
file:///C:/Users/KRISTI/Documents/PMP%20Reports/Wyoming/www.wwdc.state.wy.us
http://www.appliedweatherassociates.com/








 v 

7.2.2 Rationale for Using Average Dew Point Climatology 83 
7.2.3 Rationale for Adjusting HMR 51 Persisting Dew Point Values 84 

8. Storm Transpositioning 86 

9. Development of PMP Values 91 

9.1 Available Moisture at Source and Target Locations 92 
9.2 In-Place Maximization Factor 93 
9.3 Moisture Transposition Factor 93 
9.4 Orographic Transposition Factor 94 
9.5 Total Adjusted Rainfall 94 

9.6 Elevation Adjustment 95 
9.7 Sample Calculations 98 

9.7.1 Example of Precipitable Water Calculations 99 
9.7.2 In-place Maximization Factor 100 
9.7.3 Moisture Transposition Factor 100 

9.7.4 Orographic Transposition Factor 101 

9.7.5 Total Adjustment Factor 102 

9.7.6 Elevation Adjustment 103 
9.8  PMP Calculation Process 103 

9.8.1 PMP Evaluation Tool 103 
9.9 Temporal Distribution of PMP Values 104 

10.   Procedure for Calculating Basin-Specific PMP 105 
10.1 Basin Average PMP Calculation 106 

11. PMP Sensitivity and Comparisons 109 
11.1 Evaluation of Basin-Specific PMP 114 
11.2 Comparison of the PMP Values with Precipitation and Rainfall-Only Frequency Values 118 

11.3 Comparison of the PMP Values with HMR PMP Values 119 
11.4 Comparison of the PMP Values with Nebraska PMP Values 122 

12. Sensitivity Discussions Related to PMP Derivations 125 
12.1 Assumptions 125 

12.1.1 Saturated Storm Atmosphere 125 
12.1.2 Maximum Storm Efficiency 125 

12.2 Parameters 126 
12.2.1 Storm Representative Dew Point and Maximum Dew Point 126 

12.2.2 Sensitivity of the Elevation Adjustment Factor to Changes in Storm Elevation 127 

13. Recommendations for Application 128 
13.1 Site-Specific PMP Applications 128 
13.2 Climate Change Assumptions 128 
13.3 Future Work Requirements 129 

 

Appendix A:  Wyoming Probable Maximum Precipitation Maps 

Appendix B:  100-year Return Frequency Maximum Average Dew Point Climatology Maps Used in the 

Storm Maximization and Transposition Calculations 

Appendix C:  Procedure for using Dew Point Temperatures for Storm Maximization and Transposition 

Appendix D:  Regional Precipitation-Frequency Analysis and Mapping of All-Season 06- and 24-hour 

Precipitation in Wyoming 

Appendix E:  Regional Frequency Analysis and Mapping of 24-Hour Rainfall-Only in Wyoming 



 vi 

Appendix F:  PMP Short Storm List Storm Data (Separate Binding) 

Appendix G:  PMP Seasonality Maps 

Appendix H:  Storm Precipitation Analysis System (SPAS) Description 

Appendix I:  Point OTF Evaluation for PMP Calculations ï Use of Single Point vs Areal-Average 

Precipitation Climatology Values 

Appendix J:  HMR Storm Separation Method (SSM) 

Appendix K:  PMP Evaluation Tool Python Script 

Appendix L:  PMP Version Log: Changes to Storm Database and Adjustment Factors 

Appendix M:  Supplemental Digital Data DVD 

Appendix N:  Board of Consultants Final Report 

 

List of Figures 

Figure 1.1  Hydrometeorological Report coverages across the United States 2 
Figure 1.2  Wyoming PMP project domain and HMR coverages.  The overall project domain extends beyond 

the state boundaries in some areas to ensure all drainage areas into Wyoming are included in the analysis. 3 
Figure 1.3  PMP analysis project domain 6 
Figure 1.4  Hydrologic watershed boundaries within the analysis domain 7 

Figure 1.5  PMP analysis grid placement over the Viva Naughton basin 8 
Figure 2.1  PRISM 30-year average annual maximum temperatures 10 
Figure 2.2  PRISM 30-year average annual minimum temperatures 11 

