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What is drought?

Natural Climate Variability
I
I |

Precipitation deficiency High temperature, high winds, low
(amount, intensity, timing) relative humidity, greater
[ sunshine, less cloud cover

Reduced infiltration, runoff, I
deep percolation, and Increased evaporation
ground water recharge and transpiration

Meteorological
Drought

Time (duration)

Sequence of drought occurrence and impacts for commanly accepted drought types. All
droughts originate from a deficiency of precipitation or meteorological drought but other
types of drought and impacts cascade from this deficiency. (Source: National Drought
Mitigation Center, University of Mebraska-Lincoln, U.5.4.)
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How do we quantify drought?

= Droughtis not a physical variable but an indicator of deviating conditions, and can
be expressed in various ways

Rainfall January- Anomaly from long-term mean Percentages of long-term mean
April 2022 [mm] rainfall [mm] rainfall [mm]

Australian rainfall anomaly '] K A ian rainfall p

Australian total rainfall (mm) '

1 February to 30 April 2022 4 1 February to 30 April 2022 8 by 1 February to 30 April 2022
Australian Gridded Climate Data Australian Gridded Climate Data Australian Gridded Climate Data
Dalasat: AGCD v2) Basa period: 1961 — 1500 Dataset: AGCD v2| | Base period: 19611500 ) ) Datmoet: AGGD v2)
[-1+ of Buroau of Issued: L1 of Buroau of Issued: G of Buraau of Issued: J0U2022

http://Mww.bom.gov.au/climate/maps/rainfall/?variable=rainfall&map=totals&period=3month&region=nat&year=2022&month=03&day=31
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http://www.bom.gov.au/climate/maps/rainfall/?variable=rainfall&map=totals&period=3month&region=nat&year=2022&month=03&day=31

How do we quantify drought?

= Anomalies in precipitation and multi-satellite C3S soil moisture for March
2022

Australian rainfall anomaly

Scale - m3 m-3 ©2022-04-01 00:00:00

March 2022
Austraian Gridded Cimate Data . B
Base perod: 1961 1990 Dataset: AGCD v2 !
© Commonwealtn of Australa 2022, Buroau of Mateorology Issued: 2110412022 -2.00e-1  -1.00e-1 0.00e+0 1.00e-1  2.00e-1

https://dataviewer.geo.tuwien.ac.at/

http://Mwww.bom.gov.au/climate/maps/rainfall/
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https://dataviewer.geo.tuwien.ac.at/
http://www.bom.gov.au/climate/maps/rainfall/

M Drought indices “correct for” differences in climate @
X

Jahreszeitensumme des Jahreszeitensumme des
Niederschlags fur Fruhling 2022 Niederschlags fur Frihling 2022

< Absolutwert > < Abweichung zum Bezugszeitraum 1981-2010 >
Minimum Summe Maximum Minimum Summe Maximum

13mm 77mm 228mm 19% 60% 121%

0 2 50 100 176 260 3600 A0 HBO 700 900 1.160 1.400 m

| | | |

| |
in mm 0 15 30 45 60 75 90 110 130 150 180 235 300
powered by ZAMG data + cyLEDahttps://Www.zamg.ac.at/cms/de/klima/klima-aktuell/klimamonitoring

Spring precipitation in Austria 2022 in comparison to 1981-2010 in %. 100% equals the long-term average.
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https://www.zamg.ac.at/cms/de/klima/klima-aktuell/klimamonitoring

Standardised Precipitation Index

SPI fits actual, long-term precipitation record to probability distribution (left), which is
then transformed into a normal distribution (right) so that the mean SPI for the
location and desired period is zero and the SPI is expressed by a z-score

u.; : n.; . Table 1. SPI values
08 7 0.8 7 2.0+ extremely wet
;j: 1.5 to 1.99 very wet
%‘ 937 1.0 to 1.49 moderately wet
ﬁ ;: 1 -.99 1o .99 near normal
02 7 -1.0to -1.49 moderately dry
ﬂ-; | -1.5t0 -1.99 severely dry
=00 1000 . 2000 0 -2 and less extremely dry
Precipitation (mm) SP1

= Two basic assumptions
» Variability of precipitation is much higher than that of other variables, (e.g., Tand ET )

