Chapter 11: Consistency of Rainfall Records

Introduction

Rainfall data is a fundamental input in hydrological analysis and water resources
engineering. However, the reliability of this data is critical, especially when it is
collected over long durations and used for designing water infrastructure such as
dams, culverts, canals, and urban drainage systems.

Changes in the surroundings of a rain gauge station — like urbanization, reloca-
tion of the station, instrumentation errors, or land use changes — may introduce
inconsistencies in the rainfall records. Therefore, testing the consistency of
rainfall records becomes essential before utilizing them in design or hydrologic
modeling. This chapter provides a comprehensive study on the methods used to
check and ensure the consistency of rainfall records and correct them if required.

11.1 Importance of Consistency in Rainfall Records

¢ Accuracy in Hydrological Studies: Hydrologic designs depend on
historical data. Inconsistencies may mislead results.

¢ Infrastructure Design Reliability: Civil engineering projects like reser-
voirs or stormwater systems rely on consistent rainfall data.

o Assessment of Climate Trends: Inconsistent records can distort con-
clusions about climatic trends or changes.

¢ Decision Making in Water Resource Management: Planning of
irrigation, flood control, and water supply systems demand dependable
data.

11.2 Causes of Inconsistencies in Rainfall Data
Rainfall records might become inconsistent due to:

¢ Relocation of Rain Gauge Station: A move from an open field to a
forested area or vice versa affects measurements.

e Change in Observation Techniques: Manual to automatic gauge
changes can create discrepancies.

¢ Obstruction by Buildings or Vegetation: Can alter wind flow and
rain capture.

¢ Urbanization Effects: Change in local microclimate due to development.

¢ Instrumental Changes: Replacement or calibration error of the rain
gauge.

e Human Errors: Inaccurate observations or recording mistakes.



11.3 Methods for Checking Consistency

There are several statistical and graphical methods to evaluate the consistency
of rainfall data:

11.3.1 Double Mass Curve Method

The Double Mass Curve (DMC) technique is the most commonly used
method to check consistency.

Procedure:

1. Select the station under investigation and 4-6 neighboring stations
with long, overlapping records.

2. Plot cumulative rainfall of the station in question on the Y-axis versus
the cumulative average rainfall of neighboring stations on the X-axis.

3. Analyze the graph:

o A straight line implies consistency.
o A change in slope indicates a shift in recording conditions (inconsis-
tency).

Adjustment: To correct inconsistent data:

o Identify the year or point where inconsistency begins.
o Compute correction factor (slope ratio).
e Adjust all rainfall values after that point using the factor.

Advantages:

e Simple graphical method.
o Easily identifies point of change.

Limitations:

e Requires data from multiple neighboring stations.
e Less effective if neighboring stations are also inconsistent.

11.4 Homogeneity Testing

Apart from DMC, statistical tests are used to detect inconsistency or inhomo-
geneity.



11.4.1 Standard Normal Homogeneity Test (SNHT)

o Converts data into standard normal variates.
e A test statistic is calculated to detect changes in the mean.
e A significant deviation indicates inhomogeneity.

11.4.2 Pettitt’s Test
¢ A non-parametric test that detects a single change-point in time series.
e Useful when the shift is abrupt and not gradual.

11.4.3 Buishand’s Range Test

e Another statistical approach assuming normal distribution.
o Identifies shifts in the mean of the rainfall series.

11.5 Correcting Inconsistent Records

After identifying the inconsistency, corrections can be made using:

11.5.1 Ratio Method (Simple Correction)

New Slope

P=P X ———
’ . Old Slope

Where:

e P. = Corrected rainfall
e P, = Original rainfall
¢ Slope values derived from DMC

11.5.2 Linear Regression Method

Regression analysis between the station and nearby stations' data can be used
to derive a correction equation:

Peorrected = @ + b - Popserved

Where a and b are coefficients from regression analysis.

11.6 Application of Consistency Checks in Engineering

e Design Flood Estimation: Inconsistent data can underestimate or
overestimate flood magnitudes.



¢ Reservoir Operation Studies: Reliability depends on historical rainfall
input.

e Urban Hydrology: Design of drainage systems needs accurate intensity-
duration-frequency (IDF) curves.

¢ Climate Change Research: Long-term studies need homogenized data
for validity.

11.7 Case Study Example (Illustrative)

Suppose a rain gauge at Station A shows a sudden increase in rainfall after 1990,
compared to its past trend and neighboring stations.

Steps:

1. Plot Double Mass Curve with cumulative data.

2. Identify the point of deviation around 1990.

3. Compute the correction factor using slope ratio before and after 1990.
4. Adjust values of Station A from 1990 onwards using the correction factor.

This adjustment restores the consistency and makes the data usable for hydro-
logical modeling.

11.8 Software and Tools Used

o Excel: For plotting double mass curves and basic regression.

¢« R or Python: For SNHT, Pettitt’s test, Buishand’s test, and visualiza-
tions.

e« Hydrognomon: A hydrological data processing tool.

¢ WMO'’s Climsoft: Used for climatological data consistency.

11.9 Best Practices in Rainfall Data Management

e Maintain Metadata: Record all station changes, calibration logs, and
surroundings.

¢ Periodic Review: Conduct consistency checks at regular intervals.

e Cross-checking: Validate data with satellite or radar sources when
possible.

e Use of Automation: Minimize manual errors by switching to digital
gauges.
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