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CO-NM Regional Extreme Precipitation Study 

OVERVIEW: This document consists of topics for future research outside of the scope 

and timeframe of the Colorado-New Mexico Regional Extreme Precipitation Study (CO-

NM REPS). CO-NM REPS participants believe the topics for future research can help 

advance the science and application of regional extreme precipitation.  

1. Dynamic Modeling and Climate Change
Dynamic Modeling and Climate Change 
Description Explore hour dynamical modeling may be able to address 

climate change in the future 
Value Added Ability to adjust PMP estimates in a non-stationary climate 
What entity 
might address 
this 
Source of 
recommendation 

Introduced during Workshop #1 during Kelly Mahoney’s 
presentation 

Comments 

2. Stochastic Storm Transposition
Stochastic storm transposition 
Description 
Value Added 
What entity 
might address 
this 
Source of 
recommendation 

REPS PRB (Workshop #2 comment / report) 

Comments 

3. Incorporation of Non-Systematic Data
Methods to incorporate non-systematic data into rain gauge station data 
Description Developing methods to incorporate “bucket surveys” into 

regional precip frequency analysis 
Value Added Current methods seem to discount some of the extreme totals 

since they are not tied to a long-term gage network.  This could 
be inadvertently suppressing the rainfall depths on the tail (or 
high end). 

What entity 
might address 
this 
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Source of 
recommendation 

REPS PRB (Workshop #2 comment / report), MetStat 

Comments Mel: The problem with incorporating non-systematic data is that 
it is non-representative of a systematic collection from a 
network of gauges.  

4. Sensitivity Analysis of Storm Typing 
Sensitivity analysis of storm typing 
Description Sensitivity analysis of storm typing. What would happen if a 

second generation on typing was used? Use CFSR v2 (2011-
present) at 0.5 degrees to examine influence? 

Value Added  
What entity 
might address 
this 

 

Source of 
recommendation 

RFI 3-2-1 from Joe Kanney 

Comments  

5. HRRR Patterns of Mean Annual Maxima 
HRRR patterns of mean annual maxima 
Description HRRR patterns of mean annual maxima and 99th percentile 

might have utility as regionalization basemaps of rainfall 
frequency climatology 

Value Added Estimation of rainfall frequency L-moments or distribution 
parameters require surrogate variables such as PRISM mean 
annual precipitation, elevation, region 

What entity 
might address 
this 

 

Source of 
recommendation 

Another potential for in affect gridding maxima climatology as 
from the HRRR is that analysts might then have a seamless 
"property" of an area for which regionalization of flood peaks 
(not just precipitation) could benefit. 

Comments  

6. Standardization of Orographic Transposition Methods 
Standardization of orographic transposition methods 
Description  
Value Added  
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What entity 
might address 
this 

 

Source of 
recommendation 

Workshop #4 & #5 PRB Report (potentially from Kevin 
Griebenow) 

Comments  

7. Analysis of Synoptic Storm Patterns 
Analysis of synoptic storm patterns 
Description Detailed analysis of synoptic storm patterns to better quantify 

transposition limits for extreme storms 
Value Added  
What entity 
might address 
this 

 

Source of 
recommendation 

Workshop #4 & #5 PRB Report 

Comments  

8. Dimensionless GTF in Transposition of Storms 
Dimensionless GTF in Transposition of Storms 
Description Investigate use of dGTF (dimensionless GTF) in aiding the 

decision to transposition storms 
Value Added Value added is the potential to use the underlying precipitation 

frequency regionalization to semi-quantify transposition limits. 
An attempt to add rigor to the question of transposition is 
needed. One idea of the dGTF is that if the distributional 
curvature between two locations is "different," then the 
mechanisms yielding growth of the precipitation depth with 
decreasing annual exceedance probability suggests differing 
climatological mechanisms influences large storms. 

What entity 
might address 
this 

 

Source of 
recommendation 

Workshop #5 PRB Report; this originated with William Asquith's 
work on dGTF. 