Figure 2.3  PRISM 30-year average annual precipitation (both rain and snow) 12 
Figure 2.4  June mean flow at 500mb (~18,000 feet) over the western United States 14 

Figure 2.5  July mean flow at 500mb (~18,000 feet) over the western United States 15 
Figure 2.6  Generalized surface synoptic patterns associated with the NAM season 

 (http://www.wrh.noaa.gov/twc/monsoon/monsoon_info.php, October 2014) 16 

Figure 2.7  Local/MCS storm seasonality of storms used during the Wyoming PMP study 18 
Figure 2.8  General storm seasonality of storms analyzed during the Wyoming PMP study 19 

Figure 3.1 Elevation contours at 1,000 foot intervals over Wyoming 21 
Figure 3.2 Elevation contours at 500 foot intervals over western Wyoming 22 

Figure 4.1  Hourly dew point station locations used for the updated maximum dew point climatology 

development 25 

Figure 4.2a  Linear relationships between mean monthly PRISM dew point values and the 100-year 24-hour 

maximum average dew point values for May 33 
Figure 4.2b  Linear relationships between mean monthly PRISM dew point values and the 100-year 24-hour 

maximum average dew point values for June 34 

Figure 4.2c  Linear relationships between mean monthly PRISM dew point values and the 100-year 24-hour 

maximum average dew point values for July 35 
Figure 4.2d  Linear relationships between mean monthly PRISM dew point values and the 100-year 24-hour 

maximum average dew point values for August 36 

Figure 4.3a  June 100-year return frequency maximum average 24-hour dew point map 38 
Figure 4.3b  July 100-year return frequency maximum average 24-hour dew point map 39 
Figure 4.3c  August 100-year return frequency maximum average 24-hour dew point map 40 

Figure 4.3d  September 100-year return frequency maximum average 24-hour dew point map 41 
Figure 4.4  August 100-year return frequency maximum average 6-hour dew point map 42 
Figure 4.5  September 100-year return frequency maximum average 12-hour dew point map 43 
Figure 4.6  January 100-year return frequency maximum average 24-hour dew point map 44 











 xi 

 

Glossary 

Adiabat:  Curve of thermodynamic change taking place without addition or subtraction of heat. On an 

adiabatic chart or pseudo-adiabatic diagram, a line showing pressure and temperature changes 

undergone by air rising or condensation of its water vapor; a line, thus, of constant potential 

temperature.  

 

Adiabatic:  Referring to the process described by adiabat. 

 

Advection:  The process of transfer (of an air mass property) by virtue of motion. In particular cases, 

advection may be confined to either the horizontal or vertical components of the motion. However, the 

term is often used to signify horizontal transfer only. 

 

Air mass:  Extensive body of air approximating horizontal homogeneity, identified as to source region 

and subsequent modifications. 

 

Barrier:  A mountain range that partially blocks the flow of warm humid air from a source of moisture 

to the basin under study. 

 

Basin shape:  The physical outline of the basin as determined from topographic maps, field survey, or 

GIS. 

 

Convective rain:  Rainfall caused by the vertical motion of an ascending mass of air that is warmer 

than the environment and typically forms a cumulonimbus cloud. The horizontal dimension of such a 

mass of air is generally of the order of 12 miles or less. Convective rain is typically of greater intensity 

than either of the other two main classes of rainfall (cyclonic and orographic) and is often accompanied 

by thunder. The term is more particularly used for those cases in which the precipitation covers a large 

area as a result of the agglomeration of cumulonimbus masses. 

 

Convergence:  Horizontal shrinking and vertical stretching of a volume of air, accompanied by net 

inflow horizontally and internal upward motion. 

 

Cooperative station:  A weather observation site where an unpaid observer maintains a climatological 

station for the National Weather Service. 

 

Correlation Coefficient:  The average change in the dependent variable, the orographically transposed 

rainfall (Po), for a 1-unit change in the independent variable, the in-place rainfall (Pi). 

