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Project Review Board 

1. Workshop #1 Report 
 
Workshop Logistics 
Date: August 2-3, 2016 
Location: Denver, CO 
Attendees: 

 Project Sponsors: Bill McCormick, Mark Perry, Jason Ward, Jeremy Franz, Anna 
Mauss (Colorado); Charles Thompson, James Head, Sushil Chaudhary (New 
Mexico) 

 Task 1 Consultants - Applied Weather Associates: Bill Kappel, Geoff 
Muhlestein, Doug Hultstrand  

 Task 2 Consultants - MetStat / Extreme Precipitation Group: Jason Caldwell, 
Mel Schaefer, George Taylor 

 Task 3 Consultants - NOAA ESRL Physical Sciences Division, NOAA ESRL Global 
Systems Division and CIRES/University of Colorado: Kelly Mahoney, Eric James, 
Rob Cifelli, Trevor Alcott 

 Task 4 Consultants - Acclivity Associates: Marine Siohan, Julie Baxter, Will 
Meyer 

 Project Review Board: Nolan Doesken (Colorado Climate Center); Kenneth 
Fearon, Kevin Griebenow, John Onderdonk (Federal Energy Regulatory 
Commission); Ken Kunkel (North Carolina State University); Dave DuBois (New 
Mexico Climate Center); Sanja Perica (NOAA-Hydrometeorological Design 
Studies); Nezette Rydell (NOAA-National Weather Service); Robert Webb 
(NOAA-ESRL Physical Sciences Division); John England, Charles McWilliams (US 
Army Corps of Engineer); Ken Nowak (US Bureau of Reclamation); James Demby 
(FEMA National Dam Safety Program); Kevin Quinlan (Nuclear Regulatory 
Commission) 

 Dam Owners: John Clark (Colorado Parks & Wildlife); Casey Dick (Denver 
Water); Hunter Causey, Ray Tenney (Colorado River District); Brad 
Bingham,Kevin Troutman (Albuquerque Metropolitan Arroyo Flood Control 
Authority); Bob Bass (Colorado Springs Utilities) 

 
Note: additional attendees for part of the workshop included James Eklund (Colorado 
Water Conservation Board); Dick Wolfe, Scott Cuthbertson (Colorado Division of 
Water Resources). 
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1.1. Workshop Purpose and Description 

1.1.1. Purpose 
 Study Overview 
 Team Roles and Responsibilities 
 Overview and Discussion of Project Tasks, Processes and Data Needs 

 

1.1.2. Agenda Description 
 After the project sponsors welcomed all participants, they provided a study 

overview and presented on the workshop purpose, the project culture the team 
should aim for, the study’s goals and objectives, and key challenges and 
opportunities. The project sponsors then made a proposal for how the Project 
Review Board could be involved during the lifetime of the study, and opened 
the topic up for discussion with the group.  

 Each technical task consultant (Tasks 1, 2, & 3) provided an overview of their 
scope of work and their approach to executing their different tasks. The 
Project Review Board was then given the opportunity to provide their 
comments and questions on each task.  

 The next item on the agenda was a conversation internal to the Project Review 
Board: during that time, board members discussed ideas for board governance 
structure and their role during the lifetime of the study.  

 Board members presented their personal visions and questions on the project. 
 Technical consultants were given the opportunity to ask questions to the 

Project Review Board, and then to answer some of the questions that the 
Project Review Board had listed earlier. 

 Dam owners provided their perspectives on the study.  
 The last portion of the workshop was dedicated to discussing the study 

schedule, providing feedback on the workshop, and discussing next steps.  
 
Note: meeting minutes and detailed agenda are compiled in the document 03. CO-NM 
REPS Workshop1_Final Meeting Minutes_160823.pdf. 
 

1.2. Workshop Outcomes 
The comprehensive list of questions, topics for further research, and risks for the 
project identified during the workshop are compiled in the following set of 
documents:  

 Comments and Questions Tracker 
 Topics for Further Research 
 Risk Register 

 
As a complement to those documents, the Project Sponsors identified four key work 
products and critical actions that Task Consultants and Project Sponsors need to work 



CO-NM Regional Extreme Precipitation Study 

Volume I - Appendix C-3    November 2018  Page 3 of 40

on as a result of Workshop #1 and will present to the Project Review Board for review 
before or at the second workshop:  
 

1. Project management structure for technical work 
Based on Workshop #1, Project Sponsors need to clarify how project management of 
technical consultants will occur. 
 
Action Required: Discuss and finalize with Project Sponsors, Acclivity, and Technical 
Task Consultants to define a Project Management plan. 
 

2. Finalized technical scopes of work and schedule with milestone 
Based on brainstorming comments and initial feedback from PRB experts, the 
Sponsors will meet with the Technical Task Consultants and refine the task details, 
schedules, schedule dependencies, and milestones for PRB input. 
 
Action required: Sponsors to discuss with Task Consultants to see if they agree with 
this need to tighten-up the scopes of work’s technical details, schedules, and 
milestones for PRB input.  
 

3. Project Review Board charter and reporting template 
After the Workshop #1 brainstorming discussion with the Project Review Board, 
Project Sponsors need to define more specifically the PRB role, authority, and 
governance structure. 
 
Action Required: Project Sponsors will draft a PRB Charter and provide to the PRB 
participants for review, edits, and approval, during the month of September. 
 

4. Answers to Project Review Board’s initial technical requests 
During Workshop #1, the PRB was presented with a high-level overview of each 
technical task and was a given an opportunity to ask initial questions or provide initial 
comments. The team needs to provide the board high-level responses with the 
understanding that more details will come during later workshops. The team needs to 
provide the PRB with general references and literature related to the three technical 
tasks in order to provide for a common level of background knowledge. 
 
Actions Completed:  

 Technical Task Consultants have provided high-level answers to initial PRB 
questions. Refer to the Comments and Questions Tracker spreadsheet. 

 Literature and references have been assembled in the PRB Google Drive folder 
for board’s review.  
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2. Workshop #2 Report 
Date: November 21, 2016 
 

From:  
Chuck McWilliams, Chair 
Ken Fearon, Co-Chair 
Project Review Board 

Attention:  
Bill McCormick & Mark Perry, Colorado 
DWR 
Charles Thompson, New Mexico OSE 
Project Sponsors 

Workshop Information: 
Workshop #2 
October 25-27, 2016 
DWR Conference Room,  
1313 Sherman Street 
Denver, CO 

 

 
Dear Mr. McCormick, Mr. Perry, and Mr. Thompson,  
 
This letter serves as our summary report of the Colorado-New Mexico Regional 
Extreme Precipitation Study (REPS) Workshop #2 held on October 25-27, 2016 at the 
Colorado Division of Water Resources in Denver. The 3-day workshop was attended by 
representatives from the Project Review Board: Kenneth Fearon; Kevin Griebenow; 
John Onderdonk - FERC, Ken Kunkel - North Carolina State University, Nezette Rydell; 
Robert Webb - NOAA, John England; Chuck McWilliams - USACE, Karen Weghorst; 
David Keeney - USBR, James Demby - FEMA, Kevin Quinlan; Joseph Kanney - NRC), the 
Project Sponsors (Bill McCormick; Mark Perry; Jason Ward; Jeremy Franz; Anna 
Mauss; Scott Cuthbertson - Colorado Division of Water Resources and Charles 
Thompson; Sushil Chaudhary - New Mexico Office of the State Engineer), the Project 
Consultants (Task 1: Bill Kappel; Geoff Muhlestein; Doug Hultstrand - AWA, Task 2: 
Tye Parzybok; Jason Caldwell; Mel Schaefer; Debbie Martin; George Taylor - MetStat | 
EPG, Task 3: Eric James; Rob Cifelli - NOAA, Task 4: Marine Siohan; Julie Baxter; Will 
Meyer; Jessica Williams - Acclivity Associates), and Dam Owners (Colorado Springs 
Utilities - CSU, Casey Dick - Denver Water, Ray Tenney - Colorado River District, Kevin 
Troutman; Brad Bingham - Albuquerque Metropolitan Arroyo Flood Control Authority, 
John P. Clark - Colorado Parks and Wildlife).  
 
The focus of this 3-day workshop was to review previous and ongoing work by the 
consultants contracted to execute Tasks 1-3 and provide guidance and 
recommendations, as requested, in order to complete their respective assignments. 
The workshop consisted of a follow-up to Workshop #1, an overview of the progress 
from each consultant, detailed technical discussions, a PRB internal working meeting, 
and a discussion of draft technical comments. At the conclusion of the workshop, 
steps were outlined for both post-meeting documentation requirements from the PRB 
and technical recommendations for each Task of the CO-NM REPS.. 
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This letter report summarizes the 3-day workshop and provides the PRB’s input on the 
Project Consultants’ work progress and questions. The detailed agenda and meeting 
notes are enclosed at the end of this report. 

2.1. General Evaluation of Processes & Data 
 Prior to each workshop, Project Sponsors provide the following: 

o Agenda of following workshop 
o List of items from each Project Consultant that needs PRB 

recommendation 
o Files/data for review and QA by the PRB 

 Workshop Overview: 
o Initial review/status of each task, led by Project Consultants 
o Detailed presentations of work accomplished, organized for open 

discussion between Project Sponsors, Consultants, and PRB 
o Internal discussions by Project Review Board 
o Requests for any additional information from PRB to Project Consultants 

 Following each workshop, the PRB provides: 
o Conclusion of any outstanding request for support, such as agency data 

or files 
o Submission of PRB Workshop Report within 2 to 3 work-weeks 

 File sharing/correspondence: 
o Google Docs 
o Slack 

 Coordination with Sponsors:  
o Share monthly technical meeting notes with the PRB 
o Critical issues require a conference call to resolve 

 Desire to increase the size of Project Review Board: 
o USGS - William Asquith 
o NOAA HDSC - Sanja Perica 
o USBR or USGS - Paleoflood expertise. The Project Sponsors should 

recommend personnel with the appropriate expertise in this field. 

2.2. Comments & Concerns 
 Uses of HRRR data: 

o Can equivalent record length of data be computed for HRRR 5-year 
dataset? 

o Can data from HRRR in addition to precipitation data be used to help 
with terrain adjustments and transposition limits? 

o Can HRRR data inform how terrain affects precipitation patterns in 
specific regions? 

 Remove constraints on Tropical Storm remnants in storm typing and storm 
transposition as they have different dynamics than other types of precipitation 
events 

 Need to ensure adherence to all time requirements 
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o Submission of pre-workshop data from Project Consultants to PRB at 
least 2 work weeks prior to workshop 

o Submission of decisions/recommendations from PRB to Project 
Consultants within 2 to 3 weeks following workshop 

 Desire to increase size/professional background of Project Review Board 
o Need for additional support on Precipitation Frequency (USGS, NOAA 

HDSC) 
o Additional PRB member with a background in Paleoflood studies 

2.3. Request for Information 

2.3.1. Task 1 
 Complete the development of the PMP storm long list prior to February 

meeting. 
 Conduct a comparison of critical (short list) storms for CO/NM of SPAS vs. DAD 

tables from the previous analysis in HMRs and/or USACE storm catalog. For 
each DAD table, show percent differences for all durations and area sizes.  

