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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 '] ' Australian rainfall percentages ]

Australian total rainfall (mm) '

; 4
1 February to 30 April 2022 ¥ 1 February to 30 April 2022 - ¥ 1 February to 30 April 2022 .
Australian Gridded Climate Data Australian Gridded Climate Data Australian Gridded Climate Data
Dalaset: AGCD v2| Base period: 1961 —1500 Dataset AGCD vz |Base period: 1961 —1500 Dalaset: AGCD v2
o ot Burgau of Issuod: o0 of Burgau of Issued: G o Burgau of Issued: 30004/2022

http://www.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

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

Raintall anomaly (rmm)

Australian rainfall anomaly ¢
March 2022 (e

Australian Gridded Climate Data ‘ﬁ "

Scale - m3 m-3 ©2022-04-01 00:00:00

2.00e-1  -1.00e-1 0.00e+0 1.00e-1  2.00e-1 :
https://dataviewer.geo.tuwien.ac.at/

Base period: 1961—1990 ommcorq
© Commonwealth of Austrakia 2022, Bureau of Mateorology Issued: 21/04/2022

http://www.bom.gov.au/climate/maps/rainfall/
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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.

Fuinpiar

https://edo.jrc.ec.europa.eu © Europsan Drought ONogrvatot. (E00) 2022
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https://edo.jrc.ec.europa.eu

Drought indices

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

observations

Indices can be used to measure
severity and duration

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),
basedon Pand T

Self-calibrating PDSI

And many more... MNone D2 (Severe Drought)
DO (Abnormally Dry) - D3 (Extreme Drought)
D1 (Moderate Drought) - D4 (Exceptional Drought)
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Drought indices

= Categorisation depends on index

Palmer USGS

CPC Soil
Drought : Weekly | Precipitatio
g s Moisture ; —

Possible Impacts Severity Model Streamflow | Index (SPI)

Index (Percentiles)

(PDSI) (Percentiles)

Going into drought
" short-term dryriess siowing planting.

Abnor'na“y growth of crops or pastures
Coming out of drought
Dry Coming ou g

DO -1.0t0-1.9 211030 21to 30 -0.51t0-0.7 21 to 30

8 some lingering water deficits

8 DESIUCEs OF Crops not Rdly recovered
® Some damMage 10 Crops, PAsTUres

MOd erate ® Streams, reservoirs, or wells low, some
D1 wace shorages deioprg oimminen: -2.010-2.9 111020  11t020 -0.8t0-12 111020

Drought ® Volumary water-use resrictions

requested

Severe ® Crop or pasture lozses fikely
D2 - Wates shortages common 30t0-3.9 6t010 6t010 -1.3t0-1.5 6t010

Drought 2 Water restrictions imposed

Extreme " Major crop/pasture iosses
" Widespread water shortages or 40t0-49 3t05 3t05 1.610-1.9 3t05

Drought resirictions
8 Exceptional and widespread

Excepnona' crop/pasture losses
= Shortages of water in reservoirs, -5.0 or less Oto2 Oto 2 -2.0 or less Oto 2
DrOUgh[ sireams, and wells creating water

emergencies
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Jahreszeitensumme des Jahreszeitensumme des

Niederschlags fur Frihling 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 50 100 175 250 350 450 550 700 900 1.150 1.400 _ | x ' | ' ' _ in %

in mm 0 15 30 45 60 75 90 110 130 150 180 235 300

powered by ZAG data + cyLEDG Nt PS://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

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

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 10 .99 near normal
02 7 -1.0 to -1.49 moderately dry
ﬂ-; | -1.5t0 -1.99 severely dry
=00 1000 . 2000 0 -2 and less extremely dry
Precipitation (mm) SP1

pot)

» Precipitation and other variables are stationary (i.e., they have no temporal trend)

