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Annual maximum series (AMS) vs. 

partial duration series (PDS) 

 AMS-based frequency analysis used in NOAA 14.  

 PDS-based precipitation frequency estimates were calculated indirectly from Langbein’s 

formula that transforms AMS-based frequencies (annual exceedance probabilities - AEPs) to 

PDS-based frequencies (average recurrence intervals - ARIs). 

AMS 

PDS 



Precipitation frequency (PF) estimate - definition 

 Frequency:  

 AMS: Annual exceedance probability – AEP  

 PDS: Average recurrence interval – ARI (return period – T )  

 For frequencies important for engineering design transformation is simple: 

     ARI = 100/ AEP 

 Example: amount that has 1% chance of being exceeded in any given year 

(AEP = 1%), on average, will  be exceeded only once in 100 years (ARI = 100yr) 

 PF estimate:  

      Precipitation Depth (or Intensity) for a given  Duration  and  Frequency (ARI or AEP)   
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Duration 

     Frequency 

1. BACKGROUND 
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Depth -Duration-Frequency (DDF) curves 

Intensity -Duration-Frequency (IDF) curves 
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Application: Estimating severity of historical events 



 Examples:    

 

 Control of water: Flood mitigation, 

land development and construction , 

storm water drainage (roads, parking lots, 

airports, land, roofs), culverts, bridges,... 

 Utilization of water for beneficial 

purposes: water supply, irrigation,  

navigation,hydrolectric-power 

development, ... 

 

Water-quality management 

 … 

 How much water will be available?   
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Application: Infrastructure design 
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PFDS performance statistics 

Infrastructure design locations 



      NOAA/NWS/Hydrometeorological Design Studies Center (HDSC)  is 

responsible for updating  precipitation frequency estimates. 

1. BACKGROUND 
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HDSC and NOAA Atlas 14 

Updates are 

published as 

Volumes of  

NOAA Atlas 14.   



1. BACKGROUND 
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HDSC: http://www.nws.noaa.gov/oh/hdsc/index.html 



. 

2. Products 1. BACKGROUND 
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PF products are available for 

download from the 

Precipitation Frequency  

Data Server (PFDS): 

 hdsc.nws.noaa.gov/hdsc/pfds/index.html 

PF estimates for Minnesota 



. 

2. Products 2. PRODUCTS 
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Current PF information for MN 
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2. Products 2. PRODUCTS 
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Current PF information for MN 

3.0 

2.5 

2.0 



2. Products 2. PRODUCTS. Example from Volume 7, Alaska 
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NOAA Atlas 14 interactive web page (upper part) 
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2. PRODUCTS. Example from Volume 7, Alaska 

NOAA Atlas 14 interactive web page 
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“PF tabular” tab (below map):  

PF estimates with confidence limits   

2. PRODUCTS. Example from Volume 7, Alaska 



. 
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“PF Graphical/Curves” tab: DDF or IDF curves  

2. PRODUCTS. Example from Volume 7, Alaska 



. 
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“PF Graphical/PF estimates with confidence intervals” 

2. PRODUCTS. Example from Volume 7, Alaska 



. 
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“Supplementary information”: Cartographic maps 

Maps are not recommended for interpolating estimates.  

2. PRODUCTS. Example from Volume 7, Alaska 



. 

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) of PDS-based and     

AMS-based precipitation frequency estimates and corresponding lower and upper 

bounds of the 90% confidence interval. 

 

  Number of available grids: 

      570 for PDS (190*3) 

      513 for AMS (171*3) 

 

 Grids of liquid precipitation 

     may also be available. 
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2. PRODUCTS 

Underlying data 



. 
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2. PRODUCTS 

“Supplementary information”: PF grids in GIS format   



. 
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“Supplementary information”: 1. Document 

2. PRODUCTS. Example from Volume 7, Alaska 



. 
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“Supplementary information”: Temporal distributions 

  Temporal distributions of amounts exceeding 2-year 

magnitudes provided for 6-hour, 12-hour, 24-hour, and 96-

hour durations for delineated climate regions.   
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a) 6-hour duration
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b) 12-hour duration
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c) 24-hour duration
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d) 96-hour duration 
  Four precipitation cases; defined 

by the duration quartile in which the 

greatest percentage of the total 

precipitation occurred. 

