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1. Introduction

1.1. The CCAWU project
CKS Of2adz2NB 2F GKS 9FNIKQa gl SN OeotsS o6Fra oSttt |
Earth Observation (EO) represents asfethe outstanding scientific challenges highlighted by the Global
Climate Observing System (GCOS). Required standards of accuracy are fixed to 5% and annual timescale. To
this end, a suite of essential climate variables (ECvs) has been defined to undénst@volution of climate
and to assess the potential derived risks. However, if targets at annual timescale can generally be reached,
larger uncertainties are observed for sahnual and sulzontinental time and spatial scales, respectively
(Dorigo et &, 2021; Rodell et al., 2015). In this context, the development of an ECV that includes the
information on anthropogenic water use (AWU) can help in advancing the proper closure of the water cycle
at higher spatial and temporal scales. In the ESA Cli@h#ange Initiative Anthropogenic Water Use (CCI
AWU) precursor project, AWU is more specifically intended as agricultural water allocated for irrigation,
which represents the largest anthropogenic water use, thus making irrigation being the most impactful
human activity on the hydrological cycle. FAO (2016) estimated that irrigation, worldwide, accounts for more
than 70% of water withdrawn from surface (i.e., rivers, lakes) and subsurface (i.e., groundwater) water
sources and these estimates are expectettwease in the near future due to an increase in population and
in food production, especially over arid and searid regions (McDermid et al., 2023). In this context, the
YEAY RIEGF a2d2NOS ARSYGATFASR o6& D/ h{ T&NQUASTAD] Ay 3
provides surveypased irrigation estimates which do not meet the GCOS requirements, i.e., data are provided
on a byears interval instead of yearly and are available evesyy2ars.

The overarching objective of Climate Change Initiagventhropogenic Water Use (GBWU) precursor
project is to derive longerm (i.e., at least twenty years) AWU time series for selected regions using several
approaches exploiting remote sensing observations, as a fmbodncept of the feasibility towards@oper

AWU ECV product.

The CGAWU project involves a consortium led by GRRI and comprises the following organisations:

1. Vienna University of Technology (TU Wien), hereinafter TUWIEN;

2. KULeuven, Department of Earth and Environmental Sciences, Digsibrand Water
Management (KATHOLIEKE UNIVERSITEIT LEUVEN), hereinafter KULeuven;

3. University of Perugia (UNIVERSITY OF PERUGIA), hereinafter UNIPG

4. Politecnico di Milano (POLITECNICO DI MILANO), department of Civil and Environmental
Engineering, hereinafts?OLIMI

1.2. Scope of this report

The Product Validation and Algorithm Selection Rep@WASR) provides a complete report of the results of the
algorithm roundrobin intercomparison as the basis for further algorithms development during the project. The PVASR
is not intended to be a public document.

1.3. Applicable Documents

Proposal.
Deliverable D2. Report explaining the criteria for selecting the test regions.
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Deliverable D3. Algorithm Theoretical Baseline Document
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2. Validation of the SMbased inversion approach

The SMbased inversion approach has been implemented over the four teelestudy areas to produce
irrigation water use (IWU) estimates during different periods depending on the temporal coverage of the
specific soil moisture data set used as an input. Figure 2.1 provides an overview of the temporal coverage of
the different experiments carried out; it is noteworthy that the first half of the period with available
information has been used to calibrate the method parameters, as specified in the Deliverable 3. The
retrieved IWU estimates are available since January 2007 for;TASGr®e 2010 for SMOS L2, April 2015 for
SMAP L2, and January 2003 for the CCI products; the ending date is December 2022, common to all the data
sets.The minimization of the root mean square difference between estimated and observed rainfall has been
adopted as optimization strategy; during this step, Aomgated seasons have been consideiiadtheir
entirety, while days with rainfall rates lower than 1 mm during the irrigated seasons (i.e., potentially irrigation
days) have been masked out. The irrigatestimates have been then produced over the whole period of
data availability, but considering irrigation seasons only. To refine the spatial domain, only areas equipped
for irrigation have been considered. To do this, the data set provided by Melala @022) has been used.

Only pixels with percentage of area equipped for irrigation higher than 5% have been considered.

SMAP L2
SMOS L2 m”m

Elab

CCI COMBINED

ASCAT

2005 2010 2015 2020

Figure 2.1Length of irrigation time series available for the different soil moisture products considered. The fielded
portion ofthe bar represents the calibration period.