 For each critical storm in CO/NM, document and discuss differences in the 
inplace observed dewpoint, max dewpoint, estimated IPMF, and any cap. 
Example: May 1969 Big Elk Meadow IPMF from HMR 55A=1.70, WY PMP (SPAS-
1253)=1.50  

 Orographic Transposition Factor (OTF) –Section 3.1.4 of the World 
Meteorological Organization (WMO) indicates that differences in precipitation 
frequency values should be related to variations in orographic effects if storm 
frequency, moisture availability, and other precipitation producing factors do 
not vary, or vary slightly, over an orographic region. It must be demonstrated 
that the OTF meets this statement.  

 Consider storm seasonality in conjunction with the OTF. 
 Provide objective evidence that shows the result of the OTF is one or nearly 

one when holding parameters constant. In addition, provide the OTF results for 
a case holding parameters constant except for elevation..  

 Compare the OTF between the May 1969 and September 2013 storms. 
 Utilize HRRR output and ensembles from Sept 2013 (Task 3) to examine 

variations in the observed dewpoints and storm efficiency to explain the IPMF 
(=1.06) for SPAS #1302 (Boulder 09/8-17/2013)  

 Create/compare OTF seasonal/monthly maps using May vs. September, and by 
storm type (general versus local convective), focusing particularly on the west 
slope high elevations (HMR 49) . 

 On the stated need to separate rain vs. total precipitation (includes snow) in 
the Precipitation Frequency analysis, in order to ensure accurate OTF results; 
this may need to incorporate seasonality and/or use of storm typing for the 
OTF. It was stated that this maybe an issue for ten percent of the study area. 
The potential areas where this could be an issue should be identified along with 
providing the basis for this determination. Compare the results using 



CO-NM Regional Extreme Precipitation Study 

Volume I - Appendix C-3    November 2018  Page 7 of 40

precipitation versus rain with a few critical storms to demonstrate the 
implications of this decision.  

 Provide a flow chart of the PMP development process highlighting major 
decision or judgment points (e.g. transpositional or not). 

 Describe how addendums to the final report will be accomplished, and the 
mechanism to quickly revise the CO-NM precipitation estimation tool if 
measured precipitation occurs in the future that exceeds the SSPMP estimates. 

 Specify each of HYSPLIT input parameters, and the rationale for the selection 
of each of the parameter values. Describe if the input parameter values are 
selected to ensure that the HYSPLIT trajectories are “steered” back in a 
certain direction or to a predetermined source region. 

 In BOC meeting 2, there was some discussion that the determination of 72-hr 
PMP values may not be necessary because the basin sizes are small in Colorado. 
Is this also true in New Mexico? In addition, AWA is presently preparing SSPMP 
Report for Gross Dam in Colorado and the report includes 72-hr general storm 
SSPMP estimates. 

2.3.2. Task 2 
 Smoothing issues discussed in Workshop 1, need a more detailed explanation 

with respect to the judgment used in determining the homogeneous regions 
and weather typing. 

 Develop spatial mapping for 2-hour duration – examining density of stations.  
 Key durations include the local 2-hr, MEC-6-hr, and MLC – 48-hr. Provide a 

comparison to the standard durations of 6-h (local storm) as well as 24-hours. If 
this doesn’t seem appropriate, please provide the mass curves for review. The 
6-hr and 24-hr durations are the standards used by the project sponsors in their 
applications and evaluations concerning dam safety.. Are these scalable (i.e., 
can we get to the 72-hour)?  

 Provide a clarification of the scaling of durations to basin sizes. 
 Send the shapefile for the super regions for PRB review. 
 Provide a flow chart of the process highlighting decision or judgment points. 
 Link streamflow seasonality at key stations to the storm types and durations at 

high elevations (see Mahoney et al, 2015 J. Hydromet AMS climatology extreme 
daily precipitation) 

 Describe issues and hurdles with point data, bucket surveys, representative 
samples, and spatial mapping of extremes. Example - Eastern CO points and 
buckets for Hale (1935), August 1951, etc. Link with Task 1 as needed and 
appropriate. 

2.3.3. Task 3 
 Continue to work with Tasks 1 and 2 and pursue opportunities to provide 

support including, but not limited to, quantification of high elevation 
transposition factors and development of climate Super Regions. 

 Present what the precipitation looks like at high elevations in order to 
determine changes in precipitation with an increase in elevation. Also, present 
spatial averaging.  
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 Compare HRRR with Stage IV data during the available 5-year period of the 
data. 

 Compare Stage IV data from the most recent 5-year period with previous 5-year 
periods in order to determine how representative the past 5 years are to 
climatology. 

 Compare HRRR pattern against HMR 55A PMP estimates and/or a SPAS storm 
(gridded).  

2.4. Recommendations for Best Practice 
(Topics laid out by consultants - from pre-workshop Monthly Technical Progress 
Report) 

Task # | 
Consultant 

Input Needed PRB Recommendation 

Task 1 | AWA Development of recommended 
short list to be used for PMP 
development 
Potential for new storms to be 
analyzed by SPAS 
Overview of OTF as replacement 
for HMR SSM 
24hr or 48hr for general/tropical 
Total precipitation to rain 
relationship for PF climatology 
OTF-MTF double-counting 
question 
High elevation adjustments 
 

Complete the long list prior to 
the next workshop 
New storm recommendations 
from PRB prior to February 
Compare OTF with 2 storms at 
higher elevations 
No consensus 
Work with Task #2 team to 
study total precipitation to 
rain 
Compare with 2 storms 
Work with Task #3 

Task # | 
Consultant 

Input Needed PRB Recommendation 

Task 2 | 
MetStat 

High elevation considerations 
Proposed key durations for 
developed spatial maps 
Proposed Super Regions 

Work with Task #3 (HRRR) 
Consider 24-hour; also ensure 
that ARs are tracked 
Could CoCoRaHS test regions? 

Task 3 | NOAA Discussions regarding future 
direction for Task 3 collaboration 

Continue to work with Task #1 
elevation/Task #2 super 
regions 

 
 Recommendations for Best Available Science: 

o Supplement high elevation station precipitation data with additional 
data from USGS, Southwest Water District, and Rocky Mountain Research 
Group. 
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o Work with Colorado Climate Center for a list of high quality CoCoRaHS 
stations. 

o Explore use of Paleoflood data to interpret mountain terrain areas with a 
lack of storm data. 

o Consider using HRRR to map gradients in the refinement of Climate 
Regions, especially with 2- and 6-hour amounts (i.e., east vs. west sides 
of Region 29 at Mosquito Range). 

o Use HRRR for assisting/refining spatial mapping and climate regions 

2.5. Results from PRB’s Quality Assurance Checks 
 Review of draft QA/QC plan presented to PRB 

o QC: responsibility of Project Consultants 
o QA: responsibility of Project Review Board 

 PRB to develop list of critical QA checks based upon Table 3 of QA/QC plan. 
 Development of flow chart to identify critical points where professional 

judgment of PRB is required. 
 NRC noted a previous audit of dew point climatology steps outlined by AWA. 
 NRC noted a pending review/audit of SPAS software scheduled for mid-

November; inspection report potentially available 30 days later. 
 

2.6. Areas for Future Research and Improvement 
(Components, elements, variables, or topics not covered under this study, but that 
could benefit from further research or study to reduce or quantify their uncertainty to 
the advantage of the quality of the process. The list will be documented as a final 
deliverable and made available for use by the scientific and engineering 
communities.) 

 Stochastic storm transposition 
 Developing methods to incorporate “bucket surveys” into rain gauge station 

data 

2.7. Action Items  
 USACE to share digitized HMR 55A shapefiles with Project Consultant (Task 3) 
 NRC will share results of their audit of AWA’s SPAS program: audit report 

expected in mid-December to mid-January time-frame (reference in QA/QC 
Plan, Table 3?) 
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3. Workshop #3 Synthesis 
 
Date: March 2017 

From:  
Chuck McWilliams, Chair 
Ken Fearon, Co-Chair 
Project Review Board 

Attention:  
Bill McCormick & Mark Perry, Colorado 
DWR 
Charles Thompson, New Mexico OSE 
Project Sponsors 

Workshop Information: 
Workshop #3 
February 28 -March 2, 2017 
AMAFCA Board Room  
2600 Prospect Avenue NE 
Albuquerque, NM 87107 

 

 
Dear Mr. McCormick, Mr. Perry, and Mr. Thompson,  
 
This letter serves as our summary report of the Colorado-New Mexico Regional 
Extreme Precipitation Study (REPS) Workshop #3 held on February 28-March 2, 2017 in 
Albuquerque, New Mexico. The 3-day workshop was attended by representatives from 
the Project Review Board (William Asquith, Nolan Doesken, Dave Dubois, John 
England, Ken Fearon, Kevin Griebenow, Joseph Kanney, David Kenney, Chuck 
McWilliams, John Onderdonk, Kevin Quinlan), the Project Sponsors (Bill McCormick, 
Chuck Thompson, Mark Perry, Sushil Chaudhary, Jeremy Franz, James Head, Anna 
Maus, Jason Ward), the Project Consultants (Jessica Williams, Julie Baxter, Trevor 
Alcott, Rob Cifelli, Eric James, Kelly Mahoney, Jason Caldwell, Debbie Martin, Tye 
Parzybok, Mel Schaefer, George Taylor, Doug Hultstrand, Bill Kappel, Geoff 
Muhlestein), Dam Owners (Brad Bingham, Casey Dick, Lisa Shoaff, Sigmund Silber, 
Kevin Troutman, Nichole Young), and Other Interested Stakeholders (Bruce 
Thompson, Don Lopez, Dan Aguirre, Kirsty Bramlett, Bud Brock, Stephen Brown, Pat 
Conly, Chuck Easterling, Royce Fontenot, David Heber, Zack Libbin, Gerhard 
Schoener, Jessica Voveris).  
 
The focus of this 3-day workshop was to review previous and ongoing work by the 
consultants contracted to execute Tasks 1-3 and provide guidance and 
recommendations, as requested, in order to complete their respective assignments. 
The workshop consisted of overview presentations by each Project Consultants, 
followed by detailed presentations and discussion with sub-groups of the PRB from the 
Project Consultants for Tasks 1 and 2. PRB sub-groups leads collaborated with each 
Project Consultant for a report out to the entire PRB. At the conclusion of the 
workshop, steps were outlined for both post-meeting documentation requirements 
from the PRB and technical recommendations for each Task of the CO-NM REPS. 
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This letter report summarizes the 3-day workshop and provides the PRB’s input on the 
Project Consultants’ work progress and questions. The detailed agenda and meeting 
notes are enclosed at the end of this report. 
 

