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PROBABLE MAXIMUM PRECIPITATION ESTIMATES FOR THE DRAINAGE ABOVE DEWEY DAM, 
JOHNS CREEK, KENTUCKY 

Douglas O. Fenn 
Hydrometeorological 8ranch 

Office of Hydrology 
National Weather Service, NOAA 

Silver Spring, Maryland 

ABSTRACT This report discusses estimates of probable 
maximum ~recipitation (PMP) for the drainage of Johns 
Creek, Kentucky above Dewey Dam. Estimates are given 
for durations from 1 to 72 hr for the drainage which 
is partly within a stippled region identified in 
Hydrorneteorological f{eport (HMR) No. !)1, thereby 
necessitating evaluation of terrain effects on 
precipitation. 

Part of the procedure used to evaluate terrain 
effects required selection of proxy observations of 
precipitation since there were no reporting locations 
within the drainage. The remainder of the terrain 
evaluation procedure was the same as the one reported 
earlier in NOAA Technical Memorandum NWS HYDRO 39. 
As in the earlier report, the applications procedures 
of HMR No. !)2 were used along with generalized PMP 
estimates from HMR No. 51 to obtain a drainage 
average depth of nonorographi c PMP. The fi na 1, or 
total, PMP estimates are the products of the drainage 
average depth of nonorographic PMP and the orographic 
intensification factor representing the evaluation of 
terrain effects within the drainage. 

1. INTRODUCTION 

The U.S. Army Corps of Engineers requested in April 1984 that the National 
Weather Service (NWS) develop a ~robable maximum precipitation (PMP) estimate for 
the drainage of Johns Creek, Kentucky, above Dewey Dam, a basin wh~ ch is 
identified by the acronym LlDKY in this report. A portion of this 207-mi basin 
is located within the stippled region of Hydrometeorological Report (HMR) No. !)1, 

11Probable Maximum Precipitation Estimates, United States East of 105th ~1eridian 11 

(Schreiner and Riedel 1978). In that publication, it is recommended that for 
basins within the stippled region the effects of topography on the precipitation 
process be evaluated for basin estimates of PMP. The starting point for the 
estimate is the generalized charts of HMR l~o. 51. The study produced estimates 
of total PMP, i.e., precipitation conceived to have orographic and nonorographic 
components, for UUKY at durations of 1, 6, 12, 24, 48 and 72 hr. This report 
describes the approach used to develop these (total) PMP estimates. 

The PMP estimates were made by entering appropriate va 1 ues for the independent 
variables in equation 1-1. 

PIVIP = (F AF P) ( K) (1-1) 



FAFP is an acronym for free atmospheric forced preci pit at ion and represents the 
nonorographic component of total PMP (see list of variables, page vi). The term 
K represents the percentage increase (or decrease) in FAFP induced by topography 
as its value is greater (or less) than 1. 

Equation 1-1 was used in an earlier report, 11 Probable ~1aximum Precipitation for 
the Upper Ueerfield ~iver Urainaye Massachusetts/Vermont,'' NUAA Technical 
Memorandum NWS HYD~O 39 (1'1iller et al. 19H4), to calculate an average def)th of 
PrW. The term K represents a single orographic factor for the who 1 e drai naye. 
In HYU~U 3Y, the value of K was derived from precipitation data taken at several 
reporting locations within the drainage, whereas, in this ref)ort there are no 
reporting locations within DDKY. Since it is likely that there are numerous 
drainages within which there are no reportiny locations, the method used here to 
acquire l)roxy values for the parameters used to calculate a drainage average 
value of K should have wider applicability than just at UUKY. The adopted 
methodology is discussed further in section 3.1.1.~. 

Uevelopment of a!)propriate values for FAFP will be explained in section 2. 
Highlighted will be the application of HMR No. ~2 ·~pplication of Probable 
Maximum Precipitation Estimates- United States East of the lU~th Meridian'' 
(Hansen et al. 19H2) to generalized PMP estimates from HMR No. ~1 for the 
drainage. l3ased on the explicit transposition limits of storms used in HMK 
No. 51 tp produce charts of nonoroyraphic PMP at area sizes important (up to 
5,UOU mi ) for this study, eleven of twelve storms were identified as having 
transposition limits close to lJOKY. The original locations of these storms are 
shown in figure 1-1. The coded identification appearing above the storm location 
is a U.S. Army Corps of Engineers assignment number and indicates that a formal 
storm study has been completed and is published in Storm ~ainfall in the United 
States (U.S. Army Corps of Engineers, 1945-), hereafter referred to as Storm 
Rainfall. These 1 ocati ons indicate that the storm type most 1 i kely to produce 
record setting precipitati.on at DIJKY would be a Great Plains or Mid-west type 
thunderstorm or thunderstorm complex embedded in a more general, polar-front 
induced storm. Record-setting storms occurring soutll of DlJKY typically have 
transposition limits not further north than 3~ 0 N at the longitude of OUKY. A 
twelfth storm at Altapass, NC is included in figure 1-1, since that storm site is 
closer to DUKY than the transposition limits associated with some storms north or 
west of lJlJKY. While the complete mechanism of the Altapass storm is not 
t ransposab 1 e across the Appa 1 a chi ans, the remnants of the upper tropospheric 
ventilation (divergence) field from such a storm could combine with the mecllanism 
previously cited as most likely to produce record setting precipitation at DUKY 
to enhance already extreme precipitation. In section 3, the approach selected to 
determine K will be explained. Finally, section 4 contains the computations 
required by equation (1-1) to obtain total PMP estimates for this basin. 

2. COMPUTING NONOROGRAPHIC PMP FROM HMR NO. 51 AND 52 

2.1 Introduction 

In deve 1 oping PMP estimates for DDKY, nonorographi c va 1 ues of storm-centered, 
area-averaged PMP are obtained from generalized charts applicable at 1000mb, or 
sea level. This technique is desirable because of the consistency in 
depth-duration and depth-area relations maintained in generalized charts, as well 
as consistency maintained from study to study. Thus, atmospheric behavior 
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areas are of strictly nonorographic PMP at 1000mb, assumed to be sea level. 
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Table 2-1.--PMP (in.) from HMK No. ~1 for DDKY (37°36'N, H2°30'W). 1-hr PMP from 
HMK No. ~2 

Duration (hr) 
Ar~2 

lnl 1 6 12 24 48 72 

10 1!::>.1 2tl.3 33.4 36.0 311.7 41.4 
2UU tl.8 2U.U 23.11 26.7 30.!) 32.2 

1000 !).0 14.7 18.4 21.4 24.0 2S.7 
!)UOO 2.3 tl.l1 12.2 14.6 18.1 111.S 

1UUUU 1.7 6.8 11.tl 12.3 1S.!) 16.8 
20UUU 1.3 4.7 7.tl 10.1 13.2 14.4 

The methods em~loyed in HMK l~o. !)2 to transform smoothed, storm-centered, 
area-averayed PIYlP into drai naye ave rayed PMP were used in this study. The 
results from HMK No. !)2 were sets of durational storm isohyetal labels, or values 
for nonoroyraphic PMP (at 1UUU mb), as well as drainage-averaged depths (for 
needed durations) of nonorographic PMP, also at 1UOO mb. 

2.2 Basin-Centered, Nonorographic Estimates of PMP 

Hiyhliyhts of the steps taken to obtain basin-centered, nonorographic PMP 
estimates at 1UUU mb and at the averaye barrier elevation applied at the centroid 
of UUKY, taken to be 37°36 1 N and 82°3U 1 W, are presented in the following 
sections. 

2.2.1 1000-mb Computations 

From H~1K l~o. !::>1 and !::>2, values (table 2-1) were read for each duration/area 
size from the PMP maps at the centroid of UUKY. These va 1 ues were p 1 otted and 
smooth depth-area-duration (UAU) lines fitted to them (fig. 2-1). lJurational 
amounts frOJil fiyure 2-1 for four standard isohyetal area sizes above and below 
the 2U7-mi area of UUKY were extracted (table 2-2), plotted and fitted by 
smoothly varying depth-duration curves (fig. 2-2), from which values can be read 
at intermediate durations. Incremental differences for the first three 6-hr 
periods are then obtained. 

