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• The Log Pearson Type III (LPIII) is the basis for the US Geological Survey (USGS) PEAFKQ and U.S. Army 
Corps of Engineers (USACE) Statistical Software Package, which are used to define flood intensities 
for desired return periods within Federal Emergency Management Agency (FEMA) Flood Insurance 
Studies.  

Introduction



Genesis
This is a typical LPIII analysis plot



Genesis 2
Journal Nature Climate Change quoted in SF Chronicle:

“The world is going to end in 12 years if we don’t address climate change”
- Alexandria Ocasio-Cortez

The 1862 event was a 200-yr 
or larger event. (Flood of 
Record)



• Test the legitimacy of using the LPIII distribution 

• Determine if another distributions produces better results.

• Are floods really getting more frequent or have we always under-estimated the frequency of rare events?

• Are there more rare events occurring than the analysis method predicts? 

• If so, 

• Parse data by geographic regions to detect potential mixed population regions

• Determine if any trends in flood frequency or intensity are due to urbanization or climate change 

• What decade had the most Maximum Peaks? Are there more in this century than last?

• Are the number of floods per decade cyclical of is there a trend?   

Goals



Active and Inactive USGS Streamgages



Sampling

>90 years data
> 1 and <2000 square miles
This gives 622 station
Eliminate all gages with reservoirs (Regulation)
Cuts total to 312 gages
DID NOT ELIMINATE URBANIZED WATERSHEDS



Streamgages with 90 or more years of record and unregulated– 312 STATIONS 
Geographical Bias



• LPIII analysis of all 312 sites by two independent people using slightly 
different methods

Ted - Weighted the Station skew with General Skew, Jason did not

Ted – Used Historical Flows to calculate the 1% and 0.2% flows, Jason 
did not

Analysis



Results
• Using Historical Peaks results in higher flow estimates so LPIII looks 

better

• Analysis excludes Partial Duration Peaks (in years when more than one 
flood occurs, only one flood is kept.)



Results

However, the average largest flow at each station is 29% larger 
than the 1% AEP flow for a data set with an average period of 
record of 97.4 years.
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Top 5 Storms

From 2000-2009 142 of 1489 (9.5%) of top 5 occurred.  Expected 
value is 135 (9.1%).

2000-2017 = 10 events > 100-yr
1930-1947 = 18 events > 100-yr
1990-2007 = 15 events > 100-yr 



• Number of Stations with 1% events – 245

• Expected Number of Gages that have experienced a 1% Events –

• 100*(1-(1-.01)^98) = 62.6% of 312 = 195 

• 245/195 = 126% of expected

• Number of Stations with 0.2% events – 62

• Expected Number of 0.2% Events - 100*(1-(1-.002)^98) = 17.8% of 312 = 56

• 62/56 = 111% of expected

Number of Gages that have experienced 1% and 
0.2% Events



• Station Skew only

• No Historical Floods used to calculate Flows

Results with 



• Number of events exceeding 
each return period (yrs) event 
was computed for each 
distribution.

• GEV out-performed Log-
Pearson Type III for all return 
periods.

• Log-Normal performed best 
for the most extreme events.

• Underlined value represents 
best performer compared to 
expected value.

Comparison of Distribution Performance
Distribution 500 200 100 50 10
Gamma 259 388 573 858 2768
Exponential 139 228 347 574 2577
Gumbel 260 393 578 895 2854
Normal 776 988 1204 1513 3065
Gen. Extreme Value 43 153 316 657 3021
Gen. Pareto 278 393 557 815 2599
Gen. Logistic 10 107 267 617 3247
Log-Normal 68 180 329 663 2891
Pearson III 144 251 400 702 2677
Log Pearson III 141 251 413 700 2848
Kappa 36 156 334 673 2970
Wakeby 43 161 339 675 2962
Expected Value 61 153 305 611 3054



Comparison of Distribution Results



Distribution Overall Performance

Distribution Average Error
GAM 123.1%
EXP 42.4%

GUM 125.1%
NOR 431.9%
GEV 8.4%
GPA 128.6%
GLO 26.7%
GNO 10.2%
PE3 51.7%
LP3 50.4%
KAP 13.1%
WAK 11.9%

• Average error for all return 
periods was computed for 
each distribution.

• GEV performed the best 
overall.

• Log Pearson Type III was 
outperformed by 6 
distributions tested in this 
study.



• Log-normal performed best at the 500-year return period.

• GEV performed best at the 200- and 100-year return periods.

• Gen. Logistic performed best at the 50-year return period.

• Normal performed best at the 10-year return period.

• Log-Pearson Type III substantially under-predicted the flows for all 
return periods.

• Gen. Logistic was the only distribution to under-predict the number of 
200- and 100-year events.

• GEV performed best overall.

Conclusions



Results

Number of Sites with 2 or more of the top five annual peaks with the last 20 years = 72
Number of Sites with 3 or more of the top five annual peaks with the last 20 years = 21



Only a Few in Urbanizing Areas



Gages with 3 or More Major Floods (> 100-yr events)

16/29 in Mountainous Regions 
4 in Urbanized Areas  



Tropical Events in Pennsylvania



“Life on the Mississippi” by 
Mark Twain



26 |

How many years of record are enough?

Analysis Range Years of Record
100-yr Flow

Estimate

Full records 60 20,300

1950 - 1964 15 23,300

1957-1971 15 37,650

1962-1976 15 8,329

• If we had only 15 years of record, the estimate would 
potentially be less than half of the 60 year estimate!



Climate Change will Eliminate Hurricanes by 2042
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Many Climate Change Studies Begin in the 1970’s 

y = 0.0788x + 4.4711
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Hurricanes Hitting the US

y = -0.0055x + 2.1301
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Hurricanes reaching the United States



The answer depends upon where you start.

y = -0.0065x + 6.9559
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“The degree to which you 
believe global warming is 
causing major hurricanes 
to increase is inversely 
proportional to your 
knowledge about these 
storms.”

Dr. William Gray



Results Similar to USGS and IPCC AR5 (2014)



• There are more 1% AEP events than expected (statistically) using LPIII (we are under-estimating the 1% AEP 
flows)

• The 1990’s was the decade with the greatest number of major floods

• 2000-2009 saw 9.5% of the large floods vs 9.15% expected

• Tropical Events are a MAJOR cause of rare floods in the Appalachians

• This creates a MIXED POPULATION and LPIII grossly underestimates the 1% flood

• Urbanization didn’t cause many of the multiple >1% events

Conclusions
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