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SEVIRI ET PRODUCTS 1

e Spinning Enhanced Visible and Infrared Imager (SEVIRI) sensor onboard the
geostationary orbit MSG satellites

 SEVIRI-ETa (actual ET) and SEVIRI-ETO (reference ET) products covering the
whole MSG field of view (https://datalsasaf.Isasvcs.ipma.pt)

* Moderate spatial resolution of 0.05° and very high temporal resolutions (diurnal
and daily)

e The observational characteristics of SEVIRI make it an ideal choice for
sustainable water management and agricultural water stress detection

e Proper accuracy assessment and quantification of the errors associated with

SEVIRI ET estimates are necessary. " 4 ' J U LICH
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SEVIRI ET PRODUCTS 2

SEVIRI-ET, (left panels) and SEVIRI-ET, (right panels) sample data (15 of July)
for 2016 (first row) and 2018 (second row)
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MAIN OBJECTIVES

U To perform an extensive accuracy assessment of sub-daily and daily
SEVIRI-ETa and SEVIRI-ETO products across Europe between 2004-2018

U To separate the SEVIRI-ET product accuracy into temporal (intra-annual
and inter-annual) and spatial (ecosystem, and climate zones) dimensions

L To compare SEVIRI-ETa products with four global ET products, i.e., MODIS,
PML, GLEAM, and BESS.

0 To perform homogeneity analysis of SEVIRI-ET pixels surrounding the in
situ sites

U To quantify agricultural water stress across EU using SEVIRI ET data from
2004-2020

IJ JULICH
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GROUND ET MEASUREMENTS

In situ EC sites

54 Stations:

Forest = 30 stations
Grassland = 9 stations
Cropland = 9 stations

Peatland = 5 stations

nnual - Mean annual
site Longitude  Latitude  temperature  precipitation  Elevation (m) EC"S\;S‘G'“ Reference
(C)
BEBra 513 98 750 1 Torest (Gielen etal, 2013)
BE-Lon 506 10 800 167 crop (Buysse et al., 2017)
BE-Vie 50.3 78 1062 493 forest (Aubinet et al., 2018)
CH-Aws 66 23 018 1978 grass (zeeman et al., 2010)
CH-Cha 472 95 1136 400 grass (Hortnagl et al, 2018)
CH-Dav 46.8 35 1046 1639 forest (Haeni et al., 2017)
CH-Fru 471 72 1651 982 grass (Zeeman et al., 2010)
CH-Lae 475 8.7 1211 689 forest (Haeni et al., 2017)
CH-Oe2 473 98 1155 452 crop (Emmel etal,, 2018)
CZ-BK1 495 6.7 1316 875 forest (Krupkova et al., 2017)
CZ-Lnz 487 93 550 150 forest (Acosta et al., 2017)
CZ-RA) 494 71 681 625 forest (McGloin et al., 2018)
cz:smn 490 87 685 550 forest (Krupkova et al., 2019)
CZ-wet 49.0 77 604 425 peatland (Dusek et al., 2012)
DE-BER 522 94 525 61 grass (Heusinger and Weber, 201
DE-EC2 489 94 889 318 crop (Poyda et al., 2019)
DE-EC4 485 75 1064 687 crop (Wizemann et al., 2015)
DE-Fen 478 84 1081 595 grass (Kiese et al., 2018)
DE-Geb 511 85 470 162 crop (Anthoni et al., 2004)
DE-Gri 510 78 901 385 grass (Prescher et al., 2010)
DE-Hai 511 83 720 440 forest (Knohl et al., 2003)
DE-HoH 521 91 563 193 forest (Wollschizger ef al, 2017)
DE-Kli 50.9 76 842 478 crop (Prescher et al., 2010)
DE-Obe 50.8 55 996 734 forest (Prescher et al., 2010)
DE-RbW 417 9.0 1160 769 grass (Kiese et al., 2018)
DE-RuR 506 77 1033 515 grass (Post et al., 2015)
DE-RUS 509 102 718 103 crop (Klosterhalfen et al., 2019}
DE-RuW 50.5 75 1250 610 forest (Ney et al., 2019)
DE-SfS 478 86 1127 590 peatlnd  (Hommeltenberg et al,, 201
DE-Tha 510 82 843 380 forest (Prescher et al., 2010)
DE-ZRK 539 87 584 1 peatland (Franz et al., 2016)
DK-Sor 555 82 660 40 forest (Wuetal, 2013)
ES-Abr 387 16 400 280 forest (Luoet al, 2018)
ES-LM1 399 16 700 265 forest (EI-Madany et al., 2018)
ES-LM2 399 16 700 270 forest (EI-Madany et al., 2018)
Fl-Hyy 618 38 709 180 forest (Mammarella et al, 2009)
Fl-Let 606 46 627 0 forest (Launiainen et al., 2016)
FI-Sii 61.8 35 701 160 peatland (Rinne et al., 2018)
Fl-Var 67.8 -0.5 601 395 forest (Kulmala et al., 2019)
FR-Bil 45 128 930 0 forest (Moreaux et al., 2011)
FR-EM2 49.9 108 680 84 crop (Domeignoz-Horta et al., 201
FR-Hes 487 9.2 820 300 forest (Granier et al., 2008)
IT-BC 05 18 600 15 crop (Vitale etal., 2009)
IT-Cp2 47 152 805 6 forest (Fares et al., 2014)
IT-Lsn 457 131 1083 1 crop (Tezzaet al., 2019)
IT-Tor 458 29 920 2160 grass (Galvagno et al., 2013)
NL-Loo 522 98 786 2 forest (Elbers et al., 2011)
RU-Fy2 564 39 7 265 forest  (Esquinas-Requena etal, 201
RU-Fyo 56.5 39 711 265 forest (Kurbatova et al., 2013)
SE-Deg 642 12 523 270 peatland (Nilsson et al., 2008)
SE-Htm 56.1 74 707 115 ore (van Meeningen et al., 2017
SE-Nor 601 55 527 46 forest (Lindroth et al., 2018)
SE-Ros 64.2 18 614 160 forest (Jocher et al., 2018)
SE-Svb 643 18 614 270 forest (Chietal, 2019)
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METHODOLOGY 1