The optimum orientation of the nonoroyraphic storm pattern, in terms of 
including the largest number of closed isohyets within the basin, was found to be 
31S 0

, exactly normal to the optimum f.Jattern orientation for PMP storms over 
eastern Kentucky shown in fiyure 8 of HMK No. !::>2. The isohyetal pattern from HMR 
No. !)2 placed over the UUKY basin is shown in figure 2-3. In accordance with the 
~rocedures established in HMR N2. S2, orientation adjustments were required only 
for the 4!)U- 700- and 1,00U-mi storm area sizes, and 2all these were less than 
4 percent. PMP for area sizes less than 30U mi normally results from 
precipitation produced by convective cells either individually or as multi-celled 
complexes, which, in either case can have almost any orientation. If other 
orientations that did not require any reduction had been selected, a lesser total 
volume of precipitation over the basin would have been produced. 

To determine the area size that would produce the maximum volume of 
precipitation for the first three 6-hr increments (out to 18-hr duration) at 
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Figure 2-1.--0epth-area-duration data (heavy dots) plotted from HMR No. ~2 (1 hr) 
and HMR No. 51 (6-72 hr) at the centroid of UOKY. 
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Figure 2-2.--Depth-duration curves for standard areas (25-l,UOU mi 2) at the 
centroid of ODKY. 

OUKY, a second degree polynomial function was used to fit the volumetric 
precipitation computations for the various area sizes listed in table 2-~. The 
function determined a non-standard storm area size of approximatelyJ7U mi • The 
difference in the curve-fitted volume of precipitation at a 27U-mi area and at 
the standard storm area size of 30U rni was less than H/lUU of one ;Percent and 
less than 16/100 of one percent at the standard area size of 17!::> mi • In this 
instance, such small f)ercentages indicate that when the area size that produces 
maximum volume is not selected by a curve fitting technique, only quite small 
errors are introduced. Therefore, subsequent conputat ions of average depth of 
nonorographic PMP for UDKY were based on the 300 mi storm area size. The values 

Table 2-2.--PMP values (in.) from figure 2-1 for speci fie standard area sizes 
used in HMR No. ~2 isohyetal label calculations 

Duration (h r) 
Are~ 
( mi ) 6 12 24 4H 72 

2!::> 26.6 31.2 34.U 37.7 39.!::> 
50 25.0 29.1 31.9 3!::>.!::> 37.3 

lOU 22.H 26.8 29.6 33.1 34.~ 

175 21.U 24.7 27.'5 31.1 32.6 
3UO 19.0 22.'5 2'5.4 29.U 3U.6 
450 17.7 21.1 23.7 27.2 29.0 
700 16.0 19.4 22.0 2!::>.3 27.1 

1000 14.7 18.2 20.'5 23.9 2!::>.'5 
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Figure 2-3.--Nonorographic isohyetal pattern placement at DDKY. 

assigned to the isohyets for the desired storm area size and durations are shown 
in table 2-3. 

Table 2-1.--Labels for isohyets of nonorographic PMP, for a storm area size of 
300 mi , for a storm centered at DDKY. Values shown are to nearest tenth of an 
inch 

Duration (hr) 
Isohyeta l label 1 6 12 24 48 72 

A 9.7 23.8 27.8 30.7 34.2 3!).7 
B 9.0 22.2 26.1 28.9 32.4 33.9 
c 8.4 20.8 24.5 27.3 30.8 32.3 
D 7.8 19.4 23.0 25.8 29.3 30.1:$ 
E 7.2 18.1 21.6 24.4 27.9 29.4 
F 6.6 16.5 2U.O 22.8 26.3 27.8 
G 4.9 12.4 15.3 17.7 20.7 22.0 
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Table 2-4.--Nonorographic PMP for DDKY (207 mi 2) applicable at 1000 mb 

Uuration (h r) 
1 6 12 24 4H 72 

1. Storm centered value 
(in. ) from fig. 2-1, using 
HMf< No. ~1 H.~u 2U.3U 24.3U 26.HO 3U.40 32.00 

2. Urainage-averaged 
value (in.) using HMf< 
No. ~2 7.72 19.21 22.83 2~.62 29.11 30.61 

J. Percent difference 
( 1 i ne 2 - 1 i ne 1 
times 10U) ~~ 95 94 96 96 96 

Urainage-averaged PMP values obtained from applying the procedures of HMR 
No. ~2 are shown on 1 i ne 2 of tab 1 e 2-4. The percentages on 1 i ne 3 for 6-
th rough 72-hr represent the differences between 1 i ne 1 and 1 i ne 2 and indicate 
reductions of nonorographic PMP attributable directly to basin shape. 

2.2.2 Adjustments to 1000-mb Nonorographic PMP for Barrier Elevation 

Nonorographic precipitation for UUKY must be adJusted for vertical moisture 
depletion due to the effects of barriers on inflow moisture for the Pr~P storm 
centered over the drainage. The most likely inflow direction for the 1-'rototyfJe 
PMP storm for UUKY was determined to be from 300° to 22U 0 based on the inflow 
direction of the four storms (AltafJaSs being excluded) from figure 1-1 closest to 
UUKY. Another consideration was that low-level inflow to UUKY from a rrore 
southerly or easterly direction than those determined would be obstructed by the 
Appalachians. 

Twenty three locations were sampled along the western edge of the drainage, 
each 2 mi apart, and an average barrier elevation of 1,360 ft for the basin was 
calculated. As in HMK l~o. ~5 11Probable Maximum Precif)itation Estimates -United 
States ljetween the Conti nenta 1 Ui vi de and the 103rd Meridian 11 (Mi 11 er 
et al. 19H4) and HYUfH.l 39, no change in precipitable water was allowed for the 
first 1,0UO ft of elevation, i.e., from sea level to 1,000 ft. The basis for 
this decision came from the concept that rroisture potential in any storm is 
eljually likely within 1,00U ft of the elevation of storm occurrence. For 
elevation intervals above 1,000 ft, fJrecipitation was decreased at the rate of 
the moisture decrease for a saturated pseudo-adiabatic atmosphere. This was the 
same procedure followed in HYUf<O 39. In HMK l~o. ~~. a rroisture change of 
one-half the saturated pseudo-adiabatic was used beyond the 1, 000-ft i nterva 1 
either side of a storm elevation. The reason for this slower moisture change was 
to avoid excessive increases when transposing storms vertically through the 
typically large elevation intervals found in the f<ockies. Since the SfJecial 
circumstances that applied there do not generally apply in the Appalachians, the 
more conventional, full pseudo-adiabatic rroisture change was selected for this 
report. A dew point temperature of 77°F, the maximum persisting 12-hr 100U-mb 
dew point upwind of UUKY, rel-'resented the rroisture inflow for the time of year 
when the all-season PMP storm would be expected to occur. This resulted in a 
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Table 2-5.--Nonorographic drainage-averaged PMP (in.) for DDKY. Annunts are 
reduced for decreased moisture availability caused by inflow barriers. 

Urainage-averayed PMP 
( i n. ) 

1 

7.49 

6 

18.63 

Du rat i on ( h r ) 
12 24 48 72 

22.14 24.8~ 28.23 29.69 

3-percent reduction to the values in line 2 of table 2-4, based on computations 
using the procedures cited. Tab 1 e 2-5 shows the drai naye average nonorographi c 
PMP values reduced for the inflow barrier to the basin. 