ESA Land Training Course 2022 - Dorigo,

Preimesberger,

Vreugdenhil - Drought Monitoring




Monatssumme des Niederschlags

fur Februar 2022

Absolutwert

Minimum Summe

56 mm

Maximum

307 mm

50 75

100 150 200 250 350 450 600

powered by ZAMG data + CYLEDGE coding

Monatssumme des Niederschlags
fur Oktober 2022

< Absolutwert

Minimum Summe Maximum

956 mm 218 mm

0 2 15 30 50 75 100 150 200 250 350 450 600

in mm
powered by ZAMG data + CYLEDGE coding

Maximu m

80« 193«

Individual distribution needs
to be fitted for each season

individually

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

75 90 110 130 150 180 235 300

I 1 | |
110 130 150 180 235 300

powered by ZAMG data + CYLEDGE coding

powered by ZAMG data + CYLEDGE coding = 7

Vreugdenhil - Drought Monitoring
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https://www.zamg.ac.at/cms/de/klima/klima-aktuell/klimamonitoring

Standardised Precipitation Index

3
» | 2 months-SPI
= Can be computed at 1
. . & o
multiple time ; |
2
aggregates (1, 2, 3,12 :
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
months etc) ;
. d ff t , | 8 months-SPI
represen.l;lng Ireren z ; Table 1. SPI values
w
p rOceSS tl me Sca |eS 1 2.0+ Extremdy wet
-2
3 1.5t0 1.99 very wet
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 20(
. 1.0 to 1.49 moderately wet
2{ 14 montheSPl -.99 to .99 near normal
1
z o -1.0 to -1.49 moderately dry
; -1.5to0-1.99 severely dry
3 ' y ' : ' ’ ) ' ' -2 and less extremely dry
1950 1955 1960 1965 1970 1975 1980 1985 1990 1985 20
3
» | 22 months-SPI
1
[
-1 4
2
-3;9.50 19-55 19‘50 19'65 19-?[) 19‘?5 19‘80 19‘85 19‘90 19‘95 2000 [V|Cente_Serra no} 2005]
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Climatic water balance (precipitation minus evapotranspiration)
Includes the impact of (rising) temperature

)

SR Ao AN w
T I VA T P |

STANDARDIZED PRECIPITATION INDEX (SPI)

1

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

STANDARDIZED PRECIPITATION EVAPOTRANSPIRATION INDEX (SPEI)

2005

2010

T

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

2005

2010
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Impact of temperature under
2 °C and 4 °C global warming

scenario

SPI (18 months)

‘3 I 1 I | I 1 I 1 1 | I

1910 1920 1930 1940 1950 1960 1970 1980 1980 2000 2010

SPEI (18 months)

|
o
w
'3 I T I L] I ] I | I L] I
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
SPEI (18 months) + 2°C
w
i
»
'3 I | I L] I | I | I L] I
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
SPEI (18 months) + 4°C
w
o
w
[Vicente-Serrano, 2010] =3 -5 - T T . T T T - T .

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
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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
iIndex (e.g. SPI) values
preceded and followed by
positive SPI| values is called
severity.

Drought intensity (I): The
Intensity is obtained by
dividing the severity to the
drought duration

[Cavus and Aksoy, 2020]

SPI

ESA Land Training Course 2022 - Dorigo,

singular drought
with duration D = L

L
D=1, ..., L_

%% *
% t
0
%%
% %R
//
)

: o L

5= 2 SPI. \ // within-period drought
£ N with duration D < L
@
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= Z-scores can in principle be computed for any dataset of sufficient length

=  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

> Example for Australia, where moisture is strongly driven by El Nino Southern Oscillation (ENSO), as
indicated by the Southern Oscillation Index (SOI)

¥

100 A

|smasi| > 2

E\Ms i) wwj ‘M W o

percentage area (pixels) over threshold

@

o

' 1
—— - —

2000 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
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B |smasi|>1 |

SOI (monthly)
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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 ponds; 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 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring
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metabolic
adjustment

ROS scavenging

photosynthesis

Growth adjustment and
stress adaptation

[Osakabe et al. 2014]

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

ESA Land Training Course 2022

Light/Dark

Passive Optical :
y D
-

Fluorescence Spectroscopy T T
Active (LiDAR, SAR)
-« " —
\ Thermal | ‘
\\ : : \ \
' L5 \
4 . &
\ \ \\

Fluorescence Leaf water Pigments ) Morphology
Temperature Leaf inclination Leaf area index R
Hs Time scale of adaptation process (log scale) Months
high Water availability low !
[Damn et al. 2018]
- Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring 20



El Nifio anomalies Correlations versus SOI

La Nifla anomalies

(mm month™) &

10
lo
-10

ESA Land Training Course 2022 - Dorigo,

Preimesberger,

[Miralles et al.

