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Examination of Differences in PMP 
Estimates from NOAA HMRs 

 
OVERVIEW OF PMP ESTIMATES METHODS AND PHILOSOPHY 

 
The National Weather Service and its predecessor, the U.S. Weather Bureau, authored 
extreme precipitation studies between 1940 and 1999. These efforts, published as 
Hydrometeorological Reports (HMRs) and Technical Papers (TMs), have generally 
focused on the quantification of Probable Maximum Precipitation (PMP) estimates 
across the United States. HMR 55A, published in June 1988, defined PMP as 
“Theoretically the greatest depth of precipitation for a given duration that is 
physically possible over a given size storm area at a particular geographic location at 
a certain time of the year”. 
 
With estimated return periods of greater than 10,000 years for PMP depths, it is 
obviously highly unlikely for a “true” PMP event to have been observed over the past 
100 years or so. Therefore, the steps taken in the development of PMP estimates 
require consideration of conservatism when applying best available scientific and 
statistical methods of analysis of extreme storm events. In recent years, consideration 
of uncertainty and conservatism has been incorporated in the following steps of the 
deterministic PMP process, as described and outlined in multiple HMRs and TMs: 

 Storm Transposition Limits: HMR 55A defines storm transposition as the 
“transfer of total storm rainfall amounts from the location where they occurred 
to other areas where they could occur”. This step is necessary to ensure that a 
sufficient number of extreme storm events are considered for the region of a 
particular study and is applied both horizontally (by storm type and 
climatology) and vertically (especially relevant in regions of significant 
elevation variation). 

 Storm Maximization Factors: Due to challenges in the quantification of storm 
efficiency, an assumption of PMP development is that every extreme event had 
reached peak efficiency with regard to storm intensity and the only limiting 
factor was the presence of additional moisture. For regions in the vicinity or 
near a PMP controlling storm, this step is often the most critical in applying the 
final level of conservatism. Most HMRs have placed a ceiling of 1.50 on the 
moisture maximization factor. HMR 55A is among those that raised this value to 
1.70 due to a limited number of storms documented within orographic regions 
of the study.  

 Storm Representative Dew Point Temperature: The calculation of the moisture 
maximization factor is a ratio of the precipitable water corresponding to the 
climatological maximum dew point temperature (numerator) and storm 



CO-NM Regional Extreme Precipitation Study 

Volume I - Appendix G    November 2018  Page 2 of 13

representative dew point temperature (denominator). The latter is determined 
through an analysis of the weather charts and applicable gauge data observed 
during and preceding the extreme storm. In order to increase confidence in 
having a conservative number, the authors of the HMRs mostly relied upon the 
use of 12-hour persisting dew point temperatures. The WMO Manual on the 
Estimation of PMP reference the use of “average” dew point temperature as 
well as durations other than 12 hours. 

 Depth-Area-Duration (DAD) Table – Storm Analysis: In the development of 
generalized PMP estimates in the HMRs, precipitation totals from the DAD 
tables of selected storms were maximized and then transposed to pre-
identified grid points or regions. Therefore, any analysis that changes the 
depths would have the effect of increasing or decreasing the final PMP 
estimates. 

 Depth-Area and Depth-Duration Envelopment: A final step taken in the PMP 
process, as outlined in the HMRs and the WMO Manual, is the envelopment both 
spatially (Depth-Area plot) and temporally (Depth-Duration plot). The 
assumption behind this final round of conservatism is an acknowledgement that 
our storm sample of roughly 100 years of data is simply insufficient to truly 
quantify PMP estimates with return intervals of 10,000 to 10 million years. This 
step can be easily accomplished through the application of an envelope line on 
the plot of the maximized and transposed D-A and D-D plots and enables a 
maintenance of continuity in the PMP results. 

