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problems due to the lack of continuous data. Accurate planning and management
of water resources depends on the availability of continuous and accurate
precipitation data at meteorological stations. The presence of missing values can
lead to biased results and may create obstacles in the analysis. Hence, estimation
of missing rainfall data is important in order to obtain more reliable results.
Various imputation methods have been proposed and developed by researchers
to estimate missing values in daily and monthly rainfall data. In most situations,
spatial interpolation techniques such as normal ratio and inverse distance methods
are used for estimating missing rainfall values at a particular target station based
on the available rainfall values recorded at the neighboring stations. Moreover,
these two methods are found to be very useful in the case where the neighboring
stations are very close and highly correlated with the target stations. In this study,
several modifications and improvements have been proposed to these methods in
order to estimate the missing rainfall values at the target station using the
information from the nearby stations. The methods have been tested with different
percentages of missing rainfall values and also with a radius range of 75 km to
150 km in the catchment area of southern Balochestan. The result indicate that
the performance of these modified methods improved the estimation of missing
rainfall values at the target station based on the similarity index (S-index), mean
absolute error (MAE) and coefficient of correlation (R).

1. Introduction

The availability of complete rainfall data without missing values is important in meteorological,
climatological, and hydrological analyses. The problem of missing data is often caused by various
reasons. The loss of rainfall data may be due to the relocation of stations, incorrect operation of the
measuring device for a certain period of time, and errors in the techniques used in rainfall measurement.
The continuity of rainfall records can be affected by factors such as faulty instruments, station
displacement, and human negligence during rainfall measurement. These problems affect the estimated
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output and subsequently create incorrect results. To overcome this problem, a number of interpolation
techniques have been developed over the decades with the aim of estimating missing observations in
climate time series, mainly at monthly, seasonal, and daily time scales. An innovative and reliable
approach to selecting estimation methods in order to impute missing rainfall data in Southeast Iran
(South Baluchistan catchment area) is presented by this research.

2. Materials and Methods

The data of this research includes monthly rainfall recorded from rain gauge stations in the southern
Baluchistan catchment. This research covers the statistical period of 1990 to 2022. Modified spatial
weighting methods, including the inverse distance method (IDW), normal ratio method (NR), and
correlation coefficient method (CCW), have been selected to impute missing data in the study area.
Finally, the performance of the estimation methods has been compared using the similarity index (S-
index), mean absolute error (MAE) and coefficient of correlation (R).

3. Results

Both existing and modified methods were used to estimate the missing data from the target station at
different spatial intervals. The optimal distance is a distance that has the highest values of similarity
index and correlation coefficient, and the lowest average absolute error. A significant difference can be
observed between different distances based on error measurement indices. Missing data estimation
methods are sensitive to the distance between the target station and neighboring stations. Also, the
results of methods for estimating missing data have been evaluated considering different percentages
of missing data. The percentage of missing data has a significant impact on missing data estimation
methods. When the percentage of missing data for the target stations goes above 20%, the estimation
methods perform significantly less.

4.  Discussion and Conclusion

In this research, spatial weighting methods including inverse distance weighting methods, normal ratio,
and correlation coefficient have been investigated and modified. The results showed that the modified
methods are sensitive to the distance as well as the percentage of missing data. The performance of
modified spatial weighting methods is always superior to those of existing methods. The most favorable
situation for estimating missing data is with a missing percentage of less than 20% and a distance of
less than 75 km. The performance improvement percentage of the modified methods has been
significant. Therefore, the modified methods are effective in estimating missing data in the study area.
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