 

Cyclone:  A distribution of atmospheric pressure in which there is a low central pressure relative to the 

surroundings. On large-scale weather charts, cyclones are characterized by a system of closed constant 

pressure lines (isobars), generally approximately circular or oval in form, enclosing a central low-

pressure area.  Cyclonic circulation is counterclockwise in the northern hemisphere and clockwise in 

the southern. (That is, the sense of rotation about the local vertical is the same as that of the earth's 

rotation). 
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multiple outlet points. Hydrologic units are only synonymous with classic watersheds when their 

boundaries include all the source area contributing surface water to a single defined outlet point. 

 

HYSPLIT:   Hybrid Single-Particle Lagrangian Integrated Trajectory.  A complete system for 

computing parcel trajectories to complex dispersion and deposition simulations using either puff or 

particle approaches.  Gridded meteorological data, on one of three conformal (Polar, Lambert, or 

Mercator latitude-longitude grid) map projections, are required at regular time intervals.  Calculations 

may be performed sequentially or concurrently on multiple meteorological grids, usually specified 

from fine to coarse resolution. 

 

Implicit transpositioning:  The process of applying regional, areal, or durational smoothing to 

eliminate discontinuities resulting from the application of explicit transposition limits for various 

storms. 

 

Isohyets:  Lines of equal value of precipitation for a given time interval. 

 

Isohyetal pattern:  The pattern formed by the isohyets of an individual storm. 

 

Jet Stream:  A strong, narrow current concentrated along a quasi-horizontal axis (with respect to the 

earthôs surface) in the upper troposphere or in the lower stratosphere, characterized by strong vertical 

and lateral wind shears.  Along this axis it features at least one velocity maximum (jet streak).  Typical 

jet streams are thousands of kilometers long, hundreds of kilometers wide, and several kilometers deep.  

Vertical wind shears are on the order of 10 to 20 mph per kilometer of altitude and lateral winds shears 

are on the order of 10 mph per 100 kilometer of horizontal distance. 

 

Local storm:  A storm event that occurs over a small area in a short time period.  Precipitation rarely 

exceeds 6 hours in duration and the area covered by precipitation is less than 500 square miles. 

Frequently, local storms will last only 1 or 2 hours and precipitation will occur over areas of up to 200 

square miles. Precipitation from local storms will be isolated from general-storm rainfall.  Often these 

storms are thunderstorms. 

 

Low Level Jet stream:  A band of strong winds at an atmospheric level well below the high 

troposphere as contrasted with the jet streams of the upper troposphere. 

 

Mass curve:  Curve of cumulative values of precipitation through time. 

 

Mesoscale Convective Complex (MCC):  For the purposes of this study, a heavy rain-producing 

storm with horizontal scales of 10 to 1000 kilometers (6 to 625 miles) which includes significant, 

heavy convective precipitation over short periods of time (hours) during some part of its lifetime.  

 

Mesoscale Convective System (MCS):  A complex of thunderstorms which becomes organized on a 

scale larger than the individual thunderstorms, and normally persists for several hours or more. MCSs 

may be round or linear in shape, and include systems such as tropical cyclones, squall lines, and MCCs 

(among others). MCS often is used to describe a cluster of thunderstorms that does not satisfy the size, 

shape, or duration criteria of an MCC.  
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Rainshadow:   The region, on the lee side of a mountain or mountain range, where the precipitation is 

noticeably less than on the windward side. 

 

Saturation:  Upper limit of water-vapor content in a given space; solely a function of temperature. 

 

Spatial distribution:  The geographic distribution of precipitation over a drainage according to an 

idealized storm pattern of the PMP for the storm area. 

 

Storm transposition:  The hypothetical transfer, or relocation of storms, from the location where they 

occurred to other areas where they could occur. The transfer and the mathematical adjustment of storm 

rainfall amounts from the storm site to another location is termed "explicit transposition." The areal, 

durational, and regional smoothing done to obtain comprehensive individual drainage estimates and 

generalized PMP studies is termed "implicit transposition" (WMO, 1986). 

 

Synoptic:  Showing the distribution of meteorological elements over an area at a given time, e.g., a 

synoptic chart. Use in this report also means a weather system that is large enough to be a major feature 

on large-scale maps (e.g., of the continental U.S.). 

 

Temperature inversion:  An increase in temperature with an increase in height. 

