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NOAA Atlas 14 Volumes

NOAA/NWS/Hydrometeorological Design Studies Center (HDSC)  is responsible 
for updating precipitation frequency estimates.

Methodology: AMS-based region-of-influence regional frequency analysis 
approach based on L-moment statistics.  

Since 2004,  
updates are 
published aspublished as 
Volumes of 
NOAA Atlas 14 
(online)(online).



Old vs. new
NOAA Atlas 14 vs. TP40

NA14: 30 arc-sec gridded estimates with confidence intervals

TP40: paper maps with isohyets



Where to go find NOAA Atlas 14 products?
.

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



Retrieving PF estimates for location of interest
Initial display



Zooming in to location of interest...



...retrieve PF estimate (with confidence limits)



PF graphical: DDF curves, confidence intervals
.



NOAA Atlas 14 Volumes – performance statistics

MW
SE

AK

CA

PI
HI

SW
ORB

PR



Supplementary information
Documentation.



Cartographic maps

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



.

Underlying data

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 

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

5-min

bounds of the 90% confidence interval.

Number of available grids:
10-min
15-min
30-min
60-min
2-hour

570 for PDS (190*3)
513 for AMS (171*3)

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

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

AMS: 513 grids (171 quantile; 171 upper CL; 171 lower CL)
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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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Supplementary information
Seasonality analysis

23



.

Supplementary information
Rainfall freq. estimates
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Supplementary information
Time series data
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Supplementary information
NCDC and EPA info
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PMP Documents



.
Storm data

Keep paper copies of old storm data going back to 1819



.
Relevant NWS publications

U.S. Weather Bureau & NOAA Hydrometeorological Reports (1943 – 1999)

Weather Bureau Technical Papers (1943 – 1966)Weather Bureau Technical Papers (1943 1966)

Technical Reports (1967 - 1988)
- ESSA TR Weather Bureau series (1967 - 1970)

- NOAA TR NWS series (1971 - 1988)

Technical Memoranda (1966 – 1995)

NOAA Atlas 2 (1973)NOAA Atlas 2 (1973)

NOAA Atlas 14 (2004 – 2013)



Prob. analysis for selected historical storm events

Tennessee, 1-2 May 2010
Duluth, Minnesota, 19-20 June 2012
Tropical storm Debby, 24-27 June 2012
Ohio Valley, 23-27 March 1913 
Oklahoma City, 31 May 2013
San Antonio, 25 May 2013



.
World and USA record precipitation

Embarass, WI (removed)

References (see web page)
1. National Climatic Data Center. Climates of the World.
2. Rapporteur on Climate Extremes,  WMO. 
3. Ohio Weather Library. 



Additional information



Major tasks

Data collection, formatting 
F MW d SE j tFor MW and SE projects, data collected and formatted for 25,695  stations 

maintained by 40 agencies

Examination of geospatial data and station cleanup
Confirming latitude, longitude and elevation data

Screening for duplicate stations from different databases and duplicate records atScreening 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)

31

g y ( )



Major tasks:
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

E l R lt 5W (21 7157) 1 d

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

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



Major tasks:
AMS extraction and quality control

Station: ANGOON
duration: 24 hr

10/12/1982
Official 24-hr record disputed!Official 24 hr record disputed!

High outlier threshold

Low  outlier threshold

S ti l l iSpatial analysis



Major tasks: 
AMS extraction and QC - Low outlier example

With low outlier

Precipitation 
frequency 
estimate

for ARI (T):

With low 
outlier

Without 
low outlier

Without low outlier

for ARI (T):

100 years 12 in 18 in

1000 years 13 in 26 in



Major tasks
Testing main assumptions

NOAA 14 methods are based on the assumption of  spatial independence and 
stationarity of AMS statistics over the period of observation (and application).  

At-station analysis
- Tests  for trends in mean: parametric t-test, non-parametric Mann-Kendal test
- Levene’s test for variance homogeneity- Levene s test for variance homogeneity
- Investigate spatial patterns

Regional analysis:Regional analysis:
- Normalize all AMS in a region
- Regress against time. 