Comments  



CO-NM Regional Extreme Precipitation Study 

Volume VII    November 2018     Page 4 of 8 

9. Development of Guidelines for Quantification of PMP 
Uncertainty 

Development of Guidelines for Quantification of PMP Uncertainty 
Description This effort would recognize the inherent uncertainty in PMP 

estimation and develop an upper and lower bounding of PMP 
depths 

Value Added The quantification of an upper and lower bound of PMP depths 
would provide dam safety engineers with a capability to better 
define risk parameters 

What entity 
might address 
this 

FEMA, in conjunction with other federal and state agencies, 
possibly led by the Federal Extreme Storms Working Group 

Source of 
recommendation 

Chuck McWilliams - CO-NM REPS Chair 

Comments The PRB presented some initial thought and recommendations 
that could be built upon with previous work from Mel Schaefer 
and others to create such a boundary of uncertainty with regard 
to PMP estimates. 

10. Enhancing the Climate Scientific Basis for 
Determining Transposition Limits 

Enhancing the Climate Scientific Basis for Determining Transposition Limits 
Description Enhancing the climate scientific basis for determining 

transposition limits, using an objective systematic approach 
Value Added  
What entity 
might address 
this 

 

Source of 
recommendation 

Ken Kunkel, Workshop #6 

Comments  
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11. Use Existing Model Data to Support Specific 
Requests for Model-generated Products by Task 1- and 
Task 2-type Approaches 

Estimating Precipitation Using Dynamic Model and Data – Teir I 
Description Future studies could consider adding a dynamical modeling 

component in which the types of model data analysis and 
sharing that have occurred for CO-NM REPS would be part of the 
study from its inception (e.g., providing basemaps, storm 
patterns, case studies, etc.). To assess how a generic 
dynamical-modeling-type of effort might be improved for future 
studies, Task 1 and Task 2 provided input regarding what types 
of model capabilities, tools, or products that would have been 
useful to have had for CO-NM REPS.  

Value Added  
What entity 
might address 
this 

 

Source of 
recommendation 

John Onderdonk, Workshop #6; Kelly Mahoney 

Comments  

12. Hybrid Approach Using Existing Model Data in 
Combination with Longer-term Observations to Maximize 
Space-for-Time Relationships 

Estimating Precipitation Using Dynamic Model and Data – Teir II 
Description  
Value Added  
What entity 
might address 
this 

 

Source of 
recommendation 

Kelly Mahoney 

Comments The main strength of the HRRR dataset within the CO-NM REPS 
framework was the fine temporal and spatial resolution of the 
precipitation forecasts, despite the short period of “record”. 
The limited (5-year) period of record means that the far tail of 
the precipitation probability density function (PDF; i.e., very 
rare events) is less robust. However, it is hypothesized that 5 
years is sufficient to define the PDF for more frequent events. 
Thus, we can derive a reasonable PDF at each model gridpoint 
(at least for precipitation thresholds that are relatively 



CO-NM Regional Extreme Precipitation Study 

Volume VII    November 2018     Page 6 of 8 

common). For points where there exist high-quality, long-term 
rain gauge observations, a PDF can be derived which better 
represents less frequent events. By parameterizing both model 
and observed PDFs, regression relationships can be calculated 
between the parameters of observed PDFs (generally for a single 
accumulation interval, e.g., 24 hours), and those of model PDFs. 
These relationships can then be applied elsewhere in the model 
grid, effectively extending the model PDFs out to very rare 
events, and enabling calculation of extreme precipitation 
recurrence intervals on the entire model grid. Similar methods 
could be used to calculate long-term area or basin-average 
PDFs, by applying observation-based corrections to model 
forecast area- and basin-average PDFs. 

13. Generation of a Longer-term, High-resolution 
Dynamical Model Dataset in Combination with Advanced 
Statistical Post-processing 

Estimating Precipitation Using Dynamic Model and Data – Teir III 
Description  
Value Added  
What entity 
might address 
this 

 