3.1.  General Evaluation of Processes & Data 
 Task 2 - Need to identify PRB person(s) to review output and QA/QC tasks 

(Tables 5 and 3). A focus on storm typing is necessary. 
 Task 2 - An opportunity still exists to provide feedback on super-regions. Since 

the super-regions cover all storm types there is a possibility for refinement of 
the subregions based on the storm type. 

3.2. Comments & Concerns 
 Concerns with the application of the OTF and use of additional data to define 

transposition limits 
 Need for Documentation on Task 2 Precipitation Frequency 
 Clarify use of Task 3 (HRRR) information for Tasks 1 and 2. 
 Collaboration across Tasks and with Task 3. 

3.3. Requests for Information 

3.3.1. Task 1 
 3-1-1 Interim meeting to discuss SPAS-lite of newly added storms. Determine if 

they should be retained on the short list. Prospect Valley 1949 on the short 
list?? (Chuck M comment) 

 3-1-2 PRB to review selection of storm representative dew point (Chuck M 
comment) 

 3-1-3 PRB use of average dew point instead of 12-hour persisting dew point 
used in the HMRs. NOAA comments on this? USACE comments? Ask for paper on 
using the 100-yr v 500-yr or 1000-yr comparison. Is it in the Wyoming Report? 
(Kevin G comment) 

 3-1-4 Show scatter plot of OTF vs elevation. Many plots can be done...one for 
all data points...one for each climate region...one for each storm...one for 
each 1,000ft elevation zone...etc. Develop regression line for each plot to 
quantify relationship. (David K comment) 

 3-1-6 Provide pivot tables of the OTF data 
 3-1-7 As a check of the controlling storms for PMP, look at the factors in 

selected grids (at the end of study) (Chuck M comment) 
 3-1-8 Total precipitation versus rainfall. David Keeney will provide suggestions 

to Task 3 Project Consultants to potentially help with this issue. AWA is 
attempting to control the issue by restricting transposition. 

 3-1-9 Investigate the Rattlesnake, ID ( November, 1909) storm including data 
quality, AR source (what is AR source? might be better to expand), 
temperature, potential transposition to NW CO (John E comment) 
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 3-1-10 Provide justification/documentation for not moving the Gibson dam 
storm into CO. It was moved for HMR 55a. (Chuck M comment) 

 3-1-12 Use information from Task 2 and reanalysis to help set transposition 
limits (John E comment) 

 3-1-14 List of top ten candidate controlling storms, approaching PMP storms? 
(Mel S comment) 

3.3.2. Task 2 
 3-2-1 Request a sensitivity analysis of storm type. What would happened if a 

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

 3-2-2 Please clarify the concept and technical details of record extension. Is 
this topic a problem restricted to short-record augmentation in areas with 
sparse data? Are long-record stations with gaps infilled? Is record extension a 
means to patch sub-annual data (say a COOP station has 2 months missing for a 
given year, are these months infilled from elsewhere?) What are the types of 
“methods” (regression, MOVE, etc.) to be used for record extension? 

 3-2-3 Provide documentation on the three proposed watershed precipitation 
frequency relationship methods. 

 3-2-4 Documentation of L-moments higher than L-kurtosis: Kappa appears the 
deliverable distribution and this is a particularly strong choice based on 
statistical arguments and prior precedent. Thus four L-moments are 
regionalized though Tau4 might very well be a constant for a given homogenous 
region. We would like to see Tau4 and Tau5 reported alongside regional 
methods for L1, LCV, and Tau3 estimation. Why? This project involved deep tail 
estimation. It is through the higher L-moments that tail sensitivity can be 
assessed either now or in derivative works. Tau5 obviously accesses the five-
parameter Wakeby but also important Tau5 needed for the four-parameter 
generalized lambda (multiple solutions can exist and Tau5 helps discern which 
solution is better) and asymmetric exponential power distributions. (Asquith to 
submit a short commentary with example code justifying this request.) 

 3-2-5 Trend Depiction and Detection: The team was asked to look into trend 
depiction for purposes of presenting anticipated degree of stationarity or 
otherwise in the CO-NM study area. This might mean for say a dozen or more 
selected long-term precipitation gages that time series be shown and some 
type of statistical trend detection applied. Are there long-term climatic cycles 
of rainfall maxima in the domain? The team might consider literature of a 
GAMLSS (http://www.gamlss.org/) time series be fit with three-parameter 
generalized gamma (GG) to look for trends in a continuous time-dependent 
frequency curve with time modeling. Given an annual maxima series in variable 
AMS and year in Y, a P-splines estimate of the GG with in case here log-
transformation model in the R package (gamlss) is readily interfaced: 
gamlss(Q~pb(W, df=2), sigma.fo=~pb(W, df=2), nu.fo=~1, 
data=dat,family=GG(mu.link = "log", sigma.link = "log", nu.link = "identity")) 
where skew is held constant. The user can retrieve time series of the changing 
mean, standard deviation, and skew., It would be helpful if the team could 
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present prototype depictions and detections of trends and cycles for Workshop 
#4 for discussion. 

 3-2-6 Methods of Spatial Regression. Some additional extrapolation control by 
replacing polynomial regression with generalized additive models (such as cubic 
regression splines with automated cross validation) or 2-d (latitude/longitude) 
thin-plate regression splines. The R package mgcv would be the best available 
for rapid prototyping. Standard errors of estimate become available, which is 
superior to LOWESS-like curvilinear regression. 

 3-2-7 Dimensionless OTF exploration (Asquith and Keeney to flesh out ahead of 
posing a hypothesis. Do we need more time or has this been done? It could be 
presented at Workshop#4 if necessary) 

 3-2-8 Need to report higher-order L-Moments (t4 Kurtosis, t5 Wakeby) in order 
to examine distribution tail shapes. 

3.3.3. Task 3 
 3-3-1 Determine approximate elevation of freezing level (say to nearest 500-

1,000ft) to develop monthly climatology to help with rain vs total precipitation 
estimates. 

 3-3-2 Uncertainty analysis (need more detail for this idea)  
 3-3-3 Possibly develop storm templates for Task 2 

3.4. Recommendations for Best Practice 

Task # | 
Consultant 

Input Needed PRB Recommendation 

Task 1 | AWA Identification of any additional 
storms for short list (particularly 
in sparse data regions) 
Review of SPAS-light analysis of 
new storms 
Review of short storm list 
transposition limits 

Will be ongoing during the 
study 
 
 
Will be arranged between 
workshops as data is 
developed 
Will be arranged between 
workshops as data is 
developed 

Task 2 | 
MetStat 

Review of SWT Technical Memo 
Review of MetStat Storm Typing 
Tool 

Review completed by Dr. 
Asquith 
PRB members identified 
(ongoing) 

Task 3 | NOAA GIS support for gridded HMR data 
Identification of Task 3 input  

USACE to provide GIS support 
PRB providing guidance for 
Task 3 support to Tasks 1 and 
2 (ongoing) 
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3.5. Results from PRB’s Quality Assurance Checks 
 Concurrence with present short storm list (Task 1), with only a few minor 

suggestions specified in the Requests for Information section 

3.6. Areas for Future Research and Improvement 
(Components, elements, variables, or topics not covered under this study, but that 
could benefit from further research or study to reduce or quantify their uncertainty to 
the advantage of the quality of the process. The list will be documented as a final 
deliverable and made available for use by the scientific and engineering 
communities.) 

 TBD 

3.7. Action Items & Next Steps 
 PRB to begin monthly inter-workshop calls/webinars (initially planned to begin 

mid-April) 
 PRB to coordinate during inter-workshop periods with Project Consultants to 

ensure timely review of technical data 
 PRB to maintain communication with Project Sponsors in order to ensure 

coordination of efforts and to maintain work within the confines of the project 
scope and PRB charter 

 

   



CO-NM Regional Extreme Precipitation Study 

Volume I - Appendix C-3    November 2018  Page 15 of 40 

4. Workshop #4 Report 
 
Date: July 2017 
 

From:  
Chuck McWilliams, Chair 
Ken Fearon, Co-Chair 
Project Review Board 

Attention:  
Bill McCormick & Mark Perry, Colorado 
DWR 
Charles Thompson, New Mexico OSE 
Project Sponsors 

Workshop Information: 
Workshop #4 
June 20 - 22, 2017 
Colorado Division of Water Resources 
Conference Room 
1313 Sherman Street 
Denver, CO 80203 

 

 
Dear Mr. McCormick, Mr. Perry, and Mr. Thompson,  
 
This letter serves as our summary report of the Colorado-New Mexico Regional 
Extreme Precipitation Study (REPS) Workshop #4 held on June 20-22, 2017 in Denver, 
CO. The 3-day workshop was attended by representatives from the Project Review 
Board (William Asquith, John England, Ken Fearon, Kevin Griebenow, Joseph Kanney, 
David Kenney, Ken Kunkel, Chuck McWilliams, John Onderdonk, Kevin Quinlan, 
Nezette Rydell, Robert Webb), the Project Sponsors (Bill McCormick, Chuck 
Thompson, Mark Perry, Sushil Chaudhary, Scott Cuthbertson, Jeremy Franz, James 
Head, David Heber, Judy Leyba, Anna Maus, Jason Ward), the Project Consultants 
(Bill Kappel, Doug Hultstrand, Geoff Muhlestein, Tye Parzybok, Debbie Martin, Jason 
Caldwell, Mel Schaefer, Kelly Mahoney, Rob Cifelli, Eric James, Trevor Alcott, Will 
Meyer, Jessica Williams, Julie Baxter, Jess Drawhorn), Dam Owners and Other 
Interested Stakeholders (Bob Bass, Brad Bingham, Brian McCormick, Casey Dick, 
David Gochis, John Clark, Kevin Troutman, Kirsty Bramlett, Matthew Masek, George 
Hayes, Matthew Young, Nicole Young, Pat Conley, Ray Tenney, Royce Fontenot, 
Sigmund Silber).  
 
The focus of this 3-day workshop was to review previous and ongoing work by the 
consultants contracted to execute Tasks 1-3 and provide guidance and 
recommendations, as requested, in order to complete their respective assignments. 
The workshop consisted of overview presentations by each Project Consultants, 
followed by detailed presentations and discussion with sub-groups of the PRB from the 
Project Consultants for Tasks 1 and 2. PRB sub-groups leads collaborated with each 
Project Consultant for a report out to the entire PRB. At the conclusion of the 
workshop, steps were outlined for both post-meeting documentation requirements 
from the PRB and technical recommendations for each Task of the CO-NM REPS. 
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This letter report summarizes the 3-day workshop and provides the PRB’s input on the 
Project Consultants’ work progress and questions. The detailed agenda and meeting 
notes are enclosed at the end of this report. 