2.1. Murray-Darling basin (Australia)

An irrigation season spanning from September to April has been considered for the NDamayg basin
(Portmann et al., 2008; Dari et al., 2023). The average seasonal cumiAteanhounts estimated through

the different input soil moisture data sets are provided in Figure 2.2. Although different in magnitude, IWU
patterns retrieved through the various soil moisture products in the Mubayling basin generally decrease
from North to South.
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Figure 2.2Seasonal cumulated IWU amounts in the MurBgrling basin averaged during the period adopted in each
experiment.

The longterm time series of reference irrigation available for the Murigrling basin allow for a robust
assessrant of the retrieved IWU. The comparison in terms of monthly rates is provided in panel a) of Figures
2.3-2.6; benchmark irrigation rates are represented by the light grey shaded area, while retrieved IWU are
indicated by the lines in different colours dapding on the soil moisture data sets used (red for ASCAT, black
for CCI COMBINED, green for CCl PASSIVE, aqguamarine for SMAP L2, and light purple for SMOS L2). The sal
correspondence of colours is adopted for all the analyses based on theaSdd inver®n approach
presented in this report. Performances in terms of Pearson correlati®MSEndBIASare reported on top

of panels. Since the temporal coverage of SMAP L2 is considerably lower than those of the other products,
the metrics calculated durinthe same time span in which SMAP L2 is available, when applicable, are
reported in the tables of panel b) for a fair comparison. Note that the validation has been carried out over all
the pilot districts except for Western Murray (see Deliverable 2 fetaids on the study area), discarded
because of its small size (less than 5G)kwith respect to the resolution targeted in the project. Over the
Murray-Wakool district (see Figure 2.3) the best results in termrRMESENdBIASare obtained with ASCAT

sal moisture RMSE= 14.51 mm/month andIAS=-0.72 mm/month). The highestvalues are obtained by
leveraging ASCAT and SMOS L2 products, but their low entity in absolute terms highlights a difficulty in
properly reproducing irrigation timing that is common to all the experiments carried out over the Murray
Darling basin. By lookg at results during the shorter time window in which SMAP L2 data is available, the
highestr values (equal to 0.50) are found for the CCI soil moisture products, but SMAP L2 overperforms the
other data sets in terms dRMSHequal to 10.14 mm/monthand BIASequal to 4.82 mm/month). Figure

2.4 summarises results over MurbMulwala district, where ASCAT results as the best performing product
according to all the three metrics considered. By looking at the period-2019, SMAP L2 provides the
lowestRMEandBIAS equal to 12.54 mm/month and to 0.14 mm/month, respectively. ASCAT provides the
best result in terms of.
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Murray-Wakool, 1455.2 km2 b) 2015-2019
ASCAT | RMSE = 14.51 mm/month, BIAS = -0.72 mm/month, r = 0.35 | 2010-07 - 2019-06 RMSE BIAS r
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Figure 2.3Panel a): monthly time series of estimated IWU against reference values over the Nakool district.
RMSEBIAS andPearson correlationr, values are reported above the panels. Panel b) reports the same metrics but
calculated considering the shorter period matching with SMAP L2 availability.
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a) Murray-Mulwala, 3092.6 km2 b) 2015-2019
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Figure 2.4Panel a): monthly time series of estimated IWU against reference values over the NWuhagla district.
RMSEBIAS andPearson correlatiorr,, values are reported above the panels. Panel b) reports the same metrics but
calculated considering the shortperiod matching with SMAP L2 availability.

Coleambally is the district where the highest errors are found. Panel a) of Figure 2.5 shows that SMOS L2
provides the best results in terms BMSEequal to 35.76 mm/month, and of equal to 0.17. ASCAIErived

IWU estimates are characterised by the lowB#\S-7.14 mm/month). It is noteworthy that the validation

for the experiments based on ASCAT and on the two CCI soil moisture data sets covers the pe26d 2010
while SMOS L2 time series starts oneryaéter, thus making results not fully comparable. However,
considering that only one season is missed in the SMOS L2 experiment, we decided to not consider 2011
2019 as a separate syderiod of this analysis. Referring to the time span 200%9, SMAP Lg2rovides the

lowest RMSE(24.29 mm/month) and the highest (0.12) values, while the lowest BIAS, equal to 0.26
mm/month, is found by leveraging the CCl PASSIVE data set. Finally, Figure 2.6 summarises the outcomes
over the Murrumbidgee district. The refemce irrigation data is available from 2014 onwards; hence, we
have not considered a separated spériod based on the SMAP L2 availability, as the mismatch is
represented by aingle water season. The lowddtISEalue, equal to 19.70 mm/month, is obtaithéhrough

