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CHAPTER 7, APPENDIX B 
 

FREQUENTLY ASKED QUESTIONS FOR 
PENNSYLVANIA DESIGN RAINFALL INTENSITY CHARTS 

FROM NOAA ATLAS 14 VERSION 3 DATA 
 
 
7B.0 INTRODUCTION 
 
The questions and answers have been grouped into the following sections: 
 

• Background Questions 
• Technical Questions 
• Using Publication 584, PennDOT Drainage Manual, Chapter 7, Appendix A, Section 7A.1 

 
7B.1 FREQUENTLY ASKED QUESTIONS 
 
A. Background Questions. 
 

1. What are the Pennsylvania Design Rainfall Intensity Charts contained in Publication 584, PennDOT 
Drainage Manual, Chapter 7, Appendix A, Field Manual For Pennsylvania Design Rainfall Intensity Charts 
From NOAA Atlas 14 Version 3 Data? 

 
• Chapter 7, Appendix A contains the new Pennsylvania Department of Transportation - Intensity 

Duration Frequency Curves (PDT-IDF) based upon the new NOAA Atlas 14 Version 3 precipitation 
data and replaces the FIELD MANUAL, Pennsylvania Department of Transportation STORM 
INTENSITY-DURATION FREQUENCY CHARTS (PDT-IDF) (Aron, et. al., 1986a, 1986b). 

 
2. Why are new IDF charts needed? 

 
• They reflect new and updated precipitation data.  Since the 1986 PDT-IDF Field Manual was 

generated, 17 years of additional rainfall records have been collected by the National Oceanic and 
Atmospheric Administration (NOAA).  The availability of more comprehensive and updated 
precipitation data available through NOAA Atlas 14 warranted an update to the PDT-IDF curves.  
The 1986 PDT-IDF curves were based on data from 1948 to 1983, and included 153 data analysis 
sites.  The 2007 PDT-IDF curves are based on data from 1863 to 2000, and included 278 daily 
rainfall recording gages and 139 hourly rainfall recording gages.  The additional years of data plus 
addition stations utilized provide for more current and accurate data. 

• They solve discrepancies between the 1986 values and NOAA Atlas 14, Version 3 values.  In 
comparing the rainfall data from the on-line NOAA Atlas 14, Version 3 data with the 1986 PDT-IDF 
curves, it was noticed that there were discrepancies in rainfall values obtained.  This warranted a 
further investigation as to why and where the discrepancies occurred. 

 
3. Why are there differences between the rainfall values published in 1986 and 2007. 

• The 1986 study only utilized 35 years of data whereas the 2007 utilized 137 years of data. 
• This additional data normalized the impacts from major storms in the 1986 analysis. 
• The gage network utilized in the 2007 analysis was denser, therefore providing more accurate 

and localized data. 
• More up-to-date statistical methods and distributions were utilized for the NOAA Atlas 14, 

Version 3 data. 
• NOAA Atlas 14, Version 3 used different spatial interpolation methods. 
• The 2007 PDT-IDF analysis to produce the maps was performed using GIS whereas the 1986 

PDT-IDF version relied on overlaying data on light tables.  
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4. What are the major differences between the old and new curves? 
 

• The regional boundaries have shifted.  The more inclusive dataset used to develop the new curves 
resulted in a change in rainfall depths and intensities throughout the State.  Due to this, the rainfall 
regional boundaries also changed. 

• The number of regional maps have increased.  The 1986 PDT-IDF curves resulted in one map of five 
delineated rainfall regions; the region boundaries remained unchanged regardless of storm duration 
and frequency.  The 2007 study still utilizes five regions, but six maps were developed to properly 
show the shifting region boundaries for different storm durations and frequencies.  Recent statistical 
evidence based on additional data and a higher concentration of rainfall recording gages has now 
shown that the region boundaries vary depending on the duration and frequency of storms.  For 
example, the lowest intensities and amounts for the five (5-) minute storms are located in 
Northcentral Pennsylvania, whereas the lowest intensities and amounts for the twenty-four (24-) 
hour storm are located in Western Pennsylvania.  It was determined that one rainfall region map 
would not adequately represent the rainfall patterns.  Therefore, the maps and curves were developed 
based upon storm duration and frequency 

• Regional selection is based on duration and frequency.  For the 1986 PDT-IDF curves, one simply 
had to find the site location on the single rainfall region map, find out what rainfall district the site of 
interest was located in, and determine the rainfall from the appropriate PDT-IDF curve.  For the 
2007 PDT-IDF curves, one first has to find the appropriate rainfall region map from Table 7A.1, 
then follow the same procedure for the appropriate map and region. 