Source of 
recommendation 

Kelly Mahoney 

Comments There is mounting desire across many user groups and sectors of 
the meteorological community for long-term, high-resolution 
reanalysis/reforecast data (e.g., Hamill et al. 2013). CO-NM 
REPS Task 3 work has highlighted the utility of model data at 
high space and time resolution for the applications of dam 
safety and flood risk management, but can only prototype 
potential capabilities given the short 5-year period of record. 
While deterministic, high-resolution model data and analysis are 
highly valued for skillful intensity estimates that are continuous 
in space and time, there has also been a notable recognition 
among some key Federal agencies of the weaknesses of a single-
value, deterministic extreme precipitation estimation approach 
(i.e., PMP). This has led to a notable shift toward probabilistic, 
risk-informed decision-making frameworks for infrastructure 
design by some agencies and decision-making bodies in the dam 
safety community (e.g., Reclamation, Nuclear Regulatory 
Commission). NWP applications for PMP may also be best suited 
for a framework that more generally improves the estimation of 
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heavy precipitation potential/likelihood at various decision-
making thresholds. Therefore, an annual exceedance probability 
(AEP)-based framework that optimally combines high-resolution, 
spatially and temporally continuous data with a long period of 
coverage should be investigated to comprehensively address the 
question of how NWP can best serve the dam safety and flood 
risk decision-making communities.  
 
There are many ways in which such an effort might be 
undertaken; we list below a collection of possible suggested 
starting points:  

1. Survey and confirm with end users how model data would 
be optimally used (e.g., confirm decision-making 
thresholds, how model information would be brought into 
existing/future decision-making process, etc.)  

2. Generate a historical, high-resolution model reanalysis 
and/or reforecast dataset. For example, one might 
consider: 

a. 20CRv3 forcing (1/4-degree resolution, more than 
80 members. Would want to test use of ensemble 
mean vs. ensemble max/min/individual members)  

b. 1 cycle per day, include extra (~3 – 6) hours to 
allow for spin-up (e.g., Trapp et al. 2011) 

c. 1860s – present 
d. HRRR-based compute benchmarking suggests 

~0.5million core hours per year of simulation time 
(i.e., 150y = 75 million core hours) for a single 24-
hour forecast once per day for full continental US 
(smaller domains could be run, e.g., just the 
Western US) 

e. Could also consider adaptive grid modeling 
framework (e.g., MPAS) to expend computational 
resources only in specific locations or instances 
(e.g., occurrence of significant precipitation); 
reduction or elimination of operational-grade data 
assimilation could/should also be eliminated to 
avoid both increased computational cost as well as 
inconsistent data input across a long period of 
record (as observational data sources change) 

f. Provided that computational resources allow, an 
ensemble approach is recommended with members 
defined by different initial condition members, 
stochastic perturbations to the environment and/or 
model physics, or a combination of the above. 

3. Use advanced statistical methods to: 



CO-NM Regional Extreme Precipitation Study 

Volume VII    November 2018     Page 8 of 8 

a. Enhance calculation of probabilities (increase 
effective period of record, extend to longer return 
periods) based on regional/historical similarities 
(e.g., Scheuerer and Hamill 2015) 

b. Create point-to-areal/watershed-average values  
c. Consider running a dynamical hydrologic modeling 

system (e.g., WRF-Hydro model) using historical 
reforecast inputs. 
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Appendix A 

Appendix A: Gibson Dam Storm 
 

Transposition of Gibson Dam Storm to Eastern Colorado 
Foothills 

  
Kenneth E. Kunkel 

Project Review Board Member 
  
SUMMARY 
In Hydrometeorological Report 55A (HMR55A), the Gibson Dam Storm of June 7-8, 
1964 was transposed to eastern Colorado down to 37°N, 10° latitude south of Gibson 
Dam. In Hydrometeorological Report 57 (HMR57) covering the Pacific Northwest, 
transposition was limited to 5° latitude. The rationale given was that the Coriolis 
parameter changes by more than 10% 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 report was to address the question of whether there are 
meteorological reasons why the Gibson Dam storm should be excluded from 
transposition into Colorado. An examination of the key meteorological fields 
associated with the Gibson Dam storm 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 reanalyses 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. 
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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 
reanalyses 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. 

  
RECOMMENDATIONS 
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. 

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. 

  
TECHNICAL METEOROLOGICAL ANALYSIS 
This report presents a purely meteorological analysis of the conditions associated with 
the Gibson Dam storm and the possibility that those conditions could occur in 
Colorado. In Hydrometeorological Report 55A (HMR55A), the Gibson Dam Storm of 
June 7-8, 1964 was transposed to eastern Colorado down to 37°N, 10° south of Gibson 
Dam. In Hydrometeorological Report 57 (HMR57) covering the Pacific Northwest, 
transposition was limited to 5° latitude. The rationale given was that the Coriolis 
parameter changes by more than 10% 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 report was to address the question of whether there are 
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meteorological reasons why the Gibson Dam storm should be excluded from 
transposition into Colorado. 
 