4.1. General Evaluation of Processes & Data 
 Task 1 – Several recommendations provided by PRB to Task Consultant during 

Workshop #4 with further recommendations anticipated prior to Workshop #5 
 Task 2 – Development of format for deliverables not finalized at this time 
 Task 3 – Task Consultant requesting additional guidance from PRB prior to 

orkshop #5 

4.2. Comments & Concerns 
 OTF Discussion: OTF deemed “adequate” by PRB for CO-NM REPS, although 

additional analysis is requested. AWA is proposing to use the 100-year 
precipitation depths from NOAA Atlas 14 to calculate OTF. They will do this by 
calculating the ratio of the precipitation depth at the target grid point location 
to the depth at the source storm center location. AWA produced several papers 
on this topic in response to the PRB’s request for information. The PRB 
recommends that these papers should be made a part of the report for Task 1. 
(Titles, authors and dates should be added to these papers). AWA argues that 
this method reduces the subjectivity, and it is repeatable. After a lengthy 
discussion during Tuesday morning session, the PRB believes the OTF 
adequately captures the orographic component for moving a storms. 
Additionally as AWA states, the OTF captures or represents not just the 
orographic component but all precipitation processes between the two 
locations. 

 Storm Separation Method Review: PRB Member Chuck McWilliams prepared a 
Storm Separation Method (SSM) for the Boulder, Colorado September 2013 
storm (attached). The k factor in this analysis is related to the OTF. However, 
the task 1 PRB subgroup agreed that if three people did applied the SSM to a 
storm, they would come up with three different answers. It was also noted that 
the Orographic Influence (K) factor contains T/C. This T/C ratio is similar to 
the OTF where T is equal to the 100-year, 24 hour precipitation value (at the 
time taken from NOAA Atlas 2) and C being the 100-year convergence 
component. 

 Double Accounting between MTF and OTF: AWA makes the case that the OTF 
represents all precipitation processes. They go on to say that the MTF is 
climatological precipitation. So there is “probably some overall in the factors.” 
The PRB believes that in the spirit of the PMP this double accounting needs to 
be acknowledged. To do this the PRB recommends that the MTF not be allowed 
to go less than 1.0. 

 Robustness/Enveloping: The board will request depth area duration graphs for 
the various durations to get a feel for the robustness of each zone. These 
graphs will also highlight the areas where there are breaks or discontinuities.  
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 Alteration of traditional envelopment process in PMP development requires 
clarification 

 Documentation of techniques used in Task #2 not complete at this time 
 Additional guidance needed for Task #3 in order to ensure the best utilization 

of the available resources 

4.3. Requests for Information 

4.3.1. Task 1 
 2-1-1 Conduct a comparison of critical (short list) storms for CO/NM of SPAS vs. 

DAD tables from the previous analysis in HMRs and/or USACE storm catalog. For 
each DAD table, show percent differences for all durations and area sizes (John 
E.) 

 2-1-2 For each critical storm in CO/NM, document and discuss differences in 
the in-place observed Td, max Td, estimated IPMF, and any cap. Example: May 
1969 Big Elk Meadow IPMF from HMR 55A = 1.70; WY PMP (SPAS-1253) = 1.50 
(John E.) 

 3-1-7 As a check of the controlling storms for PMP, look at the factors in 
selected grids at the end of study (Chuck M.) 

 3-1-12 Use information from Task 2 and reanalysis to help set transposition 
limits (John E.) 

 3-1-14 List of top ten controlling storms that are approaching PMP limits (Mel 
S.) 

 4-1-1 For short storm list, compare 24-hour depths to 24-hour depths from June 
1964 Gibson Dam event (John E.) 

 4-1-2 Utilize dOTF (dimensionless OTF) on select new storms to verify current 
OTF methods (William A.) 

 4-1-3 Provide a range (or basic summary statistics) of the OTF variance for 
storms (as opposed to the average over a large number of grid cells) to better 
substantiate the usage of that method and identify the areas with extremes 
(Joe K.) 

 4-1-4 Generate a sampling of DAD Envelope Curves for select points in each 
transposition zone (Kevin G.) 

 4-1-5 Produce a report or documentation to justify not using DAD envelope 
curves IAW WMO Manual (Chuck M.) 

 

4.3.2. Task 2 
 3-2-3 Provide documentation on the three proposed watershed precipitation 

frequency relationship methods. (John E.) 
 3-2-4 On regional precipitation frequency analysis, report t4 – kurtosis and use 

for Kappa. Also report t5 as a constant to get into Wakeby, and explore tail 
distributions at 10-5 to 10-7. The t5 even if not Wakeby gains access to 
generalized lambda. (William A.) 

 3-2-5 Trend depiction with respect to record length. (John E.) 
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 3-2-6 Methods of spatial regression. Extrapolation control by perhaps not using 
polynomial regression, but generalized additive models (cubic regression 
splines with automated cross validation) or 2-d (latitude/longitude) thin-plate 
regression splines. The R package mgcv would be the best available for rapid 
prototyping. Standard errors of estimate fallout, which is superior to say 
LOWESS-like curvilinear regression. (William A.) 

 4-2-1 Provide documentation for Storm Typing procedure for more detailed 
review (John E.) 

 4-2-2 Use Storm Type procedure for each of storm on the short list from Task 
#1 (John E.) 

 4-2-3 Provide 6, 24, and 72-hour storm durations (David K.) 
 4-2-4 LRAP demonstration to PRB members (John E.) 
 4-2-5 Coordinate for review of 2-day MLC (John E.) 
 4-2-6 Present one frequency curve for each storm type and compare to NOAA 

Atlas 14; prepare documentation to assist the development of future 
regulations. (John E.) 

 4-2-7 What is the storm database to use “Move the Earth” by storm type? (John 
E.) 

 4-2-8 Consider use of isopercental or other methods in lieu of “Move the Earth” 
for Colorado-New Mexico (John E.) 

 4-2-9 Provide better guidance as to what the “end user product” will be from 
Task #2 (John E.) 

4.3.3. Task 3 
 3-3-2 Determine approximate elevation of freezing level (say to nearest 500-

1,000 feet) to develop monthly climatology to help with rain vs total 
precipitation (ongoing with Task #1) 

 3-3-4 Possibly develop storm templates for Task #2 (David K.) 
 4-3-1 Discuss results from adjustments to the moisture (September 2013 storm) 

inflow and precipitation depths (David K.) 
 4-3-2 Use the HRRR to analyze vertical motion climatology and compare with 

September 2013 (i.e., did the storm approach dynamic maximization, based 
upon the 5-year data) (Ken K.) 

 4-3-3 Provide a summary of available data for analysis from the HRRR model in 
order to better identify potential uses of Task #3 in the overall CO-NM REPS 
(Joe K.) 

 4-3-4 Could the White Paper on Climate Change be used to assist those in PMP 
development (either in the CO-NM REPS or future studies) either qualitatively 
or quantitatively? (John E.) 
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4.4. Recommendations for Best Practice 

Task # | 
Consultant 

Input Needed PRB Recommendation 

Task 1 | AWA Use of current method of AWA 
OTF for CO-NM REPS 
 
Continued use of MTF in 
transposition calculations for CO-
NM REPS 
AWA proposed short storm list for 
PMP Development 
Usage of HRRR results from Task 
#3 to correct for rain only 
precipitation 

Acknowledged as an “adequate” 
replacement of SSM from HMRs, 
with additional future analysis 
listed above 
Approved, but recommended 
limiting the values from 1.00 to 
1.20 
Approved 
 
Approved 

Task 2 | 
MetStat 

Review of overall MetStat Storm 
Typing Procedure 
MetStat method for Watershed 
Precipitation Frequency 
relationships 

Approved, with a request for 
inclusion of documentation listed 
in the RFIs 
Additional information requested 
(maybe a future webinar?) for CO-
NM region 

Task 3 | NOAA GIS support for gridded HMR data 
Identification of Task 3 input  

USACE to provide GIS support 
PRB providing guidance for Task 3 
support to Tasks 1 and 2 (ongoing) 

 

4.5. Recommendations for PRB’s Quality Assurance Checks 

4.5.1. Task 1 
 Review of SPAS analysis of new storms on the short list 
 Review of proposed Initial Transposition Zones 
 Review of In-Place Maximization Factors (including moisture inflow trajectory 

analysis and observed dew point temperatures selection) for key PMP storms 

4.5.2. Task 2 
 Review of the “Move the Earth” Technical Memorandum 
 Participation in a potential webinar for review of the 2-day MLC 

4.5.3. Task 3 
 GIS support for gridded HMR data or CO-NM REPS results for detailed analysis 

and comparison 
 Completion of Climate Change White Paper survey 
 Coordination for webinar to provide additional (i.e., more specific) guidance 

from the PRB to Task #3 Consultants 
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4.6. Areas for Future Research and Improvement 
 Standardization of orographic transposition methods 
 Detailed analysis of synoptic storm patterns to better quantify transposition 

limits for extreme storms 
 Potential impacts of climate change on extreme precipitation events 

4.7. Action Items & Next Steps 
 PRB to continue monthly inter-workshop calls/webinars 
 PRB to coordinate during inter-workshop periods with Project Consultants to 

ensure timely review of technical data 
 PRB to maintain communication with Project Sponsors in order to ensure 

coordination of efforts and to maintain work within the confines of the project 
scope and PRB charter 
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5. Workshop #5 Report 
 
Date: November 13, 2017  
(Supplemented November 16, 2017, RFI Task 2-1-2) 
 

From:  
Chuck McWilliams, Chair 
Ken Fearon, Co-Chair 
Project Review Board 

Attention:  
Bill McCormick & Mark Perry, Colorado 
DWR 
Charles Thompson, New Mexico OSE 
Project Sponsors 

Workshop Information: 
Workshop #5 
October 24-25, 2017 
New Mexico Office of the State Engineer 
Albuquerque, New Mexico 

 

 
Dear Mr. McCormick, Mr. Perry, and Mr. Thompson:  
 
This letter serves as our summary report of the Colorado-New Mexico Regional 
Extreme Precipitation Study (REPS) Workshop October 24–25, 2017 in Albuquerque, 
New Mexico. The 2-day workshop was attended by representatives from the Project 
Review Board (Chuck McWilliams (via telephone on day one), William H. Asquith, Dave 
DuBois, John England (via telephone on day two), Ken Fearon, Joseph Kanney (via 
telephone), David Keeney, Kenneth Kunkel, Kevin Griebenow, John Onderdonk, Kevin 
Quinlan, Nezette Rydell (via telephone), Atiq Syed, and Joe Wright), the Project 
Sponsors (Bill McCormick, Chuck Thompson, Mark Perry, Bud Brock, Sushil Chaudhary, 
Jeremy Franz, James Head, David Heber, Jason Ward), the Project Consultants (Jason 
Caldwell, Doug Hultstrand, Eric James, Bill Kappel, Kelly Mahoney, Debbie Martin, 
Will Meyer, Geoff Muhlestein, Tye Parzybok, Mel Schaefer, Jessica Williams), Dam 
Owners (Brad Bingham, Zack Libbin, Sigmund Silber, Ray Tenney, Kevin Troutman), 
and Other Interested Stakeholders (Pat Conley, Scott DeNeale, Royce Fontenot, Don 
Lopez, Jeff Lukas, David Marks, Matthew Masek, Michele Minihane, Philip Polzer, 
Gerhard Schoener, Russell Thompson, Anne Tillery, Joseph Wright).  
 