» Precipitation and other variables are stationary (i.e., they have no temporal trend)
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Monatssumme des Niederschlags
fir Februar 2022

< Absolutwert

Minimum Summe Maximum

96 mm 307 mm

I 1 1 I
0 2 15 30 50 75 100 150 200 250 350 450 400

powered by ZAMG data + CYLEDGE coding

1 | 1 | |
110 130 150 180 235 300

powered by ZAMG data + CYLEDGE codin:

Monatssumme des Niederschlags
fir Oktober 2022

< Absolutwert

Minimum Summe Maximum

96 mm 218 mm

1 I I I |
0 2 15 30 50 75 100 150 2

Minimu m Summe Maximu m

80« 193«

A
75 90 110

g

00 250 350 450 400

powered by ZAMG data + CYLEDGE coding

| |

130 150 180 235 300

= |ndividual distribution needs
to be fitted for each season

individually

%ttps://www.zamg.ac.at/cms/de/klima/klima-aktuell/klimamonitoring

Preimesberger - Drought Monitoring

powered by ZAMG data + CYLEDGE coding
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https://www.zamg.ac.at/cms/de/klima/klima-aktuell/klimamonitoring

Standardised Precipitation Index

2 months-SPI

= Can be computed at f
multiple time .
aggregates (1, 2, 3,12 )

months etc)

SPI

950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

. d ff 8 months-SPI
representin ITerent
P ) 9 = Table 1. SPI values
w
1.5t0 1.99 very wet
950 1955 1960 1965 1970 1975 1980 1985 1990 1995 20
. 1.0 to 1.49 moderately wet
14 hs-SPI

2 montheS -.99 to .99 near normal
1

z o -1.0 to -1.49 moderately dry
; 1.5t0-1.99 severely dry
3 ' y ' : ' ’ ) ' ' -2 and less extremely dry
1850 1955 1960 1965 1970 1975 1980 1985 1890 1995 201
3
» | 22 months-SPI
;

[
-1
2
-3;9.50 19-55 19‘50 19'65 19-?[) 19‘?5 19‘80 19‘85 19‘90 19‘95 2000 [V|Ce nte_Serra noy 2005]
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Climatic water balance (precipitation minus potential evapotranspiration)
Considers what potentially evaporates again (in summer more than in winter)
Includes the impact of (rising) temperature

)

)

W M s O s MW
y . 5 1 1 1

STANDARDIZED PRECIPITATION INDEX (SPI)

1950
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1960
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2010
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Impact of temperature under
2 °Cand 4 °C global warming
scenario

[Vicente-Serrano, 2010]
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M SMASI - A drought index for soil moisture

= Z-scores can in principle be computed for any dataset of sufficient length, not only from precipitation

= Use of multiple satellite missions (e.g., ESA CCl SM) allows for a more robust assessment over longer
time periods

SMMR: [ —

SSM/I:
TMI:
AMSR-E:
WindSat:
SMOS:
FY-3B:
FY-3C:
FY-3D:
AMSR2:
GPM:
SMAP:
ERS: |
ASCAT-A:
ASCAT-B:
ASCAT-C:

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
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Soil Moisture Anomaly Standardised Index shows severity of anomalies
)
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Example for Australia, where moisture is strongly driven by El Nino Southern Oscillation (ENSO), as

indicated by the Southern Oscillation Index (SOI)

100 +

100 A

|smasi| = 2
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SOI (monthly)

13



Drought portals

= Droughtis commonly expressed as Map released: April 28, 2022
an index, and fed with (Earth) Data valid: April 26, 2022
observations :

= Many variations have been
developed

» Standardized Precipitation Index
(SPI), using Precipitation only

» Standardised Precipitation-
Evapotranspiration Index (SPEI), using
P and potential ET

» Palmer Drought Severity Index (PDSI),
basedonPandT

» Self-calibrating PDSI
»  And many more...