Vreugdenhil - Drought Monitoring

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
signhal from soil signal, e.qg.,
» TU Wien method for radar observations (See
Vreugdenhil LTC22)

» Land Parameter Retrieval Model
(VU/NASA/VanderSat/Planet) for radiometer
data

ESA Land Training Course 2022 - Dorigo, Preimesberger,

[Vreugdenhil et al. 2017]

Vegetation Optical Depth

Vegetation State

X-band

[Frappart et al. 2020]

Vreugdenhil - Drought Monitoring 22



Long-term, harmonized VOD, derived from
multiple radiometer datasets

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

= Daily, 1987 - 2021

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

C1 band

AMSR2 -
WINDSAT -
AMSR-E -

X band

AMSR?2 -
WINDSAT -
AMSR-E -

ey e—

Ku band

A 0D6D Q6 b oD o260\ 62 O O VD AP O DD QY VDA M D0 ON DDAV YAV
BB D65 2D D DD 0D D 2D OO O COR AR AR (O A N ey ey oy ey ey ey ey v ey el b L)
AP DD DD D RIAD ADADAD D ADAC AOAOASAOASA SRS ACASAS AOADAOADAO AN AOADAOA0AD

ESA Land Training Course 2022 -

Dorigo,

CO00000oHH
NwhUboNwmoor
VOD

0.00 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 ¢
VOD[unitless]
(e) Average L-band VOD SMOS/SMAP

[Moesinger et al.

Preimesberger,

2020;

OO0 00000 000

Hi= NNW B oo

OO WOULIN UIH
VOD

(b) X-band

O QRN NI
NhNVOWwWo =N
LAI

(d) MODIS LAI

Band
1.0- ™. C
=
0.5 1
0.0~d
Bare Shrub Tree

(f) Mean VOD of each band depending on VCF class

Vreugdenhil - Drought Monitoring

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

(2010-2019)

[Moesinger et al. 2020; 10.5194/essd-12-177-202]
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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]
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VODCA - State of the Climate

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

= |mpact of late spring frost on vegetation

APRIL MAY JUNE VOD anomalies

VOD percentile score [%]

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

~~ Copernicus Climate Change Service S PROGRAMME OF s 'WMENTED -
( 3 European State of the Climate | 2021 “..+* | THEEUROPEAN UNION OQECCHECEJS: D&~ EC MWF [ | | |
-0.1 -0.05 -0.02 -0.01 O 0.01 0.02 0.05 0.1
Anomalies from 1991-2020

Monthly ranking of VOD for April, May and June 2021, relative to .
1991-2020, expressed in percentiles [Dorigo et al,, 2021]

2°7
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Standardised VOD Index

SVODI is a long-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 Y 3
healthy mm |SVODI| > 1
|SvOoDI| > 2
-2
35 '
§ -1
2 'ﬁ SVODI [unitless] precipitation [[unitless]]
[ = QU
R = (b) SVODI 2010-11 (¢) Precipitation 2010-11
2 0____ -=10 .5. o a o
g 2
g o)
35 4
- -2
unhealthy | sy oy
70 T 1 T T T T T T T ar
1988 1992 1996 2000 2004 2008 2012 2016 2020
time
- - — -2 0 2
Fraction of percentage area of |[SVODI| > 1> 2 for central Australia s [(L)Jnitless] ’ precipitation [[unitless]]
along with Southern Oscillation Index (d) SVODI 2019-12 () Precipitation 2019-12
, SVODI and standardized precipitation anomalies
[Moesinger et al., 2022; 10.5194/bg-2021-360]

for 2010-11 and 2019-12
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Correlation and temporal shift (in weeks)
between SVODI and optical vegetation
indices:

VCI

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

O SVODI anomalies usually follow those
= from optical data: Thermal > VNIR >
——- ,Mﬁ,.'. *? O Gt Microwave
(c) SVODI vs TCI cJorrelation coefficient (d) Temporal shift between SVODI and TCI events S | g n Of a dva n Ced Veg eta t| O n St ress ( | OSS

P P of vegetation water content, and stress

T a | in deeper soil layers)
> p= A

S / N

PN i__,{ “f_w~,»-*~:3_.,-~f"°; PN
(e) SVODI vs VHI correlation coefficient (f) Temporal shift between SVODI and VHI events
N : N T T [(Moesinger et al, 2022; 10.5194/bg-2021-360]
-0.8 -0.4 0.0 04 0.8 -8 -6 -4 -2 0 2 4 6 8
Correlation coefficient Temporal shift [weeks]

ESA Land Training Course 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring
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Correlation and temporal shift (in weeks)
between SVODI and ERAS Soil Moisture:

= O-7cm
= 728 cm
= 28-100cm

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 e — | s e—
Correlation coefficient Temporal shift [weeks]

ESA Land Training Course 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring 31



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 extreme events and water cycle variability on global
vegetation dynamics

ESA Land Training Course 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring 32
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Senegal 2014 drought

JunO01l Junll jun21 Jul0l Julll Jjul2l Aug0l1l Augll Aug2l SepOl Sepll Sep2l Oct01 Octll Oct2l

RO PN EY PN ENER] VI EN| Y YA E
el P S L R N
fimited PR A S a2 )
region §m i o ?,;Qg,. | ’i ) i \%
sl aaneeeerrsEEw
| ¥ | e EAE RIS
PR ERRRRRR
‘, 3 |ieies ..-q 2. *‘ _€  0 s -’f" | ‘

e I —

0%-1% 19-5%  59%-10%  10%-33% 33%-66% 66%-90% 90%-95%  05%.99%  99%-100%

[Vreugdenhil, Pfeil et al., 2022]
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Senegal 2014 drought

Drought impact carries the signature of land cover

ESA CCI Land Cover

Cropland, rainfed
Cropland, irrigated
Crop/shrub mosaic
Tree/shrub mosaic
Decid. broadleaf forest
Shrubland

Grassland

Tree/shrub, flooded
Water bodies

[Vreugdenhil, Pfeil et al., 2022]

ESA Land Training Course 2022

- Dorigo,

Preimesberger,

VODX VODKu NDVI RZSM PASS HSAF CHIRPS

voDC

Onset

- 20

- 25

- 20

- 25

- 20

dekads dekads dekads dekads dekads dekads dekads

dekads

Duration

Vreugdenhil - Drought Monitoring

dekads dekads dekads dekads dekads dekads dekads

dekads

Severity

percentile percentile percentile percentile percentile percentile percentile

percentile
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Sheltered, with relatively low
levels of precipitation (< 600

48°0'N

mm/year)

High dependency of

25°0'E 30°0’E [m]

0 100 200 300 k
Pl l | |

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

Mainly rain-fed

—— Temperature
I Precipitation

[Crocetti et al., 2020] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temperature Mean: 10.5 °C, Precipitation Sum: 548.1 mm
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M Drought impacts in the Pannonian Basin

Reported by various media
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ESA Land Training Course 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring

37 37



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

|_ 1960s 1970s 1980s 1990s 2000s 2010s —»
I I I I I I
* 1961/62 * 1972 * 1986/87 * 1990 * 2000 * 2012
* 1963/64 * 1974 * 1989 * 1992 * 2002 ¢ 2015
* 1968 * 2003 * 2017
* 2007 * 2018
80
'€ 70+
E 60
& 50
£ 401
.g 301
5 201
101
o_
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
25
.20+
¥
‘é‘ 15+
>
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5k L)
= gl |
_5 : . : : : :

[Bueechi et al., in prep]
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Can we predict yield losses?