The focus of this workshop was to review previous and ongoing work by the 
consultants contracted to execute Tasks 1–3 and provide guidance and 
recommendations, as requested, in order to complete their respective assignments. 
The workshop opened with Task 1,2, and 3 consultant’s presenting information on 
Hurricane Harvey and the NRC presenting their review comments on the TVA Overall 
Basin PMP and Local Intense Precipitation Topical Report. In addition, each of the 
three task consultants presented overviews of their progress which was followed by 
more detailed presentations and discussions over the remaining meeting time. 
Following an internal working session over lunch and into the earlier afternoon, the 
PRB sub-group leads reported their decisions and recommendations as a DRAFT PRB 
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report. At the conclusion of the workshop, steps were outlined for schedules, post-
meeting documentation requirements from the PRB and technical recommendations 
for each Task of the CO-NM REPS. 
 
This letter report summarizes the 2-day workshop and provides the PRB’s input on the 
Project Consultants’ work progress and questions. The detailed agenda and meeting 
notes are enclosed at the end of this report. 

5.1. General Evaluation of Processes & Data 
Hurricane Harvey – Presentations were given by Bill McCormick, Tye Parzybok, Bill 
Kappel, and Kelly Mahoney on Hurricane Harvey. Hurricane Harvey needs to be 
discussed in the report since the storm was close to U.S. and World record point 
rainfall values. The maximum reported point rainfall for the event was 61.31 inches. 
Although the storm did not exceed the record values it was a near PMP event and will 
be a controlling storm for coastal areas of Texas and Louisiana. The presentations 
given on Tuesday, October 24, 2017, included a short description of the event, total 
rainfall, DAD comparisons to other hurricanes, the Texas PMP study and HMR 51. The 
use of the storm data and storm discussion could support any conclusions and 
recommendations on the methodology being used to develop site specific PMP 
amounts for the ongoing study in Colorado and New Mexico.  

5.2. Comments & Concerns 
 Task 1 - Kevin Quinlan with the NRC gave a short lunch-time presentation of a 

NRC ongoing review of the site specific PMP study for the Tennessee River basin 
that was produced by AWA for the TVA. The NRC, in conjunction with the Oak 
Ridge National Lab, performed a detailed review of the process and tools used 
by AWA to develop site-specific Probable Maximum Precipitation (SSPMP) 
estimates. It was insightful for the PRB to learn about what aspects of the 
process and tools have been reviewed and considered appropriate as well as 
areas that need further discussion and explanation. One area that was resolved 
was the SPAS program; it was found to properly analyze storms with idealized 
input to produce expected output in the form of DAD curves. The areas of 
concern are similar for this study: Storm representative dew point selection 
and the OTF (aka GTF). The fluctuation of the GTF between locations of no 
significant topography and similar distance from moisture sources was found, 
with the reason being it is based on NOAA’s Atlas 14. The lack of a physical 
basis for the GTF adjustment remains an area of concern for the TVA study as 
well as the CO-NM REPS. Other areas of concern included tropical storm 
transposition limits and dew-point climatology. Coordination of the review of 
these two studies should continue.  
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5.3. Requests for Information with Discussion  

5.3.1. Task 1 
 2nd meeting-Task 1-RFI#1(2-1-1) Conduct a comparison of critical (short list) 

storms for CO/NM of SPAS vs. DAD tables from the previous analysis in HMRs 
and/or USACE storm catalog. For each DAD table, show percent differences for 
all durations and area sizes (John E.)  

 
A review of the comparison of the nine storms found that at some areas and durations 
the SPAS analysis produced higher and lower values than the values in the USACE 
catalog. For example, the SPAS 1295 Zone 3 analysis was -25 percent for 1 square 
miles but +42 percent for 1,000 square miles This -25 percent was found to be the 
greatest reduction in all of the comparisons. The largest increase was +130 percent 
for SPAS 1650 at 6 hours, 50,000 square miles For SPAS 1486, 1495, 1606, and 1613 
the differences were all +/- 5 percent. On a similar note, the NRC’s review of the TVA 
study inspected the SPAS software. SPAS was found to take known input and produce 
consistent output. 
 

 2-1-2 For each critical storm in CO/NM, document and discuss differences in 
the in-place observed Td, max Td, estimated IPMF, and any cap with the 
Wyoming study values. Example: May 1969 Big Elk Meadow IPMF from HMR 55A 
= 1.70; WY PMP (SPAS-1253) = 1.50 (John E.)  

 
Open and ongoing. The PRB (Keeney & Rydell) are reviewing the short list and critical 
storms’ selected in-place Td. 
 
Supplemental request on November 16, 2017  
 
In conducting a review of this information not all of it was found to be available for 
the controlling storms. The following information for the controlling storms is 
requested:  

1. Spatial maps of dewpoint values, 
2. Are the dewpoints point values or spatial averages, 
3. Are the dewpoints averages of 1-, 2-, 6-hours or an instantaneous value,  
4. Is there a smoothing process (spatial or temporal) for the dewpoints, and if so 

what is the process 
 
  

 3-1-7 As a check of the controlling storms for PMP, look at the factors in 
selected grids at the end of study (Chuck M.). Status: Open. 
 

 3-1-12 Use information from Task 2 and reanalysis to help set transposition 
limits (John E.) Ongoing Rattlesnake, Savageton. Interweave the three macro 
regions now identified from Task 2 for 48-hour general storm duration and so 
for PMP storm transposition overlap such as it exists. Closed due to 
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breakthrough. 
 

 3-1-14 List of top ten controlling storms that are approaching PMP limits (Mel 
S.). Provided. 
 

 4-1-1 For short storm list, compare 24-hour depths to 24-hour depths from June 
1964 Gibson Dam, MT event (John E.) Are there depths in Colorado comparable 
to Gibson dam? If equivalent to Gibson, then don’t move it? Are there other 
storms in the 15 inches for 200 square miles in the storm list for the eastern 
portions of the study area? The request was to determine the implications of 
not moving the Gibson storm into Colorado.  
 

A comparison with 24 storms was made with the Gibson Dam storm at various areas 
and durations. Three of the 24 storms approach or exceed the Gibson Dam storm. The 
Elbert-Cherry Creek 1935 storm of 21.18 inches at 24 hours and 10 square miles 
exceeds Gibson Dam’s 16.56 inches by 28 percent. Elbert-Cherry Creek (15.04 inches) 
compares to Gibson (15.17 inches) at 24 hours 100 square miles Penrose, CO 1921 and 
Guadalupe Pass, Tx 2013 are the largest storms after Gibson at 24 hours 1,000 square 
miles. Penrose (9.7 inches) and Guadalupe (10.27 inches) are 20 percent and 15 
percent less than Gibson Dam (12.09 inches). The implications of not moving the 
Gibson Dam storm into Colorado (without and MTF or GTF) would appear to be 
minimal at the small areas (10 and 100 square miles) as Elbert-Cherry Creek is 
substantially larger than Gibson. A reduction in PMP values would be expected in 
larger areas without using Gibson Dam, on the order of 15 to 20 percent.  
 
In meeting #5, additional information on why the Gibson Dam storm should not be 
moved was going to be added. This information came as a result of Task 3 assisting in 
the development of additional information on the Rattlesnake, ID storm.  
 
The PRB is reviewing the memo justifying not moving Gibson Dam (Kunkel).  
 

 4-1-2 Utilize dGTF (dimensionless GTF) on select new storms to verify current 
GTF methods (William A.) AWA requested more information and discussion with 
William Asquith. Related to 3-1-12. This suggestion was moved to the future 
research section. 
 

 4-1-3 Provide a range (or basic summary statistics) of the GTF variance for 
storms (as opposed to the average over a large number of grid cells) to better 
substantiate the usage of that method and identify the areas with extremes 
(Joe K.) 

  
A summary of zones and transposition statistics were shared after Workshop #4. The 
PRB remains concerned about the apparent lack of physical justification for use of the 
GTF when moving storms between locations with little variation in significant 
orographic influence. Relatively large variations in GTF for non-orographic regions 
(such as the eastern plains) appear to be the result of sampling uncertainty in NOAA 
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Atlas 14 precipitation frequency estimates. The PRB understands that AWA 
implemented a smoothing technique to attempt to address the larger unexplained 
variations in GTF values. The PRB would like AWA to explain this smoothing during the 
webinar.  
 

 4-1-4 Generate a sampling of DAD Envelope Curves for select points in each 
transposition zone (Kevin G.). Open – Meeting #6. These curves should be 
generated for the test watersheds. These curves help in determining how 
robust the PMP values are showing the critical or controlling storm along with 
all of the other storms behind it. If there are several DAD curves just behind or 
underneath the control storm, it reinforces or shows high confidence in the 
PMP values. Conversely, if there are no storms supporting the controlling storm 
confidence in the PMP values is reduced and the controlling storm should be 
closely scrutinized.  
 

 5-1-1 For the GTF, a lower limit of 0.67 instead of 0.50 should be examined 
because it is symmetrical with the upper limit of 1.50 when considering that 
the GTF is a multiplicative factor. This would be consistent with recent 
recommendations made by reviewers in the TVA study. 
 
This examination should include a comparison of the PMP maps for the general 
storms focused on northwestern New Mexico. In reviewing the transposition 
zones for many of the storms that occurred in Arizona and moved into western 
New Mexico the GTF was about 0.50. 
  

 5-1-2 Webinar on Envelopment and Temporal methods needs to be scheduled. 
Note: Also a simple prescribed approach is needed by Sponsors. A simple 
alternating block scenario along with a front loaded and back loaded storm 
example. These would be basic design hyetographs. HMR55A local storm 
ordering is of interest too---maybe the general storms too. 
 

 5-1-3 It is suggested that Atlas 2 with seasonality be consulted with Atlas 14 for 
the rain and snow component.  
 

 5-1-4 The use of HRRR model to separate the total precipitation from rainfall 
at higher elevations seems reasonable. 
 

 5-1-5 Report whether or not envelopment of the DAD curves is recommended 
and will be developed. Envelopment is discussed in the IAW WMO Manual. 
(Chuck M.). AWA is scheduled to talk on this topic during a webinar scheduled 
for December 8, 2017.  

5.3.2. Task 2 
 3-2-3 RESOLVED: Provide documentation on the three proposed watershed 

precipitation frequency relationship methods. (John E.) The PRB deems the 
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“Move-the-Earth” as proposed as adequate. 
  

 3-2-4 RESOLVED: On regional precipitation frequency analysis, report t4 – 
kurtosis and use for Kappa. Also report Tau5 as a constant to get into Wakeby, 
and explore tail distributions at 10-5 to 10-7. The Tau5 even if not Wakeby 
gains access to generalized lambda. (William A.) L-kurtosis and Tau5 results 
will be shown in final deliverables. 
 