 

Temporal distribution:  The time order in which incremental PMP amounts are arranged within a 

PMP storm. 

 

Tropical Storm:  A cyclone of tropical origin that derives its energy from the ocean surface. 

 

Total storm area and total storm duration:  The largest area size and longest duration for which 

depth-area-duration data are available in the records of a major storm rainfall. 

 

Transposition limits:  The outer boundaries of the region surrounding an actual storm location that 

has similar, but not identical, climatic and topographic characteristics throughout.  The storm can be 

transpositioned within the transposition limits with only relatively minor modifications to the observed 

storm rainfall amounts. 

 

Undercutting:  The process of placing an envelopment curve somewhat lower than the highest rainfall 

amounts on depth-area and depth-duration plots. 
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NWS:  National Weather Service 

 

NRCS:  Natural Resources Conservation Service  

 

OTF:  Orographic Transposition Factor 

 

PMF:  Probable Maximum Flood 

 

PMP:  Probable Maximum Precipitation 

 

PRISM:  Parameter-elevation Relationships on Independent Slopes 

 

PW:  Precipitable Water 

 

SPAS:  Storm Precipitation and Analysis System 

 

TAF:  Total Adjustment Factor 

 

USACE:  US Army Corps of Engineers 

 

USBR:  Bureau of Reclamation 

 

USGS:  United States Geological Survey 

 

WBD: Watershed Boundary Database 

 

WMO:  World Meteorological Organization 

 

WRDS:  Water Resources Data System (University of Wyoming) 

 

WSEO:  Wyoming State Engineer's Office 

 

WWDO:  Wyoming Water Development Office  
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2. Weather and Climate of the Region 

This section describes the general weather patterns and climate of Wyoming and how 

they relate to the development of PMP for this project.  More detailed descriptions of the climate 

of Wyoming and each of the storm types can be found in the following references (e.g. Curtis 

and Grimes, http://www.wrds.uwyo.edu/sco/climateatlas/title_page.html, or the Western 

Regional Climate Center, http://www.wrcc.dri.edu/narratives/WYOMING.htm).  These 

references provide additional information and more detailed analysis.  Figures 2.1 and 2.2 show 

the spatial distribution of the PRISM annual maximum and minimum temperatures for the 30-

year climatological period of 1981-2010.  Figure 2.3 shows the PRISM annual precipitation for 

the same period.   

  

http://www.wrds.uwyo.edu/sco/climateatlas/title_page.html
http://www.wrcc.dri.edu/narratives/WYOMING.htm
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Figure 2.4  June mean flow at 500mb (~18,000 feet) over the western United States 

Starting in late June and continuing into July, the 500mb subtropical ridge normally shifts 

northward and eastward with the center of circulation located over west Texas and New Mexico 

(Figure 2.5).  As a result, easterly flow develops over northwest Mexico in the mid-levels of the 

atmosphere, while hot temperatures over the continent result in a general onshore (southerly) 

flow in the low-levels.  The shift in the 500mb subtropical ridge is followed by a dramatic 

increase in thunderstorm activity over northwest Mexico.  Wyoming lies on the northern fringes 

of this area of enhanced thunderstorm activity.  It is during this time that western Wyoming 

experiences periodic increases in moisture originating from the Gulf of California (Gulf Surges) 

and the eastern tropical Pacific.  This enhanced moisture often produces thunderstorms (Douglas 

1993, Hales 1972).  

 





http://www.wrh.noaa.gov/twc/monsoon/monsoon_info.php
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Figure 2.7  Local/MCS storm seasonality of storms used during the Wyoming PMP study 
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4.1.1 Procedure for Adjusting to the 15
th

 of the Month 

The station data were corrected to the 15
th

 of each month using a linear relationship 

between the previous month, current month, and the next month.  The 15
th

 adjustment was 

performed using a series of Excel macros.  The steps are listed below: 

1) Calculate the difference in days between the observed average date of the annual 

maximum series occurrence of the month being analyzed and the 15
th

. 

2) Depending whether the difference in step 1 is positive or negative (direction of 

adjustment) calculate the ratio/difference between the non-adjusted dew point 

temperature (for the months of interest) and the number of days between the dates. 