Numerous EO-based crop yield models
have been developed and applied

» Process-based
» Machine learning

Application over large areas possible
using EO data, reanalysis and
meteorological observations

Extreme weather conditions complicate
accurate crop yield forecasts

ESA Land Training Course 2022 - Dorigo,

The ARYA crop vield forecasting algorithm: Application to the main wheat
exporting countries

B. Franch >™", E. Vermote®, S. .Skakun"":, A. Santamaria-Artigas "¢ N. Kalecinski ™°,
J.-C. Roger ™%, L Becker-Reshef®, B. Barker”, C. Justice”, J.A. Sobrino*

Towards regional grain yield forecasting with 1 km-resolution EO
biophysical products: Strengths and limitations at pan-European level

Raiil Lopez-Lozano?*, Gregory Duveiller®®, Lorenzo Seguini?, Michele Meroni?,
Sara Garcia-Condado?, Josh Hooker?, Olivier Leo?, Bettina Baruth®

Statistical modelling of crop yield in Central Europe using climate data and
remote sensing vegetation indices

Aniké Kern®, Zoltin Bareza™*"*, Hrvoje Marjanovic®, Tamés Arendis’, Nandor Fodar',

Péter Bénis', Péter Bognar®, Janos Lichtenberger™*
In-season performance of European
Union wheat forecasts during

extreme impacts

«glar, 5. Garcia Condado, S. Karetsos, R. Lecerf,
& M. van den Berg

Seasonal weather forecasts for crop yield
modelling in Europe

Statistical modelling of drought-related yield losses using soil moisture-
vegetation remote sensing and multiscalar indices in the south-eastern
Europe

Pierre Cantelaube & Jean

Vera Potopova™*, Miroslav Trnka™, Pavel Hamouz®, Josef Soukup®, Tudor Casr_rave;d

Yield estimation and forecasting for winter wheat in
Hungary using time series of MODIS data

Péter Bognar®, Aniké Kern?, Szilard Pasztor®, Janos Lichtenberger®, David Koronczay®
and Csaba Ferencz®
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Can we predict yield losses?

= Develop a forecasting system based on
random forests:

»y Wheat, harvested in July

» Maize, harvested in September ”
B -

RO

= 41 NUTS3 regions Legend *&

> 2002_201 6 Mean maize yield [t/ha] W Hus22 o
3.0 -40
4.01-5.0 HU332
5.01 - 6.0 " HU333
= Assess its skill: ooz
» in normal years and o om0
» years of severe drought ™ 10.01-110

Country borders

Pannonian basin

= Assess the contribution of various
drivers:

» Per crop type
y At different times during the growing

season ESA Land Training Course 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring 41



Predictor data

Tem perature Satial Resolution |Temporal Resolution

Water availability Earth Observation

o Soil Moisture  [FNed 0.25° daily

> Precipitation AT Sl EsA CCl 0.25° daily

»  Soil moisture VOD Ku-Band  |/e)n@ 0.25° daily

»  Drought indices NDVI @ [deE 0.01° 10-daily
Crop status: VOD, NDVI, LAI AL e 0.01° 10-dlaily

. NES! (1 and 3 months) [YTelo[E 0.05° weekly

Drought.mdlces SPEI and ESI for specific Reanalysis
drought information Temperature ERA5-Land  0.1° daily
Seasonal forecasts of precipitation and (UL ETED
temperature Days ERA5-Land  0.1° monthly

D ded i SPEI (1 and 3
etrended anomalies months) ERA5 0.25° monthly

ECMWF 1° monthly

ECMWF 1° monthly

Insitvdats
Temperature [ HOL:H 0.25° daily

E-OBS 0.25° daily

E-OBS 0.25° monthly

ESA Land Training Course 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring 42



Random forests

Crop yield forecasts with

Earth Seasonal Monthly updated yield

lead times up to 4 forecast ied d?ta forecast on NUTS3 level

50

months before harvest

Feature importance to
assess impact of
predictors

Monthly updated with
latest data

Cross-validation leaving 3
years out in blocked
periods

[Bueechi et al., in prep
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Skill per NUTS3 region

For all regions, predicted and observed yields have high correlations 2 months before harvest
(NUTS3 and mean of Pannonian basin)