• The maximum duration shown is 360 minutes.  The 1986 PDT-IDF curves were plotted up to 24-
hour durations.  The 2007 PDT-IDF curves in Chapter 7, Appendix A (Figures 7A.7 through 7A.16) 
are plotted only up to 360 minutes.  This allowed a larger scale for the plotting since the x-axis was 
reduced, allowing for more accurate interpretation from the curves.  The 12- and 24-hour duration 
values were simply put in Tables 7A.2 through 7A.6.   

 
5. Why did the rainfall values go down in Western and Southwestern Pennsylvania? 

 
• The additional rainfall data statistically lowered the values.  Since there were only 35 years of data 

used to determine the 1986 PDT-IDF curves, there were two major hurricanes in the Western and 
Southwestern portions of the State during the 35-year period that skewed the rainfall distribution 
upwards in this area in the 1986 PDT-IDF curves.  Therefore, rainfall intensities and amounts 
decreased between the 1986 PDT-IDF and 2007 PDT-IDF curves, whereas the additional years of 
data utilized in the 2007 study "dampened" the affects of the hurricane data.  This also resulted in a 
shift of the region boundaries.  For instance, in Southwestern Pennsylvania, for the 24 hour storm 
duration, portions of Region 4 changed to Region 1, and portions of Region 3 changed to Region 1. 

 
6. Is this new data reliable and defensible? 

 
• Yes.  The new data and resulting 2007 PDT-IDF curves went through a rigorous QA/QC procedure, 

was peer reviewed by Dr. Arthur Miller, formerly of Penn State University and Tye Parzybok, 
Consultant to NOAA in development of NOAA Atlas 14, Version 3.  As a result, the 2007 PDT-IDF 
Curves and Tables were found to be consistent and accurate. 

 
7. Why can't the rainfall values just be obtained from the NOAA Atlas 14 web site as opposed to obtaining 
them from the new PDT-IDF curves? 

 
• Users needed a consistent, verifiable source for rainfall data.  NOAA Atlas 14 data is constantly 

being updated.  The Department needs to have consistency in obtaining rainfall values for design and 
for associated calculation reviews rather than having values constantly changing for a particular area.  
In addition, the Department did not want to have to rely on the availability of a web site if 
emergency applications were needed.  The new PDT-IDF curves are developed from the NOAA 
Atlas 14, Version 3 data.  PennDOT designers and their consultants are familiar with the PDT-IDF 
procedure.  PennDOT did not want designers and reviewers gathering information from the NOAA 
Atlas 14 website at two different points in time and obtaining different values. 

 



Chapter 7, Appendix B - Frequently Asked Questions for Pennsylvania Design Publication 584 
Rainfall Intensity Charts from NOAA Atlas 14 Version 3 Data 2010 Edition 

 

 7B - 3

8. Will Publication 13M, Design Manual. Part 2, Highway Design, Chapter 10 have its PDT-IDF curves 
replaced with the new curves? 

 
• The old (1986) PDT-IDF curves will be taken out of Publication 13M, Design Manual. Part 2, 

Highway Design, Chapter 10.  The new (2007) PDT-IDF curves are now available in Publication 
584, PennDOT Drainage Manual, Chapter 7, Appendix A, Field Manual For Pennsylvania Design 
Rainfall Intensity Charts From NOAA Atlas 14 Version 3 Data and will no longer be available in 
Publication 13M, Design Manual. Part 2, Highway Design, Chapter 10.  Rather, Publication 13M, 
Design Manual. Part 2, Highway Design, Chapter 10 will reference Publication 584, PennDOT 
Drainage Manual, Chapter 7, Appendix A, Field Manual For Pennsylvania Design Rainfall 
Intensity Charts From NOAA Atlas 14 Version 3 Data for new rainfall data. 

 
9. Will the new (2007) PDT-IDF curves be available in an interactive setting (computer program) that will 
allow users to import a drainage area boundary and obtain the corresponding rainfall data? 

 
• Not at this time. 