Homogeneity analysis

Based on MODIS 2016 land cover and purity index defined as the fraction of
the most dominant land cover type:

v' Those pixels that include more than two natural land cover types or those
with purity index value lower than 65% were considered heterogeneous,

v The pixel purity value of 65% was defined as the minimum required purity
for the site homogeneity in case of two land cover types being present within
the pixel,

v Those pixels with pixel purity value higher than 80% were directly assumed

IJ JULICH
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METHODOLOGY 2

Dimensions information extraction for all EC sites

v' The climate zone information for all EC site locations were extracted

directly from the European re-analyzed Ko6ppen-Geiger climate data
version 2017

v' Ecosystem dimension information was collected from site principal

Investigators and the opinions reflected in recent literature, e.g., Graf et
al. (2020).

v' For intra-annual and inter-annual dimensions, changes in the accuracy of
SEVIRI-ET products were investigated within the year and between the
years

IJ JULICH
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METHODOLOGY 3

Error statistics

Kling-Gupta efficiency (KGE) and Root Mean Square Error (RMSE) statistics

were employed to evaluate SEVIRI-ET, and SEVIRI-ET, products against
measured ET, and ET,.

o 2 2 {1)
KGE = 1\](?‘1)2+(o_—31) +(%—1)
g g

(2)

n
1
RMSE = |~ (g; — 5,)?
i=1

where r is the linear correlation between ground ET measurements and SEVIRI-ET,

o, the standard deviation in SEVIRI observations,

o4 the standard deviation in ground measurements,

Usthe SEVIRI mean, and i, the ground mean.

The g; and s; are the ground measurements and SEVIRI observations,

I is the sampling time step, and n is the number of samples (n = 5412 [for daily Et,], 5413 (for daily
ET, .nq 257506 (for diurnal ET,).