= |ndices can be used to measure

severity and duration None 02 (severe Drought
DO (Abnormally Dry) - D3 (Extreme Drought)
D1 (Moderate Drought) - D4 (Exceptional Drought)

ESA Land Training Course 2023 - Dorigo, Stradiotti, Preimesberger — Drought Monitoring 14



Drought indices

= Categorisation depends on index

Category| Description|

Possible Impacts

Goirg into drought
L}

Abnormally

short-ierm dryness s5owing Manang,

growth of

CPC Soil
Moisture
Model

(Percentiles)

Weekly

Streamflow

(Percentiles)

CToEs OF pastures
DO 5 ot s 10to-1.9 21t030 21to30 -05t0-0.7
I_::,' B same lingening water deficizs
i pattures or cropd not fully recovened
& Some damags 10 CTOpE. PasTUNes
Mﬂd erate 8 Siresris, reseneairs, o wells low, some
D1 water shortages developing orimminent -2 010 -2.9 11 to 20 11 to 20 -0.8 to -1.2
Drou ght B WalunTary wWaler-use FeFrETiong
requescad
Severe ® Crop or pasture hozoes likely
D2 = Water shartages common -3.0 to -3.9 610 10 6to 10 -1.3to-1.5
Drl:]ught 5 Water MesEricians imponed
Extreme 8 jdajor crop/pasiure Ksses
- Widespread water shartages or 40t0-49 3105 3t05 1610-1.9
Drought ressrictans
8 Excepricnal and widespread
E}: C.E- ptln nal CroEy pasture losses
= Shortages of water in reservoirs -5.0 or less Oto2 Oto 2 -2.0 or less
Drﬁught EIFEAME, S willi Creaming wales
@ TG PRl
ESA Land 'l'raining Course 2ZUZ23 - Dorigo, Stradiotti, Preimesberger - Drought Monitoring

Standardized s

Precipitation
Index (SPI)

211to 30

11 to 20

6to 10

3105

Oto 2
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How severe is a drought?

Drought duration (D):
Number of sonsecutive
days with index <O

Drought severity (S). The
accumulation of negative
index (e.g. SPI) values
preceded and followed by
positive SPI| values is called
severity.

Drought intensity (). The
intensity is obtained by
dividing the severity to the
drought duration

[Cavus and Aksoy, 2020]

SP]

ESA Land Training Course 2023 - Dorigo,

singular drought
with duration D = L

L

D=1, ..., L

Stradiotti,

Al

D
§ = z SPI; \
=1

/ within-period drought

\ with duration D < L

\

TInm iy v
—

Preimesberger - Drought Monitoring

Y
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European Drought Observatory

Drought indicators:

)

)

)

Soil Moisture Anomaly (SMA)
Standardized Precipitation Index (SPI)

Anomaly of Vegetation Condition (FAPAR
Anomaly)

Low-Flow Index (LFI)
Heat and Cold Wave Index (HCWI)

Combined Drought Indicator (CDI):
Integrates information on anomalies of
precipitation, soil moisture and satellite-
measured vegetation condition into a single
Index that is used to monitor both the onset
of agricultural drought and its evolution in
time and space.

https://edo.jrc.ec.europa.eu

Euinpiar

@ European Drought Observatory (EDO) 2022

ESA Land Training Course 2023 - Dorigo, Stradiotti, Preimesberger - Drought Monitoring
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https://edo.jrc.ec.europa.eu

Map Combined Drought Indicator, v.3.0 - Select time |x
Monitoring Forecast :: _§|$|® e “,-.% =+ :H"- | | E) i @) Help Ten-day period:

= European Drought Products
=l Combined Drought Indicator

| Combined Drought Indicator, v.3.0 i 2023-07-21

|:| Mo Drought
:IWatch
-Waming
B et
-Recovery

-Temporan_r Soil Moisture Recovery
-Temporan‘r “egetation Recovery

DND data

%D Weteorological drought tracking

[# Precipitation

[+ Hydrology

[+ Temperature

= Soil Moisture

[# Vegetation Response
[#l Disaster Monitoring

# Regional, National, Local Products

[+l Base Layers
# Geographic Background

& Tip: right click or double click on layer name
fo access layer menu

1: 16800000 hd Projection: Lambert Azimuthal Equak-Area (LAEA) 1 8


https://edo.jrc.ec.europa.eu

Intersucho.cz

INTEGROVANY SYSTEM PRO SLEDOVANI SUCHA INTENZITA SUCHA

b) v povrchové vrstvé 0 - 40 cm
www. INTERSUCHO .cz

09. ¢ervenec 2023

data v 7:00 SEC gy s N a) v pidnim profilu 0- 100 cm

Predpovéd
'€ 80
Intenzita sucha [77] 52 mimé sucho o Antronc o
[ | <SO0bezrizika sucha I s3 vyrazné sucho Vodnip \3 g0
B P Vodni t
|:|2? snlvz'en?l{rove: pGdni vldhy -::vyprr’\ecn’e suEho B _g
[ | 81 potinajici sucho Bl S5 extrémni sucho g W o 40
2
o 20
0 = 1 T T T I T T T T T |I I
23.7. 28.7. 2.8. 7.8. 12.8. 17.8. 22.8. 27.8. 1.9. 6.9. 11.9. 16.9. 21.9. 26.9. 1.10.

$1-S5 $2-S5 M s3-55 M s4-s5 M ss
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Microwave remote sensmg for assessing |

drought |mpacts on vegetatlon
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Impacts on vegetation

Natural Climate Variability

Precipitation deficiency High temperature, high winds, low
(amount, intensity, timing) relative humidity, greater
[ sunshine, less cloud cover

Reduced infiltration, runoff, I

deep percolation, and Increased evaporation
ground water recharge and transpiration

Meteorological
Drought

zl| e/ -
= Soil water deficiency o
m ==
e =
= 55
= Plant water stress, reduced ,‘-:’ o
@ biomass and yield = 1=
£ <
= T
Reduced streamflow, inflow to E
reservoirs, lakes, and pondsg E‘%
= 3
_«g 2
:hl:l
I
Economic Impacts Social Impacts Envirenmental Impacts

Sequence of drought occurrence and impacts for commanly accepted drought types. All
droughts originate from a deficiency of precipitation or meteorological drought but other
types of drought and impacts cascade from this deficiency. (Source: National Drought
Mitigation Center, University of Mebraska-Lincoln, U.5.4.)

ESA Land Training Course 2023 - Dorigo, Stradiotti, Preimesberger - Drought Monitoring
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CO2 @

0 Light/Dark

metabolic
adjustment

photosynthesis

Growth adjustment and
stress adaptation

[Osakabe et al. 2014]

* Removal of Reactive Oxygen
Species (ROS) released by changed
metabolism

ESA Land Training Course 2023 - Dorigo, Stradiotti,

Passive Optical —
\

Y )

&FIuorescenceSpectroscopy - —_— - . __

€Y | N -

\ Thermal s

s . v

\

Fluorescence Leaf water ~_ Pigments ) Morphology
Leaf inclination Leaf area index

A 4

Temperature

us Time scale of adaptation process (log scale) Months

v

high Water availability low
[Damn et al. 2018]
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El Nifio anomalies Correlations versus SOI

La Nifia anomalies

Evaporation

3 5 ;—"—{D = NM

o

e
WS &

- ; = = - /':E". - _-‘?T/._
@ =%
%ng?.

10
fo
-10

(mm month™) %

[Miralles et al.
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2014]
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Vegetation Optical Depth (VOD) quantifies the
attenuation of (microwave) radiation by
vegetation.
» Related to vegetation water content and
biomass
» Signal depends on wavelength
»  Typically retrieved from L-, C-, X-, and Ku-band
Retrieval algorithms seek to separate vegetation
signal from soil signal, e.g.,
» TU Wien method for radar observations (See
Raml| LTC23)
» Land Parameter Retrieval Model
(VU/NASA/VanderSat/Planet) for radiometer
data

ESA Land Training Course 2023 - Dorigo, Stradiotti,

[Vreugdenhil et al. 2017]

Vegetation Optical Depth

Vegetation State

X-band

[Frappart et al. 2020]
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Long-term, harmonized VOD, derived from
multiple radiometer datasets

OO0 000

oRNNWwW MU

POROONG U
VOD

CO 00000 000

P NNW B oo

OO WOUTN® TR
VOD

= Separate VODCA products for C-, X-, Ku-band
= (0.25° spatial sampling
= Daily, 1987 - 2021