SMOS L2 soil moisture, which also provides best results in tefgig8bgether with a close value by ASCAT
(-8.16 mm/month and8.64 mm/month, respectively). CCl PASSIVE provides the higradse 0f0.44.
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a) Coleambally, 977.0 km2 b) 2015-2019
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Figure 2.5Panel a): monthly the series of estimated IWU against reference values over the Coleambally dRMBE
BIAS andPearson correlatior, values are reported above the panels. Panel b) reports the same metrics but calculated
considering the shorter period matching wiSMAP L2 availability.
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Murrumbidgee, 2789.3 km2
ASCAT | RMSE = 25.63 mm/month, BIAS = -8.64 mm/month, r = -0.12 | 2009-07 - 2019-06
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o
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Figure 2.6Monthly time series of estimated IWU against reference values over the Murrumbidgee dRME&SEBIAS
andPearson correlatiorr, values are reported above the panels.

In summary, ASCAT provides the most satisfggierformances overall, even though the irrigation timing is
not properly reproduced. Lowvalues are actually a common issue to all the experiments carried out. Among
the considered soil moisture products, SMOS L2 also provides appreciable performaiscasteworthy

that the evaluation of SMAP L2 performances is limited due to the lower temporal coverage, but during
overlapping periods it often outperforms other data sets.

Results obtained within this project have been compared with outcomes from @aal. (2023), who
produced a regional data set of IWU at 6 km spatial resolution over the Miraaljng area. Such estimates

rely on the Sibased inversion approach forced with CYGNSS (Cyclone Global Navigation Satellite System)
soil moisture, ERABard precipitation ang GLEAM v3.5b potential evaporation. The comparison summarised
in Table 2.1 is carried out considering the common period covering the irrigation seasons of 2017/2018 and
2018/2019. Results obtained in this project are highlighted in gietrey outperform the reference ones
reported in Dari et al. (2023) or in red in the opposite case. Over the Muviaool district, results obtained

in this project outperforms those found with higlksolution data in terms oRMSEand BIAS Converselyy,
remains systematically lower. Over the other pilot districts, despite sporadic exceptions, results of Dari et al.
(2023) remain more satisfactory than those obtained in this project through coarse resolution soil moisture
data sets. However, a thorougiomparison with existing IWU data sets is foreseen in WP530.
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Table 2.1.Comparison between results obtained in the B®IU project and in Dari et al. (2023). Results obtained in
this project are highlighted in green if they outperform the reference amg®rted in Dari et al. (2023) or in red in the
opposite case.

r-] RMSE [mm/month] | BIAS [mm/month]

Murray-Wakool
Dari et al. (2023)[ 0.84 15.22 13.67
ASCAT 0.65 10.03 7.49
CCI COMB. 0.50 9.29 5.56
CCI PASS. 0.52 11.90 8.97
SMAP L2 0.36 10.32 5.48
SMOS L2 0.32 10.83 7.34

Murray-Mulwala

Dari et al. (2023)[ 0.66 8.65 3.18
ASCAT 0.42 11.55 5.29
CCI COMB. 0.26 10.60 -0.95
CCI PASS. 0.25 12.35 3.54
SMAP L2 -0.16 12.83 -2.47
SMOS L2 -0.29 17.43 4.80
Coleambally
Dari et al. (2023)| 0.77 10.54 -3.07
ASCAT 0.50 16.20 7.23
CCI COMB. 0.55 14.11 -5.68
CCI PASS. 0.27 21.01 4.05
SMAP L2 0.38 16.82 -8.78
SMOS L2 0.08 24.25 9.97
Murrumbidgee
Dari et al. (2023)[ 0.84 9.64 -7.26
ASCAT 0.57 18.87 -14.44
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CCI COMB. 0.57 23.66 -20.17
CCI PASS. 0.62 21.33 -17.83
SMAP L2 0.58 23.35 -19.87
SMOS L2 -0.11 21.33 -6.89

Finally, the capability of the retrieved IWU products in capturing drought events has been assessed. As an
example, Figure 2.7 shows the time series of seasonal IWU retrieved leveragingsAib@AiBture over the
Murray-Wakool and MurrayMulwala districts in panel a) and the surface water use reported by the 2021
Annual water Take Report (https://www.mdba.gov.au/sites/default/files/publications/anmwater-take-
report-20192020.pdf) producd by the Basin Authority in panel b). It can be observed that there is a
correspondence between minimum IWU estimated in 2016, 2019, and 2020 and scarcity of water allocated
for irrigation over New South Wales (where the districts are located, indicatéldeblyght blue line) during

the same years. Bretreger et al. (2020) also report that the season 2016 was characterised by limited water
allocation over the pilot irrigation districts.
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Figure 2.7Panel a): seasonal IWU estimated in the Muiveigtkool ard the MurrayMulwala districts leveraging ASCAT
soil moisture. Panel b): surface water use reported by the 2021 Annual water Take Report produced by the Basin
Authority; New South Wales, the state where the considered districts are located, is indicatsel light blue line.
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2.2. Contiguous United States (CONUS)

