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Changes in Meteorological and Hydrological Drought
and their Connection to Atmospheric Circulation over
the Egyptian Delta from 1950 to 2015
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ABSTRACT

Drought is a complex natural hazard, with adverse environmental and
socioeconomic impacts (e.g. hydrology, water resources, crop failure, biodiversity,
etc). Many regions worldwide have suffered from frequent and intense drought
episodes over the past few decades. This study endeavors to assess long-term spatial
and temporal changes of meteorological and hydrological droughts Comparing to wet
events in the delta: one of the hotspot regions in Egypt in terms of population weight
and economic significance. This assessment was made for the period from 1950 to
2016 using the Standardized Precipitation Evapotranspiration Index (SPEI), which
accounts for different input climatic variables (e.g. air temperature, precipitation, wind
speed, air pressure, sunshine insolation and relative humidity). Which has been
calculated using the gridded CRU TS 3.23 dataset, where the delta was represented by
22 grids. The SPEI was calculated at different time scales (1-, 3-, 6-, 9-, 12-, and 24-
month), allowing for characterizing both meteorological, hydrological and agricultural
impacts of recent climate change in the delta. Changes in drought frequency were
assessed using the non-parametric Spearman’ rho statistic. Overall, results suggest a
statistically significant increase in drought frequency over the 66-yr study period. This
positive trend was more pronounced in the southern and southwestern portions of the
delta. Drought variability was also linked to a set of leading atmospheric circulation
patterns, which mostly explain climate variability in the extratropical and midlatitude
regions, including the North Atlantic Oscillation (NAO), the Southern Oscillation
Index (SOI), and the Mediterranean Oscillation Index (MOI). Results indicate that
there is a statistically significant association between drought variability and the
investigated circulation patterns at the 95% significance level (p<0.05). In order to
assess the relative contribution of the different climatic variables to drought evolution,
we applied the partial correlation analysis. Results demonstrate that rainfall is the most
dominant variable contributing to drought evolution in the delta. We also assessed the
impacts of drought variability on crop failure in the delta from 2000 to 2015, with a
particular emphasis on wheat and grazing clover. These impacts were verified,
especially for governorates of large area and high crop yield.

Key Words: Drought; SPEI; Trend; Atmospheric Circulation; Egyptian Delta.
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