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1998. Asquith. DEPTH-DURATION FREQUENCY OF PRECIPITATION FOR TEXAS.
USGS Water-Resources Investigations Report 98–4044.

• “Defines the depth-duration frequency (DDF) of rainfall annual maxima in Texas by providing an atlas 
of the parameters of probability distributions.”

• “Many TxDOT Design engineers have had greater-than-expected difficulty implementing the 
procedures …  The difficulty has delayed the implementation of the new precipitation data. ….  
develop a simple-to-use atlas of the updated precipitation depths in Texas for selected values of storm 
duration and frequency. “ (From TxDOT Implementation Status, Project Summary Report 5-1301-01-S)

2004. Asquith and Roussel. ATLAS OF DEPTH-DURATION FREQUENCY 
OF PRECIPITATION ANNUAL MAXIMA FOR TEXAS. USGS Scientific 
Investigations Report  2004–5041. 

• “Provides a directly interpretable  atlas of DDF in Texas on the basis of research
results of Asquith (1998). The report contains 96 maps of the depth of rainfall 
for 12 storm durations and 8 annual nonexceedance probabilities 
(recurrence intervals).”

• GOALS: improve ease of use; resolve inconsistencies in estimates

• Data not updated for this project; in some areas regionalization done differently; 
at 1-day GEV replaced GLO. 

2006. Asquith, Roussel, Cleveland, Fang,and Thompson. Statistical characteristics of storm interevent time, 
depth, and duration for eastern New Mexico, Oklahoma, and Texas. USGS Professional Paper 1725. 

USGS ATLAS. BACKGROUND
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 FINAL PRODUCTS

 UNDERLYING DATA 

 FREQUENCY ANALYSIS TECHNIQUES 

http://hdsc.nws.noaa.gov/hdsc/pfds/index.html
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1. AVAILABLE PRODUCTS



USGS ATLAS. Cartographic maps



NA14. Cartographic maps

Maps were created as visual aids and are not recommended for interpolating estimates. 



.

Duration Average recurrence interval (ARI) 
1 2 5 10 25 50 100 200 500 1,000

5-min          
10-min          
15-min          
30-min          
60-min          
2-hour          
3-hour          
6-hour          
12-hour          
24-hour          
2-day          
3-day          
4-day          
7-day          
10-day          
20-day          
30-day          
45-day          
60-day          

 PFDS operates from a set of ASCII grids (30-arc sec resolution)

19

NA 14. Underlying data

USGS 
project 
coverage



NA14. Precipitation frequency estimates in 
GIS compatible format (30 arc-sec resolution)    

 PDS:  570 grids (190 quantile; 190 upper CL; 190 lower CL)

 AMS: 513 grids (171 quantile; 171 upper CL; 171 lower CL)



NA 14. PF estimates for a single location  

Initial 
display



NA14. Zooming in...



NA14. ...retrieving PF estimate 
with confidence limits



NA 14. DDF curves, confidence intervals plots
.



.
NA 14. Additional products  

 Temporal distributions  

 Seasonality analysis

 Rainfall (liquid precipitation) frequency estimates

 Annual maximum series data for a range of durations

 Related documentation

 Link to relevant NCDC climate data and EPA watershed information

 COMING SOON:  Regional Areal-Reduction-Factors calculated on-fly 
for any delineated area  
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2. DATA
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Data collection

NA14: various sources 
(40 agencies for MWSE;   24 agencies for NE)

 NOAA, National Climatic Data Center (NCDC) 
 Boston Water and Sewer Commission
 Earth Networks
 Environment Canada
 Illinois State Water Survey: National Atmospheric Deposition Program (NADP)
 Mid-Atlantic River Forecast Center: Integrated Flood Observing and Warning 

System (IFLOWS) data
 Midwestern Region Climate Center (MRCC): 19th Century Forts and Voluntary 

Observers Database
 Automated Surface Observing Systems (ASOS)
 Colorado Climate Center: (CoCoRaHS)
 Mount Washington Observatory
 NCDC: U.S.  Climate Reference Network (USCRN)
 National Resources Conservation Service (NRCS): Soil Climate Analysis Network 

(SCAN)
 New Hampshire Department of Transportation
 Office of the New Jersey State Climatologist at Rutgers University: NJ Mesonet
 U.S.  Department of Agriculture: Agricultural Research Service (ARS)
 U.S.  Forest Service: Remote Automated Weather Stations (RAWS) dataset
 USGS Water Science Centers
 U.S. Army Corps of Engineers local offices
 New York City Department of Environmental Protection (NYCDEP)
 ...

USGS: NWS dataset

 NOAA, National Climatic Data Center (NCDC)
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 Record length
USGS:     Data for 1998 USGS study  go up to 1994. 
NA14:      Potentially more than 20 more years of data available at each station;

More stations pass minimum data years requirement  

 nyears criteria
USGS: nyears >   9  
NA14: nyears > 29 

(with some exceptions) 

Record lengths
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3. FREQUENCY ANALYSIS  METHODS

USGS: AMS-based 
regional frequency analysis approach 
based on L-moment statistics

NA14: AMS-based 
regional frequency analysis approach 
based on L-moment statistics
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AMS: Annual exceedance probability

PDS: Average recurrence interval 
(return period)

ARI vs AEP

USGS

NA14



7/27/1949 (+/- 1day)

Example:  Royalton 5W (21-7157), 1-day (NCDC station)

AMS quality control

 USGS?
 NA14: QC  done for all durations; high and low outliers



Precipitation 
frequency 
estimate

for ARI (T):

With low 
outlier

Without 
low outlier

100 years 12 in 18 in

1000 years 13 in 26 in

Without low outlier

With low outlier

AMS QC - Low outlier example



Derivation of regional L-moments 

USGS: 5 (closest?) stations

NA14: 



ARI 
(years)

Potential PF 
range

100  9.5 - 11 in

1000  10.5 - 18 in
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Distribution:
Generalized Logistic
Generalized Normal
Generalized Pareto
Pearson Type III
Kappa
Wakeby
Generalized Extreme Value

Distribution selection and fitting  

USGS: GLO for 15min – 24hr;  GEV for 1day – 7 day  (1998)
GLO for 15min – 12hr;  GEV for other durations (2004)

NA14: GEV for all durations



At-station DDF curves – consistency check
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USGS:  consistency checked in 2004 study

NA14: constrained optimization used to adjust inconsistencies



Confidence limits
.

 USGS: not provided

 NA14:
90% confidence intervals (i.e., 5% and 95% confidence limits)   
algorithm was adjusted to account for inter-station correlation 



24-hr 100-yr NA14 vs. TP40  

Black Hills 
(7224 ft) 



terrain

100-yr 1-day PF

PRISM 
MAP
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 PRODUCTS
- 30-arc sec grids vs cartographic maps
- interactive Google map for DDF  at selected location
- confidence intervals
- additional information (temporal,ARF)

 UNDERLYING DATA  
- additional data sources
- additional  20 years of data at NCDC stations
- hourly and 15-min data used for all duration

 FREQUENCY ANALYSIS TECHNIQUES  
- quality control
- regionalization
- interpolation

Summary
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