The period ranging from May to September has been considered as the reference season for producing IWU
estimates over the CONUS. The average seasonal amounts estimated leveraging the differeristoi
products are shown in Figure 2.8. The ASB#sed map shows the highest IWU rates over the Nebraska
Plains and the Mississippi Floodplain, over which IWU higher than other irrigated areas are found according
to the CClI COMBINED and the SMAP L&ugts also. More evenly distributed IWU patterns are retrieved
leveraging CCl PASSIVE and SMOS L2 soil moisture, which are the only ones providglmibé WU
amounts over the California Central Valley.
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Figure 2.8Seasonal cumulated IWU amouimtger the CONUS averaged during the period adopted in each experiment.

The retrieved IWU amounts have been validated against the Farm and Ranch Irrigation Survey (FRIS)
produced by the National Agricultural Statistics Service (NASS) of the United Sfaesieat of Agriculture

(USDA) (see Deliverable 2 for further details). Couafjgregated FRIS data is available for 2013 and 2018.
The comparison between reported and retrieved IWU volumes for 2013 and 2018 is provided in Figures 2.9
and 2.10, respectig. States with reported volumes lower than 0.1 kare not considered in the
comparison; because of the range of the data, the logarithmic scale is adopted to properly visualise results.
ASCAT and CCI PASSIVE soil moisture products provide similat@atisfaults in terms oBIAS equal to

0.68 kn? and to 0.87 kr respectively. A notable result in termsBIASs obtained by leveraging SMOS L2
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as well; the value, equal t@.75 knd, highlights a tendency in underestimating reference volumes reported

in the FRIS. TheMSEvalues range from 4.23 Khto 5.79 knd, with the lowest value referring to results

relying on the CCI PASSIVE data set. The comparison for the year 2018 involves estimates obtained by SMAP
L2 also (see Figure 2.10). The best reauieims ofBIASs obtained exploiting the CCl COMBINED data set
(BIASequal to 0.18 km3). SatisfactoBiASvalues are also found for experiments based on SMAP L2 (0.36

km?3) and CCI PASSIMEZ?2 kn¥) soil moisture. Referring to the RMSE, the lowesdtie of 3.88 krhis found

for IWU estimates relying on CCl PASSIVE soil moisture; for the other experiments the RMSE values are
considerably higher, ranging from 5.09 kior SMOS L2 to 6.40 Rior ASCAT.

Zaussinger et al. (2019) carried out IWU estimateer CONUS by forcing the -Bdlta approach with coarse
resolution soil moisture from SMAP_V5, AMSR2, and ASCAT. On the basis of comparison against reference
values from FRIS 2013, they repBitASvalues ranging from2.29 knf to -2.47 kn¥, systematicdy higher

than those obtained through the experiments carried out with the-I$\ed inversion approach in this
project. Zaussinger et al. (2019) also repRNSEspanning between 5.21 khand 5.32 ki, thus with a
magnitude comparable to results shown igltes 2.9 and 2.10. Nevertheless, outcomes from theb@béd

inversion approach forced with the CCIl PASSIVE soil moisture product provide RMSIEr

2013 | ASCAT 2013 | CCI COMBINED
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BIAS = 0,68 km3 BIAS = 1.04 km3  ©
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™ ™ o
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Figure 2.9.Comparison between seasonal reference and estimated IWU volumes in 2013. Note thagdahéhmic
scale is adopted to properly visualise results.
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Figure 2.10Comparison between seasonal reference and estimated IWU volumes in 2018. Note that the logarithmic
scale is adopted to properly visualise results.

On the basis of the validaticmgainst FRIS data, the best performing soil moisture product per each state is
shown in Figure 2.11. CCl PASSIVE results as the best performing data set for retrieving IWU estimates over
the majority of states. It outperforms the other data sets in 15 olithe total 28 and 31 states considered

in 2013 and in 2018, respectively. It is noteworthy that, referring to 2013, SMOS L2 results as the most
suitable data set to retrieve IWU over 8 out of 28 states; for 2018, it outperforms the other productsiin 6 o

of the 31 consideredtates.
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2013

BEST PERFORMING PRODUCT
B ASCAT

Il CCI COMBINED

1 CCI PASSIVE

[ SMAP L2

I SMOS L2
2018 CIN.A.