»  https://doi.org/10.5281/zenodo.2575599 13 27
0.9
0.8 8
C1 band 078 163
0.6> 1.3
0.5 1.0
8.31 0.7
AMSR2 - 0.2 843
WINDSAT 1
AMORCE | (d) MODIS LAI
X band
Band
1.0 B C
A BEE X
AMSR?2
WINDSAT 1 S | —
AMSR-E - ] ) 0.5
Ku band
0.0 1
Bare Shrub Tree
0.00 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 ¢
AMSR2 - VOD[unitless]
mﬂﬁgﬁgi (e) Average L-band VOD SMOS/SMAP (f) Mean VOD of each band depending on VCF class
T™I
SSMI .
A ' e oA B0 o % e 6 B o [Moesinger et al. 2020; 10.5194/essd-12-177-202]

A 60D Qo660 R ORIV PO DL N
BB D65 2NN DD 0D D D VD OO LR DR (O O L ey ey v e
AP DD DD D RIAD ADADAD D ADAC AOAOASAOASA SRS ACASAS AOADAOADAO AN AOADAOA0AD

ESA Land Training Course 2023 - Dorigo, Stradiotti, Preimesberger - Drought Monitoring 25


https://doi.org/10.5281/zenodo.2575599

—0.8 —-0.4 0.0 0.4 0.8 -0.8 -0.4 0.0 0.4 0.8

Spearman’s R Spearman’s R
anomalies raw observations

(2010-2019)

[Moesinger et al. 2020; 10.5194/essd-12-177-202]
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—0.8 —-0.4 0.0 0.4 0.8 —0.8 -0.4 0.0 0.4 0.8

Spearman’'s R Spearman’s R
anomalies raw observations

(2002-2017)

[Moesinger et al. 2020; 10.5194/essd-12-177-202]
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Ku-VODCA Trends (1987-2021)

AVOD/decade

< I

—0.030 —0.015 0.000 0.015 0.030

[Moesinger et al., 2020; 10.5194/essd-12-177-202]

ESA Land Training Course 2023 - Dorigo, Stradiotti, Preimesberger - Drought Monitoring 28



C3S European State of the Climate 2021 NOAA/BAMS State of the Climate 2022

= |mpact of late spring frost on vegetation

APRIL MAY

Data Source: VOD Climate Archive (VODCA) Credit TU Wien/ VanderSat B. V. Reference period: 1991-2020

IMPLEMENTED BY

~~ Copernicus Climate Change Service PROGRAMME OF
3 -0.1 -0.05 -0.02 -0.01 0 0.01 0.02 0.05 0.1

Anomaly from 1991-2020 (-)

European State of the Climate | 2021 *x,«" | THEEUROPEAN UNION Gpﬁel;l‘l!Clﬁ i EC MWF

Monthly ranking of VOD for April, May and June 2021, relative to

1991-2020, expressed in percentiles [Zotta et al, 2023]
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Standardised VOD Index

SVODI is along-term (1987 - present), daily, global vegetation condition monitoring dataset
combining on C-, X- and Ku-band VOD from multiple sensors

= |mproves spatio-temporal sampling
= Uses a probabilistic merging method to deal with the varying instrument noise and sampling
density of the data, similar as for SMASI

70 70

healthy B |SVODI| > 1

healthy B [SVODI| > 1
|svoDI| > 2

|SvODI| > 2

percentage area [%]
percentage area [%]

unhealthy unhealthy

70

70

T T T T T T T T T
1988 1992 1996 2000 2004 2008 2012 2016 2020

T T T T T T T T T
1988 1992 1996 2000 2004 2008 2012 2016 2020
time

time
Example of abnormal and extreme counts for probabilitic (left) and non-probabilistic (right) merging
[Moesinger et al.,, 2022; 10.5194/bg-2021-360]
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Standardised VOD Index

70 15 | 3
healthy I |svoDIl) =1
|SvoDI| > 2
-2
35 1
o) -1
8 w
; =
& 0T 0 S
3
g - -1
35 1
- =2
unhealthy | —rey
?D T T T T T T T T T -
1988 1992 1996 2000 2004 2008 2012 2016 2020
time
Fraction of percentage area of |[SVODI| >1 > 2 for central Australia
along with Southern Oscillation Index
[Moesinger et al., 2022; 10.5194/bg-2021-360]
ESA Land Training Course 2023 - Dorigo, Stradiotti,

SVODI [unitless]
(b) SVODI 2010-11

precipitation [[unitless]]
(¢) Precipitation 2010-11

—— - .
e YN
4 b

il .