 
10. Can the 1986 PDT-IDF curves continue to be used for PennDOT projects? 

 
• With the issuance of Publication 584, the 1986 PDT-IDF curves will no longer be acceptable for 

projects on all projects that have waterway and/or NPDES permit applications submitted to PA DEP 
and/or the County Conservation District after February 27, 2009.  Exceptions to this policy must be 
requested by December 1, 2008. Requests should be submitted from the District Executive to the 
Director of the Bureau of Design to the attention of the Chief Bridge Engineer.  The new PDT-IDF 
Curves are to be implemented on new and existing designs when no additional cost or delay will 
occur.   

 
 
B. Technical Questions. 
 

1. Why are the rainfall intensity and amount curves (Figures 7A.7 through 7A.16) truncated at 360 minutes? 
 

• For accuracy in reading the curves.  When the curves were developed, each curve was originally 
plotted with the 12-hour and 24-hour duration data included.  This resulted in a scale of the curves 
that was skewed.  This made it difficult to interpolate rainfall values from the curves.  For most 
projects in which the Rational Method is used to determine flow, the time of concentration (Tc) will 
be used as the storm duration.  The Tc for a small watershed (<200 acres) will almost always be less 
than 360 minutes.  Therefore, it was decided to truncate the curves at 360 minutes to increase their 
accuracy of use and put the 12- and 24-hour rainfall values in Tables 7A.2 through 7A.6.  The curves 
can be used for where the storm duration falls between the increments in those tables up to 360 
minutes. 

 
2. Can the rainfall data from the 2007 PDT-IDF curves be utilized for hydrologic methods or models such as 
HEC-1, HEC-HMS, TR-55, TR-20 and EFH-2? 

 
• Yes.  The rainfall data should be used for all methods and models that require rainfall data for 

watershed modeling. 
 

3. Why is there only one duration value (24-hour) for the 500-year storm in Tables 7A.2 through 7A.6 and 
in Map F?  Could Map F be used for other 500-year storm durations? 

 
• The 500-year storm should only be required with a 24-hour duration.  The 500-year storm event is 

used as the superflood to check potential scour.  Therefore, the standard 24-hour storm is the only 
duration that will be used to determine the effects of a 500-year storm for most projects. 
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C. Using Publication 584, PennDOT Drainage Manual, Chapter 7, Appendix A, Section 7A.1. 
 

1. How are rainfall intensities and amounts obtained for storms with durations greater than 360 minutes? 
 

• Use Tables 7A.2 through 7A.6 for 12-hour and 24-hour duration storms.  Although the curves are 
truncated at 360 minutes (6 hours) on the duration axis, the data for 12- and 24-hour duration storms 
are still included in Tables 7A.2 through 7A.6.  These tables present the total rainfall for durations of 
5-, 10-, 15-, 30-, 60-, 120-, 180-, 360-, 720-, and 1440-minutes for the 1-, 2-, 5-, 10-, 25-, 50-, and 
100-year storm frequencies.  The rainfall total for a 100-year, 24-hour storm in Region 3 may be 
read from Tables 7A.4(a) or 7A.4(b) as 17.35 cm (6.83 inches).  The intensity can be calculated as 
the total depth divided by the duration: 
 

17.83 cm / 24 hours = 0.74 cm/hr (Metric) 
6.83 inches / 24 hours = 0.28 in/hr (US Customary) 

 
2. If the duration falls directly between two duration values in Table 7A.1, how is it determined which map 
should be used? 

 
• Select the regional map by rounding to the closest duration shown in the table.  If a duration value 

falls between two storm durations, the storm duration in Table 7A.1 closest to the required storm 
duration would be utilized to obtain the Rainfall Region Map.  For instance, for a 10-year storm with 
a watershed Tc of 12.5 minutes, (which would equate to a storm duration of 12.5 minutes), the 
rounded up 15 minute storm duration would be chosen from Table 7A.1 to obtain Map A.  If a storm 
duration of 12.4 minutes was obtained, the rounded down value of 10 minutes would produce the use 
of Map C for the 10-year storm.   
 
For most drainage designs where the drainage area to the project site is less than 200 acres, the 
Rational Method is applied to determine flow rates.  The time of concentration (Tc) is used as the 
storm duration, and typically results in storm durations in between those on the curves.  If a 25-year 
storm is being analyzed in Johnstown and the duration is 23.5 minutes, Region 3 from Map A 
becomes the appropriate region because 23.5 minutes is more than midway between 15- and 30-
minute durations. 