3. OROGRAPHIC MODIFICATION TO BARRIER ADJUSTED NONOROGRAPHIC PMP 

Orographic modification of barrier adjusted nonorographic PMP in table 2-~ 
takes the same form reported in HYDRO 39. It is expressed as a single factor, K, 
which, it is assumed, can be applied at any point or assembly of points within 
the DDKY. The general expression for the orographic intensification factor, K, 
is: 

K = M (1 + P ((T/C) -1)) + (1-M) (T/C) (3-1) 

Definitions of the variables used in equation 3-1 may be found in the list of 
variables at the front of this report. As in HIYIK No. 55 and HYDRO 39, in which 
the derivation of equation 3-1 may be found, the percentage, P, of T/C to be 
retained during tt1e 11most intense 11 f)recipitation IJeriod, has been estimated by 
the quantity (1-M) so that equation 3-1 reduces to: 

K = M~ (1 - (T/C)) + (T/C) (3-2) 

At this point, it is im!Jortant to note that each term on the right side of 
equation 1-1 is a function of area size and duration so that when PMP is 
calculated, it is always for a specified area size and duration. In this study, 
FAFP as shown in table 2-5 re1Jresents the average depth of nonoroyraphic PMP for 
the IJDKY area, therefore, the K used in equation 1-1 and calculated using 
equation 3-2 must also apply to the same area size. Hence, values for the 
independent variables of equation 3-2 need to be derived for the area size of 
IJDKY. This can be done for the variable f"l as will be seen in section 3.1.3, as 
well .zs for the variable C, discussed in section 3-2. However, only point or 
10-mi values are easily obtainable forT in areas where a thorough analysis of 
the 1-percent chance precipitation level is not available. 

A crucial assumption made in this study and also in HYDRO 39, is that at a 
given duration if M changes from its 10-mi 2 value with increasing area size, the 
value of T/C will also change such that K will rem~in constan2 across the range 
of area sizes of interest, in this study from 10 mi to 207 mi. The assum!Jtion 
is made so that a value for K can be specified at the area size of the ODKY. As 
will be shown in section 3.2, K will remain constant if a reasonable areal 
decrease in the va 1 ue of T is accepted. Si nee we do not know, however, what is 
the areal variability ofT at DDKY, the correctness of the constancy of K 
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assumption cannot be proved. The discussion in section 3.1.4 is required by 
acceptance of the constant K assumption. 

The indepen2ent variables in equation 3-2 are evaluated initially for an area 
size of 10 mi and a duration of 24 hr. The K for a specific terrain setting may 
be thought of as a quantitative estimate of the degree to which atmospheric 
processes, that were not initiated or influenced by such terrain, are changed (in 
their precipitation producing aspect) when such terrain interacts with or "feeds 
back " into them. 

The term T/C has the same meaning in general terms as that forK. Hoth 
numerator, T, and denominator, C, represent depths of precipitation. In areas 
where topography has mini rna 1 interaction with atmospheric forces producing 
precipitation, the numerator and denominator should be considered equal in 
magnitude. In areas where topography should alter the depth of f)recipitation 
produced by an initial level of atmospheric forcing, the denominator stands for 
the precipitation depths associated with the initial level of atmospheric forcing 
and the numerator stands for the precipitation depths associated with the initial 
level of forcing, as altered through interaction with topography. 

M is a dimensionless number representing the percentage of nonorographic 
precipitation which occurs in a "most intense" or "core" precipitation event 
(popularly, the "cloudburst" phase of a storm) for a given duration of 
interest. Hy "most intense" or "~ore" event is meant that within a given time 
interval, h, a very large percentage of total precipitation is accumulated in a 
small percentage of h; the length of this small percentage in hours beiny 
represented symbolically by r. The duration r is always a part of h; h is always 
uninterrupted and r is believed to be uninterrupted for the prototype PMP storm 
at OOKY, although r may be interrupted (two or more cores) in other storms. The 
reason why it is important to identify such "cloudbursts .. is that it is believed 
there is a reduction in the percentage contribution of topographic interaction to 
precipitation !)roduction during the cloudburst phase of a storm. The basis for 
this belief is that (for a specified location and season) within a given volume 
of atmosphere and unit duration of time, there is a limit to the rate of increase 
of condensation which is closely appro xi mated by atmospheric forcing unenhanced 
by topographic interaction; to try to exceed a given level of condensate 
production by adding on topogra!)hic forcing would be equivalent to asking the 
atmosphere to exceed a critical limit. At other times, however, when the 
unenhanced forcing is not close to approachi~g its upper limit, it is reasonable 
to permit terrain to interact at a proportionally greater level. Schematically, 
this is illustrated in figure 3-1, where the core duration, r, is about 
25 percent of the duration of the precipitation interval, h. In this study, as 
in HYDRO 39 and HMR No. 55, M is represented by the ratio of de!)ths, lJf/Oh, 
indicated in figure 3-1. In equation 3-2, M modulates the magnitude o the 
term for terrain feedback, i.e., M acts to diminish T/C when convection is an 
important component of the preci pi tat ion producing mechanism; the more intense 
the convection, the greater the degree of diminution. M also serves to define 
the magnitude of nonorographic precipitation caused by intense convection and is 
referred to as the storm intensification factor. Within the range of values 
possible for r for the h's of interest in this study, it is reasonable that as h 
increases for a particular storm, the value of r should either remain the same or 
increase. The magnitude of r is determined from available depth-area-duration 
information and mass curves of rainfall representative of prototype PMP storms. 
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Figure 3-1.--Schematic representation of core duration, r, within fixed interval, 
h, and associated depths of nonorographic PMP, ur and Dh, used in setting storm 
intensification factor. 

3.1 Evaluation of the Variables Required to Estimate 
Orographic Intensification in DUKY 

3.1.1 Evaluating T/C 

The value of T/C was obtained for durations of 1, 6, 12, 24, 48 and 72 hr. As 
mentioned earlier, the areal variability of T/C was assumed to be such that, in 
combination with the observed areal variability of r1, the value of K would be 
constant for all area sizes included within DlJKY. In a relatively small area 
such as that encompassed by UUKY, this assumption is warranted. 

Initially, T/C was evaluated at a point (over sizes up to 10 mi 2 ) and for 24-hr 
duration. The !-percent level of precipitation (100-yr) was selected as the 
appropriate frequency i nterva 1 to be used in determining the magnitudes of T 
and C. 

3.1.1.1 Evaluating C. C was obtained by calculating the lUU-yr precipitation 
depths at locations below l,UOO ft and outside the stippled area of HMf{ No. 51, 
within the rectangular region of figure 3-2. The period of record for the 
37 stations used in the analysis ranged from 33 to 84 yr, with 28 of these 
stations having a period of record equal to, or greater than 75 yr. Twelve of 
the 28 11long 11 !Jeriod of record stations had a period of record greater than 
80 yr. The 37 stations were all of the stations available from Technical 
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Figure 3-2.--Analysis region for parameter C (solid, heavy isolines in inches), 
evaluated at 100 yr and 24 hr. Solid, thin lines are of a generalized 1,000 ft 
MSL elevation contour (hatched region~ 1,000 ft). 

Paper No. 29 (U.S. Weather 15ureau, 1957-1960), as supplemented by the lJaily 
Climatological lJata Tapes in the Office of Hydrology format and other 
climatological data for the nonorographic portion of the rectangular area shown 
in figure 3-2. The supplementary data extended the period of record from 
1956-1957 to 1980. 

Even with a relatively long period of record, the plotted data in certain 
portions of the analysis region indicated large variability in C. At locations 
identified by L1 and L2; both in nonoroyraphic regions in figure 3-2, each 
location was considered as the center of a circle within which the minimum period 
of record for precipitation records was 7S yr. The extreme value of the 
parameter C within these circles exceeded the average value by 13 percent for the 
circle with L1 as the center and by 19 percent for the circle with L2 as the 
center. Both circles were of 22 mi radius, and variation of elevation among 
reporting locations within each circle was a maximum of only 218ft. Une would 
not expect the atmosphere to produce and maintain gradients of 
convergence/divergence of this magnitude within such relatively small circular 
areas year after year, so that sampling variability is the likely cause for the 
differences in C. Sampling variability was not this large everywhere, however. 
At locations L3 and L4 where the circle radii were 20 and 19 mi and the minimum 
period of record 76 and 73 yr, respectively, the variability was 3.4 and 
2.2 percent, respectively. 