1. USE OF CONSERVATISM TO ADDRESS UNCERTAINTY IN 

PMP ESTIMATION 
While there have been many discussions about the uncertainty of PMP estimates, 
there are limited examples where an attempt at quantifying the uncertainty has been 
undertaken. Especially pertinent to the CO-NM study, the authors of HMR 55A 
admitted “that not much is understood about how terrain feedback does or does not 
determine the way in which a storm develops or evolves.” The authors of the HMR’s 
addressed uncertainty through the use of conservative assumptions in the various 
steps of the methods. The preface of HMR 55A concludes with the following 
statement: “While it is recognized there are some who consider these results to be 
overly conservative or highly controversial, the authors believe they have provided 
the best response to the definition of PMP available for this region at this time.” In 
2015, the Journal of Hydrology published the article “Uncertainty analysis for 
Probable Maximum Precipitation estimates” by Zoran Micovic, Melvin Schaefer, and 
George Taylor. This work described several areas within the PMP process whereby 
uncertainty existed and provided an example to use as the framework to establish 
upper and lower bounds to the final estimates. The PMP variables discussed in 
greatest detail through the demonstration of a site-specific PMP example by the 
authors include: 

1. In-Place moisture maximization 
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2. Surface dew points 
3. Storm horizontal transposition 
4. Storm center location 
5. Storm efficiency 

 
The issues of uncertainty for the first three of these points are relevant to the 
Colorado-New Mexico Regional Extreme Precipitation Study (CO-NM REPS), while the 
remainder are not. The selection of storm center location is immaterial to the results 
of the CO-NM REPS as the resulting PMP estimates are produced in a gridded format 
along with a tool that selects the greatest PMP depths within a given watershed (as 
determined through the application of an ArcGIS Tool and user defined basin 
shapefile). While the Micovic paper astutely details inadequacies of quantifying storm 
efficiency of extreme events, the assumption of 100 percent storm efficiency in the 
CO-NM REPS is consistent with accepted methods in previously published HMRs and 
TMs. 
 
The following is a detailed discussion of the differences between the CO-NM REPS 
study deterministic PMP methods and HMR deterministic methods and provide some 
guidelines by which end users can attempt to quantify these reasons for any 
difference in the PMP estimates. It is then left to the end user to determine the level 
of conservatism that they feel most appropriate for their respective project.  

2. DISCUSSION 1 – STORM TRANSPOSITION LIMITS 
Storm transposition decisions for the CO-NM REPS were focused on the movement of 
storms to within one or more “zones”. These zones were developed based upon an 
analysis of climatological data and scientific judgment. In addition, changes in 
elevation were also heavily considered in the process. Of the critical PMP controlling 
storms from HMR 55A, the June 1964 Gibson Dam event was studied and considered 
but ultimately not included in the CO-NM REPS final results. Obviously this exclusion 
has the potential to produce lowered PMP estimates from those found in HMR 55A, 
particularly across northern Colorado, and a more detailed discussion of these 
ramifications is continued below. 

2.1. Gibson Dam Storm Analysis 
In Hydrometeorological Report 55A (HMR 55A), the Gibson Dam Storm of June 7-8, 
1964 was transposed to eastern Colorado down to 37N, 10 latitude south of Gibson 
Dam. In Hydrometeorological Report 57 (HMR 57) covering the Pacific Northwest, 
storm transposition was limited to 5 latitude. The rationale given was that the 
Coriolis parameter changes by more than 10 percent for larger transpositions and this 
change would make the storm unrepresentative of locations beyond that limit. In the 
Wyoming PMP study, the Gibson Dam storm was transposed only into northern 
Wyoming. The purpose of this analysis was to address the question of whether there 
are meteorological reasons why the Gibson Dam storm should be excluded from 
transposition into Colorado. A full discussion of this analysis is included in Volume 7 
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(Topics for Future Research) of the Final Report. An examination of the key 
meteorological fields associated with the Gibson Dam storm was undertaken, with a 
particular focus on two key components associated with extreme rainfall: upward 
vertical motion and moisture availability. The analysis leads to the following 
conclusions: 

1. Dynamically-forced upward vertical motion of the magnitude of the Gibson 
Dam storm can occur during late May-early June along the front range of the 
Rocky Mountains down to eastern Colorado. The change in the Coriolis 
parameter does not appear to limit this primary component (see point 4). This 
is based on reanalysis products that have been developed since the mid-1990s; 
these incorporate the necessary atmospheric dynamics to reflect possible 
influences of Coriolis parameter changes. 

