n..ﬂu ...r.nﬂi“.
[ it TN L h i T
L N il - J-L [k _.‘ w ......ﬁ AL ™
4 01| L [ ]
(=
b S 2

()u) V3V

E(E inerements and for

,000 mi

Figure 20.——Nomograms for the &4th through 12th 6-hr
standard isohyet area sizes between 10 and 40

57



ISOHYET PATTERMN
FOR st TO 3rd H—
hr INCREMENT

—— PMP

{ i \M - —-= RESIDUAL PRECIF
\ - — P -~ o
\ ~ o P ~ e ~
\\ - /// P —_ \\
- ~ \
—— \ |
\ :
\ / /
B
/7 /7
/J//K//L
//- //
/
e /
vy
/ /oy .
- ISOHYET PATTERN
/- / / /// FOR &Lth TO 12th &~
;o ( -y hr INCREMENT.
|
{ ; .
l\ \\ R
\ \““--..,_____,_,_--"'// //
‘\\M ‘___‘_,_..--"""/

Figure 21.—Schematic showing difference 1o isohyetal patterns for 3 greatest 6-
hr PMP increments and that for 4th throwgh 12th 6-hr inecrements for a 1,000-
ai? storm. -

58




6%

Table 15.—lst 6-hr nomogram values at selected area sizes

r Storm Area (m{2) size

Tsohyet 10 7 25 35 50 75 100 140 175 220 300 360
A 100% 101 102 104 106 109 112 114 119 122 126 129
B 64 78 a5% 97 aq 102 105 108 111 114 118 121
C 48 58 67 77 a2% a5 a8 10l 103 106 110 113
n 34 46 52 50 hH 77 Goyk a3 af 99 109 105
E 10 37 43 48 S& 62 68 78 89% a2 86 98
" 24 10 34 19 44 50 55 '3 66 73 BR* 90
'~ 19 24 28 32 35 4n 44 49 53 58 65 73
H 14 Lo 22 25 28 32 15 ﬁq 42 46 51 5h
T 10 14 17 10 22 26 28 32 4 37 42 45
g 6 a 12 ~14 16 19 21 24 26 2R 32 35
K 2 5 7 9 11 14 14 18 20 22 25 27
L. 0 1 3 5 7 g 11 13 15 vy 19 21
M 0 N 1 3 5 6 R 9 in 12 13
N 0 H 0 1 ? 3 4 6 . 7
0 0 0 0 0 1 2
¢ N 0

*Tndicates cusp.
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Table 15.——-lst 6—hr nomogram values at selected area sizes — Continued

Storm area (miz) size

Isohyet 450 560 700 850 1000 1200 1500 1800 2150 2600 3000 3800
A 132 136 140 145 149 155 162 169 176 184 191 203
B 124 128 132 136 140 145 152 158 165 172 179 189
c 116 120 124 128 131 136 142 147 154 160 166 176
D t08 111 15 119 122 126 132 137 142 148 154 163
£ 101 104 107 110 113 116 122 126 131 137 42 150
F 93 95 98 101 104 107 112 117 122 127 132 140
G 86" 89 92 94 97 100 105 108 113 118 122 130
i 63 72 84 87 89 92 96 99 103 108 112 119
i 50 56 63 72 82" 85 88 9t 95 99 102 108
J 38 43 48 54 60 68 go* 83 86 89 92 98
K 30 33 36 40 hh 49 56 64 77* 80 83 89
L 23 25 27 30 32 35 41 46 52 62 74* 79
M t5 16 18 19 21 23 26 29 33 18 44 56
N 8 9 L0 1 12 14 16 18 20 22 25 31
0 3 3 4 4 5 6 7 8 9 il 13 15
p 0 0 0 0 0 0 0 t 2 3 4 6
0 0 0 0 0 0

*
Indicates cusp
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Tahle 15.—~1st A-hr nomogram values at selected area sfzes — Contlaoued