 3-2-5 RESOLVED WITH CAVEAT: Trend depiction with respect to record length. 
(John E.) Data shared in June meeting. Document lengths of records at stations 
used in EIRL computations. (John E.) 
 

 3-2-6 RESOLVED: Methods of spatial regression. Extrapolation control by 
perhaps not using polynomial regression, but generalized additive models 
(cubic regression splines with automated cross validation) or 2-d 
(latitude/longitude) thin-plate regression splines. The R package mgcv would 
be the best available for rapid prototyping. Standard errors of estimate fallout, 
which is superior to say LOWESS-like curvilinear regression. (William A.) Results 
on 48 hour regionalization are encouraging with the study area being lumped 
into an Eastern, Rio Grande, and Western macroregions. Supervisory review by 
Task 2 of the polynomials used in the regionalization has been adequately 
made. 
 

 4-2-1 OPEN: Provide documentation for Storm Typing procedure for more 
detailed review (John E.) PRB requests a Webinar to resolve this issue. 
 

 4-2-2 RESOLVED: Use Storm Type procedure for each of storm on the short list 
from Task #1 (John E.) Task #2 classifications must match those of the Task #1 
classification for each storm and vice versa. PRB wants and recommends 
integration of products of Tasks 1 and 2. This has been done and they do 
match. 
 

 4-2-3 RESOLVED WITH CAVEAT: Provide 6, 24, and 72-hour storm durations 
(David K.) This is resolved assuming that such scaling will be used compare PMP 
to precipitation frequency estimates. 
 

 4-2-4 OPEN: LRAP demonstration to PRB members (John E.) LRAP exploration 
still of particular interest to Mark Perry, Joe Kanney, and Joe Wright. PRB 
deems LRAP as adequate, but discussion with Sponsors is needed to see if a 
Webinar is prudent. Sponsors indicate that a Webinar on a tutorial for LRAP at 
48-hour duration would be beneficial. 
 

 4-2-5 OPEN: Coordinate for review of 2-day MLC (John E.) Task 2 to put 
together maps, XLSX, and PPTX for offline discussion with PRB and others. 
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 4-2-6 OPEN: Present one frequency curve for each storm type and compare to 
NOAA Atlas 14; prepare documentation to assist the development of future 
regulations. (John E.) 
 

 4-2-7 RESOLVED WITH CAVEAT: What is the storm database to use “Move-the-
Earth” by storm type? (John E.) HRRR is to provide the western region MEC 
storm templates. PRB asks Task 2 leaders to develop specific criteria for 
information extraction from Task 3. It is the PRB’s understanding that say a 
couple of dozen MECs from HRRR need to be isolated as a dimensionless grid for 
delivery to Task 2. 
 

 4-2-8 RESOLVED: Consider use of iso-percentile or other methods in lieu of 
“Move-the-Earth” for Colorado-New Mexico (John E.) PRB deems the “Move-
the-Earth” as adequate. 
 

 4-2-9 OPEN: Provide better guidance as to what the “end user product” will be 
from Task #2 (John E.) Presentation at Workshop #5 was encouraging. 
 

 5-2-1 PRB would like to see the draft final deliverable end-user product shown 
at Workshop #6. 
 

 5-2-2 Demonstration of end-user product on selected test basins such as those 
used to develop the generalized watershed precipitation frequency relations. In 
particular, the basins including Asaayi, Avalon, Big Thompson, Blue Mesa, 
Brantley, Cherry Creek, Gross, Nambe, Pueblo, Red Bluff, and Tsaile would be 
particularly informative. 
 

5.3.3. Task 3 
 3-3-2 Determine approximate elevation of freezing level (say to nearest 500-

1,000 feet) to develop monthly climatology to help with rain vs total 
precipitation (continues to be ongoing with Task #1) Closed. (Different 
direction is being pursued.) 
 

 3-3-4 OPEN: Possibly develop storm templates for Task #2 (David K.) Ongoing 
with task 2 further discussions. Significant progress was made at workshop #5 in 
determining what specific products task 2 wanted from the task 3 HRRR 
dataset. 
 

 4-3-1 RESOLVED: Discuss results from adjustments to the moisture (September 
2013 storm) inflow and precipitation depths (David K.) 
 

 4-3-2 Use the HRRR to analyze vertical motion climatology and compare with 
September 2013 (i.e., did the storm approach dynamic maximization, based 
upon the 5-year data) (Ken K.) Ken K. met with Kelly and her team in Boulder 
(taking advantage of another scheduled trip to Boulder) to discuss this issue. 
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After carefully reviewing the exact definitions of the vertical motion fields 
being saved (which were instantaneous extreme values), they decided they 
would not address the question of dynamic maximization, which requires 
temporally and vertically averaged vertical motion fields. Within the project 
scope, this cannot be pursued and is marked as Resolved. However, this would 
be a suitable topic for potential future research. 
 

 4-3-3 Provide a summary of available data for analysis from the HRRR model in 
order to better identify potential uses of Task #3 in the overall CO-NM REPS 
(Joe K.) Supplied via email and thus closed. 
 

 4-3-4 Could the White Paper on Climate Change be used to assist those in PMP 
development (either in the CO-NM REPS or future studies) either qualitatively 
or quantitatively? (John E.) Discussed and ongoing.  

 
 5-3-1 Share seasonality model data for use in task 1 to separate 

total precipitation from rain. 
o Provide data for Task 1 to calculate and compare annual vs. seasonal 

and max vs. mean ratio results. Provide max precipitation and max 
liquid-only precipitation by month for 1-h, 6-h, and 24-h durations  

o Max vs. mean annual max? (Determine and provide relevant grids--
potentially Task 1 and Task 2 need different grids) 

o For Task 1, leaning toward using max precipitation ratios due to 
approximate linkage to 100-year event but will reassess after seeing how 
calculations compare.  

o Tasks 1, 2 to inform Task 3 on season definitions, other considerations 
for these calculations 

 
 5-3-2 Task 1 (AWA) requested WRF study on 3 different storm events: 

Savageton, WY SPAS 1325 (September 1923); Penrose, CO SPAS 1294 (June 
1921); and Ward District, Boulder, CO SPAS 1614 (May 1894). (like Rattlesnake, 
ID) 

o For Rattlesnake, ID WRF simulations, Kelly to send all 4 WRF ensemble 
member precipitation grids to Task 1 

o For Rattlesnake, ID WRF simulations, Kelly to create and share an 
ensemble max precipitation grid with Task 1 

o Kelly to provide references to inform Task 1 transposition limits across 
inter-mountain west: e.g., Backes et al, Mueller et al., Alexander et al., 
Rutz et al.(s) 

o Determine resources needed (human time, computing capabilities) for 
the additional 3 case studies 

 
 5-3-3 Provide a discussion on the HRRR model data used in evaluation of the 

rain/snow interface that is to be used by Task 1 to separate total precipitation 
from rain. 
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 5-3-4 (see 4-2-7) 
o Provide HRRR data for sample storm(s) to facilitate a demo of the 

procedure over a CO-NM basin  
o Discuss on eventual webinar: what benefit did HRRR provide/what would 

the analysis look like without it? Are spatial details in HRRR patterns lost 
in moving terrain, regions that might not support? 

 5-3-5 PDF distribution fitting 
o Work with Task 2 – can/should we consider different fitting functions 

(Kappa?) 
o Work with Tasks 1 and 2 to make analysis most applicable to storm 

transposition/climo-mapping applications  
o Consider using another method (than least squares) to fit history 

(Follow-up with W. Asquith?)  
o How can this work best inform Task 2 in their region definitions? It seems 

like they might have already settled on their regions 
o The PRB recommends that no more work be done on this task. There are 

legitimate concerns about the distribution chosen and this is not their 
prime specialty area. The simple percentile-based analysis they have 
already done may be all that can be supported by the short POR. 
CLOSED. 

5.4. Recommendations for Best Practice 
  

Task # | 
Consultant 

Input Needed PRB Recommendation 

Task 1 | AWA Use of current method of 
AWA’s OTF, now the GTF 
Continued use of the MTF in 
transposition calculations 
Short storm list for PMP 
development 
Usage of HRRR model data 
to correct for rain only 
precipitation  
 

Deemed “adequate’ replacement 
of Storm Separation Method (SSM) 
from the HMRs with additional 
future analysis discussed above. 
Modified use of MTF to limit values 
from 1.00 to 1.20 
Approved storm short list 
Approved using HRRR model data  

Task 2 | 
MetStat 

Review of MetStat Storm 
typing procedure 
 Review method for 
Watershed Precipitation 
frequency relationship 

Approved, with a request for 
inclusion of documentation listed in 
the RFIs 
Additional information requested  

Task 3 | NOAA GIS support for gridded HMR 
data 
ID of Task 3 input  

USACE provided GIS support 
Ongoing PRB providing guidance to 
Tasks 1 and 2  
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5.5. Results from PRB’s Quality Assurance Checks 

5.5.1. Task 1 
 Many of the results from reviewing the data, assumptions and methodology are 

discussed under the RFI topics above.  
 Review of transposition limits of Gibson Dam storm  
 Review (special webinar) on the variance of the GTF in nonorographic areas.  
 Ongoing review of the dewpoint selection of the new and controlling storms. 

This is discussed under Request for information 2-1-2 
 
Areas for Future Research and Improvement 
(Components, elements, variables, or topics not covered under this study, but 
that could benefit from further research or study to reduce or quantify their 
uncertainty to the advantage of the quality of the process. The list will be 
documented as a final deliverable and made available for use by the scientific 
and engineering communities.) 
 

 Standardization of orographic transposition methods 
 Detailed analysis of synoptic storm patterns to better quantify transposition 

limits for extreme storms 
 Potential impacts of climate change on extreme precipitation events 
 Investigate use of dGTF (dimensionless GTF) in aiding the decision to 

transposition storms.  