2. The source of water vapor was almost entirely from the central part of North 
America, and by extension the Gulf of Mexico. There was no major contribution 
from the Pacific Ocean. Thus, water vapor advection of a similar magnitude 
can occur in eastern Colorado. 

3. Topographically-forced vertical motion from orthogonal winds impinging on the 
mountain barrier can occur in eastern Colorado. The question that could not be 
answered in this analysis, because of limited time, is whether the reduced 
Coriolis parameter, or other factors, would reduce the strength of winds in 
eastern Colorado relative to northern Montana (see point 4) and whether there 
is some fundamental reason that orthogonal winds would not occur under such 
situations. 

4. The Coriolis parameter argument that was used in HMR 57 to limit north-south 
transposition of storms is simplistic and should be viewed as questionable in the 
context of a modern understanding of large-scale pressure-wind coupling of the 
atmosphere in general, and especially in the case of extreme rainfall events. 
While it is true that this parameter determines the balance among wind speed, 
the pressure gradient force and the Coriolis force in an equilibrium situation, 
its application in transposition appears to assume the fiction of a fixed, 
uncoupled pressure gradient to which the wind speed adjusts rather than the 
reality of mutual adjustment among pressure and wind; furthermore, the 
atmospheric conditions under which extreme precipitation occurs additionally 
reflect highly unbalanced flow conditions. For mountain events, this will 
include large scale synoptic forcing (which is probably reflected well in 
reanalysis for the latter half of the 20th Century and the 21st Century) but also 
mesoscale convective processes and topographic forcing. These latter two are 
not directly affected by the Coriolis parameter. This is a topic for future 
research. 

The major recommendations of this analysis are as follows: 
1. A complete analysis of this event was beyond the scope of this effort. The 

evidence for transposition was not sufficiently conclusive to decide definitively 
that the previous decision to exclude the Gibson Dam storm should be 
reversed.  
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2. These preliminary findings do not support a definitive exclusion of the Gibson 
Dam storm from transposition to eastern Colorado in future studies. Further 
analysis of this event should be included in the list of future research efforts. 

3. Because a definitive assessment could not made, it is recommended that the 
project sponsors be made aware of the impact of the exclusion of the Gibson 
Dam storm from the analysis. This could be from sensitivity studies of the 
change in PMP values if it were included, or from application of a liberal 
envelopment process for area sizes and durations where the existing 
determining storm produces values are much less than the Gibson Dam storm. 

3. DISCUSSION 2 – STORM MAXIMIZATION FACTORS 
As identified in the Micovic paper, the selection of moisture maximization factors 
plays a significant impact on the overall PMP estimates. This is also one of the easier 
methods with which to compare the works of HMR 55A and the CO-NM REPS. Located 
within each report are tables and/or appendices that provide the analysis of the 
respective author(s). Examples of changes (Table 1) to the In-Place Maximization 
factors of major storms of record from HMR 55A indicate reductions to all but one 
(1941 storm at Prairieview**). While most of the reductions were between 10 percent 
and 20 percent, some were greater than 25 percent (1935 storms at Cherry Creek, 
Hale, and Las Cruces and the 1976 Big Thompson Flood). 
 
Table 1: Comparison of IPMF between HMR 55A and CO-NM REPS PMP Short List 
Storm HMR 55A 