~

-2 0 2
precipitation [[unitless]]

(e) Precipitation 2019-12

SVODI [unitless]
(d) SVODI 2019-12

SVODI and standardized precipitation anomalies
for 2010-11 and 2019-12
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VCI

TClI

VHI

'|!

¢

. . .
R T
=}

{c) SVODI vs TCI correlation coefficient

(&) SVODI vs VHI correlation coefficient

-0.4 0.0

Correlation coefficient

0.4 0.8 -8 -6 =4

(f) Temporal shift between SVODI and VHI events

Temporal shift [weeks]
ESA Land Training Course 2023 - Dorigo,

Correlation and temporal shift (in weeks)
between SVODI and optical vegetation
indices:

Vegetation Condition Index (VNIR)
= Temperature Condition Index (thermal)
Vegetation Health Index (optical + thermal)

SVODI anomalies usually follow those
from optical data: Thermal > VNIR >
Microwave

Sign of advanced vegetation stress (loss

of vegetation water content, and stress
In deeper soil layers)

[Moesinger et al., 2022; 10.5194/bg-2021-360]
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Correlation and temporal shift (in weeks)
between SVODI and ERAS Soil Moisture:

= O-7cm
= /28 cm
= 28-100 cm

Apart from very dry regions, correlations
generally increase with deeper layers

(e) 28 - 100 cm correlation (f) 28 - 100 cm shift
[Moesinger et al., 2022; 10.5194/bg-2021-360] .. —EEmE - Em
Correlation coefficient Temporal shift [weeks]
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Summary VOD

VOD profits from long heritage of high frequency (C-, X-, Ku) microwave missions, making it a
powerful source to study climate (change) impacts on vegetation and plant hydraulics

VODCA allows monitoring temporal and spatial dynamics in above-ground biomass
» Ku-, X-, and C-band more sensitive to foliage biomass than L- and P-band

» Particularly useful for drylands, agriculture, pastures

SVODI allows to assess the impact of droughts on global vegetation dynamics

ESA Land Training Course 2023 - Dorigo, Stradiotti, Preimesberger - Drought Monitoring
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Drought impact monitoring

usmg Earth observatlon




Senegal 2014 drought
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Senegal 2014 drought
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Sheltered, with relatively low
levels of precipitation (< 600
mm/year)

High dependency of
population on agriculture: 10-
20% of population; >70% of
area

Mainly rain-fed

[Crocetti et al., 2020]
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Reported by various media
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Several drought episodes in the last
decades caused significant crop yield
losses

» 2003, 2007, 2012, 2015, 2017, 2018

Mean yield loss of 20-30% for all regions

Further exacerbated by climate change

[Bueechi et al., 2023]
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Develop a forecasting system based on
random forests:

Wheat, harvested in July
Maize, harvested in September

)

)

41 NUTS3 regions
2002-2016

)

Assess its sKill:
INn normal years and
years of severe drought

)

)

Assess the contribution of various
drivers:

Per crop type
At different times during the growing

)

)

Season

ESA Land Training Course 2023 - Dorigo,

S

Contents lists available at ScienceDirect
Agricultural and Forest Meteorology

journal homepage: www.elsevier.com/locate/agrformet

Crop yield anomaly forecasting in the Pannonian basin using gradient
boosting and its performance in years of severe drought

E. Bueechi® , M. Fischer ", L. Crocetti®, M. Trnka®, A. Grlj, L. Zappa®, W. Dorigo®
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Predictor data

Temperature

Water availability
» Precipitation
»  Soil moisture
» Drought indices

Crop status: VOD, NDVI, LAl

Drought indices SPEI and ESI for
specific drought information

Seasonal forecasts of precipitation
and temperature

Detrended anomalies

Satial Resolution [Temporal Resolution

Canopy status

VOD Ku-Band VODCA 0.25° daily
NDVI CGLS 0.01° 10-daily

(VYR caLs 0.01° 10-daily

Meteorology

Precipitation @~ [#e] 0.25° daily
Fraction of wet days [#e] 0.25° daily
A Rt ECMWF 1° monthly
Air Temperature  [Ho:N 0.25° daily
range ERA5-Land 0.1° monthly
Seasonal T forecast [0 Y\\]3 1° monthly
ERA5 0.25° daily
ESA CCl 0.25° Daily
Root-zoneSM [N 0.25° Daily