2. PRODUCTS. Example from Volume 7, Alaska 
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“Supplementary information”: Seasonality analysis 

2. PRODUCTS. Example from Volume 7, Alaska 
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“Supplementary information”: Rainfall freq. estimates 

2. PRODUCTS. Example from Volume 6,  California 
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“Supplementary information”:Time series data 

2. PRODUCTS. Example from Volume 7, Alaska 
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Supplementary information: NCDC and EPA info 

2. PRODUCTS   
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PMP Documents 

2. PRODUCTS   



. 
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Misc. information: Relevant publications 

2. PRODUCTS   



. 
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Misc. information: AEP storm analysis 

2. PRODUCTS   



. 
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Misc. information: World and USA record prcp. 

2. PRODUCTS   
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3. METHODOLOGY   

Major tasks 

1. Data collection, formatting 

     - Data collected and formatted for 25,695  stations maintained by 40 agencies 

          - 1,091 stations in MN 

 

2. Examination of geospatial data and station cleanup 

-Confirming latitude, longitude and elevation data 

- Screening for duplicate stations from different databases and        

duplicate records at co-located stations  

-  Extending records at longer-duration stations using data from co-located stations 

-  Screening nearby stations for potentially merging records 

-  Removing shorter, less reliable records in station dense areas 

-  Screening for sufficient number of years with usable data  ( ≥ 30) 

-  7603 stations retained for frequency analysis 
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3. METHODOLOGY   

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

Major tasks 

3. AMS extraction and quality control 

-  AMS extracted for (up to) 17 durations: 15- and 30-min; 1-, 2-, 3-, 6-, 12-hr;  

   1-,  2-,  3-, 4-, 7-, 10-, 20-, 30-, 45- and 60-day. 

-  AMS quality control: removing high and low outliers 

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



4. Data reliability tests: AMS trends (non-stationarity), spatial correlation, 

consistency  

NOAA 14 methods are based on the assumption of a stationary AMS statistics 

 

At-station analysis 

-Data: 1-hr , 1-day, 10-day, 60-day AMS  

at stations with at least 50 years of data  

-Tests for trends:  

 - parametric t-test (mean) 

 - non-parametric Mann-Kendal (mean) 

                - Levene test (variance) 

-Investigated spatial patterns in test results   

 

Regional analysis:   

-Normalized AMS and regressed against time.  

-Tested H0 : no serial correlation at 5% level 
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3. METHODOLOGY 

Major tasks 

Trend in mean at 1-day 

red – positive; green-none; blue - negative 



. 
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3. METHODOLOGY   
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Duration 

λ3 

MAM MAM/MAM24hr 

λ2 

 τ3 

 τ2 

         REGIONAL ANALYSIS FOR  ELK RIVER (21-2500)  

       id        distance     elev    mam24hr  max24hr  n24hr  n1hr  

                     (mi)            (ft)       (in)         (in) 

------------------------------------------------------------------------------- 

   Selected stations:  

   21-2500      0.00        910       2.82     7.39       66      0 

   21-1107    14.54        992       2.96     7.11       61    48 

   21-1390    14.66        907       2.57     5.32       41      0 

                                       ... 

  Backup stations:  

  21-5392     31.19      1064       2.65     6.03       98      0 

                                       ... 

  Deleted stations: 

  80-0328     28.40      1099       2.81     5.26       31      0 

                                       ... 