As a result of the ranges in the value of C in some parts of the nonorographic 
sections of the analysis region, a range of choices for the orientation and 
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maynitude of the isoline analysis was possible. In the analysis depicted in 
figure 3-2, the orientation of the C isolines west of the stippled area was made 
to reflect the orientation of isodrosotherms of maximum persisting 12-hr 1000-mb 
dew points as shown in .the Climatic At 1 as of the United States (En vi ron menta 1 
Science Services Administration 1SI6~). East of the stippled area, the analysis 
gives weight to the fact that 10 of the 14 observations there (east of the 
l,UUU-ft contour) were equal to or greater than 7.5 in., and 7 of tnese 10 
exceeded ~in. Isoline segments first drawn in each of the nonorographic areas 
were connected with smooth isolines. The resulting analysis, based on all 
available data through 1980 was found to be consistent with the analysis of 
100-yr 24-hr precipitation depths reported in 'Rainfall Frequency Atlas of the 
United States, 11 U.S. Weather Bureau Technical Paper No. 40 (TP No. 40) 
(Hershfield 1961) in terrns of isoline orientation. Note that the variability of 
C across DDKY is quite small, about 0.1 in., or between 1 and 2 percent. 

As will be seen, subsequently, Twill be determined at the centroids of three 
topographic subdivisions of DDKY. Hence, three distinct values of C, each 
adjusted for barrier elevation, will be needed to form three separate values of 
T/C, each applicable to a unique subdivision. Based on the size of each 
subdivision, a weighted value of T/C will then be obtained and assigned to the 
basin centroid. The derived values of C may be found on line 4 of table 3-2 in 
the section whicn follows, as does a discussion of the fJrocedure followed to 
adjust a lUUU mb value of any lUU-yr 24-hr precif)itation depth to a given 
elevation JVISL. 

3.1.1.2 Evaluating T. There were no stations for wnich precipitation records 
were available within DDKY. The nearest gage is located on the edye of the 
drainage at Dewey Dam. The strategy adopted under these circumstances was to 
search for !Jroxy observations for the drainage. If the drainage was 
topoyraphically uniform, only one set of proxy observations would need to be 
found; if more than one topographic regime could be identified in a drainaye, one 
group of f)roxy observations for each subdivision mignt be needed; and all proxy 
observations would 11come from 11 or be 11found in 11 places where the topographic 
settings were similar to the single or multiple topographic settings of the 
drainage. Fiyure 3-3 shows the outline of DDKY along with the proxy locations 
from which !)recipitation records were considered in determining the levels of the 
100-yr precipitation level, T, for the selected topographic subdivisions of DDKY 
(see fig. 3-4 for these subdivisions). 

The DDKY consists of a series of ridge-valley-ridge combinations oriented 
generally southeast to northwest with additional, shorter valleys oriented 
somewhat more south to north. At first estimate, the topographic variability in 
this generally uniform, corrugated setting was considered to be insignificant 
enough so tnat the drainage could be classified as homogeneous in its interaction 
with atmospheric processes. However, examination of all 100-yr 24-hr 
precipitation deptns available for this study and within the analysis reyion from 
the Cumberland Plateau northeastward to the Kanawha River and from the crest of 
the A 11 eyheni es northwestward for about 90 mi, indicated a gradient of 100-y r 
24-h r T existed with higher va 1 ues ( 7-8 in.) near the crest decreasing to 1 ower 
values (!>-6 in.) at the lower elevations to the northwest. This suggested a 
topographic classification for the drainage consisting of uplands and lowlands 
(heightened topoyraphic feedback vs. diminished topographic feedback) with a 
transition or buffer area as shown in figure 3-4. 
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Figure 3-3.--0rainage above OOKY (solid line with filled squares) showing 
1,000-ft elevation contours (dashed lines). Locations of proxy locations and 
associated topographic setting designator in parentheses (L) =lowlands; 
(U) =uplands; (T) =transition are indicated by filled circles. Selected 
streams are shown by thin, solid lines with arrowheads indicating direction of 
streamflow. 
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Figure 3-4.--Topographic subdivisions for DDKY with locations of centroids 
{filled ci rc l es) for each subdi vision and for the drainage as a whole {open 
circle). lowlands are unshaded; uplands are hatched; and transition areas are 
stippled. 

The adopted subdivision of DDKY specified that lowlands would consist of 
valleys whose floors were below 7UU ft MSL, while the valley floors of upland 
areas would be above l,UOO ft MSL; in both subdivisions the tops of adjacent 
ridges could have any value. The transition subdivision contained the remainin~ 
ridye-valley-ridge areas. A different topographic characterization of UDKY might 
have produced a value of T comparable to the one using the adopted 
characterization. 

Besides the elevation-only criterion adopted for this report, features such as 
change in terrain slope, shelteriny ridge lines, proximity to ridge lines, or 
roughness of terrain are useful in establishing the limits of topographic 
classifications. What is important in application of the techniques used in this 
study is that where there is significant spatial variability in precipitation, 
sorre relevant physiographic feature be selected to characterize each subdivision 
in the drainage and that proxy locations be sought in places nearby where 
topography has the selected characteristics. It would be futile to establish 
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topographic subdivisions within which it is unlikely that hourly or daily 
precipitation records would be found. The selection of the topographic feature 
or features characteristic of a subdivision will depend on how vtell a given 
physiographic feature corresponds with significant spatial variability of the 
precipitation parameter of interest. 

It is not intended in this section to attempt to recommend a 11best way 11 to 
classify, categorize or subdivide topography in general in the Appalachians or to 
assert that the scheme adopted in this report at lJDKY is in itself superior to 
some other scheme. It is desirable to keep the specification of topographic 
characteristics flexible or open-ended s i nee there are a variety of settings in 
the AIJpa l a chi ans. A consequence of this fl exi bil i ty, however, is that different 
analysts may assign different classifications and specification of their limits 
to a given setting, and if the depths of precipitation within this setting happen 
to be highly variable for a given frequency of occurrence, quite different values 
ofT may be assigned to the same area. If the procedures of this section are 
followed, an average value forT for a drainage or portion of a drainage will be 
obtained, but they do not guarantee that it will be reproducible. A condition 
for deriving a singular average value of T for a drainage is a detailed analysis 
of precipitation data in orographic areas such as those analyses in NOAA Atlas 2 
(IVJiller et al. 1973). The rrerit of a particular topographic classification and 
specification of its limits must be judged in part by the results it engenders; 
specifically, how well the resulting average value of T/C corresponds with T/C 
derived in other places having similar features. 

Initially, all stations within or adjacent to the stippled area of figure 3-2 
were considered as candidate proxy stations -for this study since DlJKY straddles 
the western edge of the stippled area. There is no upper limit to the initial 
number of proxy stations if all such stations could experience the same prototype 
PI'W storm as the drainage of interest. The candidate stations were reduced to 
those in figure 3-3 by using the following guidelines: 

A. unly those closest to the drainage or drainage subdivision were 
retained. Note: Because the placement of reporting stations can 
vary widely, an unequivocal rule for selecting which or how many 
proxy stations are closest cannot be formulated. In this study, 
from 2 to 6 of the closest proxy stations were consi~ered 
sufficient to represent the parameter T for each lUU mi of 
topographically homogeneous area. 

B. Of those stations remaining after guideline A was applied, those 
with a period of record less than 1~ yr were eliminated. 

C. If, among the remaining stations, there were two or more within a 
circle of 2 mi radius, all of which were within an elevation 
interval of !:>UU ft, then only that station with the longest period 
of record from among them was retained. If the longest IJeriod of 
record station should have an unrepresentatively high or low 
precipitation depth for its topographic setting and in relation to 
the shorter period of record data, the more representative value 
having the next longest period of record would have been selected. 

The topographic setting at Burdine 3NE did not have the general characteristics 
of the upland subdivision. Burdine 3NE is described in the Substation History 
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Table 3-1.--Relevant information for selected proxy locations of figure 3-2. The 
location prefix designates topographic classification as (L)owland, (U)pland or 
(T)ransition 

100-yr 24-hr 
Elevation depth (in.) POR 

Location (ft MSL) (observation day) (yr) 

( L) Kermit, wv 620 4.76 26 
( L) Williamson, wv 670 4.56 29 
( L) Paintsville, KY 620 6.05 26 
( L) lJewey, K Y 690 3.6~ 21 
( L) Pikeville, KY 690 4.07 26 
( L) Allen, KY 640 3.HH 16 
( T) Elkhorn City, KY HOO 6.28 21 
(T) Freeburn, KY 730 t>.OO 22 
( u) Jeremiah, KY 1,160 7.4~ 26 
( u) Iaeger, WV 1,UHLl 7.79 26 

for Kentucky, Key to Meteorological Records lJocumentation No. 1.1 (U.S. Weather 
Bureau 1966), as a station in a 11narrow valley, (with) high mountains all 
around ... As such it is a typically 11Sheltered 11 location. Hhile such settings 
are present in DDKY, they constitute a negligible portion of the upland 
subdivision. Inclusion of the 100-yr 24-hr precipitation depth from Burdine 3NE 
with the other proxy locations at Jeremiah and Iaeger would misrepresent the 
enhancement of nonorographic precipitation by UfJland topography by giving undue 
weight to a precipitation value affected by sheltering. 