2
Storm area {(mi )y size

Tsohyet 4300 551H) A R0ON ROON Lanan 12000 15000 13000 20000
A 212 223 213 247 262 274 290 304 312
R 198 209 218 230 243 255 2N 2R3 291
C 184 194 203 214 227 234 253 264 271
D 170 1R0 1R7 198 200 219 212 242 248
A 157 166 174 183 . 194 203 214 224 229
r 146 153 140 169 178 186 194 205 210
kit 135 142 148 157 166 174 183 192 1a7
H 124 131 137 144 152 159 168 176 181
T 113 119 125 132 140 147 156 164 168
J 103 1A 1113 110 128 135 143 150 154
< a3 an 103 10 117 123 131 138 142
T, 23 a8 a3 a9 107 1113 120 127 131
M 71% 76 21 87 93 00 106 111 117
M 37 45 F 0k 75 a2 R7 a4 1n1 1n4
0 19 23 24 40 HB* 1 an A6 A9
r ] 10 13 18 26 3R A 1 T4
0 0 0 1 3 7 11 18 28 34
R n 8] N 4] 2 6 8
b 0 i} 0

¥Indicates cusp
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Tahle 16.—2rd 6—hr nomogram values at selected area sizes

2
Storm area fmfi™) size

Isohyet 10 17 25 15 50 75 100 140 175 220 300 360
A 100x 102 103 104 105.5 107 108 109 110 110.5  111.5 112
R 64 R1.5  08% Qg 100.5 102 103 104 105 106 107 108
¢ 48 61 72 82 ag.5% 98 a9 100,5  101.5  102.5 103.5 104
D 39 50 59 6.5 76 86 954 96.5 97.5 98.5 100 101
£ 30 40 48 54.5 62.5 72 79 88 5% %6 97.5 a8,
7 24 32 19 44 .5 51 5.5 65 73 79 85 95% 96
o 20 27 312.5  37.5 43.5 50 55 62 66.5 72 80 85
H 14 .5 26 10.5 16 42 47 52.5 56.5 61 67.5 72
I 10 15.5 20 24 29 34.5  3R.5 43,5 47 51 57 61
J 7 12 15.5 19 23 27.5. 35 8.5 42 47 - 50
K 3 7 10,5 13,5 17 71 24 27.5 30 33 37.5 40,5
I 0 1.5 5 7.5 1 14.5 17 20,5 2% 26 n 11
M 0 0 1 4 7 9 12 14,5 17 0.5 23
M ] n ] } 3.5 5 7.5 1n 17
0 0 0 0 a 1 1
p n )

(fndicates cusp
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Table 16.—2nd 6~hr nomogram values at

gselected area sizes — Continued

i Storm area (mfz) size

Tsohyet 450 560 700 AR50 1000 1260 1500 1800 2150 2600 3000 380
A 113 114 114.5 115 116 11A.5 117 118 118.5 119 119.5 12n.58
B 100 1na, 11n 111 112 112.5 113 114 114.5 115.5 114 117
C 105 10k 107 107, 108.5 109 11n 110.5 11t 112 112.5% 113,5
n 102 tn2, 104 1N4 . 105 106 107 - 108 108.,5% 109.5 110 111
E 99,5 100, 101 102 1013 104 105 105.5 106.5 107 108 109
F 97 98 ag 100 1m 102 103 104 104 .5 105.5 106 107
G g 5% 96 97 98 a9 a9.5 100.5 161.5 102 103 104 105
H 77.5 AR5 95% 96 97 97.5 90 99,5 100 101 102 13
I 66 71.° 78 A5 g5% 96 97 98 99 94.5 100.5 101.5
J 54.5 60 h5.5 71 76 82.5 95,5% a6 a7 aR 99 100
K LT 49 54 58. a3 68 75.5 a3 G6* 96.5 97 9R
L 6.5 40 &4 48 51 55 .5 A6 73 83 9n* a7
M 25.5 28.° 32 35 38 1 45 49.5 S4 6n.5 67 81
N 14 v 1%4.5 22 24 27 1 34 7.5 41,5 45 52.5
0O 4.5 G, 9 11 12.5 14.5 17 1#.5 22 25.5 28.5 14
P N ] n n 0 0 0 1.5 4 7 9 13.5
] L n 0 0 0

*Indicates cusp
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Tahle 16.—2nd 6—hr nomogram values at selected area slizes - Continued