Mar Apr

-0.4

r0.2

r0.0

Pearson's R

r—0.2

—0.4

-0.6

-0.8

[Bueechi et al., in prep
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Performance in drought years
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[Bueechi et al., in prep
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Model is poor in distinguishing crop yields
between different NUTS3 regions

» Low yearly performance (spatial correlations)
» High spatial correlations of yields and

predictors

» Coarse resolution of predictors

| overall(R) Drought (R)

Maize Jul 0.51
Maize Aug 0.67
Wheat May 0.41
Wheat Jun 0.47

ESA Land Training Course 2022 - Dorigo,

0.36
0.33
0.47
0.44

' EEE Wheat May [ Maize Jul
[ Wheat Jun [ Maize Aug

Preimesberger,

—0.50 —-0.25 0.00 0.25 0.50 0.75
Pearson's R

yield anomalies [t/ha]
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[Bueechi et al., in prep
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Predictor importances - wheat

= |ncrease in correlation between predictors and wheat yields towards last two months
=  Soil moisture little impact in addition to SPEI
= Crop condition most important predictor

B NDVI /1 vOD [ wet days B T [ DTR [l SM BN SPEIL [ ESIL
/1 LA B precip [ sf precip 3 GDD 1 sf T /1 SWI 1 SPEI3 1 ESI3
981 2002-2016
oC 0.4
wn
c
g 0.0 1
©
& -0.41
-0.8 4
Mar Apr May Jun

[Bueechi et al., in prep
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= Large increase in correlation between predictors and maize yields towards last two months
= Surface and root-zone soil moisture have highest correlations in July
= Crop indicators largest skill shortly before harvest

0.8 -
o 0.4
wn
c
8 0.0 -
©
v
Q- .0.4-

-0.8 1

May Jun Jul Aug
Bl NDVI @3 VOD wet days EEE T /] DTR EEE SM Bl SPEI1 [ ESI1

LAI B precip [ sf _precip B GDD [ sfT SwWi 3 SPEI3 [ ESI3

[Bueechi et al., in prep
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Relative “predictor importances

Large changes of the feature importance
from first to last two months

Wheat
» Temperature main control overall

»  Water (SPEI3 and soil moisture) mostly at
beginning of growing season

O
o

Maize
»y Temperature main control in first months
»  Water main control in last months

Feature Importance

o
N

0.0-

ESA Land Training Course 2022 - Dorigo, Preimesberger,

Wheat

1.0

O
o

©
E

Mar Apr May Jun

Feature Importance

1.0

o
o

o
o

©
I

o
(N}

0.0-

s Water Il Temperature

Maize

May Jun Jul Aug

I Vegetation
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Conclusion EO for yield forecasting

= Wheat and maize yield forecasts show reasonable performance from around two months before
harvest for interannual variabilities

»  Wheat is mainly dependent on the temperature - maize on water availability
»  Soil moisture and crop state provide key information during last two months before harvest

= Cropyield losses in years of severe drought underestimated - negative anomalies are correctly
early detected

= 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; toward field-
scale prediction
»  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

= Dub-daily observations for better capturing of plant response to drought and heat stress?

ESA Land Training Course 2022 - Dorigo, Preimesberger, Vreugdenhil - Drought Monitoring
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M TU Wien CLIMERS data products and services

ESA CCI Soil Moisture

(S
\\\\K\\K&:
climate.esa.int/en/odp/ \\\\S‘E esa
= C3S Soil Moisture 7
: : 1> Climate Change
cds.climate.copernicus.eu/ Service
= International Soil Moisture Network \W&
\\
ismn.earth \&\“‘“ esa
- Vegetation Optical Depth Climate Archive (VODCA) M
. doi.org/10.5281/zenodo.25755990 oy

B TG
. doi.org/10.5281/zenodo.7114654 e/
= VODCA2GPP M
. doi.org/10.48436/1k7aj-bdz35 )
- QA4SM FFG. &\\““-
. ga4sm.euy Forschu gwkt&\\ esa

- Data Viewer ‘g%
. dataviewer.geo.tuwien.ac.at climers.geo.tuwien.ac.at B AG ]
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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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