All the locations finally selected are listed in table 3-1. .1\t 
l~illiamson, West Virginia where two reporting locations were within 4 mi and 
1UU-ft elevation of each other, the location with the slightly longer f)eriod of 
record was used and the other exc 1 uded. If both 1 ocat ions had been used, the 
orographic intensification factor K would not have changed. 

When the subdivisions were planimetered, uplands constituted 43.2 percent of 
the drainage; lowlands constituted 31.7 percent and transition area 2~.1 percent, 
respectively, of the drainage (table 3-2). The proxy locations shown in 
figure 3-3 have either an associated (L), (T) or (U) signifying a (L)owland, 
(T)ransition or (U)pland classification. 

To transform the observation-day depths of table 3-1 to depths comparable with 
values for C already discussed, an 11N-minute 11 adjustment should be made by 
multiplying each observation day depth by 1.13. As indicated in TP No. 40 
(Hershfield 1961) and NOAA Atlas 2 (Miller et al. 1973), the 11 N-minute 11 

adjust1rent is based on statistical-empirical relationships considered valid 
within the 4H conterminous United States. 

A 11fit by eye 11 procedure was used to 1 ocate a centroid for each topographic 
subdivision (see filled circles of fig. 3-4). Then in a manner similar to the 
way in which barrier elevations were set for the centroid of the entire drainage, 
barrier elevations were determined for each topographic subdivision (line 3 
table 3-2). 
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Table 3-2.--Factors related to calculation of T/C {10-mi 2 24-hr values) for each 
topographic classification. Values on lines 4, 6 and 7 are at the elevation 
indicated on line 3 

Lowland Transition Upland 

1. Percent of drainage 31.7 2b.1 43.2 

2. Subdivision centroid 37°39 1 37°36 1 37°32 1 

(latitude, 1 ongitude) 82°35 1 ~2°29' ~2°24 1 

3. Barrier elevation 1,180 1,330 1,460 
(closest 10 ft) 

4. C, at centroid (in.) 6.18 6.14 6.08 

5. Number of proxy locations 6 2 2 

6. T, at centroid (in.) 5.09 6.37 ~.61 

7. T/C, at centroid .82 1.04 1.42 

Using the assumptions about vertical depletion of water available for 
precipitation mentioned in section 3.1.1.1, and assuming that the 1000-mb dew 
point temperature associated with this process should be (for a 100-yr frequency 
of occurrence event) an average of the monthly maximum persisting 12-hr 1000-mb 
dew points for. the centroid of each topographic subdivision, one can calculate 
the value of C for each centroid. Then using the average value of lUO-yr 24-hr 
precipitation depth, T, determined from the proxy stations for each subdivision, 
the quantity T/C is obtained. Line 6 of table 3-2 shows the derived values of T 
for each topographic subdivision. Using the weights from line 1 and the T/C from 
line 7, a weighted average value for T/C of 1.13 was obtained at the 24-hr 
duration to be applied at the centroid for the whole DDKY basin. 

The value of T/C for the transition subdivision of DDKY is much the same as the 
value of T/C near the orographic separation line (similar to the boundary of the 
stippled region of HMR No. 51) located close to the foothills of the ~ockies (see 
HMR No. 55). The T/C at 24 hr for the upland subdivision at DDKY (1.42) is 
somewhat smaller than the comparable value (1.54) for the Deerfield River 
Drainage reported in HYDRO 39. The increase in orographic enhancement of 
precipitation between the transition and upland subdivisions, in spite of the 
lJeerfield comparison, is intuitively too large. However, since the smaller than 
expected value of T in the lowland subdivision of lJDKY compensates for this over 
enhancement when a drainage average value of T/C is calculated, it was decided to 
retain the proxy locations of table 3-1, rather than search further afield. The 
weighted average value of T/C (1.13) is realistic for a drainage partly within 
and without the stippled region of HM~ No. bl, and consequently, the adopted 
topographic classification and specification in this report has merit. 

3.1.2 Temporal Variability of T/C 

Values of T/C for other durations were developed with tile aid of the T/C 
analysis from HMR No. 55 for the region between the Continental Divide and the 
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Table 3-3.--Relevant information used to prepare proxy values of 100-yr 6-hr T/C 
for DDKY 

Proxy Location 

20 mi NE 
Colorado Springs 

(CL.lS) 

2.) 
10 mi SE 
Walsenbury 

(WAL) 

3.) 
28 mi SSt-J 

Raton 

Location 1/ 
C (in.) 

25 mi WNW 
CUS/ 
2.4 

C.l mi WNW 
WAL/ 
2.4 

~3 mi SW 
Raton/ 

2.4 

Interpolated 
Location 2/ C (in.) 

C (in.) (lOU yr 6 hr) 

Nr. Cl1eyenne 
WellS/ 
5.0 

40 mi ~~sw 

Springfield/ 
5.0 

Nr. Clayton/ 

5.0 

3.08 

3.26 

3.3~ 

Interpo 1 a ted 
(T/C) 

1.14 

1.07 

1.12 

1U3rd meridian. It was necessary to go to the western states to obtain detailed 
orographic precipitation data available only in NOAA Atlas 2 (Miller et al. 
1973). Three locations were selected where the 1-percent chance level of 
precipitation for the 6-hr duration had been thoroughly analyzed and where the 
100-yr 24-hr value for T/C was 1.13. The locations selected were at 
approximately the same latitude as UDKY and at comparable distances from the Gulf 
of Mexico, considered the primary source of moisture for the PlvtP storm in both 
regions. The proxy locations for establishiny the T/C versus duration relation 
for UDKY were in the foothills of the Front Range of the Rocky Mountains in 
Colorado and New Mexico, specifically, 20 mi northeast of Colorado Springs, CO; 
10 mi southeast of Wa 1 sen burg, CO, and C.8 mi south southwest of Raton, I~M. At 
each location, the 24-hr values of TIC increased downwind along the preferred 
inflow direction for the PMP storm. While the topographic settings and the 
cl i mato 1 ogy of rai nfa 11 differ somewhat between the western foot hi 11 s of the 
Appalachians and the eastern foothills of the Rocky Mountains, the Pr~P storm 
types are basically similar in both places, as should also be the physical 
interaction between the foothills and the atmosphere during upslope conditions. 
Values for C were derived following the practices mentioned in HMR No. 55. Two 
points were selected on either side of each proxy location where, from 
topographic considerations, the value of TIC should be approximately 1. A 
uniform gradient of C was assumed in order to establish the value of Cat each 
proxy location. The relevant data used to derive 100-yr 6-hr values of TIC are 
shown in table 3-3. 

The average value of T/C from the three locations in table 3-3 (1.11) was 
accepted as the proxy value of TIC for the 6-hr duration at DDKY. Since it 
is reasonable that the value of T/C would approach 1.0 as the duration becomes 
increasingly small, these three pairs of TIC and duration (1.0 and 0 hr, 1.11 and 
6 hr and 1.13 and 24 hr) were joined by the smoothly varying curve shown in 
figure 3-5 and extrapolated to provide values of TIC at the other durations given 

in table 3-4. 
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Table 3-4.--Weighted values of T/C for 10 mi 2 at durations iq>ortant for this 
study 

h (h r) 1 6 12 24 4H 72 

T/C 1.04 1.11 1.12 1.13 1.14 1.15 

3.1.3 Evaluating M 

The first step in evaluating M is to define the length of the core event, r, 
for the durations, h, of interest in this study. Definitions of r and h may be 
found in the 1 i st of vari ab 1 es at the front of the report and these terms are 
also discussed at the beyinniny of section 3. Depth-duration relations within 
i mf)ortant storms of record, transposab 1 e to or near DDKY are the start i ny point 
in the evaluation. Depth-duration information from Storm Rainfall for nine of 
the eleven storms transposable to or near DDKY (see fig. 1-1) is available for 
just 6-hr intervals. For one of the remaining storms, ~onaparte, there is hourly 
information out to H hr; and three hourly information is available for the other 
(Grant Township) storm. The large interval between the depth-duration data for 
most of these storms makes it difficult to define properly an hour-by-hour 
relationshif.l for r and h. 