Storm area (m12) glze

Ischyet 4500 $500 6500 8000 10000 12000 15000 18000 20000
A 121 122 122 1213 124 124.5 125 126 126
B 117 118 119 120 120.5 121 122 122.5 123
G 114 115 115.% 116.5 117 118 119 1109.5 120
n 112 112.5 113 114 115 116 117 118 118
E 109.,5 110.5 111 112 113 114 115 116 1146
v 108 10R.5 109 110 111 112 113 113.5 114
n 105.5 104.5 107 108 109 110 111 112 112
N 113.5 104.5 105 106 107 1n8 109 110 110
I 102 103 104 104.5 105.5 106.5 1n7 108 108.
R 100.5 101.5 102 103 104 1n5 106 106.5 107
K 99 100 100.5 101.5 102.5 103 104 105 105
L 07,5 98.5 99 100 101 102 102.5 103.5 104
M 96* 97 97.5 98.5 99 100 101 102 102
N 59 72.5 95, 5% a4 a7 aR 99 29,5 100
0 39 46 52.5 h6 a5% 96 97 97.5 98
[4 17 22 27.5 17 50 64 96% 6.5 97
0 0 n 1 6 14 21 14 47 55
R n 0 0 n 0 4.5 7
5 0

*Tpndicates cusp
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Table 17.—3rd 6~-hr nomogram values at selected area sizes

Storm area (miz) size

Tsohyet 10 17 25 35 50 75 100 140 175 220 300 360
A 100% 100.6 1N 101.3 101.6 102 102.3 102.6 102.8 103.1 1031.4 103.6
B h5 83.5 99% 99 .4 95,8 1n0.3 100.7 101 101.3 101,55 101.9 102,1
C 48 63 74.5 85.5 98, 5% 99 99.3 99,7 1n0 100.3  100.7 100.9
D 30 51 A0.5 60 78.5 an AR, h* 99 96,2 99,5 9,8 1n0.1
£ an 40 48.5 55.5 A3 73.5 81.5 a2 98, 8%* a9 99.13 99,5
F 24 13 40 46,5 53.5 hl.5 1] Th.S B3 g9 99, N* ag 2
G 20 28 34 39.5 46 53 59 h6 71 77 86 92
H 14 21 27 2.5 37.5 44 49 55 59.5 64 72 Th.S
1 10 16.5% 21.5 26.5 1.5 37.5 42 47.5 51 55.5 62 66
g 6.5 12.5 17 21 26 3.5 35.5 40,5 44 47.5 53 56
K 3 7.5 1t.5 15 19.5 24.5 28 32.5 35 38.5 43 46
L n 1.5 5 R.5 12 16.5 20 24 26.5 29,5 331.5 A
M 0 0 1 4 R.5 11.5 15 18 20.5 24.5 27
N 0 0 n 1 4.5 7 10 14 16
0 n n 0 0 2 4
P 0 0

*Tndicates casp
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Table 17.—3rd 6-hr nomogram values at selected area sizes — Continued

Storm area (miz) size

Tsohyet 450 560 700 850 1000 1200 1500 1800 2150 2600 3000 3800
A 103.8 104 104.2  104.4  104.6  104.7 105 105.2  105.3  105.5  105.7 105.8
R 102.4 102.7 102.9 103.2  103.3  103.5  103.8 104 104.2  104.4  104.6 1048
c 101.2  101.5 101.7 102 102.3  102.5  102.7  102.9  103.2  103.4  103.5 103.8
D 100.3 1006 100.8  101.1  101.3  10L.5 1017 102 102 102.4  102.5  102.8
F 99.8 100 100.2  100.4  100.6  100.8 101 101.2  101.3  101.5  101.7 101.0
F 99.5 09,7  99.9 1n0.1  100.3  100.4  100.7  100.8 101 101.2  101.3  101.5
G 99.2% 99,4  99.6  99.7 29,9 100 100.3  100.4  100.6  100.7  100.9 101.1
" 84 a1 99.2% 09,4 9.4 99,7 100 100.1  100.3  100.4  100.5  100.7
T n 77.5 RS 92 99,3% 995 99,7 99.8 100 100.1  1on.2  100.5
J 60 RG.S  T0.5  T76.5 R2.5 R9.5 a9.4%x  qa.5 00,7 908 99,9 100.1
K 50 54 58.5  62.5 67 72.5 81 89 99,5 A9,5 99,6 90,8
L 9.5 43 47 50.5 54 58.5 65.5 72.5 RO. S 90. 5 90.3% 00,5
M 30 33 37 40 43 46.5 51.5 56.5 61 69 76 88.5
N 19 22.5  25.5 28,5 11 0 38 42 46.5 52 57 67
0 7 10 13 15.5 17.5 20.5 24 27 30.5 34 37.5  43.5
P 0 0 n 0 n 0 0 2.5 5.5 9 12 14.5
0 0 0 0 0

