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Summary

Drought indices are commonly used to quantify and assess drought characteristics. The Standardized
Precipitation Index (SPI), and recently introduced Standardized Precipitation-Evapotranspiration Index
(SPEI) are considered as universal meteorological drought indices which allow comparisons of drought
conditions across different climate regions. The SPI captures anomalies in precipitation, whereas the SPEI
estimates anomalies in climatic water balance that incorporates temperature. The main aim of this study is
to compare historical drought occurrence based on SPI and SPEI indices using R programming. The SPEI
index is used because of multi-scalar nature of index and the advantage of identifying the multi-temporal
nature of droughts. According to data availability, seven synoptic stations were selected for a drought
analysis across Kurdistan Province. The two-parameter gamma distribution was used for calculating SPI
across the study period (1995-2013) and stations within the study area. The potential evapotranspiration
(PET) was computed using the Thornthwaite's equation, and then the SPEI is calculated at a monthly
temporal resolution using SPEI package in R software. The SPI and SPEI values are calculated and then
the statistical analysis along with significant level scatter plot was performed. The graphical plot of 3-month
SPI and SPEI values were prepared to visualize the capabilities of used indices in determination of wet and
dry spells over studied stations. The relationships between computed SPI and SPEI values were analyzed
using correlation coefficient and p-value at each station. The results indicated that some differences in the
pattern and sequence of wet and dry spells exist based on calculated indices. Also, the SPEI index identified
the longer wet and dry spell conditions than SPI in almost all cases. The results of the comparative analysis
indicated that the SPI and SPEI were varied between 0.19 (p<0.01), and 0.52 (P<0.01), which were
statistically significant in all stations. A very low correlation between the SPI and SPEI was identified in
Saghez station (correlation coefficient= 0.19), which seems to be due to evapotranspiration and moisture
loss during spring/summer with the increasing temperatures that is accounted for by SPEI. The highest
correlation coefficient was calculated between SP1 and SPEI in the Sanadaj station (0.52%). Since, the SPEI
accounts temperature in defining drought spells, therefore, it is advisable to use SPEI instead of SPI for
drought assessment. According to the graphical interpretation of the results, there was large difference
between the droughts depicted by the precipitation-based SPI and the temperature influenced SPEI. Also
the SPEI captured the influence of temperature and depicted severe and longer duration droughts which
provide support for better performance and reliability of the SPEI index. It should be noted that in terms of
lack of data, evapotranspiration can be calculated by simple methods such as Thornthwaite, but considering
detailed available data, the Hargreaves and Penman methods can be used to determine drought occurrences
in the SPEI calculation. The calculation of drought indices should be simple and statistically reliable, in
this regard, SPEI indicators in different climatic conditions and climate change issues has a significant
advantage. Also, more climate variables are needed to calculate the SPEI index than the SPI index. Also,
the calculated evapotranspiration value is sensitive to the used method and requires a longer data period
with natural variabilities. Further research is recommended in other climatic regions which is needed for
comparison of SPEI with other common drought indices to draw comprehensive conclusions.

Keywords: Meteorological drought, Potential evapotranspiration, R software, Standardized precipitation
index, Wet-dry spell analysis.

*Corresponding author: raoofmostafazadeh@yahoo.com



