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without delay and with delay of one to five month. The results in without delay
condition showed the highest correlation between the indices is belonged to the
series with similar period. The correlation between the similar RDIgem and SDI
series were less than the ones corresponding to SPI and SDI, or RDlus and SDI.
It is concluded considering the other weather parameters, in addition to rainfall,
for calculating the indices, results in reduction of the correlation between the
meteorological and hydrological indices. In RDIys and SDI with delay condition,
for 3, 6 and 12 series, the greatest effect of meteorological drought on discharge
was observed with 3-month delay.
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1. Introduction

Drought is one of the most common natural hazards that have an adverse effect on agriculture and water
resources. Several drought indices have been developed to control the drought conditions. The drought
indices have different characteristics and appropriate for specific environments. The physical
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relationship between the water cycle processes leads to the coordination of occurrence time and severity
of hydrological and meteorological drought. Drought indices such as PDSI (Palmer, 1965), standardized
evapotranspiration index (Vicente-Serrano et al., 2005), standardized precipitation index (McKee et al.,
1993) are used extensively for monitoring the meteorological droughts over the world. The SDI is based
on the standardized river flow and surface flow and its computational principles are similar to SPI
(Nalbantis and Tsakiris, 2009). The Reconnaissance Drought Index (RDI) was proposed together with
the well-known Standardized Precipitation Index (SPI) and the method of deciles. The RDI exhibits
significant advantages over the other indices by including apart from precipitation, an additional
meteorological parameter, the potential evapotranspiration (Tsakiris et al., 2007).

2. Methodology

In this study, the meteorological and hydrological droughts in Sufi Chai River basin were evaluated
using the standard precipitation index (SPI), reconnaissance drought index (RDI) and Stream flow
drought index (SDI). The daily weather data related to the synoptic meteorological station of Maragheh
and daily data of hydrometric station of Tazehkand (upstream of Alavian dam) were used. After initial
data analysis, the length of the common applicable statistical period equal to 34 years were determined
(1986-2017) and the 3-, 6-, 12-, 24- and 48- month time series were created. In the RDI index, the
evapotranspiration values of the grass reference plant (ETo) were calculated using two empirical
methods of FAO-Penman-Monteith and Hargreaves-Samani. Finally, the correlation of hydrological
and meteorological indices for 3- to 48- month time series without delay and with delay of one to five
months was performed.

3. Results

The comparison of the percentage frequency of drought and wet periods of two indices, RDIgpm and
RDIws, showed that there is no significant difference in the frequency percentage results of the two
methods (maximum difference of 5%). The analysis of the changes in the time series of meteorological
indicators showed that with the increase in the period of the time series, the decreasing trend of these
indicators became more intense, so it can be concluded that in recent years drought conditions have
prevailed in the region. The analysis of the frequency of hydrological drought showed that the highest
frequency and percentage of the occurrence of drought for all time steps was observed in normal
conditions. Also, the analysis of the changes in the time series of this index showed that the sensitivity
of the river flow (SDI values) to the changes in rainfall and weather conditions is higher in shorter time
series than in long-term time series. Comparing the curves of SPI with RDIys and SP1 with RDIgpm in
each time series (especially in 12-48 month series) showed that the changes of wet and drought periods
in terms of duration, intensity and time of beginning and end of drought in the two SPI indices and
RDIys are more consistent (almost similar). The values of the correlation coefficient between the similar
RDIepm and SDI series were less than the ones corresponding to SP1 and SDI, or RDIus and SDI (except
for the 24- month series). It is concluded that considering the other weather parameters, in addition to
rainfall, for calculating the drought index (RDIgpm Versus SPI), results in reduction of the correlation
coefficients between the meteorological and hydrological drought index values. According to the results
of the correlation between SPI and SDI values with delay condition, the highest correlation coefficient
was observed in the 3- and 6-month series with 2-month delay, in the 12-month series with 3- month
delay and in the 24- and 48-month time series with non-delayed state. Among the RDlus and SDI values
with delay conditon, in the 3-, 6- and 12- time series, the greatest effect of meteorological drought on
Sufi Chai River flow was observed with the 3-month delay and this effect was simultaneous in the 24-
and 48-month time series.

4.  Discussion and Conclusion

The correlation results of between hydrological and meteorology drought in different time series
without delay condition showed that the highest correlation coefficient between the values of indices is
related to the series with similar period. The main reason for the coincidence of two drought events can
be resulted from the direct feeding of the river from the rainfall. Among the RDIgm and SDI values
with delay conditon, as time passes since the occurrence of meteorological drought, the effectiveness
of the flow of Sufi Chai River increased due to these conditions, so that in the 3-month series of RDlrpwm,
the highest correlation coefficient was observed with the 4-months delay (0.562).
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