
Chapter 13: Maximum Intensity / Depth-Duration-
Frequency Relationship

Introduction

In the field of hydrology, particularly in design hydrology and water resources
planning, understanding the behavior of rainfall over varying durations and
return periods is critical. The Maximum Intensity / Depth-Duration-
Frequency (IDF/DDF) relationship provides a scientific and statistical basis
for estimating rainfall values for different storm durations and return periods.
These relationships are widely used in the design of drainage systems, flood
control structures, culverts, stormwater management systems, and urban sewer
designs.

This chapter discusses in detail the development and application of Intensity-
Duration-Frequency (IDF) and Depth-Duration-Frequency (DDF)
curves, their derivation, mathematical formulations, and regionalization prac-
tices.

13.1 Rainfall Intensity and Its Importance

• Rainfall intensity refers to the rate at which rain falls, usually expressed
in mm/hr or inches/hr.

• It is a function of both depth and duration of rainfall.
• High rainfall intensity over a short period can result in flash floods, hence

it is a crucial parameter in hydrological design.

13.2 Concept of Intensity-Duration-Frequency (IDF)

• The IDF relationship correlates rainfall intensity with storm duration
for a given return period.

• It helps determine the maximum expected rainfall intensity for a specified
duration and frequency.

Key Variables in IDF:

• Intensity (I): Rainfall rate (mm/hr)
• Duration (D): Time over which the rain occurs (minutes or hours)
• Frequency (T): Also called return period (years), it reflects the probability

of exceedance.
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13.3 Concept of Depth-Duration-Frequency (DDF)

• The DDF relationship provides rainfall depth instead of intensity, useful
in catchment modeling and water balance studies.

• It is more suitable when rainfall volume (depth) over time is critical
rather than just the intensity.

13.4 Development of IDF and DDF Curves

13.4.1 Data Requirements

• Long-term rainfall records from reliable meteorological stations.
• Hourly or sub-hourly rainfall data for short durations (e.g., 5-min, 15-min).
• Annual maximum series or partial duration series are used.

13.4.2 Frequency Analysis

• Gumbel Distribution (most commonly used)
• Log-Pearson Type III
• General Extreme Value (GEV) Distribution

The data is statistically fitted to these distributions to derive rainfall values for
different return periods.

13.5 Mathematical Forms of IDF Relationships

Several empirical formulas have been developed to represent the IDF relationship.

13.5.1 General Form of IDF Equation:

I = K · T m

(D + C)n

Where:

• I = Rainfall intensity (mm/hr)
• D = Duration (minutes or hours)
• T = Return period (years)
• K, C, m, n = Empirical constants determined from local rainfall data.

13.5.2 Sherman’s Equation (USA Standard):

I = A

(D + B)C
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13.5.3 Bernard’s Equation:

I = K

(D + b)n

These coefficients vary based on geographic and climatic conditions.

13.6 Derivation of DDF Curves

• Once IDF curves are developed, DDF curves can be easily derived since:

Depth = Intensity × Duration

• The DDF relationship is particularly useful for hydrological models that
require rainfall depth inputs.

13.7 Regionalization of IDF/DDF Relationships

Because rainfall characteristics vary across regions, regional IDF curves are
necessary.

Steps in Regionalization:

1. Divide the entire region into homogeneous rainfall zones.
2. Analyze long-term data from representative rain gauges.
3. Fit the IDF equation using regional regression techniques.
4. Develop isopluvial maps for visualizing spatial distribution.

13.8 Use of Isopluvial Maps

• Isopluvial maps show lines of equal rainfall depth or intensity for specific
durations and frequencies.

• Engineers and hydrologists use them for:

– Estimating design storms at ungauged locations.
– Urban drainage and flood modeling.
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13.9 Applications of IDF and DDF Curves in Design

Examples:

• Stormwater drainage systems: Pipe sizing based on peak flow calcu-
lated using IDF-based rainfall intensity.

• Highway design: Ensuring road surfaces and side drains can handle
runoff.

• Detention basins and reservoirs: Design storage capacity using DDF-
derived rainfall volumes.

13.10 Limitations and Uncertainty in IDF/DDF Analysis

• Data quality and record length directly affect accuracy.
• Climate change impacts and urbanization trends may render older IDF

curves less reliable.
• Assumption of stationarity in rainfall records is increasingly being chal-

lenged.

13.11 Modern Approaches and Advances

13.11.1 Use of Radar and Satellite Data

• Enhances spatial resolution and coverage, particularly in ungauged areas.

13.11.2 Machine Learning and AI in IDF Curve Prediction

• Data-driven models are used to update and regionalize IDF curves dynam-
ically.

• Common algorithms: Random Forests, Support Vector Regression, Neural
Networks.

13.11.3 Climate-Informed IDF Curves

• Incorporating climate models (e.g., CMIP6) to develop non-
stationary IDF curves.

• Probabilistic IDF curves accounting for climate variability and uncertainty.

13.12 Case Studies and Practical Examples

• IDF curve development for Delhi NCR using IMD data.
• Urban hydrology modeling using SWMM (Storm Water Management

Model) with IDF curves as input.
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• DDF analysis for catchment runoff modeling in semi-arid regions using
HEC-HMS.
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