*Tndicates cusp
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Tahle 17.—3rd 6-hr nomogram values at selected area sizes — Continued

Storm area (mi?),size

[Isohyet 4500 5500 /500 3000 10600 12000 15000 18000 20000
A 106 1N6.2 106.4 106.6 106.8 107 in07.2 107.4 07.5
B 105 105.3 105.5 105%.7 116k 106.2 1n6.5 106.7 106.8
G 104 104.3 104.5 104.8 105 105.3 105.5 105.8 105.9
D 10%.1 103.2 1I03.5 103.7 104 1N4.2 104.4 104 .4 1n4.7
£ 102.1 1n2.3 102;5 1n2.7 102.8 103 103.3 103.5 103.6
F 101.7 11,8 102 102.2 102.4 102.6 1028 103 103
G 1nm.2 101.4 1n1.5 101.7 101.9 102.1 102.3 102 .4 102.5
H 110.9 Int.1 101.2 101.4 101.4 101.8 in2 102.2 n2.2
1 100.46 100.8 100.9 101.1 1n1.3 101.5 1n1.7 101.8 101.9
J 100.2 100.4 1nn.5 ton,7 1nn,o 101 101.2 1n1.1% 101.4
K 99,9 100 100.2 100,73 1005 100.7 10n.8 101 101.1
L. 99 .4 49,7 09,8 100 100,72 1on.3 1N0D.5 100.6 00,7
M 99.3% a9 .4 99.5 99.6 ga.8 49,9 100.1 100.2 1nn.2
N 76 LE] ag8,9% 99 9a .7 9.3 aa,5 00,4 n0.7
0 49 57 65 70 RIS ar .8 99 ag.,1 99,2
P 21 27.5 34.5 44.5 59 71.5 9R* aR. 7 98,72
0 0 n 1 B 18 27.5 42 54.5 h6
R n 0 0 ) 7.5 t2
] N 0 n

*Indicates cusp
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Table 18.—4th to 12th 6—hr nomogram values at selected area sizes

Storm area (mi?) size

Tsohyet 10 17 25 35 50 75 100 140 175 220 300 360
A 100
R hS R3.5 100
¢ 48 62.5  Th.5 86 100
D 3a 50,5 60, 68,5 78,5 © R4,5 100
R 30 40 48.5 55 63 71 81.5 a1 100
F 24 13 40 4 53.5  61.5 68 76.5 83 89 100
a 20 27.5 34 10 46 53 59 65.5 71 77 86 a1.5
H 14 21 27 1.5 7.5 44 49 55 8.5 64 72 77
1 10 16 21.5 26 31.5 37 42 47.5 51 55 62 65.5
1 6.5 12 17 21 " 26 3 35.5 40 44 47 53 55.5
X 3 7.5  11.5 15 19.5 24 28 32 35 8.5 43 46
I 0 0.5 5 8.5 12 16 20 23.5  26.5 29 1.5 36
M 0 0 a.5 4 8.5 11.5 15 18 20.5  24.5 27
N n 0 0 1 4 7 9.5 14 16
0 0 0 0 0 2 4
P 0 0
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Table 18.—4th to 12th- 6-~hr nomogram values at selected area sizes — Contlnoued