@) JULICH
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METHODOLOGY 4

Evaporative Stress Index (ESI)

ES] = ETa
 ETO

< ESI(m,y,i,j) >=—3"_ < ESI(n,y,i,j) >

nc <N

P 1 n_’y P
< ESI(m,y,i,j) > —n—yZy=1 < ESI(m,y,i,j) >

ESIA = —
a(m,i,j)

ESI value Class
ETa: Actual ET [mm/day] ESI>2 Extreme Wet
ETO: Reference ET [mm/day] L3<ESI<2 Severe Wet

. 1 <ESI<1.5 Moderate Wet

ESI: Evaporative Stress Index [-] 0<ESI<1 Mild Wet
ESIA: Evaporative Stress Index Anomalies [-] _1<ESI<0 Mild Drought
m: monthly time step, ~-1.5<ESI<-1 Moderate Drought
y: year, i,j: grid location -2 <ESI<-15 Severe Drought

ESI<-2 Extreme Drought

nc: number of observations,

n: value of observation

Mitglied der Helmholtz-Gemeinschaft
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RESULTS 1

Sub-daily and daily overall accuracies

= For sub-daily SEVIRI-ETa, the KGE varied between -1.6 to 0.8 across different
sites, and the RMSE ranged from 0.04 to 0.14 mm hour!. Separating
homogeneous (and heterogeneous) sites, the KGE exhibited a range of -0.38 (-
1.6) to 0.78 (0.8), while the RMSE ranged from 0.04 mm hour-1 (0.04 mm hour-1)
to 0.08 (0.14)

» For daily SEVIRI-ETa, the KGE varied between -0.88 to 0.93 across different
sites, while the RMSE exhibited a variation range from 0.43 to 1.79 mm day.
Separating the homogeneous (and heterogeneous) sites, the KGE showed a
range of -0.88 (-0.31) to 0.88 (0.93), and RMSE ranged from 0.51 mm day! (0.43
mm day) to 1.25 mm day? (1.79 mm day?)

» For daily SEVIRI-ETO, KGE changes from 0.51 to 0.94, and RMSE between 0.40
mm day?! to 1.50 mm day!. Separating the homogeneous (and heterogeneous)
sites, the KGE range was 0.51 (0.56) to 0.84 (0.94), and RMSE ranged from 0.44

mm day! (0.40 mm day?) to 1.09 mm day! (1.5 mm day1). ‘ ’ J U LICH
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RESULTS 2

Intra-annual dimension accuracy

- The accuracy was lower in the first quarter of the year (January to March),
iIncreased during the mid-year period (April to October), and then started to decline
in the last quarter (November to December).
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- Similar trends in the accuracy of SEVIRI-ET (both ETa and ETO) were
observed in heterogeneous and homogeneous pixels separately.
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Monthly Mean KGE [-]
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RESULTS 3

Inter-annual dimension accuracy

- The agreement between SEVIRI-ET and in situ ET was low in the first quarter of
the year, increased in the mid-year, and then declined in the last quarter.

- SEVIRI-ETO, the positive KGE values during the mid-year were relatively stable
and did not exhibit significant changes from one year to another.

ET, (All sites) ET, (All sites)
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- A similar trend was observed in heterogeneous and homogeneous sub-
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RESULTS 4

Ecosystem dimension accuracy

- For SEVIRI-ETa, the highest agreement was found for peat and grassland
ecosystems (median KGE = 0.72).

- For SEVIRI-ETO, the highest agreement was observed in crop and grassland
ecosystems (0.81 > median KGE > 0.78).
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RESULTS 5

Climate dimension accuracy

- For SEVIRI-ETa, The highest agreement (KGE = 0.80) was observed for the
Boreal Snow fully humid warm summer (B-sfhws) climate zone and the lowest in
two: he Warm Temperate fully humid hot summer (WT-fhhs) and Warm Temperate
summer dry hot summer (WT-sdhs) climate zones

- For SEVIRI-ETO, the WT-fhhs climate zone was identified as having the highest
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Standard Deviation [mm 8—day'1]

RESULTS 6

Products intercomparison @ecosystems

- In croplands and forests, SEVIRI ET, estimates had the highest correlations with
the ground ET and PML ET the lowest one.