5.6. Action Items & Next Steps 
 Webinar on Task 1 - Envelopment, temporal distribution and PMP depths 

(December 8, 2017) 
 Continue monthly inter-workshop calls/webinars 
 Coordinate during interworkshop periods with Project Consultants to ensure 

timely review of technical data 
 Maintain communication with Project Sponsors in order to ensure coordination 

of efforts and to maintain work within the confines of the project scope and 
PRB Charter.  
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6. Workshop #6 Report 
 
Date: April 16, 2018 

From:  
Chuck McWilliams, Chair 
Ken Fearon, Co-Chair 
Project Review Board 

Attention:  
Bill McCormick & Mark Perry, Colorado 
DWR 
Charles Thompson, New Mexico OSE 
Project Sponsors 

Workshop Information: 
Workshop #6 
April 9-11, 2018 
Colorado Division of Water Resources 
Conference Room 
1313 Sherman Street 
Denver, CO 80203 

 

 
Dear Mr. McCormick, Mr. Perry, and Mr. Thompson,  
 
This letter serves as our summary report of the Colorado-New Mexico Regional 
Extreme Precipitation Study (REPS) Workshop #6 held on April 9–11, 2018 in Denver, 
Colorado. The 3-day workshop was attended by the following representatives: 
Project Review Board – Chuck McWilliams, Ken Fearon, William Asquith, Kevin 
Griebenow, Gokhan Inci, Joe Kanney, David Keeney, Ken Kunkel, John Onderdonk, 
Kevin Quinlan, Nezette Rydell, Russ Schumacher, and Robert Webb; 
Project Sponsors – Bill McCormick, Chuck Thompson, Mark Perry, Sushil Chaudhary, 
Jeremy Franz, James Head, David Heber, Anna Mauss, and Jason Ward; 
Project Consultants – Trevor Alcott, Blake Allen, Victoria Bahls, Julie Baxter, Rob 
Cifelli, Jess Drawhorn, Doug Hultstrand, Eric James, Bill Kappel, Kelly Mahoney, 
Debbie Martin, Will Meyer, Geoff Muhlestein, Tye Parzybok, Mel Schaefer, Kristi 
Steinhilber, George Taylor, Katie Allen, and Jessica Williams; and 
Dam Owners and Other Interested Stakeholders – Steven Anslemo, Brad Bingham, 
Kirsty Bramlett, John Clark, Pat Conley, Casey Dick, Jeff Lukas, Brian McCormick, 
Michele Minihane, Ray Tenney, Kevin Troutman, and Doug Woolridge.  
 
The focus of this workshop was to review previous and ongoing work by the Project 
Consultants contracted to execute Tasks 1–3 and provide guidance and 
recommendations, as requested, in order to complete their respective assignments. 
The workshop opened with the Tasks #1 and #2 Consultants presenting overviews of 
their progress, which was followed by a discussion on open items from prior 
workshops and a presentation from PRB member Ken Kunkel concerning his analysis on 
the current transposition limits of the June 1964 Gibson Dam storm. The first day 
concluded with the PRB engaged in two groups for more detailed technical discussions 
of Tasks #1 and #2. 
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The technical discussions continued on the morning of the second day of the 
workshop, with follow-on demonstrations of the latest capabilities of the Tools 
developed as a part of the study. These demos were to update information provided 
as part of pre-workshop webinars led by both AWA and MetStat. For the remainder of 
the afternoon, the PRB met separately and discussed items for decisions as well as 
recommendations on Best Available Science. These discussions included outstanding 
topics from previous workshops that were still in need of resolution and the 
identification of any additional concerns among the PRB as a result of updated study 
results. 
 
The primary focus on the morning of the final day of the workshop was a review of 
the Summary Report for the project, with Acclivity leading the session and each 
member providing feedback to the Project Sponsors and Consultants. Following a 
working lunch, Task #3 Consultants from NOAA presented their results from their 
climate change white paper, and reviewed their recommendations to the Project 
Sponsors and PRB. The remainder of the workshop was devoted to the PRB Report Out 
and a discussion among all attendees as to the effectiveness of the study. The latter 
was organized and facilitated by Acclivity with a goal of ensuring long-term success of 
the project. Following closing remarks by the Project Sponsors, the workshop 
concluded with final task assignments and timelines provided to Project Sponsor, 
Consultants, and the PRB 
 
This letter report summarizes the 3-day workshop and provides the PRB’s input on the 
Project Consultants’ work progress and questions. The detailed agenda is available 
under separate cover and this document serves as the meeting documentation, 
including all comments and notes that make up this report. 

6.1. General Evaluation of Processes & Data 

6.1.1. Task 1 – Probable Maximum Precipitation 
 Gibson Dam Transposition Limits: PRB Member Ken Kunkel presented his 

findings from a detailed analysis of the synoptic weather features during June 
1964 using NOAA reanalysis data. His results concluded that the storm was not 
associated with an Atmospheric River event and that the primary moisture 
source was the Gulf of Mexico. He also determined that the dynamical features 
of the storm indicate that such an event would be possible as far south as 
Colorado and recommended a re-visiting of the transposition limits used for this 
study with regard to Gibson Dam. 

 AWA PMP Tool: The Task #1 tool for use with ArcGIS seemed to be functioning 
properly for all who tested it, with only minor issues (labeling, etc.) identified 
and feedback provided to AWA. For the most part, the PMP estimates appeared 
to be significantly lower than those from HMR 55A, and these reductions were 
noted by the PRB. 
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6.1.2. Task 2 – Regional Precipitation Frequency 
 MetStat PF Tool: Despite some initial problems with the server timing-out 

during web access, the tool appears to be functioning as designed and provides 
multiple formats for visualization of the data. Future improvements could be to 
possible incorporate the PMP results within the PF server in order to quantify 
the return period of the PMP and compare to those from Task #2. 

 Updated PF Results: The results from Task #2 appear (in many areas and 
especially at high elevation) to be much lower than NOAA Atlas 14 data of 
comparable durations and return periods. These reductions seem to increase as 
the return period increase and are greatest on the upper level of the 
uncertainty bounds. Whereas the Task #2 reviewers were not able to identify 
any significant reason for these reductions or any divergence of standard 
procedures, these lowered estimates remain a concern for future analysis and 
consideration. 

6.1.3. Task 3 – HRRR Modeling of Extreme Storms 
 Use of HRRR data in Task #1: The incorporation of HRRR data for the 

development of PMP estimates at high elevations seemed to produce results 
that were more consistent with observations in nature. Whereas not the 
perfect solution, this process seems to be appropriate. 

 Results of climate change white paper: The review of literature and analysis of 
multiple climate models with regard to the potential impact on extreme 
precipitation was detailed and consistent with similar efforts from other 
studies. These results provide an opportunity for the stakeholders in both 
Colorado and New Mexico to provide a range of PMP estimates for future basin-
specific projects. 

6.2. Comments & Concerns 
The substantial reductions at some areas and durations in the preliminary Probable 
Maximum Precipitation estimates (compared to HMR 55A) and Precipitation Frequency 
(compared to NOAA Atlas 14) requires additional care and analysis by future users of 
the study results (see Figure 1). The preliminary PMP estimates at a few locations 
where shown to have increased by the Task 1 consultant. The lowered values from the 
former appear to primarily be the result of a combination several aspects of the 
analysis: representative storm dew point1 that produces a lowered In-Place 
Maximization Factors, smaller depths in DAD tables from SPAS reanalysis, changes in 
the transposition limits for storms and a different method for assessing precipitation 
with an increase in elevation. The use of the Geographic Transposition Factor (GTF) 
and methods of orographic transposition may have additional impact on the results.  
 
While the techniques used by NOAA for the development of Atlas 14 estimates are 
slightly different than those incorporated by the Task #2 Consultant, they have 

                                                       
1 As noted in the Task 1 report, for every one degree Fahrenheit change in the dew point produces a 
change of 4-5 percent in amount of precipitation.  
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enough similarity that the divergence of estimates of comparable durations and 
return intervals must be considered for review. This is particularly relevant as the 
differences increase most significantly on the most rare (very low annual exceedance 
probability) events, which are those that are used in dam safety studies. The need to 
properly identify the return interval of recent extreme events (such as September 
2013) is paramount in order to enable decision makers the ability to assign risk and 
make the most appropriate decisions. 
 
Task – 1. No one has the answer for the Probable Maximum Precipitation estimates. In 
fact, there is discussion in the hydrometeorological community if there is an upper 
limit to precipitation2. The aspect of these estimates being “probable” was debated 
by the PRB when reviewing the storms’ representative dew points for Task 1. Should 
the selection of the representative dew point be made to build or estimate the worst 
possible or worst probable storm? The PRB review of the dew point selections focused 
solely on the dew point; the assumed time frame and HYSPLIT back trajectory analysis 
were not reviewed. The selection of a storm’s representative dew point was found to 
be a critical and key concern during the Nuclear Regulatory Commissions’ review of 
the TVA’s PMP study3.  

6.3. Requests for Information 

6.3.1. Task 1 
 2-1-2 (OPEN) For each critical storm in CO/NM, document and discuss 

differences in the in-place observed Td, max Td, estimated IPMF, and any cap 
with the Wyoming study values. Example: May 1969 Big Elk Meadow IPMF from 
HMR 55A = 1.70; WY PMP (SPAS-1253) = 1.50 (John E.) The PRB (Keeney & 
Rydell) are reviewing the short list and critical storms’ selected in-place Td. 
PRB to include recommendation for study of PMP uncertainty as well as 
appropriate adjustments from persisting to average dew points in Summary 
Report, Volume 7. Kevin G. (PRB) recommends looking into quantifying each 
change (3 percent-5 percent each for DAD, IPMF, etc.) and include similar Ohio 
PMP comments (conservatism). It is recommended that AWA include a section 
in Summary Report, Volume 3 to expand upon 7 degree for local storms and 2 
degrees for general storms change for Td in CO-NM REPS (why it is applied in 
this study) as well as impact to final results. 

 4-1-1 (OPEN) For short storm list, compare 24-hour depths to 24-hour depths 
from June 1964 Gibson Dam, MT event (John E.) Are there depths in Colorado 
comparable to Gibson dam? If equivalent to Gibson, then don’t move it? Are 
there other storms in the 15 inches for 200 square miles in the storm list for 
the eastern portions of the study area? The request was to determine the 

                                                       
2 See “Uncertainty analysis for Probable Maximum Precipitation estimates”, Zoran Micovic, Melvin 
Schaefer and George Taylor, Journal of Hydrology 521 (2015), pp 360-373.  
3 The highlights of the NRC’s findings from this review, “NRC Review Status of the TVA Overall Basin 
Probable Maximum Precipitation (PMP) and Local Intense Precipitation Analysis” were presented during 
Meeting No. 5. This presentation was discussed in the PRB Workshop #5 Report.  
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implications of not moving the Gibson storm into Colorado. The PRB is 
reviewing the memo justifying not moving Gibson Dam (Kunkel). PRB 
recommends a sensitivity test for Gibson Dam; AWA will add the storm to the 
PMP Tool and Mark P. (CO) will run a test of specific watersheds with a 
potential follow-on webinar with the results. Bill M. (CO) understands that the 
PMP Tool can be updated for future storms and sees this as an opportunity to 
test that capability. Ken K. (PRB) recommends using the HMR 55A transposition 
limits of Gibson Dam for the sensitivity test. Bill K (AWA) recommends capping 
MTF at 1.20 (per HMR 55A guidance). 