The spatial patterns of a number of meteorological variables were examined using the 
National Centers for Environmental Prediction (NCEP)/National Center for 
Atmospheric Research (NCAR) reanalysis for the period from about 1800 June 7 to 
1800 June 8, 1964. Based on the Geological Survey Water Supply Paper 1840-B (Figure 
15), this was the period of heaviest rainfall. Therefore, maps created were averaged 
over this 24-hr period. 
          
Figure 1 shows the pattern of surface pressure extrapolated to sea level. The 
dominant feature is low pressure centered over western South Dakota/western 
Nebraska. 
  
 

 
Figure 1. Surface pressure extrapolated to sea level over the 24-hr period of late afternoon 
June 7 through late afternoon June 8. 
  
The wind field pattern at 850 mb (approximate elevation of 5000’) is shown in Figure 
2. Associated with the pressure field, strong east northeasterly winds, approximately 
orthogonal to the front range, are occurring along the lee side of the Rocky Mts in the 
Gibson Dam area. Wind speeds are quite strong in northeastern and north-central 
Montana. 
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Figure 2. Wind vector (arrows) and wind speed (shading) at 850 mb averaged over the 24-hr 
period of late afternoon June 7 through late afternoon June 8. 
 
The specific humidity field at 700 mb (approximate elevation of 10,000’) is shown in 
Figure 3. There is a tongue of moisture from the east impinging on the east slopes. 
There is no evidence of an atmospheric river. The moisture source appears to be 
almost solely from the east. The specific humidity at 850 mb (Figure 4) shows this 
more clearly, indicating that the source of moisture is the Midwest U.S. and 
ultimately the Gulf of Mexico. 
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Figure 3. Specific humidity at 700 mb averaged over the 24-hr period of late afternoon June 7 
through late afternoon June 8. 
 

 
Figure 4. Specific humidity at 850 mb averaged over the 24-hr period of late afternoon June 7 
through late afternoon June 8. 



CO-NM Regional Extreme Precipitation Study 

Volume VII – Appendix A  November 2018     Page 6 of 14 

The upper tropospheric fields provide the final pieces of the picture. Figure 5 shows 
the geopotential height at 500 mb (approximate elevation of 18,000’). A strong trough 
is located over the western U.S. centered over Oregon. Figure 6 shows the associated 
vertical motion field. Very large upward motion is indicated over western Montana. 
 

 

 
Figure 5. Geopotential height at 500 mb averaged over the 24-hr period of late afternoon 
June 7 through late afternoon June 8. 
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Figure 6. Vertical motion at 500 mb averaged over the 24-hr period of late afternoon June 7 
through late afternoon June 8. 
 
These figures clearly indicate the following: 
 

1. The strong upward motion necessary to produce such heavy rainfall was the 
result of two independent, although somewhat related, factors. One is the 
forced ascent due to the strong eastward winds impinging on the lee side 
barrier of the Rocky Mts. The second is the dynamically-forced ascent from 
the strong upper level trough moving in from the eastern Pacific Ocean. 

2. The primary moisture source is the Gulf of Mexico. There is no evidence of 
any significant moisture contribution from the Pacific via an atmospheric 
river. 

 
Could these conditions happen over eastern Colorado, specifically in “first upslope” 
regions. In the Gross Dam analysis, one of the reasons given for not transposing the 
Gibson Dam storm is that Gross Dam is not in a first upslopes region; this is a 
reasonable basis for exclusion in that basin. However, if one examines a long history 
of diagnostics variables, it appears that the key combination of characteristics could 
occur over eastern Colorado in first upslope regions. The climatology of the vertical 
motion field was examined for the period of mid-May to mid-June. Figure 7 shows 
time series of the annual maximum upward vertical motion, averaged over 24 hours, 
during May 15-June 15 for selected grid boxes that represent the front range of the 
Rocky Mts. There are instances of very strong dynamic forcing over eastern Colorado 
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in the historical record, equaling or exceeding the Gibson Dam situation. For 
reference, the value for the Gibson Dam storm was -0.44 Pa/s. This value is equaled 
or exceeded in a number of years for eastern Colorado grid cells. An example is given 
in Figure 8 for May 19-20, 2015. There is very large upward vertical motion and rather 
strong winds at the surface. However, those winds are not oriented perpendicular to 
the Rocky Mts orientation and thus, forced ascent is not optimized. In addition, while 
there is a tongue of high water vapor being advected into the region, the values are 
considerably less than the Gibson Dam storm. Thus, precipitation was not excessive. 
Time did not permit analysis of other similar events. 
 