------------------------------------------------------------------------------- 

Total number of years for selected stations:      651   180  

------------------------------------------------------------------------------- 
Enter station ID you want to add/remove:____ 

Major tasks  
5. Derivation of regional L-moments   

Duration 
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Distribution:

GEV

GLO

GNO

GPA

KAP

PE3

WAK

 ARI 

(years) 

Potential PF 

range 

100   11-13 in 

1000   13 -22 in 

Task 6. Distribution selection 

- Tested 7 distributions 

- Estimates very sensitive to distribution selection 
for  ARI > 100 years  

  
3. METHODOLOGY   
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Major tasks 

Example:  station with ~50 years of data; all distributions passed statistical tests.  



. 

 

Task 7. Derivation of PF grids  
 

 Mean annual maximum (MAM) precipitation grids at 30 arc-seconds (~800  

meters,  2,600 feet)  are basis for deriving PF grids.  PRISM statistical-

geographic approach for mapping climate data used to derive MAM grids for 

15-min to 60-day durations. 

 

 Spline interpolation used to interpolate 

ratios of consecutive quantiles. 

 

  Consistency checked across types, 

durations and frequencies. 

 

 N-minute estimates calculated  

using scaling factors from 15-minute  

and 60-minute estimates.   
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Major tasks 



. 

Task 8. Confidence intervals 

 
 Simulation used to construct 90% confidence intervals (i.e., 5% and 95% 

confidence limits) at stations. 

 

 Algorithm adjusted to account for inter-station correlation.  

 

 Estimates interpolated on 30 arc-sec grid.  
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Major tasks 



. 

Task 9. Rainfall (liquid precipitation) frequency analysis 

  Precipitation and rainfall AMS extracted for 1, 6,12, 24 hours 

  Estimates for ARI = 2 - 1000 years 

  Empirical relations developed for regions where estimates differ: 

                                    Rainfall frequency, duration = a + b Precipitation frequency, duration 

 

 

 

 

 

3. METHODOLOGY    

 38 
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Precipitation

Rainfall

Data 

available 

Rules for 24-hour 

Prcp, rain None 

Prcp, 

snowfall 
Rain = prcp - 0.10 snowfall 

Prcp,  temp 
If T > 33F in rainy season =>  

prcp = rain 

Major tasks 



. 

Task 10. Seasonality analysis 

 
 

  

3. METHODOLOGY    
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Major tasks 

Task 11. Temporal distributions 
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a) 6-hour duration
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b) 12-hour duration
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c) 24-hour duration
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d) 96-hour duration
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  Request for review sent via email to the over 750 subscribers to the HDSC list-

server as well as other interested parties.  

 

  Potential reviewers asked to review: 

 - station metadata  

 - reasonableness of point precipitation frequency estimates  

 - spatial patterns   

 

  Review started on  October 11th; 

     received  ~45 reviews 

 

  Comments/questions 

 - method and delivery of the estimates 

 - station metadata   

               - unsmooth contours and bulls’ eyes 

               - spatial patterns 
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2.01 - 2.32

TP 40 vs  

NOAA Atlas 14 Ver 1 (peer review) 

 

 

 Some differences are due to 

digitization of TP40 paper maps and 

bulls eyes in NOAA 14 that will be 

filtered in final product 

 

 Twin Cities metro area network of 

raingauges cleaned to reduce biases 

 

 Other specific areas of concern 

still under investigation  

 

Differences between NOAA Atlas 14 Ver. 1 and TP40 

1day 100-yr 
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  On or around March 31st  

- Interactive web pages 

- GIS grids 

- temporal distribution 

- seasonality 

 

 

  On or around April 30th 

       -  documentation 

        - cartographic maps 

 

   Announcement will be send out via email to list-server subscribers when 

estimates are ready: http://www.nws.noaa.gov/oh/hdsc/listserver.html 

 

 Notice on publishing dates/delays will be put on the HDSC page 

(http://www.nws.noaa.gov/oh/hdsc/ ) and on the PFDS page 

(http://hdsc.nws.noaa.gov/hdsc/pfds/index.html) around March 25th. 

http://www.nws.noaa.gov/oh/hdsc/
http://hdsc.nws.noaa.gov/hdsc/pfds/index.html

