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Summary

Missing data are common issue in climate data. Also precipitation is a very important part of the
hydrological cycle and meteorological and hydrological studies of watersheds, initially depend on the
quantity and quality of recorded rainfall data and its distribution in the area. Complete and reliable sets
of climatic and hydrological data are required for planning and design of these projects. Therefore for
treatment of precipitation missing data, various methods have been developed and applied. Normal ratio
method, linear regression, multivariate regression and inverse distance weighting (IDW) have a wide
applications in natural resources study in our country. Therefore, it is necessary to determine the ability
of these methods, especially in relation to the precipitation parameter, which plays a crucia role in the
study of natural resources. In this study, the capability of each mentioned methods for infilling missing
data of daily, monthly and annual precipitation time series in the arid regions of Iran was investigated
for varying proportion of missing data from 5 to 50% of total data. In fact, the main purpose of this
study is to answer the question of which of the four mentioned methods are more effective for infilling
precipitation missing data.

The daily data of Iran's synoptic meteorological stations were used for the present study. Using the Run
homogeneity test, the data homogeneity was investigated. Also, using graphical exploring data, and
especialy boxplot diagrams, outlier data were identified and flagged as missing data. The average
annual precipitation and temperature of 400 stations were determined, and then based on these data their
de Martonne coefficients were computed. In the next step, stations with de Martonne coefficient less
than 10 were selected as arid climate. Among them, 73 stations that had sufficient data from 1986 to
2017 were distinguished. To evaluate each of the data reconstruction methods, part of the actua data
was deliberately discarded from the original data and then reconstructed. Due to high volume of
calculations, this process was programmed in MATLAB software.

The results showed that each method had different functionality according to the conditions. Daily data
are not well estimated using the normal ratio method to estimate the missing data less than the actual
one. The use of linear regression method showed that in daily time scale, unlike the normal ratio
method, the model accuracy in data reconstruction is higher. For linear regression approach, the
distance between the fitted line between the observed and estimated data is small at first, and as the
precipitation increases, this distance increases, indicating that the model is less accurate in estimating
the extreme values. Given that the fitting line is below the 1:1 line, the linear regression method
estimates the actual values below normal. The same results can be found for IDW producer. The
multivariate regression method is more accurate for daily time series when the proportion of missing
data are not considerable, but is generally very sensitive to the proportion of missing data. The normal
ratio method is not suitable for reconstructing daily missing values, however it is more stable than other
methods when missing data increase. In monthly time series, the performance of the IDW method and
then the normal ratio is better. In annual series, linear correlation, normal ratio, and IDW have better
performances, respectively.

The findings of this study show that in general, the accuracy of reconstructions on annual scalesis more
than monthly and on monthly scales is higher than daily. This is due to smoother time series in the
monthly and annual time series than the daily ones. Also it should be noted that the scale of current
studiesisin Iran. If the data from the reserved rain-gauge stations of the Meteorological Organization
and the Ministry of Energy are added to this data, the accuracy of the methods is expected to increase.
As the results of the present study show, the accuracy of the models decreases with increasing
incomplete data ratio. Therefore, if new data is included in missing data processing, there is an
expectation of better performance of each of these methods. Finally it should be considered that each
method should be used in accordance with the given conditions, and therefore it is recommended to
develop a software package for infilling missing datain Iran.
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