However, hourly data at individual stations within the storm were on hand for 
four storms: Smethport, Counci 1 Grove, Grant Township and Hayward. Examination 
of these data provided insight into the relationship between r and h on the 
hourly timescale. The DDKY was completely enclosed by the transposition limits 
for only the Smethport storm from among the five storms (the four just mentioned, 
plus ~onaparte) for which hourly precipitation information was on hand. The 
eastern transposition limits for the ~onaparte, Grant Township and Hayward storms 
were within 6o mi of the centroid of DDKY, while the limits for the Council Grove 
storm were approximately 175 mi from the DDKY centroid. For this reason, only 
the Smethport, ~onaparte, Grant Township and Hayward storms were considered as 
candidates for examining the r versus h relationship. l)f the four candidate 
storm2, Smethport ~ominates the others in depth of precipitation produced at 
10 rni and 200 rni within its tranSIJOSition limits, which includes DDKY. 
Cumulative hourly rainfall data, normalized with respect to the cumulative amount 
at a given duration, and the averages of these amounts at four locations close 
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Figure 3-5.--0rographic factor T/C as a function of duration at DDKY. 
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Table 3-5.--Normalized cumulative 24-hr precipitation a110unts, in percent, for four stations within the 

S~~ethport, PA stonw of July 11-18, 1942 and averages therefr0111 at durations, h, of 24 hr (1 ine 5), 18 hr 

(line 6), 15 hr (line 7), 12 hr (line 8), 9 hr (line 9), 6 hr (line 10) and 3 hr (line 11) 

r(hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Location 

1. Raymond 42 50 54 55 56 63 85 86 86 91 97 98 99 99 99 99 100 100 
2. Smethport 25 39 43 46 66 66 66 66 67 67 68 77 91 100 100 100 100 100 
3. Carter Camp 37 43 47 49 51 66 82 86 87 90 93 96 98 99 99 100 100 100 
4. Emporium 16 31 43 50 55 56 56 56 57 61 76 77 78 86 99 99 99 99 

N 5. Average (24 hr) 30 41 47 50 57 63 72 74 74 77 84 87 92 96 99 100 100 100 
6. Line 5 as percent of 30 41 47 50 57 63 72 74 74 77 84 87 92 96 99 100 100 100 

its 18-hr va 1 ue 
7. Line 5 as percent of 30 41 47 50 58 64 73 75 75 78 85 88 93 97 100 

its 15-hr va 1 ue 

8. Line 5 as percent of 34 47 54 57 66 72 83 85 85 89 97 100 

its 12-hr value 
9. Line 5 as percent of 41 55 64 68 77 85 97 100 100 

its 9-hr va 1 ue 

10. Line 5 as percent of 48 65 75 79 90 100 

its 6-hr value 

11. Line 5 as percent of 64 87 100 

its 3-hr va 1 ue 
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Fiyure 3.6.--Relation of length of core event, r (ordinate}, to a ~ration of 
equal or greater length, h, for area sizes not larger than 10 mi at OOKY. 
Units of ordinate are expressed as a percent of the yiven h. Values from 
storms at Smethport and Bonaparte are shown bj filled circles and filled 
squares. The data for Hayward are shown by triangles - open for the 4-hr core 
and filled for the 8-hr core. 

(all within 28 mi) to the Smethport storm center are presented in table 3-5. 
Each cumulative hourly amount in table J-5 is expressed as a percentage of the 
cumulative hourly amount at a longer duration. 

It was assumed in this study that the ending of the core event was indicated by 
a slackening in the rate of accumulated precipitation, given that a significantly 
large amount of precipitation had already accumulated in a relatively short 
amount of time. It was judged that the slackening occurred at 7 hr during the 
most intense 24 hr (line 5); and at 7, 6.5, 5, 4.5, 3 and 2 hr during the rnost 
intense 18, 15, 12, 9, 6 and 3 hr, respectively. In line 11, it is unclear where 
the core precipitation ends, however, three of the four stations show a 
significant lessening in rate of precipitation accumulation between 1 and 
2 hr, while there appears to be no core at the fourth station (Emporium). These 
data, where r is expressed as a percentage of h, ·are shown in figure 3-6 as 
fi 11 ed c i rc 1 es. 
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It was recognized that since the four locations referenced in table 3-5 are in 
an orographic setting, the data there contain sorre amounts of precipitation 
coming from topographic interaction with the atmosphere and, therefore, the 
derived relationship between rand h does not describe a purely nonorographic 
relationship as desired. However, examination of the isohyetal analysis for 
total storm duration, U.S. Department of Commerce (undated), indicated that 
relative isohyetal maxima and rmn1ma in the Smethport storm were poorly 
correlated with terrain features such as those mentioned in section 3.1.1.2 in 
this report. It was concluded that the poor level of correlation indicated that 
terrain interaction contributed in only a minor way to the production of the 
recorded amounts of precipitation and, therefore, that the percentages of 
table 3-5 were acceptable for portraying the strictly nonorographic relationships 
desired. 

There is some risk in using average values from those gage records near the 
storm center as indicators of core-like precipitation viz., a strong indication 
at one gage could be submerged by weak or no indication at the other gages. The 
risk should be small, though, since the atmospheric forcing responsible for the 
core event should operate during its lifetime across areas rnuch more encompassing 
than that of a single gage. If, nonetheless, the data sample is clearly 
bifurcated with respect to such forcing at the available gage locations, only 
those in which the forcin9 is apparent would be used to obtain the average value; 
and, sometimes, values from a single gage would oe sufficient. 

Data for three locations near the Hayward storm center are shown in table 3-6, 
which is in the same format as table 3-5, except that the 4H-hr period of roost 
intense precipitation, rather than the most intense 24-hr period, are used si nee 
Hayward was a longer duration storm than Smethport. Tne data for durations 
beyond 12 hr suggest two cores in this storm, one ending at r equal about 4 hr 
and the other ending at r equal about H hr. Data from lines H through 11 
indicate that during the most intense 9, 6 and 3 hr, there is not sufficient 
intensity of precipitation to support a single core. Because of the ambiguity of 
whether to plot the 4- or 8-hr core values at durations of 12, 15, 18, 24 and 
48 hr, both values were fJlotted; the open triangles representing the 4-hr core 
and the filled triangles the 8-hr core. Since the Pr1P storm at DlJKY is 
considered to contain just a single core, such as shown in the data for 
Smethport, the data points for the Hayward storm in figure 3-6 for durations less 
than 4H hr were given relatively small weight when estimating the r versus h 
relationship for DDKY. 

Acceptable ranges for the intensity and absolute level of precipitation 
accumulation during core-like events are still being discussed and formulated by 
hydrometeorologists. When the formulation becomes final, the Hayward storm may 
be excluded from those other storms considered to have cores. The data of 
table 3-6 and plotted values therefrom in figure 3-6 are included so that 
co~ari son may be made with the data from the other storms. 