 
3. If I rounded the storm duration up or down to obtain the Rainfall Region Map from Table 7A.1, which 
duration would I use when it comes time to obtain the rainfall total or intensity from the curves (Figures 7A.7 
through 7A.16) or from Tables 7A.2 through 7A.6? 

 
• Use the actual storm duration calculated.  To obtain the rainfall total or intensity from the curves or 

tables 7A.2 through 7A.6, one would use the actual storm duration required.  To obtain the rainfall 
total values for a duration that falls between two categories in Tables 7A.2 through 7A.6, one would 
take the weighted average based upon the difference in rainfall values of the two durations on either 
side of the design duration.  For instance, if the 25-year, 500-minute storm total was required for 
Region 1, the following calculations would be required: 

 
Metric 

o 25-year, 360-minute storm total = 7.22 cm 
 
o 25-year, 720-minute storm total = 8.93 cm 
 
o (500 min-360 min)/(720 min-360 min) = 

0.39 or 39 % 
o (8.93 cm - 7.22 cm) = 1.71 cm x 0.39 = 0.67 

cm 
o 7.22 cm + 0.67 cm = 7.89 cm for a 500-

minute duration 

US Customary 
o 25-year, 360-minute storm total = 2.84 

inches 
o 25-year, 720-minute storm total = 3.52 

inches 
o (500 min-360 min)/(720 min-360 min) = 

0.39 or 39 % 
o (3.52 in - 2.84 in) = 0.68 in x 0.39 = 0.27 

inches 
o 2.84 in + 0.27 in = 3.11 inches for a 500-

minute duration 
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4. For the rational method, or where rainfall intensity is required, and the storm duration is between duration 
values listed in Tables 7A.2 through 7A.6, how is the rainfall total determined?  Will linear interpolation 
between values produce accurate results? 

 
• Use the curves to obtain the rainfall intensity.  Whereas the actual duration of a storm (time of 

concentration of a watershed) is not used to determine the region (12-minutes is between 10-minutes 
and 15-minutes and is closer to 10-minutes, therefore, a 10-minute duration is used to determine the 
appropriate region), the actual duration of a storm should be used to determine the rainfall intensity.  
Because the curves were plotted on logarithmic scale, linear interpolation will not produce accurate 
results.  The physical duration should be read along the x-axis of the appropriate region plot, and a 
vertical line should be drawn to intersect the design storm of interest.  The corresponding rainfall 
intensity value may then be read along the y-axis of the plot. 
 
Example:  The duration is equal to the time-of-concentration of 12 minutes, and the design storm is 
the 10-year storm. 
 
The original Tc (or duration) value should be utilized to obtain the rainfall intensity. 
 
From Table 7A.1 Map C would be the appropriate map.  From Map C, assume the site would fall in 
Region 4. 
 
From the PDT-IDF curve for Region 4, the 10-year, 12-minute storm would be 12.2 cm/hr (4.8 
in/hr). 

 
5. What is the process to be used for projects located in two different regions? 

 
• For small sites, use the average value for the two regions.  For large watersheds, a weighted average 

should be developed.  If a basin should be found to lie on the boundary between two regions, the 
rainfall totals or intensities should be obtained from the two corresponding regional graphs and 
averaged.  In the case that the basin is large enough to be divided into areas Ai and Aj of measurable 
size in the adjacent regions i and j, a weighted average intensity may be used. 

 

 j  i

 j j  i i

AA
AIAII

+

+
=  

 
6. What if a site is in one region for one frequency or duration, and another region for another frequency or 
duration? 

 
• Just follow the process established for each storm frequency and duration.  Should a project be 

located in an area such that the region changes between different storm durations or frequencies, 
each storm should be analyzed separately with the appropriate rainfall region determined for the 
desired storm duration and frequency.  For example, the City of Johnstown in Cambria County (40° 
20' N, 78° 55' W) is in Region 4 for a 25-year storm with a 15-minute duration (Map C).  However, 
the City is in Region 3 for a 25-year storm with a 30-minute duration (Map A). 

 
7. Can the curves be applied to projects in which the drainage area lies in a portion of another state? 

 
• Yes.  If more than 50% of the drainage area is located in Pennsylvania, the Pennsylvania rainfall 

curves may be used for the entire project.  If more than 50% of the drainage area is in another state, 
rainfall data should be obtained for both states.  Should the rainfall data appear to be consistent for 
both states a weighted average may be used.  If the data is not consistent between states, the 
Pennsylvania rainfall data should be used. 
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