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ABSTRACT

Drought is a natural phenomenon significantly affecting society, economy, and the natura
environment. Precipitation deficitis the mostimportantdroughtdriving factor. Drought propagates from
atmosphere to land, affecting soil moisture, groundwater, and surface water. The three most widely
used drought indices: The Standardized Precipitation Index (SPI), the Effective Reconnaissance
Drought Index (eRDI), and the Streamflow Drought Index (SDI) were used for evaluating historical
meteorological, agricultural, and hydrological droughts. Two data processing systems were used for
the drought analysis: (1) weighted mean area using a Thiessen polygon of drought indices calculated
at individual meteorological stations; and (2) drought indices calculated frominitially area - weighted
averages of precipitation and evapotranspiration. Historical droughts have occurred in the Pilica River
basin with different severities ranging from mild to severe. The study shows that there is no significant
disagreement in the two data processing systems in identifying the severity of drought and the drought
duration, but with the uncertainty considered the results may be different.
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1 INTRODUCTION

Drought is a complex and costly natural phenomenon affecting more widespread areas than other natural
hazards. Drought can be characterized by its severity, duration, areal extent, and spatial dimensions. It affects
different components of the hydrological cycle, including precipitation, runoff, streamflow, soil moisture,
evaporation, and groundwater. It extends spatially from the local catchment scale to the global and temporally
from afew months to several years. Drought is classified into three main categories: meteorological drought
(precipitation deficit, higher evapotranspiration); hydrological drought (reduction in surface and groundwater
yield); and agricultural drought (soil moisture deficit, damage of crops). Drought indices are tools for
characterizing and monitoring different types of drought, as found in Tigkas et al. (2015).

2 STUDY AREA AND DATA

The study area, the Pilica River basin, is the left tributary of the Vistula River basin, Poland. It drains a basin
area of 8665 km?. Daily streamflow data at the Bialobrzegi gauging station, and meteorological variables from
nine stations inside and neighbouring the river basin from 1951 to 2019, were acquired from the Institute of
Meteorology and Water Management, Poland. The quality of data was checked for accuracy and completeness,
and missing values were filled by using a normal ratio method.

3 APPROACH

The three most widely used indices: The Standardized Precipitation Index (SPI), McKee et al. (1993), the
Enhanced Reconnaissance Drought Index (eRDI), and the Streamflow Drought Index (SDI), were calculated
using DroughtIndices Calculator. Accordingto Tigkas et al. (2015) droughts are characterized based on drought
index as mild drought (0 to -0.99), moderate drought (-1 to -1.49), severe drought (-1.5 to -1.99), and extreme
drought (-2.0 or lower). The same drought characterization ranges were used for all indices.
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Two processing schemes were used: weighted mean of indices calculated at individual meteorological stations,
and weighted precipitation and potential evapotranspiration. Potential evapotranspiration was calculated using
the FOA-Penman Monteith method, Allen et al. (1998), using temperature, wind speed and relative humidity
data.

4 RESULTS AND DISCUSSIONS

The study has shown that the SPI, eRDI and SDI identified historical meteorological, agricultural, and
hydrological droughts, which occurred in the Pilica River basin ranging from mild to extreme droughts, as shown
in Figure 1. The finding shows that the two weighted areal averaging methods applied to drought indices give
similar results. Precipitation deficits, defined as a cumulative balance between precipitation and
evapotranspiration, have occurred in the basin resulting in meteorological droughts specifically in 1959, 1969,
1976, 1982, 1991, 2003, 2015, 2019, which was confirmed by all three indices. As seen from Figure 1, the eRDI
and SDI are close together whilst the SDI incorporates catchment processes which have influence on the
drought accumulation and timing. All three indices are affected by the numerical errors resulting from the
evaluation procedures.
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Figure 1. The historical drought severity indices for the Pilica River basin: SPI, eRDI and SDI.

5 CONCLUSIONS

Historical droughts have occurred in the Pilica watershed with severities ranging from mild to severe. The two
approaches compared gave similar results, but with uncertainty considered the results may be different. Further
work is planned to include an analysis of uncertainty.
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