Data from the Bonaparte storm appear in table 3-7. Although the individual 
station records in the storm area were not available, information in Storm 
Kainfall indicates that data from Bonaparte, Iowa are the basis for the 
depth-duration relations of this storm. The slackening occurs during the most 
intense 12 and 9 hr of this storm for an r equal to 4.5 nr for each of the 
durations. These two r's, converted to percent of h, are shown as filled squares 
in figure 3-6. The ending of the core is not indicated in the data on lines 3 

and 4. 
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Table 3-6.--Nonal ized CUIIlllative 48-hr precipitation amounts for three stations within the Hayward, WI stona of 
August 26-31, 1941 and averages therefr011 at durations, h, of 48 hr (line 4), 24 hr (line 5), 18 hr (line 6), 
15 hr (line 7), 12 hr (line 8), 9 hr (line 9), 6 hr (line 10), and 3 hr (line 11) 

r(hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Location 

1. Couderay 17 18 25 32 32 46 51 61 67 69 69 69 70 70 70 70 70 70 73 73 73 73 73 73 
2. M inona 13 14 23 24 28 29 29 37 37 38 40 50 58 68 74 75 75 75 75 75 75 75 75 75 

3. Spooner 21 26 29 30 30 31 34 39 46 47 47 48 48 48 48 48 48 48 48 48 48 48 48 48 
4. Average (48 hr) 17 19 26 30 30 35 38 46 50 51 52 56 59 62 64 64 64 64 65 65 65 65 65 65 

5. Line 4 as % of 26 29 40 46 46 54 58 71 77 78 80 86 91 95 98 98 98 98 100 100 100 100 100 100 
N 

""" its 24-hr value 

6. Line 4 as % of 27 30 41 47 47 55 59 72 78 80 81 88 92 97 100 100 100 100 

its 18-hr value 

7. Line 4 as % of 27 30 41 47 47 55 59 72 78 80 81 88 92 97 100 

its 15-hr va 1 ue 

8. Line4as%of 30 34 46 54 54 63 68 82 89 91 93 100 

its 12-hr va 1 ue 

9. Line 4 as % of 34 38 52 60 60 70 76 92 100 

its 9-hr value 

10. Line4as%of 49 54 74 86 86 100 

its 6-hr va 1 ue 

11. Line 4 as % of 65 73 100 

its 3-hr va 1 ue 



Table 3-7a--Normalized cuDJJlative 24-hr precipitation annunts for the 
Bonaparte, lA storm of June 9-10, 1905 at durations, h, of 12 h r ( 1 i ne 1) , 9 hr 
(line 2), 6 hr (line.3), and 3 hr (line 4). Values in parentheses are 
interpolated values 

r(hr) 1 2 3 4 t> 6 7 d 9 10 11 12 

Cumulative depth 
as percent of 

1. 12-tlr amount 17 33 49 66 81 8S 90 9~ (97) 99 (99) lUU 
2. 9-hr amount 18 34 51 68 84 88 93 78 lUU 
3. 6-hr amount 20 39 58 78 % lOU 
4. 3-hr amount 35 67 100 

The hourly reports from Sioux City, IA are the only ones available of 
sufficient duration and proximity to the Grant Township storm center. The 
significant precipitation at Sioux City lasted for only 13 consecutive hours. 
These data (not shown) indicated a much shorter core length prevailed at 
durations of 12, 9 and 6 hr (2.5, 2 and 2 hr, respectively) than was the case in 
the other three storms. Sioux City is approximately 38 mi from the Grant 
Township storm center. Since all hourly reports used in the previous three 
storms were within 28 mi of the respective storm centers, it was decided that the 
Sioux City observations, because of their greater distance from the storm center, 
were not representative of conditions near the storm center; therefore, they were 
not included with those from the other storms. 

The smooth curve o{ figure 3-6 represents the r versus h relationship at a 
point or for a 10-mi area for the PMP storm within DDKY. This curve envelops 
the plotted data t·or tt1e three storms selected (excluding the shorter duration 
core at Hayward) in such a way that the length of the core event at ODKY at most 
durations is somewhat shorter than the plotted data indicate. For the durations 
of 12, 15, 18 and 24 hr, the envelopment is in line with the progressively 
shorter r•s between the 8-hr core at Hayward and the dominant Smethport storm. 

The smaller the value of r, the smaller the value of 0 and so too the value of 
M. From equation 3-2, it can be seen that the smaller the value of M, the larger 
the amount of T /C that is retained and, consequently, the larger the value of 
K. The envelopment in figure 3-6 has the conse<.juence of making orographic 
precipitation slightly larger at DDKY ttlan the data from the three selected 
storms indicate. If the data from Sioux City had been used to 
cl1aracteri ze the Grant Township storm, the envelopment could have been greater 
and tile resulting K factor lar~er tttan the one used. 

The curve of figure 3-6 states that the core event for the PMP storm at ODKY is 
up to 2U IJercent shorter at various durations than was the core event near the 
dominant Smethport storm. This level of envelof)ment was considered reasonable. 
If rmre than one dominant storm (for the area size and durations of interest) 
were 1-Jlotted, with each storm given equal weight, then the mean value of the r 
values from these storms would be the reference point for the r versus h 
relationship for the basin of interest. 
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The values for the duration of the core beyond 24 hr in figure 3-6 come from 
the pair of points at 48 hr from the Hayward storm and extrapolation of the data· 
for the first 24 hr, which is why this part of the curve is dashed. It is 
important to remember that the re 1 at i onshi p of figure 3-6 is meant to apply to 
the PMP storm for l.)l)KY and it may or may not apply to any other storm that has 
occurred or could occur there. This study assumes the function depicted in 
figure 3-6 is continuous for all durations. 

The 10-mi 2 depth-duration curve of nonorographi c P~~P for DDKY from figure 2-1 
is shown in figure 3-7. This curve is employed in com~ination with the r versus 
h relationship of figure 3-6 to produce the 10-mi values of M shown in 
table 3-H. For a duration of 12 hr, the value of r on line 1 of table 3-H is 
obtai ned from figure 3-6 by moving perpendicularly upward from the abscissa at 
h = 12 hr unt.il the curve is intersected and then moving horizontally until the 
ordinate is intersected at r equals 37.5 percent, approximately. The value of r 
for 4.5 hr is

2
obtained by multiplying the h for 12 hr by U.37!::i. The 12-hr value 

of M at 10 mi (.78) from table 3-8 is the result of dividing the 4.5-hr depth of 
precipitation in line 2 (2!:>.8 in.) by the 12-hr depth of precipitation iri line 3 
(33.2 in.). The values of 25.8 and 33.2 in. are obtained by finding 4.5 and 
12 hr on the abscissa of figure 3-7, moving vertically upward until the 
smooth curve is intersected and then moving horizontally until the depths Dr 
and Ohare read on the ordinate as 25.8 and 33.2 in., respectively. The same 
procedure is used for all other durations. 

Curves similar to that of fiyure J-7 were not constructed for the centroids of 
the topographic subdi visions si nee they are too close to each other to provide 
distinct readings of Dr and Dh (fig. 3-1). The ratios of Dr/Dh at two locations 
(37°N, 83°W and 39°N, tl3°W) nearby DDKY were within a few percent of Dr/Dh at the 
basin centroid, indicating that similar variability should be expected at the 
centroids of the topographi·c subdivisions. Hence, a weighted value of M for DDKY 
was not calculated as was done for the T/C parameter in table 3-2. 

3.1.4 Temporal and Areal Variability of M 

In ~he same manner that was used to obtain the durational variability of r~ at 
10 mi in table 3-8, data from table 2-1 were fitted with a smoot~ly varyin\:1 
depth-duration curve as shown in figure 3-8 for the 200-mi area size 
centered within DDKY. Data derived from the depth-duration curves of figures 3-7 
and 3-8 are shown in lines 1 and 2 of table 3-9, where M is calculated to the 
nearest hundredth and then multiplied by lOU. The values of M in line 2 are 
based on the assumption tha~ the r versus h relationshipt of figure 3-6, 
developed for a point or 10-mi area size, also apply at 200 mi • If the forcing 
of intense convection were of shorter duration (smaller value of r) at larger 
area sizes, the resulting values of M would also be smaller and vice versa. The 
varying rates of precipitation accumulation at the several individual stations 
seen in tables 3-5 and 3-6 do not provid2 enough direct evidence to state 
unequivocally whether the value of r ~t 200 mi should be greater than, equal to, 
or less than, its values at 10 mi • Discounting the forcing.c provided by 
interaction among i ndi vi dua 1 thunderstorms within a 200-mi area, and 
concentrating solely on forcing at the synoptic- and ·planetary- to meso-scales, 
as proposed by Orlanski (197ti), it is intuitively reasonable that the duration of 
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Figure 3-7.--0epth of nonorographit PMP at 10 mi 2 as a function of duration at 
OOKY. Values shown as filled circles are taken from figure 2-1. 
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Figure 3-8.--As in figure 3-7, but for the area size of 200 mi 2. 