IPMF 
CO-NM REPS 
IPMF 

Reduction 

1894 – Ward District, CO 1.70 1.50 11.8% 
1915 – Tajique, NM 1.70 1.50 11.8% 
1921 – Penrose, CO 1.51 1.35 10.6% 
1922 – Virsylvia, NM 1.70 1.50 11.8% 
1923 – Savageton, WY 1.26 1.18 6.3% 
1935 – Cherry Creek, CO 1.50 1.09 27.3% 
1935 – Hale, CO 1.50 1.08 28.0% 
1935 – Las Cruces, NM 1.48 1.10 25.7% 
1936 – Broome, TX 1.17 1.09 6.8% 
1938 – Loveland, CO (Smith Ranch?) 1.34 1.32 1.5% 
1938 – Masonville, CO 1.50 1.36 9.3% 
1941 – Prairieview, NM 1.32 1.48 +12.1% ** 
1941 – McColleum Ranch, NM 1.51 1.25 17.2% 
1948 – Golden, CO 1.50 1.37 8.7% 
1954 – Vic Pierce, TX 1.30 1.16 10.8% 
1965 – Plum Creek, CO 1.28 1.21 5.5% 
1969 – Big Elk Meadow, CO 1.70 1.50 11.8% 
1976 – Big Thompson, CO 1.48 1.09 26.4% 
1978 – White Sands, NM 1.70 1.37 19.4% 
1978 – Medina, TX 1.17 1.05 10.3% 
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The selection of 1.50 (as opposed to 1.70) as a cap to the IPM in the CO-NM REPS has 
the potential alone to reduce PMP estimates by roughly 12 percent. As these storms 
listed (in addition to others within the report) are key storms of the study, dam safety 
regulators are recommended to compare IPMs for PMP controlling storms within their 
watersheds of interest. This would provide an opportunity to better identify improved 
sources of data and application of best available science to reduce uncertainty and 
increase confidence in PMP estimates for their specific project. The primary reason 
cited in HMR 55A for relaxing the 1.50 limit to 1.70 is due to a lack of storms located 
in orographic regions within the study. The higher limit on IPMP accounted for the 
uncertainty that larger storms may have occurred or could occur.  

4. DISCUSSION 3 – STORM REPRESENTATIVE DEW POINTS 
The CO-NM REPS study utilized “average” dew point temperatures (as opposed to the 
“12-hour persisting” dew point temperature used in HMR 55A) for the development of 
maximization factors (both in-place and horizontal). The impact of this change is 
mostly offset through the use of corresponding climatological analysis (i.e., maximum 
dew point temperatures). Nonetheless, the subjective selection of the storm 
representative dew point temperature still has a direct effect on the final In-Place 
Maximization factor. 
 
This impact can be generally represented (Table 2) through an analysis of selected 
dew point temperatures. The data used was acquired from Technical Paper 14, which 
correlates surface dew point temperatures to precipitable water (PW) depths in the 
lower atmosphere. The PW values were taken at 30,000 feet with the formulas for In-
Place Maximization (in this case for option 1) simply: 
 

IPMFoption1 = PWmax/PWoption1 

 
Table 2: Examples of Influence on IPMF from Dew Point Selection 
Tdmax PWmax Tdoption1 PWoption1 IPMFoption1 Tdoption2 PWoption2 IPMFoption2 Change 
80 3.60 77 3.14 1.15 76 2.99 1.20 +5% 
75 2.85 72 2.47 1.15 71 2.36 1.21 +6% 
70 2.25 67 1.95 1.15 66 1.86 1.21 +6% 

 
As identified in previous studies, a difference of 1 degree (Fahrenheit) in the 
selection of the storm representative dew point temperature has a 5 percent-6 
percent effect on the final In-Place Maximization factor (and, thus, PMP estimates). 
Several of the key storms on the PMP short list for the CO-NM REPS were evaluated by 
the Project Review Board (PRB) as part of the QC process. 
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5. DISCUSSION 4 – DEPTH AREA DURATION TABLE 
ANALYSIS 

Storm analysis of the extreme events used to develop the PMP estimates in the CO-NM 
REPS were done utilizing the software SPAS by Applied Weather Associates (AWA). 
These precipitation depths were also incorporated into Task #2 of the CO-NM REPS by 
MetStat as part of the study portion related to the development of precipitation 
frequency and recurrence interval assessment. The software has been vetted by a 
rigorous Nuclear Regulatory Commission process and determined to adhere to 
acceptable standards of the WMO Manual for DAD analysis of storm precipitation. 
However, there remain user defined options to the input of data into SPAS that 
impact results when compared to HMR 55 A. 
 
