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Motivation

“As climate changes, the main changes in 
precipitation will likely be in the intensity, 
frequency, and duration of events, but these 
characteristics are seldom analyzed in 
observations or models.”

Bulletin of the American Meteorological Society
September 2003
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INTRODUCTION



Study Area
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Erosion Index (EI)
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Definition: a statistical reflection of how total kinetic 
energy (E) and peak intensity (I30) interact within a storm

Calculation Requirements:
• High Temporal Resolution Precipitation Data
• Ideally Fixed-Intensity Data not Fixed-Interval Data

𝑓𝑓𝑓𝑓𝑓𝑓 � 𝑖𝑖 ≤ 3.0 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ℎ−1
𝐼𝐼30 ≤ 2.5 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ℎ−1



AH537 / Wischmeier and Smith 1978

6



Fixed-Intensity vs. Fixed Interval
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Data Processing

• Raw Data
• NOAA NCDC DSI-3260 (>600 Quarter-Hour Stations)
• Gaps and Accumulations (Two Types of Data Problems)
• More than 13,000 Station Years and 2.5 Million Storms

• Storm Separation
• Station Screening
• Water Balance
• EI Calculation
• Statistical Analysis
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Storm Separation

• IDENTICAL to AH537
• A break between storms is a period of 6 hours or more 

with less than 0.5 inches of precipitation.

• DIFFERENT from AH537
• AH537 omits storms less than 0.5 inches unless the 

intensity is at least 0.95 inches per hour.
• Data includes accumulations (definition next slide)
• Accumulations are assumed to be separate storms

Bands of precipitation, although technically part of the same storm 
system, are treated as separate systems. So, it is uncommon to see 
durations longer than 48 hours using this method.
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Accumulations

An event with known beginning and ending times 
and total depth without knowledge of distribution.
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Station Screening

• Qualitative Screening
• Check for erroneous values (inherent and introduced)
• Less than 0.1% of data (and total depth) removed
• Insignificant impact on results

• Quantitative Screening
• Reduce ‘gaps’ in the data (missing and deleted periods)
• Determined by water balance performance
• Significant impact on results
• About 60% of more than 600 stations do not meet the 

minimum quantity to be used in this study
• NOAA uses a similar method for climate normals
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Water Balance

15
MEASURED STORM EVENTS

(>75%)

DELETED PERIODS
≈ (0% - 15%)

MISSING PERIODS
≈ (0% - 15%)

ACCUMULATIONS
≈ (0% - 5%)













EI Calculation

• IDENTICAL to AH537
• Intensity (i) is limited to 3 in/hr (raindrop limitation)
• I30 is limited to 2.5 in/hr (ponding in the southeast)

• DIFFERENT from AH537
• EI is calculated for all storms (no restriction)
• Accumulations are included (separately for comparison)

• OPTIONAL ADJUSTMENTS (Not Applied)
• Adjustment factor of 1.04 for I30 values
• Adjust for Missing, Deleted, and Accumulated Data
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RESULTS



Annual EI

• Sum of Storm EI for Each Year at a Given Location
• Usually 30 – 1000 for Most Years
• Can be as High as 1500 or More
• AH537 Data from 1930’s – 1950’s
• New Data from 1970 – 2010

• Analysis To Date
• 50%, 20%, and 5% Probabilities Analyzed (AH537)
• Mean, SD, Minimum, and Maximum EI Values
• Absolute Increase
• Relative Increase
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Single Storm EI

• All Storms at a Location
• Usually Less Than 50 for Most Storms
• Can be as High as 300 or More

• Analysis To Date
• Probability of Exceedance
• 1, 2, 5, 10, and 20-year Return Periods (AH537)

• Frequency vs. Severity (In Progress)
• Compare with AH537 Storm Probabilities
• Frequency of Large Storms Expected to Increase
• Severity of Large Storms Expected to Increase
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Monthly EI

• Sum of Storm EI for Each Month at a Given Location
• April – October is Higher in the Southeast
• Can be as High as 300 or More

• Analysis To Date
• 50%, 20%, and 5% Probabilities Analyzed (AH537)
• Mean, SD, Minimum, and Maximum EI Values

• Intra-Annual and Inter-Annual Variability
• Precipitation Amounts vs. Energy Density
• ENSO Driven EI and Precipitation Patterns
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CONCLUSION



Take-Aways

• DSI-3260 Data Quality:
• Screening enables the use of about 40%
• Less if years must be consecutive (for trend analysis)

• EI for the Southeast:
• Annual EI (Increased 3%-132%; 62% on Average)
• Storm EI (EI Change Driven by Frequency, Severity, or Both)
• Monthly EI Variability Provided at High Resolution

• Consistency with Existing Literature:
• Nearing et. al (2004) Predicted 17%-58% Magnitude Changes
• McGregor et. al (1995) Observed 30% Increase in EI
• Trenberth et. al (2003) Predicts 7% Intensity Increase K-1
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QUESTIONS

Contact: rpm0010@auburn.edu






Future Work

• Observed Change Effect on EI
• Trend Analysis of EI (Change vs. Variation & How Much)
• Annual Change, Monthly Change, Duration Change

• ENSO Driven EI
• Significance of El Nino and La Nina on EI
• Trend Analysis of ENSO Effect on EI by Duration
• GAM Analysis

• Projected Change Effect on EI
• Train Artificial Neural Network (ANN) with New EI
• Run ANN for All NARCCAP Models
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ADDITIONAL SLIDES



Workflow
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By the Numbers:
11 Tar-Z Files (1 per State)
2 Data Types (QPCP and QGAG)
1,348,610 QPCP Records Extracted
1,348,240 QPCP Records Processed
3,620,570 Continuous Events
148,591 Recorded Months
148,035 Measured Months
79,470 Accumulation Events
42,911 Deleted Periods
35,016 Missing Periods
123 Unmatched Deleted Periods
77 Unmatched Missing Periods
7 Unmatched Accumulations
3,339,113 Continuous Measured Events
2,507,300 Individual Storm Events
1 Erroneous Station-Month
9 Screening Methods
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AH537 Comparison
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