T t H i l l ti- Test H0 : no serial correlation  



Major tasks
Distribution selection 

  

Example: station with ~50 years of data; all distributions passed all statistical tests!
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ARI P t ti l PFARI
(years)

Potential PF
range

100  11-13 in

1000  13 -22 in

10000 14 - 38 in
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Major tasks 
Derivation of regional L-moments
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REGIONAL ANALYSIS FOR  ELK RIVER (21-2500) 
id        distance     elev    mam24hr max24hr n24hr n1hr 

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

Selected stations: 

0.15

0.2

0.25

0.3

0 2

0.3

0.4
3 3

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

...
D l t d t ti

  1hr  2    3    6    12  1day  2    3    4    7    10   20   30        60 

0.05

0.1

  1hr  2    3    6    12  1day  2    3    4    7    10   20   30       60 

0.1

0.2

Duration

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:____ Duration



Major tasks:
At-station DDF curves – consistency checksy
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Major tasks:
PF interpolation at 30 arc-seconds resolution .

Mean annual maximum (MAM) precipitation grids are basis for deriving PF grids.  

PRISM statistical geographic approach for mapping climate data used to derivePRISM statistical-geographic approach for mapping climate data used to derive 
MAM grids for 15-min to 60-day durations.

Evolution of frequency-dependent spatial patterns is independent  for each duration

Process utilizes spatially interpolated ratios of  precipitation frequency estimates for 
consecutive ARIs  (natural neighbor interpolation - Delauney triangulation)  
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Major tasks: 
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. 



Major tasks
Rainfall (liquid precipitation) frequency analysis

.

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

Estimates for ARI = 2 - 1000 yearsEstimates for ARI  2 1000 years

Empirical relations developed  for regions where estimates differ:

Data Rules for  separation 
available rain/snow  

Prcp, rain None

Prcp, 
f ll Rain = prcp - 0.10 snowfallsnowfall Rain  prcp 0.10 snowfall

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



Accounting for non-stationarity using current approaches
(AMS + MOM/PWM/MLE)

1. Should we adjust for trends in  AMS at stations with trends, if no regional 
consistency?



Accounting for non-stationarity using current approaches
At-station analysis (AMS + MOM/PWM/MLE)
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Accounting for non-stationarity using current approaches
At-station analysis (AMS + MOM/PWM/MLE)
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Accounting for non-stationarity in AMS
Incorporating trends 

What approach to use?
MOM and LMOM - cannot be generalized  to incorporate trend
MLE approach straightforwardMLE  approach – straightforward

GEV distribution + MLE(t)
build non-stationarity in mean only (scale and shape constant across the years)
build non-stationarity in all three parameters

Examples:100-year 24-hour  estimates (inches)  for stations with positive trends

LMOM MLE MLE(t)

13.0 13.5 13.7

15.0 20.0 20.7

Comparing effect of (non)-accounting for non-stationarity with other sources of

17.1 16.6 16.8

14.6 17.3 17.6

Comparing effect of (non) accounting for non stationarity with other sources of
uncertainty

frequency analysis approach, distribution selection, parameter estimation method,  
gage undercatch,  constrained observations, interpolation



Accounting for changes in magnitudes and frequencies  
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Areal reduction factors project 
Methodology

Fixed-area and AM-center approaches;  not using storm-pp g
center approach applicable for PMP studies

3 types of methods tested

method based on reconstruction of spatial correlation 
t t f i f ll ithi th G i l f kstructures of rainfall within the Gaussian copula framework

method based on concepts of dynamic scaling and 
statistical self-affinityy

method based on GEV distribution, where parameters  
defined as a function of area and duration.



Areal reduction factors project
current status and future plans

Method comparison: 

Investigating uncertainties in ARF and sensitivity to parameters 

change

Input data: raingage data only vs. merged radar+gages grids

Testing basin: Ohio;  plan to expand to all states covered in NA14  

Enhancing interactive PFDS web page:  
Select outlet point on PFDSSelect outlet point on PFDS.  
Automatically delineate area and/or allow users to delineate area?

Calculate and display areal estimate for a given ARI and durationp y g