 4-1-4 (OPEN) Generate a sampling of DAD Envelope Curves for select points in 
each transposition zone (Kevin G.). These curves should be generated and 
presented for the test watersheds. These curves help in determining how 
robust the PMP values are showing the critical or controlling storm along with 
all of the other storms behind it. If there are several DAD curves just behind or 
underneath the control storm, it reinforces or shows high confidence in the 
PMP values. Conversely, if there are no storms supporting the controlling storm 
confidence in the PMP values is reduced and the controlling storm should be 
closely scrutinized. For an example of this see Figure 2. DAD curves were 
shown only for a few select locations with no ability to discern which storms 
were near the PMP values (or how “robust” the envelopment was)  

 5-1-1 (RESOLVED) For the GTF, a lower limit of 0.67 instead of 0.50 should be 
examined because it is symmetrical with the upper limit of 1.50 when 
considering that the GTF is a multiplicative factor. This would be consistent 
with recent recommendations made by reviewers in the TVA study. Accepted as 
by Kevin G. (PRB) 

 6-1-1 (RESOLVED) Should the temporal distributions from Task #1 compare with 
Task #2? (Kevin G.) 

 6-1-2 (RESOLVED) Are all hybrid storms being used in both the Local Storm and 
General Storm PMP Tool applications? (Chuck M.) Bill K. and Geoff M. (AWA) 
have confirmed that such storms (4) are in both applications (including 
Tropical) and will be identified in the storm database and Summary Report. 

6.3.2. Task 2 
 4-2-1 (RESOLVED) Provide documentation for Storm Typing procedure for more 

detailed review (John E.) PRB requests a Webinar to resolve this issue. 
Documentation has been provided to PRB. 

 4-2-4 (RESOLVED) LRAP demonstration to PRB members (John E.) LRAP 
exploration still of particular interest to Mark Perry, Joe Kanney, and Joe 
Wright. PRB deems LRAP as adequate, but discussion with Sponsors is needed to 
see if a future Webinar is prudent. Sponsors indicate that a Webinar on a 
tutorial for LRAP at 48-hour duration would be beneficial. Webinar presented 
and Mark P. (CO) will coordinate meeting with Mel S. (MSG) for further 
instruction. 

 4-2-5 (RESOLVED) Coordinate for review of 2-day MLC (John E.) Task 2 to put 
together maps, XLSX, and PPTX for offline discussion with PRB and others. 
MetStat will provide grids, if needed, but all data is now available in web tool. 
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 4-2-6 (OPEN) Present one frequency curve for each storm type and compare to 
NOAA Atlas 14; prepare documentation to assist the development of future 
regulations. (John E.) Comparisons to NOAA Atlas 14 given at Workshop #6. Mel 
S. (MSG) recommends creating frequency curves for each storm type to show 
relative magnitudes. Debbie M (MetStat) will coordinate with Mel S. (MSG) and 
John E (PRB). 

 4-2-9 (RESOLVED) Provide better guidance as to what the “end user product” 
will be from Task #2 (John E.) Presentation at Workshop #5 was encouraging. 
Web tool is available now. 

 6-2-1 (PENDING) Has the data from Task #2 received sufficient internal QA? 
(John O.) Tye P. (MetStat) will upload grids onto ftp site for further review. 
Debbie M. (MetStat) will utilize the comparison with NOAA Atlas 14 as 
additional QA efforts and process along with the results of the beta testing. 

 6-2-2 (RESOLVED) What is the long-term plan for upkeep of the data/web 
platform? Is there a defined length of time established to resolve any issues 
(i.e., server disconnect) with maintenance? Will all stakeholders have access to 
user support? (Chuck M.) Tye P. (MetStat) is coordinating with Bill M. (CO) for 
follow-on contractual support 

 6-2-3 (PENDING) Still some questions about the concept of “space for time.” 
Can a list of 5 to 10 recent storms (i.e., September 2013, etc.) be compiled 
with return intervals in order to give a better understanding of the concept to 
non-technical users? (John O./Chuck M.) MetStat will compile list for review of 
PMP controlling storms 01060530 (potentially located within Summary Report, 
Volume 3). John O. (PRB) noted a calculation (near Boulder?) where probability 
looked distorted from a specific extreme event. Mel S. (MSG) and Mark P. (CO) 
will look at removing the specific storm to see how this storm removal impacts 
the LRAP analysis. 

 6-2-4 (PENDING) Can the differences between Task #2 and NOAA Atlas 14 be 
diagnosed? (Russ S.) MetStat will compile list of reasons for differences and 
include within Summary Report, Volume 3. 

6.3.3. Task 3 
 None OPEN or PENDING 

6.4. Recommendations for Best Practice 

Task # | 
Consultant 

Input Needed PRB Recommendation 

Task 1 | AWA Are the current PMP estimates 
acceptable and reasonable? 
Are the recommended temporal 
accumulations patterns 
acceptable? 
Are there any section/technical 
discussions that need to be 

Yes, with caveats (based upon 
reductions in IPMFs, DAD, etc.) 
Temporal patterns are reasonable 
with consideration given to Task 
#2 also 
Gibson Dam transposition limits, 
others that may be identified 
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included in the Task 1 
documentation? 

during review of Summary Report. 
Background study supporting the 
conversation using 2 degrees for 
local and 7 degrees for local 
storms.  
 

Task 2 | 
MetStat 

AEP map review 
 
Final deliverables and end-user 
product 

Values compared to NOAA Atlas 14 
appear to be significantly lower in 
spots 
Tool appears to be user friendly 
and will just need to ensure long-
term plan for maintenance and 
upkeep 

Task 3 | NOAA Any concerns about historical 
model case studies that have 
been used by Task 1 for storms of 
interest? 
Any desire for HRRR/model grids 
in end-user products? 
Survey PRB on potential 
use/interest following HRRR-
based gridded moisture 
maximization example 
Final input/discussion on climate 
change/non-stationarity report 
(after presenting overview/draft 
executive summary) 
Discussion of next steps for 
dynamical model approach 
development (perhaps 
specifically to 
hydrologic/probable maximum 
flood applications) 

No concerns noted; the Savageton 
Sept. 1923 depths looked far too 
low, but the original depths were 
used in this study 
Being incorporated into the higher 
elevations for Task #1 PMP 
??? To be reviewed by the PRB? 
 
 
To be reviewed by the PRB 
 
 
 
Input to be provided by PRB 
members 

 

6.5. Recommendations for PRB’s Quality Assurance Checks 

6.5.1. Task 1 
 PRB to follow-up with CO-NM and AWA on the Gibson Dam sensitivity analysis 
 PRB to review updated results using HRRR output for high elevation PMP (with 

acknowledgement that it’s an improvement over previous methods) 
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6.5.2. Task 2 
 Continue testing of web-based Precipitation Frequency Tool (PF tool) 
 PRB to provide feedback for LRAP memo from Mel S. (MSG) 
 PRB to recommend any additional features needed for online PF tool 

6.5.3. Task 3 
 Provide recommendations to NOAA for future uses or applications of HRRR 

modeling in the fields of extreme storm research and PMP application 
 PRB review climate change white paper, with specific review of each members’ 

agency responses, needs, and related topics. 

6.6. Areas for Future Research and Improvement 
 Use updated NOAA dew point climatology database for future PMP studies 
 Include verbiage in Summary Report (guidelines) addressing reduction in 

conservatism from previous HMRs/PMP studies (similar to Ohio statewide PMP 
report, but more detailed) as well as specific examples of where improvements 
can be made (i.e., increase conservatism) 

 Need some statement or question about NOAA14 comparison because the 
differences in some cases are very large. A phenomenological reasoning would 
be exceptionally nice to see. William A. (PRB) notes that he does not see 
problems with their regionalization process and the due diligence appears to 
have been done, and William A. (PRB) wonder whether NOAA has extrapolation 
problems conceptually to high elevations and MetStat's values are better even 
though they are quite underneath NOAA14). (William A. – PRB) 

 Always remember that HRRR output are not observational data 

6.7. Action Items & Next Steps 
 NLT 23 May: Testers deliver final comments on Tool to Consultants 
 NLT 24 May: PRB to deliver pre-final draft review and comments 
 Follow-on webinar (early June?) to review test of Gibson Dam storm 

transposition to northern Colorado
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Figure 1. Comparison of Preliminary PMP Study Estimates for General Storms for USACE Watersheds in Colorado and 
New Mexico

State Watershed Area (mi
2
)
HMR 55A 

(inches)

AWA 

(inches)

Percent 

change

HMR 55A 

(inches)

AWA 

(inches)

Percent 

change

HMR 55A 

(inches)

AWA 

(inches)

Percent 

change

HMR 55A 

(inches)

AWA 

(inches)

Percent 

change

CO Bear Creek 236.3 5.04 2.64 ‐48% 13.13 8.76 ‐33% 21.79 14.01 ‐36% 28.49 19.88 ‐30%

CO Chatfield 3022.9 1.48 0.92 ‐38% 4.99 3.30 ‐34% 10.26 6.61 ‐36% 14.25 10.04 ‐30%

CO Cherry Creek 386.1 7.94 3.67 ‐54% 18.02 12.59 ‐30% 25.08 14.82 ‐41% 29.69 18.75 ‐37%

CO Teller 71.6 10.83 3.98 ‐63% 22.43 13.08 ‐42% 30.16 19.29 ‐36% 35.46 25.47 ‐28%

CO Trinidad 672.0 4.82 2.27 ‐53% 12.14 7.12 ‐41% 18.35 11.70 ‐36% 23.12 15.78 ‐32%

CO John Martin 18490.9 0.80 0.87 9% 3.29 3.12 ‐5% 6.93 4.75 ‐31% 9.72 6.93 ‐29%

NM Conchas 7300.3 1.32 1.63 23% 4.93 5.39 9% 8.63 7.31 ‐15% 11.78 10.23 ‐13%

NM Santa Rosa 2632.5 2.50 1.86 ‐26% 6.95 5.34 ‐23% 11.60 8.14 ‐30% 15.23 10.16 ‐33%

NM Two Rivers 1063.3 4.32 2.51 ‐42% 10.06 6.13 ‐39% 15.36 10.46 ‐32% 19.29 12.44 ‐36%

NM Abiquiu 2140.7 1.13 1.53 35% 3.68 3.68 0% 8.04 5.22 ‐35% 11.25 6.57 ‐42%

NM Galisteo 589.6 3.41 2.17 ‐36% 8.80 5.23 ‐41% 14.72 9.06 ‐38% 18.45 10.71 ‐42%

NM Conchiti 14657.0 0.36 0.57 58% 1.86 1.55 ‐17% 5.20 2.59 ‐50% 8.04 4.11 ‐49%

NM Jemez Canyon 1039.1 2.00 1.94 ‐3% 5.90 4.68 ‐21% 11.80 7.74 ‐34% 15.87 9.19 ‐42%

1‐hour PMP 6‐hour PMP 24‐hour PMP 72‐hour PMP
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Figure 2. Family of 26 Depth –Area Curves for the storms at Grid Point 10 (southeast) 
for the Nebraska PMP Study. This family of curves shows that this PMP is control for 
the smaller areas by the Greeley, NE storm and by the Bonapart, IA storm for larger 
areas. If these two storms were thrown out (determined to not be transpositional or 
reduced for other reasons) the David City, NE storm controls for the PMP rainfall 
depths. These estimated PMP values could be called “robust” in that three storms 
that are maximized produce very close to the same rainfall depths.  
 

 
 
 