There are multiple instances of where the DAD values differ in the CO-NM REPS from 
those used to develop PMP estimates in HMR 55A. This is most likely due to 
delineation of storm events into separate storms (or “zones”), removal of certain 
gauges from the observational record, use of a “base map” instead of a traditional 
interpolation method, or a combination of these factors. For certain locations PMP 
controlling storm DAD values have been reduced significantly. DADs derived for the CO 
NM REPS study have also resulted in increases in values compared to HMR analyses. 
Dam safety regulators may consider these changes to be a reduction in the previous 
level of conservatism and may choose to consider an appropriate level of adjustment 
to the results. 
 
As mentioned previously, many of the storms analyzed by AWA for the CO-NM REPS 
showed little change or (in several cases) increases to the precipitation depths from 
the analysis done by NOAA as part of the HMR 55A report. However, key reductions in 
DAD values were computed for at least 3 key storms that were critical in the HMR 55A 
final PMP estimates. 
 
The May 1935 storm in eastern Colorado produced rainfall totals up to 24 inches in a 
6-hour period and resulted in “flash flooding in the Cherry, Kiowa, and Bijou Creek 
basins just east of the foothills of the Rocky Mountains in Colorado”. This storm had 
multiple rainfall centers with the authors of HMR 55A calculating DAD tables for 
centers at Cherry Creek and Hale. Comparing their analysis with those of AWA showed 
the latter to have reductions of 20 percent-30 percent for the 6-hour duration up to 
500 mi2 area size for the Cherry Creek storm center and 20 percent-38 percent 
reductions for larger area sizes and longer durations. The AWA analysis, conversely, 
had a significantly increase in precipitation depths at the 6-hour duration (28 percent-
82 percent) for 100-1000 mi2 for the Hale storm center (Table 3). 
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Table 3: DAD Comparison between HMR 55A and CO-NM REPS (1935 Cherry Creek-
Hale) 

 
 
Much larger reductions were noticed for the June 1965 Plum Creek and May 1969 Big 
Elk Meadow storms. Precipitation depths for the former decreased roughly 25 
percent-85 percent (with the greatest reductions at longer durations and larger area 
sizes). Large reductions of precipitation depths (20 percent-33 percent) were also 
identified with regard to the latter. In this case, however, the greatest decreases 
were found to occur at durations of 24 hours or less and area sizes of 1000 mi2 or 
smaller (Table 4). 
 

6 12 18 24 6 12 18 24

10 20.6 22.2 22.2 22.2 10 16.5 22.2 22.2 22.2

100 13.7 15.4 15.4 15.4 100 11.0 15.4 15.4 15.4

200 11.2 12.6 12.6 12.6 200 9.9 12.6 12.6 12.6

500 7.8 9.3 9.3 9.3 1000 4.6 7.2 7.2 7.2

1000 5.8 7.2 7.2 7.2 5000 1.9 3.5 3.8 4.0

2000 4.1 5.3 5.5 5.5

5000 2.4 3.5 3.8 4.0

6 12 18 24 6 12 18 24

10 16.3 21.2 21.2 10 17.6 17.6 17.6

100 10.6 14.8 15.0 100 14.9 14.9 14.9

200 7.9 12.4 12.5 200 12.7 12.7 12.7

500 6.2 9.5 9.5 1000 8.4 8.4 8.4

1000 4.8 5.7 5.7 5000

2000

5000 2.1 2.5 2.5

6 12 18 24 6 12 18 24

10 ‐20.9 ‐4.5 ‐4.5 10 6.7 ‐20.7 ‐20.7

100 ‐22.6 ‐3.9 ‐2.6 100 35.5 ‐3.2 ‐3.2

200 ‐29.5 ‐1.6 ‐0.8 200 28.3 0.8 0.8

500 ‐20.5 2.2 2.2 1000 82.6 16.7 16.7

1000 ‐17.2 ‐20.8 ‐20.8 5000

2000

5000 ‐12.5 ‐28.6 ‐37.5

AWA (Percentage Change) AWA (Percentage Change)

May 1935 ‐ Cherry Creek, CO May 1935 ‐ Hale, CO

AWA SPAS Analysis AWA SPAS Analysis
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Table 4: DAD Comparison between HMR 55A and CO-NM REPS (1965 Plum Creek-1969 
Big Elk Meadow) 