SPEI (1 and 3
months) ERAS 0.25° monthly

YL ERT GG R MODIS 0.05° weekly
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Crop yield forecasts with
lead times up to 4
months before harvest

Feature importance to
assess impact of
predictors

Monthly updated with
latest data

Cross-validation leaving 3
years out in blocked
periods

Lead time
3 months

Lead time
2 months

Lead time
1 month

Harvest
month

Predictors, except Seasonal Monthly updated yield
seasonal forecast forecast forecast on NUTS3 level

Na

-l
Updated forecast
of lead time 1

1 ™G B
ield data

 spatialresampling

[Bueechi et al., 2023]
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= For all regions, predicted and observed yields have high correlations 2 months before harvest
(NUTS3 and mean of Pannonian basin)

LT3 LT2 LT1
50{ 7 om 50 50 1.0
48 48 481
: > 46 - 46 1 46 1 be
*‘ y 1
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Performance in drought years
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SPEI3 Temperature anomalies NDVI anomalies
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Yearly correlation

T I e s S el i
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Median error non- Median error

drought [t/ha] drought [t/ha]
Wheat_LT2 032 0.49
Wheat_LT1 034 043
Wheat_LTO 0.35 04
Maize_LT2 0.65 0.77
Maize_LT1 047 0.6
Maize_LTO 0.55 0.6
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Relative feature importances

Wheat Wheat drought
= Wheat 1.0 g
»y  Temperature main control . .
overall, especially in
drought years
> Drought and stress §
indicators (SPEI, ESI) gain g
importance towards s
harvest %
5
©
. Q
= Maize =
»y  Temperature most
important at long lead . —
times =111
: . , 0.0
> Soil mo[sture and main LT3 LT2 LT1 LTO LT3 LT2 LT1 LTO LT3 LT2 LT1 LTO LT3 LT2 LT1 LTO
control in last months B NDVI IR precip sf_precip_2 B DTR s SM [ SPEI3
e LAl . wet days B T2m sf T 1  mam SWI ESI1
VOD sf precip_.1 WM rad sf T2 HEEE SPEIl ESI3
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Conclusion EO for yield forecasting

= EO information (soil moisture, vegetation state, stress) provide key information for drought
(impact) monitoring and prediction, but..

= Cropyield losses in years of severe drought underestimated
= High spatial autocorrelations make it difficult to distinguish between regions

What else do we need from satellites?

= |mproving spatial and temporal resolutions to improve regional model performance and make

fleld-scale predictions
»  Sentinel-1soil moisture, Sentinel-2 crop variables

= Using novel EO datasets to better capture key variables like temperature and water availability
» LSTM temperature, Fluorescence from FLEX Average over 21 days (from May 23 - June 13)

(a)
= Sub-daily observations for better capturing of plant response to dr
and heat stress?

Av cross-pol

[Vermunt et al., 2021]
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M TU Wien CLIMERS data products and services

= ESA CCI Soil Moisture (s,
climate.esa.int/en/odp/ %\‘; esa

= C3S Soil Moisture X
cds.climate.copernicus.eu/ 3 Egm;? Change

= International Soil Moisture Network S
Ismn.earth &\%esa

= Vegetation Optical Depth Climate Archive (VODCA) M h
doi.org/10.5281/zenodo.25755990 s

= SVODI m
. doi.org/10.5281/zenodo.7114654 Y/

- VODCA2GPP M@
. doi.org/10.48436/1k7aj-bdz35 2y

. K\\M\g
o FFGC-esa

Fi h gwkt

- Data Viewer ng
. dataviewer.geo.tuwien.ac.at climers.geo.tuwien.ac.at T
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https://climate.esa.int/en/odp/
https://cds.climate.copernicus.eu/
https://ismn.earth/
https://doi.org/10.5281/zenodo.2575599o
https://doi.org/10.5281/zenodo.7114654.
https://doi.org/10.48436/1k7aj-bdz35
https://doi.org/10.48436/1k7aj-bdz35
https://dataviewer.geo.tuwien.ac.at/

Thank you!
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