3) Apply the ratio calculated in step 2 to the difference calculated in step 1. 

4) Check the adjusted dew point value with the previous and next month values, and the 

other two durations. 

5) Calculate the difference between the original dew point value and the adjusted dew 

point value. 

6) Create station plots of the duration and frequency for additional QC measure. 

7) Create a list of the adjusted dew point values for each station in a GIS format. 

4.1.2 1000mb Adjustment Procedures 

A moist lapse rate (2.7°F/1,000 feet, see http://www.weather.bm/glossary/Glossary.asp 

for a description of this standard moist lapse rate ) was used to adjust the 15
th

 of the month dew 

point temperature, at the station elevation, to 1000mb (assumed to be at elevation zero, i.e. sea 

level).  A linear relationship between elevation and lapse rate was created and applied to each 

station.  The June 24-hour maximum average dew point data for Lander, WY are shown in Table 

4.2.  The table shows the original station data, the data adjusted to the 15
th

, and the data adjusted 

to 1000mb. 

 
Table 4.2  Original 24-hour average dew point data, adjusted dew point data (to the 15th), and the 

1000mb dew point data for 20-year, 50-year, and 100-year frequencies at Lander, WY 

 
 

 

http://www.weather.bm/glossary/Glossary.asp
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Figure 4.3b  July 100-year return frequency maximum average 24-hour dew point map 
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Figure 4.3c  August 100-year return frequency maximum average 24-hour dew point map 
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Figure 4.5  September 100-year return frequency maximum average 12-hour dew point map 
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Figure 4.8a  Linear relationships for the 3-hour duration between mean monthly PRISM dew point 

values and the 100-year 3-hour maximum average dew point values for May  
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Figure 4.8b  Linear relationships for the 3-hour duration between mean monthly PRISM dew point 

values and the 100-year 3-hour maximum average dew point values for June  
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Figure 5.3  Graphs show 24-hour precipitation (blue lines) and rainfall-only (green lines) frequency 

estimates at selected stations. (Continued) 
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Figure 6.1  Storm search domain 

6.3 Storm Search Method 

The initial search began with identifying hourly and daily stations that have reliable 

rainfall data within the storm search domain.  These stations were evaluated to identify the 

largest precipitation totals for various durations associated with the two storm types; local storms 

and general storms.  Other reference sources such as HMRs, USGS reports, NWS reports, and 

climate center reports were reviewed to identify dates with large rainfall amounts for locations 

within the storm search domain.  The initial threshold for storms to make the initial list of 

significant storms (referred to as the long storm list) were rainfall values that exceeded the 100-

year return frequency value for specified durations at the station location. 

 

The resulting long storm list was extensively quality controlled to ensure that only the 

highest storm rainfall values for each event were selected.  Storms were then grouped by storm 

type, storm location, and duration for further analysis.  

 

These storms were plotted in a GIS to better evaluate the spatial coverage of the events 

throughout the region.  From this initial long storm list, the potential storms to analyze list was 
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both location and altitude, for various levels in the atmosphere. The HYSPLIT model was run for 

trajectories at several levels of the lower atmosphere to capture the moisture source for each 

storm event.  These included 700mb (approximately 10,000 feet), 850mb (approximately 5,000 

feet), and storm center location surface elevation.  For the majority of the analyses, a 

combination of all three levels was determined to be most appropriate for use in evaluation of the 

upwind moisture source location.  It is important to note that the resulting HYSPLIT model 

trajectories are only used as a general guide to evaluate the moisture source for storms in both 

space and time.  The final determination of the storm representative dew point and its location is 

determined following the standard procedures used by AWA in previous PMP studies and as 

outlined in the HMRs and WMO manuals.   