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 reanalyses 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. A simple mathematical 
formulation for PMP rainfall is as follows: 
  
          PMP = A * PW * [(syn)  +    (meso)  +  (topo)] 
 
Where: 
PMP =  rainfall in a PMP storm 
A = constant of proportionality 
PW  =   precipitable water 
syn, meso, and topo  =  synoptic forcing, mesoscale forcing, topographic forcing, 
respectively 
  
The synoptic-scale forcing term above reflects the integral of large-scale time and 
space processes that will in general be well-represented in reanalyses products. The 
mesoscale and topographic forcing processes could be multiple and often convective 
in nature, including training. In the case of Gibson Dam, and other front-range 
locations, “anticipatory” upward motion will occur in easterly wind situations. That 
is, upward motion will begin well in advance of the rise in topography, a basic 
property of fluid flow over a barrier. To summarize, the reanalysis data show that 
synoptic-scale vertical motion is not limited by the Coriolis parameter. The mesoscale 
and topographic forcing terms are only minimally affected by the Coriolis parameter 
because the space and time scales are small. 
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An aspect not addressed in this analysis is the topographically-forced vertical motion 
(topo). Topographically-forced vertical motion from orthogonal winds impinging on 
the mountain barrier can occur in eastern Colorado. The question that was not 
answered in this analysis, because of limited time, is whether the strength of low-
level easterly flow in such winds has a lower upper limit in eastern Colorado relative 
to northern Montana (see point 4), because of the time of year or other factors. 
 
This brief discussion is meant to provide a context for the contention herein that the 
Coriolis parameter may not be a convincing basis for limiting the north-south distance 
of transposition. A more exhaustive examination of this issue is required and this is a 
topic for future research. 
  
FUTURE RESEARCH 
The Gibson Dam storm raises several issues regarding the science of PMP. The 
combination of dynamically-forced upward motion, topographic forcing, and access to 
Gulf of Mexico moisture can happen anywhere along the front range of the Rocky 
Mountains at that time of the year, at least down to Colorado. The change to the 
Coriolis parameter with latitude can potentially lead to changes in the dynamics of 
extreme precipitation events, but the important role of unbalanced flow and 
mesoscale processes in such situations should be examined in more detail. Some 
specific research steps that could be taken include: 
 

1. Identification and in-depth analysis of similar situations along the Front 
Range using modern reanalysis products, with an emphasis on events since 
the late 1970s at which point in time, reanalyses incorporate satellite data. 
High resolution products such as NASA’s MERRA-2 and the NOAA North 
American Regional Reanalysis may be most useful in diagnosing the dynamics. 

2. Review of the literature regarding the theory of orographic precipitation. Are 
there theoretical models, or idealized model experiments, in which the 
Coriolis parameter, and therefore the latitudinal dependence of the Coriolis 
force, plays an important role? 

3. In support of #1, simulation of the Gibson Dam situation with high resolution 
weather forecast models (WFMs). Since the amount and nature of data that 
was available in the early 1960s to constrain the reanalysis was more limited 
compared to the satellite era, the uncertainties surrounding diagnostic 
variables is greater. However, WFM simulations, carefully structured to 
maximize use of available data, may serve to provide greater insights into 
this event, particularly the role of convective processes and the specific 
topography of that area. This was not an isolated event. Precipitation totals 
exceeding 4 inches occurred at nearly 20 cooperative observer stations 
indicating the widespread nature of the forcing and providing some 
confidence that WFMs could be a useful tool to examine the event. 

4. Diagnostic analysis of the climatology of the HRRR, or other convective-
permitting scale model, to examine maximum vertical velocity and any 
possible relationship with latitude along the Front Range of the Rocky Mts. 
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Figure 7. Time series of the maximum upward 24-h average vertical motion during the period 
of May 15-June 15 for selected grid boxes covering the front range of the Rocky Mts. The 
value for the Gibson Dam storm is -0.44 Pa/s. 
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Figure 8. Selected diagnostic fields for May 19-20, 2015. 
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