Storm area (miz) size

Tsohyet 450 560 700 850 1000 1200 1500 1800 2150 2600 3000 3800
A
B
C
D
E
F
G 100
il 84 91 100
I 5! 77.5 85 92 100
J 60 64.5 70.5 77 82.5  89.5 100
K 50 53.5 S58.5 62 67 72 81 89 100
L 39, 43 47 50. 54 58.5  65.5  72.5  80.5 90 100
M 30 13 37 40 43 46.5 51.5 56 61 69 76 88.5
N 19 22 25.5 28 31 33.5 38 41.5  46.5  S51.5 57 67
0 7 9.5 13 15 17.5 20 24 26.5  30.5  33.5  37.5 43.5
P 0 0 0 0 0 0 0 2.5 5.5 9 12 17
q 0 0 0 0 0
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Table 18.——4th to 12th f—hr-nomogram values at selected area slzes — Continued

Storm area (m[z) size
Isohyet 4500 5500 6500 000 10000 12000 15000 18000 20000
A
i}
C
n
E
F
G
H
L
g
K
L.
M 100
N 76 a8 10
0 49 56.5 ho 79 100
P 21 27 4.5 &4 59 71 100
0 0 0 1 B 18 27 47 R4 hh
R 0 0 n 0 1 7 12
5 0 0 0
-




standard i1schyet area sizes, for which 1t is then necessary to construct
supplemental ischyet{s). This construction is discussed in chapter 7.

5.3 Area of Pattern Applied to Drainage

Up to this point in our discussion we have not indicated specifically how we
select the area size of the PP to distribute across a particular drainage. 1In
previous PMP studies, we have assumed that the maximum peak discharge and the
maximum volume of preciplitation in the drainage were represented by a basin-
centered pattern for PMP equlvalent to the area of the drainage. This assumption
was necessary because we do not have sufficient information to determine what the
hydrologically wmost critical condition is for peak discharge. Obviously, as
pracipitation patterns are moved to centering positions closer to the drainage
outlet, greater peaks may occur but velume probably will be reduced.

In the present study, we have chosen to base our selection of PMP pattern on
maximizing the volume of precipitation within the drainage. This eliminates the
assumption used in other Hydrometeorological Reports that P4P be hased on an area
equal to the drainage area. HMaximum volume is a3 fumction of pattern cemtering,
of basin irregularity of shape, and of the area size of PMP distributed over the
drainage. Of these, we have control over the pattern centering when we recommend
that all patterns be centered to place as mny complete isohyets within the
drainage as possible. The irregularity of the drainage is fixed, and we are left
with the area of the PMP pattern as a wvariable. However, the process of
maximizing volume for various area sizes results in a procedure iavelwving a
serles of trials.

To obtain the area that mximizes precipitation within the drainage, we propose
that the user start by selecting an area size In the vicinity of that for the
drainage. 1t is convenient to choose areas that mtch those for the ischyets in
our idealized pattern (700, 1,500, &,500 miz, etc.). Compute the volume of
precipitation for each of the 3 greatest 6-hr increments of PMP at the area size
chosen and obtain the total wvolume. Then, choose additional areas on either side
of the initial choice, and evaluate the volume corresponding to each of these.
By this trial process, and by plotting the results as area size (selacted) vs.
volume (computad), we can approximate the area size at which the volume r=aches a
maximum. {(This may require drawing supplemental isohyets.)

This procedure will be better demonstrated by the examples presented in chapter
7. It will be found that, as experlence is gained in the application of patteras
to variously shaped drainages, one can do a better job at the imitial selsction
of area sizes.

5.4 Multiple Rainfall Centers
In general, We recommend a single—centered isohyetal pattern for distributing
PP, From ms jor storms of record we note that as the size of the rainfall
pttern increases, the number of rainfall centers ilncreases. This observation
has led to the following considerations.

5.4.1 Development of a milticentered isohyetal pattern

A4 consideration when discussing the numbers of centers in an ischyetal pattern
is how the end product (the flood peak) wvaries with the number of rainfall
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PATTERN X

PATTERN Y

Figure 22.—Schemtic showing an example of multiple centered isohyetal pattern
(PP portion only).

centers. In general, all else being equal, the more centers used, the lower the
peak discharge. If multiple centers are to be considered, we therefore recommend
a llmlt of two.

The process for deriving these centers within an elliptical pattern is tased on
the standard 1sohyets and their walues for a single-centered pattern as
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