 
 

6. DISCUSSION 5 – STORM ENVELOPMENT 
The three principle steps to PMP estimation (as outlined in Section 1.4.3.1.1 of the 
WMO Manual on the Estimation of PMP) are (1) moisture maximization, (2) storm 
transposition, and (3) envelopment. . The intent of the PMP envelopment step (Figure 
1) is to account for our limited record of extreme storm events (generally 100 years or 
so) that are being used to quantify precipitation depths that have a recurrence 
interval of 10,000 years to 10 million years. In other words, the envelopment step 
enables scientists and engineers to “fill in the blanks” of the historical record and 
provide an additional factor of conservatism in the assumptions that are made in PMP 
development. 
 
While the ArcGIS PMP Tool that has been developed by AWA for the CO-NM REPS is 
well designed and user friendly, it fails to fully incorporate the storm envelopment as 
described in the WMO Manual. The potential impact of not using the envelopment 
process can be visualized through the plotting of depth-area curves for specific 
locations (Figure 2). In the example illustrated below, a point (Figure 3) was selected 
from Zone 3 (at grid coordinates of 39.025° N 104.350° W) of the CO-NM REPS for the 
maximization and transposition of all storms for that location. While this can be done 
for Local, General, and Tropical Storm, only the former is shown here with the Cherry 
Creek watershed to the southeast of Denver highlighted for reference. 

6 12 18 24 36 48 60 72 6 12 18 24 36 48 60 72

10 11.5 12.5 12.6 13.2 14.6 15.4 16.2 16.7 10 4.0 7.2 9.6 11.8 14.0 15.1 16.9 17.8