 

The process involves deriving the average dew point values at all stations with dew point 

data in a large region along the HYSPLIT inflow vectors.  Values representing the average 3-, 6-, 

12-, and 24-hour dew points are analyzed in Excel spreadsheets, and with the appropriate 

duration representing the storm being analyzed, plotted for evaluation of the storm representative 

dew point.  This evaluation includes an analysis of the timing of the observed dew point values 

to ensure they occurred in a source region where they would be advected into the storm 

environment at the time of the rainfall period.  Several stations are investigated to find values 

that are of generally similar magnitude (within a degree or two Fahrenheit).  Once these 

representative locations are identified, an average of the values to the nearest half degree is 

determined and a location in the center of the stations is identified.  This becomes the storm 

representative dew point value and the location provides the inflow vector (direction and 

distance) connecting that location to the storm center location.  This follows the approach used in 

HMR 51 Section 2, HMR 55A Section 5, and HMR 57 Section 4 with improvements provided 

by the use of HYSPLIT and updated maximum dew point climatologies.  Appendix F of this 

report contains each of the HYSPLIT trajectories analyzed as part of this study for each storm 

(when used).   

  7.2.1 Storm Representative Dew Point Determination Example 

As an example, Figure 7.2 shows the HYSPLIT trajectory model results used to analyze 

the inflow vector for the Holly, CO June 1965 (SPAS 1293) storm.  Note, in this HYSPLIT 

analysis, both the surface and 850mb inflow vectors (red and blue lines) are very similar in 

direction and distance, while the 700mb inflow vector (green line) is similar initially, then 

changes direction after the first 12 hours.  In this case, surface dew point values were analyzed 

for a region starting at the storm center and extending southeastward into northern Texas and 

western Oklahoma.  All the HYSPLIT inflow vectors showed a south to southeast inflow 

direction (the most common for Front Range storms).  The air mass source region supplying the 

atmospheric moisture for this storm was located over northern Texas and western Oklahoma 12-

36 hours prior to the rainfall occurring at Holly, Colorado and was advected into the rainfall 

region.  Surface dew points were analyzed over this source region, ensuring that the dew point 

observations were located outside of the area of rainfall to avoid contamination of the dew points 

by evaporating rainfall.  Figure 7.3 displays the stations analyzed and their representative 6-hour 

average dew point values.  The region encircled in red is considered the moisture source region 

for this storm. 
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rainfall for each transpositionable storm at each grid point within the statewide analysis domain 

and determines the PMP depth for each duration separately for both storm types.  The durations 

calculated for general storms PMP are 1-, 6-, 12-, 24-, 48-, and 72-hours.  The durations 

calculated for local/MCS storms PMP were 1-, 2-, 3-, 4-, 5-, 6-, 12-, and 24-hours.  The PMP 

area sizes calculated for general storm PMP were 1-, 10-, 50-, 100-, 200-, 500-, 1,000-, 5,000-, 

and 10,000-square miles.  The PMP area sizes calculated for local/MCS storm PMP were 1-, 10-, 

25-, 50-, 100-, 200-, 500-, and 1,000-square miles. 

 

 The following sections describe the procedure for calculating the IPMF, the MTF, the 

OTF, and the TAF for the creation of the storm adjustment feature classes.  Examples of each of 

these calculations are presented followed by discussion of the implementation and application of 

the PMP Evaluation Tool to calculate PMP. 

9.1 Available Moisture at Source and Target Locations 

 The available atmospheric moisture, in terms of precipitable water depth, must be 

determined for the storm center location to calculate both the IPMF and MTF.  The IPMF is 

determined by taking the ratio of the maximum precipitable water depth at the storm 

representative dew point location to the storm representative precipitable water depth at the same 

point location.  The MTF is determined by taking the ratio of the maximum precipitable water 

depth at the transposition dew point location to the maximum precipitable water depth at the 

storm representative dew point location.  Identification of storm representative dew point values 

and locations are described in Section 7.2.  Note that in the final total adjustment factor 

calculation, the climatological maximum precipitable water depth at the storm center is used in 

both the numerator of the IPMF and denominator of the MTF and is ultimately cancelled out of 

the equation, mathematically having no impact on the total adjustment factor.  However, it is still 

important to calculate the storm center precipitable water, and the MTF and IPMF individually, 

so that the proportion of each component can be quantified for transparency and quality/error 

control purposes. 

 

 The precipitable water depth is obtained from a lookup table stored within the storm 

adjustment spreadsheets.  The lookup table is a digital version of the precipitable water table 

found in Appendix C of HMR 55A with dew point temperatures every ½ °F through the entire 

atmospheric column required to represent the amount of precipitable water available for rainfall 

production (sea level through 30,000 feet).   