- In grasslands, SEVIRI ET, estimates had the highest and BESS ET the lowest
correlation with the ground ET.

B- BESS G- GLEAM M- MODIS P- PML S- SEVIRI Forest Grass
Crop

— —
= ] = [ ]

Standard Deviation [mm 8-day'1]
Standard Deviation [mm day'l]
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Comprehensive accuracy assessment of long-term geostationary
SEVIRI-MSG evapotranspiration estimates across Europe

Bagher Bayat , Rahul Raj, Alexander Graf, Harry Vereecken, Carsten Montzka

Institute of Bio- and Geosciences: Agrosphere (IBG-3), Forschungszentrum Jiilich GmbH, 52425 Jiilich, Germany

ARTICLEINFO ABSTRACT

Keywords: This study quantifies the accuracy of evapotranspiration (ET) estimates from the Spinning Enhanced Visible and
ET Infrared Imager (SEVIRI) geostationary sensor onboard the Meteosat Second Generation (MSG) satellites, along
SEVIR ) seven key dimensions, i.e., diurnal cycle, daily, intra-annual, inter-annual, ecosystem, climate zone, and products
Senaa iy intercomparison. In situ measurements were collected at 54 eddy covariance (EC) sites to evaluate the accuracy

Accuracy assessment
Heterogeneity analysis
Intercomparison
Europe

of SEVIRI actual ET products (diurnal and daily SEVIRI-ET,) as well as reference ET (daily SEVIRI-ETg) covering
the period from 2004 to 2018 across Europe. SEVIRI-ET; is produced by the Tiled ECMWF Surface Scheme of
Exchange processes at the Land surface (TESSEL) model, wtnle SEVIRI-ETy is estimated by a combmanon of a
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Monthly ESI Anomaly

RESULTS 7

Water Stress Maps: Ecosystems responses*: Forest
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RESULTS 7

Water Stress Maps: Ecosystems responses*: Peat
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Not only the highest ESI value, but
also managed to sustain high values
during the 2018 drought since there
was a large water reserve in the
subsurface, from previous years or the
surrounding, to provide sufficient ET,
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Water Stress Maps: National-level reports
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platform, as a demonstration, to monitor European agricultural water

stress. To this end, daily time-series of actual and reference
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Close agreement observed between daily (and sub-daily) in situ ET and SEVIRI-ET, for both
ET, and ET, products.

Intra-annual accuracy was low in the first quarter of the year, increased in the mid-year (the
second and third quarter), and then began to decline in the last quarter.

The highest SEVIRI-ETa accuracy was achieved in the peat and grassland ecosystems, and
the Boreal snow fully humid warm summer climate zone

SEVIRI ET outperformed MODIS, PML, GLEAM, and BESS ET products in terms of
achieving the highest (the best) correlation across ecosystem types and climate zones.

The water stress workflow based on Evaporative Stress Index (ESI) anomalies can be used
in operational applications to quantify various water stress levels.

The results from this study highlight the value, support the potentials, and unlock the full
capacity of SEVIRI-ET products and the VLab platform for agricultural water stress detection
at larger domains.
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Monthly ESI Anomaly

RESULTS 7

Water Stress Maps: Ecosystems responses*: Crop
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v' 57 months with negative anomalies during v~ Started with a high ESI value in spring,
the selected time series. because fertilization and plant type initially
enabled growth.
v 7 episodes at least three consecutive v As soil water becomes depleted during

months exhibiting negative anomalies. summer, however, crop ESI becomes
particularly low because of early maturity

and harvest.
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Water Stress Maps: Ecosystems responses*: Grass

Grass Grass
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v' 56 months with negative anomalies during v~ Higher values in summer than winter, with a
the selected time series. minimum peak ESI in the drought year 2018

v' 4 episodes at least three consecutive v' The response of grassland is intermediate
months exhibiting negative anomalies. between forests and crops!
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