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Introduction

Climate change has led to increased droughts and floods over mainland Australia, resulting in
water scarcity, excessive surplus and socioeconomic losses. Therefore, it is of great significance
to comprehensively evaluate droughts and floods from the meteorological and hydrological
perspective. Firstly, we determine the Standard Precipitation and Evapotranspiration Index
(SPEI) by correlation analysis to represent the meteorological drought conditions. To
characterize the hydrological conditions, we calculate the hydrological drought indices including
Standard Runoff Index (SRI), Soil Moisture Deficit Index (SMDI), and Total Storage Deficit
Index (TSDI), using the runoff and soil moisture data from the Global Land Data Assimilation
System (GLDAS) and the Terrestrial Water Storage Change (TWSC) data from Gravity
Recovery And Climate Experiment (GRACE) respectively.

Datasets and Study area

> Meteorological data

®  Southern Oscillation Index (SOI) from: http://www.bom.gov.au/climate/current/soi2.shtml,
spanning from Apr. 2002 to May 2020.

® SPEI 0.5° gridded data is from: http:/digital.csic.es, spanning from Apr. 200!

> GLDAS data N 3

GLDAS Noah version 2.1 monthly model with 0.25°
resolution is from https://ldas.gsfc.nasa.gov/gldas/ .
» GRACE/GRACE-FO Data

The GRACE and GRACE-FO monthly mascon products
from April 2002 to May 2020, released by the Center for

2 to Dec. 2018.
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available at: https://grace.jpl.nasa.gov/data/get-data/. Australia mainland

Methodology

» Drought indices calculation
The SPI and SRI are calculated with the GLDAS Noah precipitation and runoff data respectively,
based on the method of McKee et al. [1].
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where SD; ; represents the soil moisture deficit of ith year and jth month. SW;; is the soil
moisture variation, MSW;, MinSW; and MaxSW; denote the median, minimum and maximum
values of the soil moisture time series respectively.

Tab.1 Drought and flood grades of SPI, SPEI, SRI,
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study period.
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Results and Analysis

» Temporal Analysis of Meteorological and Hydrological Droughts
® Temporal variability of SOI, SPI, SPEI and SRI, SMDI and TSDI

The correlation coefficient between SPEI and SOI is 0.47, between SPEI and SPI is 0.66,
while that between SOI and SPI is only 0.37. Therefore, SPEI is determined to represent the
meteorological droughts in this study.
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Fig.2 Temporal variability of SOI, SPI, SPEI (left) and SRI, SMDI and TSDI (right) from Apr 2002 to May 2020

® GRACE-based hydrological droughts and floods

The GRACE-based hydrological droughts and floods condition respectively represented with
red and blue bars during the study period are shown in Fig.3 (upper) and the cumulative
drought or flood severity are shown in Fig.3 (lower).
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Fig.3 Duration and Severity of both Droughts and floods derived from GRACE data
» Meteorological and Hydrological Drought and Flood

® Classification of Meteorological and Hydrological Droughts

Based on the meteorological and hydrological indices, the drought and flood are divided into
four grades, among which W0, W1, W2, and W3 represent floods in increasing order, and DO,
D1, D2, D3 represent droughts with the increasing intensity.
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Fig.4 Meteorological and hydrological droughts of different grades over mainland Australia
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® |agging time between SPEI and hydrological drought

The lagging time between SPEI and hydrological drought indices are determined by the cross-
correlation method. The correlation coefficients of SRI, SMDI and TSDI relative to SPEI are
shown in Tab. 2 with the lagging time from 1 to 7 months.

Tab. 2 Correlation coefficients between SPEI and hydrological drought indices with lagging time from 1to 7
months

Time lag

(months) ° ! z s N s ¢ 7
SRI 0.42 043 039 0.26 0.09 -0.01 000 -0.03
'l;SDI 0:16 0. ;4 0. ;-l 073; 032 0.33 037 0.33
» Relationship between hydrological droughts and Indo-Pacific

variability

Indian Ocean Dipole (IOD) is commonly used to measure the Sea Surface Temperature
(SST) anomalies over Indian Ocean, and SOI and Nifb-3.4 index is used to measure El
Nifp. To explore the relationships between the two hydrological droughts captured in Fig.3
(Drought 2006-2009 and Drought 2018-2020) and Indo-Pacific climate variability, we
further use the Fourier analysis to analyze the four indices (TSDI, Nino3.4, SOI and 10D)
over the periods of the two hydrological droughts. The corresponding power spectra are
shown in Fig 5.
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Fig.5 Power spectra of TSDI and Indo-Pacific Climate Variability indices (Nino3.4, SOl and 10D) during (a)
Drought 2006-2009; (b) Drought 2018-2020.

Conclusions

O The most severe hydrological drought over mainland Australia during the study
period is from May 2006 to Jan. 2009 with the drought severity of -58.28 (cm
months) and the most severe flood from Jun. 2010 to Jan. 2013 is with the
severity of 151.36 (cm months).

O The meteorological drought and flood are of higher frequency, while
hydrological drought and flood have a relatively longer duration. And the SPEI
can firstly reflect the droughts or floods over mainland Australia, and then the
SRI, SMDI and TSDI reflect with the lagging time of one, three and six months,
respectively.

O The results from Fourier analysis confirm that the two hydrological droughts are
all related to Indo-Pacific climate variability but with slightly different driving
mechanisms.
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