 

To determine the temperatures to use from the precipitable water lookup table, GIS was 

used to extract the values from the appropriate monthly climatological maximum dew point 

raster files at the appropriate duration.  ArcGIS was used to extract the dew point temperatures to 

point features stored within shapefiles.  For each storm there was a point feature at the storm 

center, and a series of 48,343 point features across the statewide domain.  Before the dew point 

extraction, each of these point features was shifted a distance in the x and y direction equivalent 

to the moisture inflow vector components for the given storm.  This allows for the extraction of 

dew point temperatures that are representative of the moisture source location.  The monthly 

maximum average dew point temperature values were linearly interpolated between the 
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The orographically adjusted rainfall at the target location can be computed using the 

equation of the trendline in slope-intercept form. 

 
ώ  άὼ ὦ   Equation 9.6  

 

The slope, m is the correlation coefficient, representing the direct relationship between 

the source and target points.  The y-intercept, b, adjusts for disproportionality between the source 

and target locations within precipitation frequency datasets.  The equation for the Savageton, 

WY, September 1923 (SPAS 1325) 24-hour orographically adjusted rainfall transpositioned to 

the target grid point, using the linear trendline in Figure 9.5 is: 

 

ώ  ρȢρχὼ πȢρπ 
 

The maximum SPAS analyzed 24-hour point rainfall value of 10.32ò is entered as the x 

value to compute the target y-value, or orographically adjusted rainfall (Po) of 11.97ò. 

 

 

ὖ  ρȢρχ ρπȢσς πȢρπ 
 

╟▫  Ȣ ͼ 

 

The ratio of the orographically adjusted rainfall (Po ) to the in-place SPAS analyzed 24-

hour rainfall (Pi) is the orographic transposition factor (OTF) using Equation 9.4: 

 

ὕὝὊ  
ρρȢωχͼ

ρπȢσςͼ
 

 

╞╣╕  Ȣ  

 

The OTF at grid #41,953 is 1.16, or a 16% rainfall increase from the storm center 

location due to terrain and elevation effects.  The OTF is then considered to be a temporal 

constant for the spatial transposition between that specific source/target grid point pair, for that 

storm only, and can then be applied to the other durations for that storm. 

9.7.5 Total Adjustment Factor 

ὝὃὊ  ὍὖὓὊ ᶻ ὓὝὊ ᶻ ὕὝὊ 
 

ὝὃὊ  ρȢρψ ᶻ πȢωψ ᶻ ρȢρφ 
 

╣═╕  Ȣ  

 

 The total adjustment factor for Savageton, 1923 (SPAS 1325) when moved to the grid 

point at 44.5° N, 107° W, representing storm maximization and transposition, is 1.34. This is an 

overall increase of 34% from the original SPAS analyzed in-place rainfall.  The TAF can then be 

applied to the DAD value for a given area size and duration to calculate the total adjusted 





http://wwdc.state.wy.us/
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Figure 10.1  Willow Park Dam drainage basin (32-square miles) 

2) The 1-hour PMP GRID layers for the bounding standard area sizes of 25-square miles 

and 50-square miles are added to ArcMap; ñL_01_00025ò and ñL_01_00050ò. 

3) The Spatial Analyst Extract by Mask tool is run for both the 25- and 50-square mile 

bounding GRID layers using each PMP GRID as the input raster and the basin 

shapefile as the feature mask (Figure 10.2).  The output rasters are ósnappedô to 

original rasters to maintain spatial alignment (Figure 10.3). 
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11. PMP Sensitivity and Comparisons 