100 7.7 8.5 8.7 12.4 13.6 14.4 15.1 15.6 100 3.0 5.4 7.1 8.6 10.7 11.8 12.9 14.0

200 6.9 7.8 8.0 11.9 13.0 13.8 14.5 14.8 200 2.7 4.8 6.3 7.8 9.7 10.7 11.7 12.8

1000 5.0 5.6 5.7 9.5 10.6 11.2 11.8 12.3 500 2.2 4.0 5.3 6.5 8.3 9.2 10.2 11.2

5000 2.8 3.4 4.0 6.0 7.0 7.1 7.6 8.0 1000 1.9 3.4 4.6 5.5 7.2 8.1 9.0 10.0

10000 2.0 2.5 3.0 3.9 4.8 5.2 5.8 6.1 2000 1.5 2.9 3.8 4.6 6.0 7.0 7.8 8.7

20000 1.4 1.7 2.1 2.4 3.1 3.5 4.2 4.4 5000 1.1 2.1 2.7 3.4 4.6 5.5 6.1 6.9

6 12 18 24 36 48 60 72 6 12 18 24 36 48 60 72

10 9.8 10.7 11.3 11.8 12.1 10 3.0 5.1 9.1 13.8 16.6

100 6.5 6.5 6.9 8.3 8.6 100 2.1 3.6 6.4 9.5 11.5

200 5.0 5.3 5.9 7.1 7.2 200 1.9 3.3 6.2 9.3 11.2

1000 2.6 3.0 3.0 3.0 4.0 500 1.7 2.9 5.4 7.9 9.5

5000 0.9 1.0 1.0 1.0 2.0 1000 1.5 2.7 4.8 7.1 9.4

10000 0.5 0.5 0.6 0.8 0.9 2000

20000 5000 1.0 1.9 3.2 4.7 6.4

6 12 18 24 36 48 60 72 6 12 18 24 36 48 60 72

10 ‐14.8 ‐14.4 ‐14.4 ‐23.4 ‐27.5 10 ‐25.0 ‐29.2 ‐22.9 ‐8.6 ‐6.7

100 ‐15.6 ‐23.5 ‐44.4 ‐42.4 ‐44.9 100 ‐30.0 ‐33.3 ‐25.6 ‐19.5 ‐17.9

200 ‐27.5 ‐32.1 ‐50.4 ‐48.6 ‐51.4 200 ‐29.6 ‐31.3 ‐20.5 ‐13.1 ‐12.5

1000 ‐48.0 ‐46.4 ‐68.4 ‐73.2 ‐67.5 500 ‐22.7 ‐27.5 ‐16.9 ‐14.1 ‐15.2

5000 ‐67.9 ‐70.6 ‐83.3 ‐85.9 ‐75.0 1000 ‐21.1 ‐20.6 ‐12.7 ‐12.3 ‐6.0

10000 ‐75.0 ‐80.0 ‐84.6 ‐84.6 ‐85.2 2000

20000 5000 ‐9.1 ‐9.5 ‐5.9 ‐14.5 ‐7.2

AWA SPAS Analysis (Percentage Change) AWA SPAS Analysis (Percentage Change)

June 1965 ‐ Plum Creek, CO May 1969 ‐ Big Elk Meadow, CO

AWA SPAS Analysis AWA SPAS Analysis
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For this scenario, the lack of envelopment (identified by the dash red line) results in 
artificially lowered PMP estimates for watersheds between 10 mi2 and 1000 mi2. The 
impact appears to be greatest near 100 mi2, where the CO-NM REPS PMP estimate is 
17.3 inches and the enveloped PMP estimate is 21.6 inches or a 20 percent reduction 
by eliminating the envelopment procedure. 
 

 
Figure 1: Examples from the WMO Manual of Estimation of PMP of Envelopment 
 
 

 
Figure 2: D-A Curves from CO-NM REPS (with envelope curve in red dash added)  
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The separation of each storm as being only Local, General, or Tropical further adds to 
the impact of non-envelopment. In HMR 55A, only a few storms were classified as 
being “Local”. In HMR 55A the June 1921 Penrose, May 1935 Cherry Creek, and June 
1965 Plum Creek (from this present example) were classified as “General” and 
included in the envelopment of all pertinent storms. By including a larger pool of 
storms prior to envelopment, the conservatism would be increased further and take 
into consideration for the potential of 12-24 hour Mesoscale Convective Systems 
(MCSs) to impact the same location on consecutive days. This is a plausible weather 
phenomenon, especially in the High Plains of eastern Colorado, when frontal 
boundaries become stalled during the late spring and summer months. 
 

   

Figure 3: Location of Grid Point 3 in relation to Denver and Cherry Creek Dam 
Watershed 

7. SUMMARY/RECOMMENDATION 
This paper is intended to identify areas within the CO-NM REPS deterministic PMP 
development where levels of conservatism and uncertainty may be reduced (relative 
to HMR 55A). These efforts serve to inform users of the CO-NM REPS tools and further 
explain differences in the results as compared to HMRs. Recognizing that the degree 
of risk tolerance varies among stakeholders and watersheds, it is left to the end user 
to assume responsibility. A summary table (Table 5) with some of the factors 
discussed in this paper can serve as a general guide. 
 



CO-NM Regional Extreme Precipitation Study 

Volume I - Appendix G    November 2018  Page 12 of 13 

Table 5: Overview of Impact on PMP Estimates Due to Removal of Various 
Conservative Factors 

PMP Conservative 
Factor 

Changes  Notes 

Transposition Limits  Significant  Reference Gibson Dam analysis for regional impact 

Maximization Factors  Significant  Reductions of up to 28 percent for key PMP storms 

Dew Point Analysis  Moderate  Reductions of 5 percent‐10 percent possible in key 
PMP storms 

DAD Table Differences  Significant  Reductions of greater than 25 percent in selected 
PMP storms 

Envelopment Process  Moderate  Reductions of up to 20 percent for select area 
sizes/regions 

 
The CO-NM REPS was designed as and ensemble of multiple tasks with three separate 
consultants working on the study of extreme storms in the region. The deterministic 
PMP portion (Task #1) should not be considered in a vacuum. Indeed, it is 
recommended that those who use the PMP estimates also correlate the values with 
the recurrence intervals provided as part of Task #2. These should be noted in any 
updates to existing PMP estimates and will serve to better educate decision makers on 
the levels of risk taken when applying the PMP estimates for spillway design. 
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