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Flash Droughts

- Flash droughts differ from the conventional droughts
In its duration and onset.

- Objectives:

@ Compare methods and their performance on
identifying events in Central Europe, building a tool
to observe discrepancies among methods;

@ Implement all selected methods in R-language and
build an open-source package to be available to the
community.




Methodology - Selected Stations
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Methodology - Selected Methods

.........................................................................................................................
= - o -

- Different Variables

| soil Moisture |~ SMVI
- P T, ETO, ETa, SM — 7P Anomely
Precipitation s SM Anomaly
- Soil Moisture
Temperature Multi-criteria
____Score
-+ Key variable (see definition) , g Bl |
Wind speed SPEI
. : Potential
Hard to obtain (scarce) om— > Evaporranspiraton N e
Energy Fluxes | Actual EDDI
. |Evapotranspiration | : :

What is the best method that does not Basic  Derived Key
use Soil Moisture (proxy variables)? ' Data . Data ~ Variables

-
- .
.....................................................................................................................



Methodology - Selected Methods

- Different Variables
- P, T, ETO, ETa, SM
- Soil Moisture
- Key variable (see definition)

-+ Hard to obtain (scarce)

What is the best method that does not
use Soil Moisture (proxy variables)?

Method

Variables

M1

M2

M3

M4

M5

M6

Osman et al. (2021)

Ford and Labosier (2017)

Multi-criteria

Christian, Basara, Otkin, Hunt, et al. (2019)
Christian, Basara, Hunt, et al. (2020)

Noguera, Castro, and Serrano (2020)

Pendergrass et al. (2020)

Soil Moisture

Soil Moisture

Precipitation
Temperature
Actual Evapotransp.
Potential Evapotransp.

Actual Evapotransp.
Potential Evapotransp.

Precipitation
Potential Evapotransp.

Potential Evapotransp.




Methodology - Flash Drought [dentification

- Methods implementation:

+ Contacted all authors to fully
understand the method’s functioning

Soil Moisture ||

Pentad SM

Y

Moving average of SM
(window of 4 pentads )
and SM percentiles

SM; < Av(SM, 4) for 4
consecutive pentads

Yes

Final SM under 20 percentile

Christian et
al., 2020
ETa, ETO |

Standardised

Evaporative

Stress Ratio
(SESR)

¥

Percentiles for each
pentad (73 per year)
over the time series for

SEST and ASESR
Not
ASESR, < 4
SESR; < 40 °o* ep \
A
Yes
E(ASESRp) <30 o—
Yes

Final SESR, < 20

Ford and
Labosier
2017

Soil Moisture ||

Pentad SM

\4

Percentiles for each
pentad over the time
series

Drop of percentile from
Not 40 to 20 in 4 pentads o> f;gt
FD or less

( Multi-criteria >

Y

e
A

Precipitation
Temperature
Potential Evapotrans
Actual Evapotransp.
Thresholds

Anomalies
Percentiles
Indexes
(weekly)

Y

Calculate how many of
the threshold values
are met each week and
transform into a score
(0,1]

Yes

No

percentile is sustained
under 30 percentile for
3 pentads or more

Standard
Precipitation
Evapotranspiration
Index (SPEI)

v

Weekly SPEI

'

Percentiles for each
week (48 per year)
over the time series

Final SPEl <-1.28

r

Transform the indexes
into percentiles (all
growing season)

Score > 0.65
AScore > 0.25

Not
FD

Yes

Evaporative
Demand Drought
Index (EDDI)

Weekly EDDI

v

Percentiles for each
week (52 per year)
over the time series

increase of 50 percentile

Drop sustained for at least

Not
FD

over 2 weeks

Yes

two other weeks

Yes—» FD




Ford and
Labosier
2017

Soil Moisture ||
Precipitation

Temperature
Potential Evapotrans
Actual Evapotransp.
Thresholds
Pentad SM

Anomalies
Percentiles
L 4 Indexes
Percentiles for each (weekly)

( Multi-criteria >

Y

e
A

Soil Moisture ||

Pentad SM

Methodology - Flash Drought Identification

Y

Moving average of SM

pentad over the time

(window of 4 pentads ) series A

and SM percentiles

Calculate how many of
the threshold values

are met each week and
transform into a score
(0,1]

- Methods implementation:

Drop of percentile from
40 to 20 in 4 pentads
or less

SM; < Av(SM, 4) for 4
consecutive pentads

Not
FD

Y

r

Transform the indexes
into percentiles (all
Yes growing season)

Yes

+ Contacted all authors to fully
understand the method’s functioning

No percentile is sustained
under 30 percentile for Score > 0.65
Final SM under 20 percentile 3 pentads or more AScore > 0.25

- Proposal of Multi-criteria method

ETa, ETO |
v

Standardised Standard
Evaporative Precipitation Evaporative
Stress Ratio Evapotranspiration Demand Drought
(SESR) Index (SPEI) Index (EDDI)
! v
Percentiles for each v
pentad (73 per year) Weekly SPEI
over the time series for
SEST and ASESR T ¥¥eaxly EODI
Percentiles for each l
week (48 per year) .
Not over the time series Percentiles for each
ASESR,, < 40 o> O week (52_ per yegr)
FD over the time series
A

Drop of 2 in SPEI over 4 weeks
Not
FD

increase of 50 percentile
over 2 weeks

Yes
E(ASESRp) <30 o—

Yes

Yes

Yes

Final SPEl <-1.28

Final SESR;, <20
Drop sustained for at least
two other weeks

Yes Yes
v .
FD FD Yes—»| FD




Library of Flash Drought classificaition methods

Methodology - Flash Drought [dentification

Documentation for package ‘fdClassify’ version 0.4.1

- Methods implementation: . DEScRPTION e
Help Pages
. Contacted a” authors to fu”y el e o Caloulate dally actual evaporation

alencar2021 FD identificaiton method proposed by the Author (Pedro Alencar)

) . u Christian2020 FD identification method from Christian et al. (2020)
. Function to clean the ESR data (necessary before running Christian et al.
understand the method’s functioning st s g o VI

conf _matrix Auxiliar (intern) function for calculating and exporting confusion matrix
de tha d Daily data from FIuxNET15 station Tharandt
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Methods Comparison

- Confusion Matrix

-+ We borrow from data science and supervised
learning confusion matrix metrics to assess
method performance.

+ Comparison of a test method to a reference

- Reference method: Osman et al., 2021
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Osman Reference Method M1

Method M2, M3, M4, M5, or M6

wn| TP - True positive
FN - False negative

FP - False positive
TN - True negative

Metric Equation
True negative rate (TNR) TNR = - fF B
Negative predictive value (NPV) NPV = = 13;% N
True positive rate (TPR) TPR = 7 p,ﬂ_}}‘ N

_ TP
PPV = TP+FP
TPxTN—FPxFN
\/(TP+FP)(TP+FN)(TN+FP)(TN+FN)

Positive predictive value (PPV)
Matthews Correlation Coefficient (MCC)
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Flash Drought identification by methods in BE-Lon + SWC Flash Drought identification by methods in DE-Geb + SWC

Results
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Flash Drought identification by methods in BE-Lon + SWC

Osman et al.

Results

Ford and Labosier

Multi-criteria

Method

Co-identification

Christian et al.

Noguera et al.

Pendergrass et al.
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Methods Comparison

 Accuracy measurement: Mathew
Correlation Coefficient (MCC)

- Accounts for randomness and
non-balanced datasets

- Trade-off
+ TPR x PPV (precision x recall)
- TPR x TNR
* TNR x NPV

Value

1.0-
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0.6 -
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0.3~

0.2-

0.1-

0.0-

Ford and Labosier Multi-criteria Christian et al. Noguera et al. Pendergrass et al.

A B ! *

F 1 vt

Method

- True Negative Rate E Negative Prediction Value
Metric E True Positive Rate - Positive Prediction Value

- Mathew Correlation Coefficient



Conclusions

- Methods show clear commonalities, however
- performance varies by region, climate, and land use

- Preliminary analysis showed that FD on croplands in
Central Europe are not rare (occurring every 1 to 2 years)

- The use of an ensemble method, using multiple variables
and thresholds is suggested rather than a single-variable
method

- More flexible to identify different kinds of flash droughts
and overcome miss-identification.




(Christophe Gateau/DPA, 2018)
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Thanks!

Twitter: @_PedroAlencar
Email: pedro.alencar@campus.tu-berlin.de
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