Table 3-8.--Values of M corresponding to a 10-mi 2 precipitation area size and 
selected durations, h 

h {h r} 1 6 12 24 4H 72 

1. r (h r) .75 3 4.5 6 8.5 10.5 
2. Dr (in.) 13.3 22.3 25.8 28.2 • 30.9 32.2 
3. l)h (; n.) 15.1 28.2 33.2 36.5 40.0 41.7 
4. M .H8 .79 • 78 .77 .77 .77 
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Table 3-9.--Values of M at the centroid (37°36 1 N, 82°30 1 W) of DOKY for selected 
durations from values in figures 3-7 and 3-8 

h ( h r) 1 6 12 24 48 72 

1. M ( 10 mi 2 ) 
times lOU 

2 
~8 7<J 78 77 77 77 

2. M ( 200 mi ) 
t i rnes lOU 8<J 80 7<J 76 73 73 

3. line 2 -
line 1 1 1 1 -1 -4 -4 

atmospheric forcing would not be preferential between the lU-~ 2 and 2UU-mi 2 area 
sizes. !he forci~y.sho~ld be of equal dura~ion ~or the·10-m~ 2 sub~nit receiving 
the heav1est prec1p1tat10n, as well as for 1ts mneteen lU-m1 11nelghbors, 11 even 
though the chronological beginning and 2nding of core-like precipitation at the 
western and eastern edges of the 200-mi area, for example, might be different. 
It is on this basis that the stated assumption was made. 

The observed variation of M for either the 10-mi 2 or 2UU-mi 2 area size 
makes sense, if the difficulty of maintaining atmospheric structures capable 
of producing intense, 11Core-like 11 precipitation within a fixed area for a long 
period of time is assumed.

2 
What is somewhat surprising at

2
first glance is the 

variability of r~ at 200 mi versus its variability at 10 mi at 48 hr and 72 hr 
(see line 3, table 3-<J). The size of the difference is rather small in each 
case, so that the differences may have arisen from the way in which data were 
extracted, curves fitted, and values read therefrom. Such comparisons would have 
to be made at a number of other locations before one could verify this 
possibility. Notwithstanding these possibilities, the results in line 3 are 
reasonable if one accepts the point of view that early in

2
a storm•s history th2 

most intense cells are as likely to be fou~d in any 10-mi subunit ff a 200-mi 
area as they are within any other 10-mi subunit of the 200-mi area. In 
contrast, latl~(' storm structures will have evolved at the randomly 11Selected 11 

initial 10-mi subunit fBking it more likely that only a specific contiguous 
minority of the 10-mi subunits around it will receive the most intense 
precipitation (from among all possible minorities), while the int~sity drops off 
for the remainder of such subunits. In other words, the 10-mi subunit which 
early in the storm•s history received ttle heaviest precipitation is likely to be 
the same one which subsequently continues to receive the heaviest 
f.Jrecipitation. Consequently, the i~tensity factor drops ~ff more slowly there 
than at the remaining nineteen 10-mi subunits in a 2~0-mi area and, thus, the 
widening difference in M factors between 2UU and 10 mi at 48 and 72 hr shown in 
table 3-Y. The important point to note here is that if random numerical sampling 
errors are discounted, the charts of storm-centered, area-averaged PMP from HMR 
No. 51 indicate that the fJrototype PMP storm for IJIJKY 1 i kely has the storm 
structures as speculated above, as also did the storms upon which the HMR No. ~1 
analyses are based. 

3.2 Computation of K for OOKY 

Values from table 3-4 and 3-8 are used in equation 3-2 to produce the values of 
K found in table 3-10, to be ap!Jlied at the centroid of IJIJKY. If the same 

calculations are made using 2UU-mi2 values forM (table 3-Y, line 2) and K 
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Table 3-10.--Values of K for precipitation area sizes between 10 mi 2 and 207 mi 2 
for selected durations, h, at DDKY 

h (h r) 1 6 12 24 4H 72 

K 1.01 1.04 1.0!) 1.0!:> 1.06 1.06 

(table 3-10), but this time solving for T/C, it is found that the hypothetical 
200-mi 2 value for T/C will have to change (from its 10-mic value) by less than 
2 percent forK to remain constant for all durations of interest in this study. 
Studies (U.S. Weather Bureau, 1957-1960) based on observations from the NWS 
regular cooperative network of closely spaced recor

2
ding rain gzges indicate that 

values of C decrease by about 7 percent from 10 mi to 200 mi at a duration of 
24 hr, so that T would need to decrease by about 9 percent. A 9-percent decrease 
in T which results in a 2-percent decrease in T/C for UUKY is reasonable. 

4. COMPUTING TOTAL PMP FOR DDKY 

Drainage averaged total PMP for DDKY is calculated from the relationship stated 
in section 1: 

PMP = (FAFP) (K) (1-1) 

wt1ere FAFP is equivalent to the nonorographic drainage-averayed PMP shown in 
table 2-5, and (K) comes from table 3-10. For the durations, h, considered in 
this study the results of the computations may be found in table 4-1 on line 7. 

Table 4-1.--Total PMP and related parameters for UDKY 

1. Nonorographic 
PMP, sea 1 eve 1 
(in.) 

2. Nonoroyraphic 
PMP-barri er 
elevation (in.) 

3. T/C 

4. Length of core 
event (hr.), r 

5. M 

6. K 

7. Total PMP (in.) 
(line 2 x line 6) 

1 

7. 72 

7.49 

1.04 

• 75 

.88 

1.01 

7.56 

Duration (hr) 
6 12 24 

19.21 22.83 25.62 

·1H.63 22.14 24.Ho 

1.11 1.12 1.13 

3.0 4.5 6.0 

.79 .78 .77 

1.04 1.05 1.05 

19.38 23.25 26.09 

30 

4H 72 

29.11 30.61 

2H.23 29.69 

1.14 1.15 

H.5 10.5 

.77 .77 

1.06 1.06 

29.92 31.47 



Values for variables directly related to the computation of total PMP for lJlJKY 
are summarized on the first 6 lines of table 4-1. 

The basin-centered results of line 7, table 4-1 may now be compared wi"l~r the 
earlier formulated storm-centered PMP, but this time for a 11generic 11 207-mi area 
size at the barrier elevation of UDKY. The percentages in table 4-2 are obtained 
by first multiplying the depths of table 2-4, line 1, by the ratio of 
corresponding values in table 2-5 to table 2-4, line 2; then dividing table 4-1, 
line 7, by the product; and finally, multiplying this. result by 100. The 
resulting percentages indicate that for durations less than 24 hr, topographic 
interaction with atmospheric forces producing nonorographic precipitation within 
the DlJKY, as represented by the K factors of table 4-1, line 6, are not 
sufficient to overcome the reduction of storm-centered, nonorographi c PMP brought 
about by optimum fitting of isohyetal patterns to the lJDKY basin shape. At 
durations beyond 24 hr, the effects of topographic interaction are only 1 percent 
larger than the effects of basin shape. Values comparable to those of table 4-2 
at 6, 12, 24 and 48 hr for the Deerfield ~iver Drainage (HYD~O 39} are 110, 114, 
117 and 121 percent, respectively. Whereas the basin shape reduction of 
nonorographic PMP is smaller at Deerfield than at DDKY, it is mainly the 
heightened influence of orographic interaction there that accounts for these 
larger percentages. 

Sheltering at some of the locations of the proxy observations used to derive 
the orographic factor T/C at DDKY, could produce some underestimation of 
the level of interaction between terrain and atmosphere there. However, the 
percentages of table 4-2 are within a range of percentages reasonable for a basin 
as close to a boundary separating areas of none and some orographic nndification 
to nonorographic PMP, as is the DDKY. 

Table 4-2.--Basin-centered total PMP at the centroid of DUKY as a percent of 
storm-centered, nonorographic PMP reduced for barrier elevation 

Duration (hr) 

PMP 
(Percent) 

1 

89 

6 12 

98 99 
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