The PMP and intermediate data produced for this study was rigorously evaluated 

throughout the process.  ArcGIS was used as a visual and numerical evaluation tool to assess 

gridded values to ensure they fell within acceptable ranges and met test criteria.  Many iterations 

of maps were produced that helped identify potential issues with calculations, transposition 

limits, DAD values, or storm adjustment values.  The maps also helped to define storm 

characteristics and transposition limits as discussed previously.  As expected, several different 

storms controlled PMP values at various durations and area sizes.  In some instances, a 

discontinuity of PMP depths between adjacent grid point locations resulted.  This occurs when a 

transposition zone bisects an area of interest.  In these cases, storms that are transpositionable to 

one transposition zone may not be transpositionable to the other.   Therefore, different storms are 

affecting adjacent grid points and often result in a shift in values over a short distance.  This 

occurs because of the requirement to assign specific transposition limits to each storm that result 

in a storm being either transpositionable to a grid point or not, with no allowance for gradients of 

transpositionability.  In reality, there would be some transition for a given storm, but the process 

and definition of transpositionability does not allow for this.  However, it is important to note 

that these discontinuities make little difference in the overall basin average PMP values for most 

basins and is only seen when analyzing data at the highest resolution (e.g. individual grid points).  

This issue could potentially have the most significant effect for small basins where there are a 

small number of grid points representing the drainage and therefore each grid point value would 

have an exaggerated effect on the basin average PMP. 

 

 Figures 11.1 and 11.2 display sample statewide PMP maps used in this evaluation for 6-

hour local storm at the 10-square mile area size and 72-hour general storm at the 100-square mile 

area size, respectively.  Figures 11.3 and 11.4 display the controlling storms by storm type across 

the entire domain.  Often a transposition zone is entirely controlled by a single storm.  However, 

in Figure 11.3 Zones 5 and 6, there are more than one storm controlling these storms in a striped 

pattern.  This is caused when two storms produce total adjusted rainfall values that are very close 

and the controlling storm can alternate based on small fluctuations in the orographic or moisture 

adjustment factors (OTF and MTF).  In the case of Figure 11.3, the striped pattern is a reflection 

of the maximum average dew point climatology isotherm pattern.  Because these alternations 

only occur when adjusted rainfall values are very close for both storms, there is no noticeable 

variation in the final PMP values. 
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of all area sizes and durations compared for grid point 12 was an 11% increase and for grid point 

18, a 6% decrease.  These results are within the expected range given the differences in emphasis 

on storm types between the two studies and the way PMP values were developed. 

 

 

Figure 11.9  Grid points used for PMP development in the Nebraska PMP study.  Grid points 12 and 18 

in eastern Wyoming were used for comparisons against the Wyoming PMP values.  
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12.2.2 Sensitivity of the Elevation Adjustment Factor to Changes in Storm 

Elevation  

Elevated topographic features remove atmospheric moisture from an air mass as it moves 

over the terrain.  When storms are transpositioned, the elevation of the original storm is used in 

this study to compute the amount of atmospheric moisture depleted from or added to the storm 

atmosphere.   The absolute amount of moisture depletion or addition is somewhat dependent on 

the dew point values, but is primarily dependent on the elevation at the original storm location 

and the elevation of the study basin.  The elevation adjustment is slightly less than 1% for every 

100 feet of elevation change between the original storm location and the study basin elevation. 

 

For example, consider the following case: 

 

 Maximum dew point:        79
o
F    

 Study basin elevation:        100 feet 

 Historic storm location elevation:      500 feet 

 Precipitable water between 1000mb and the top of the atmosphere:  3.44 inches 

 Precipitable water between 1000mb and 100':    0.03 inches 

 Precipitable water between 1000mb and 500':    0.15 inches 

Elevation Adjustment Factor = (3.44"-0.03")/(3.44ò-0.15ò) = 1.04 (about 1% per 100 

feet) 

 

If the historic storm location elevation were 1,000', the precipitable water between  

1000mb and 1,000' is 0.28" 

Elevation Adjustment Factor = (3.44"-0.03")/(3.44"-0.28ò) =  1.08 (about 1% per 100 

feet) 









http://pubs.er.usgs.gov/usgspubs/sir/sir20085164/
http://www.wrds.uwyo.edu/sco/climateatlas/


http://grass.itc.it/




http://www.ncdc.noaa.gov/oa/climate/severeweather/rainfall.html#maps
http://precip.fsl.noaa.gov/hourly_precip.html
http://www.esrl.noaa.gov/psd/data/reanalysis/reanalysis.shtml
http://www.esrl.noaa.gov/psd/
http://www.wrcc.dri.edu/narratives/WYOMING.htm
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