Figure 2.11Best performing product per each state according to the validation based on F&i® @nd Ranch
Irrigation Surveyjlata.

2.3. India

Two irrigation seasons have been considered for retrieving IWU over India: the Rabi (NoWéanbley and

the Zaid (Aprilune) seasons. The average seasonal amounts estimated leveraging the different soil moisture
products during the Rabi and Zaid seasares provided in Figures 2.12 and 2.13, respectively. The highest
IWU amounts are generally detected over the Northeastern portion of the country, with estimates relying on
the CCI COMBINED soil moisture being considerably lower than the others. A shmlaobr is observed

during the Zaid season as well, when IWU retrieved through SMOS L2 data is lower than estimates based on
ASCAT, SMAP L2, and CCI PASSIVE soil moisture. It is noteworthy that during the Zaid season less irrigatior
than during the Rabiesson is retrieved (note the different range of values in Figures 2.12 and 2.13). Further
insights on the temporal dynamics of the sateHlitased IWU can be deduced by the time series of the
spatially averaged amounts shown in Figure 2.14; a double peaitycreflecting the two irrigation seasons

can be observed for all the experiments carried out. For A&@8dd IWU estimates, the magnitude reached
during the Zaid season is close to the one referring to the Rabi season, while for the other experiments
irrigation retrieved during Zaid is much lower than during Rabi. The slope of the interpolating line reported
above each panel reveals increasing IWU trends for outcomes based on ASCAT (+0.15 mm/month during
2007-2022), SMAP L2 (+0.18 mm/month during 2@022), and SMOS L2 (+0.05 mm/month during 2010
2022) soil moisture. A weakly decreasing trend can be observed for the CCI products; however, it should be
noted that, in line with outcomes from other experiments, seasons 2019/20, 2020/21, and 2021/22 are
characterised by higher IWU estimates with respect to previous recent seasons. Nevertheless, the CCI
products are those with the longest temporal coverage among those examined and during the peried 2003
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2010 the amounts of estimated IWU are similar to thosterring to the time span 2012022. Despite the
well-known uncertainties associated to the interpretation of trend analyses referring to short temporal
windows, increasing IWU over India is an expected result considering the phenomena of irrigaticsiaxpan
(Mehta et al., 2024) and of rapid groundwater depletion (Dangar et al., 2021) affecting the country.

\T CCl COMBINED CCl PASSIVE
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Figure 2.12Average IWU amounts retrieved over India during the Rabi season.
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Figure 2.13Average IWU amounts retrieved over India during the Zaid season.

Reference irrigation amounts over the Sina command area (see Deliverable 2) have been used for validation
purposes. It is noteworthy that the district (whose extension is 307.7 km2) isetbbg just one pixel of the
adopted grid; hence, validation is only possible at the individual pixel level. Moreover, the monthly time
series of irrigation water applied over the district is characterised by missing data for whole or partial seasons.
Becaise of all the above uncertainties, we decided to compare annual magnitudes by considering only whole
seasons covered by observations. Results are shown in the scatter plots of Figure 2.15. For experiments
relying on ASCAT and on the CCI products, the adsgn refers to 6 years, decreasing to 4 years for SMOS

L2 and to only 2 for SMAP L2. The best result is provided by ASCAT, with a mean relative error®e§¥%al to
widely within the confidence intervalgfo n 22 | R2 LJG SR Ay LINZB28)aiddedresaniirdgR A S a
the upper limit of the accuracy of satelliterived irrigation products desired by farmers according to the
survey discussed in Massari et al. (2021).
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Figure 2.14Spatially averaged time series of monthly IWU estimated ovea lacliording to the different soil moisture
products considered.
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Figure 2.15.Comparison between yearly reference and estimated IWU amounts over the Sina command area
(Maharashtra, India).

2.4. Ebro basin (Spain)

Over the Ebro basin, IWU estimates have bpmduced by considering the period from April to October as

the reference irrigation season. The maps in Figure 2.16 show the average seasonal amounts retrieved
through the different soil moisture products. The experiment relying on CCl PASSIVE soikrnsibiione

providing the highest seasonal IWU rates. It is important to highlight that the Ebro basin is a challenging case
study with respecttothe C€I2 !  LINP 2S00 Qa FAYX Fa ANNRIFIGAZ2Y 200c
target resolution of25 km here adopted. The visual comparison between maps in Figure 2.16 with the one

in Figure 2.17 helps in figuring out this issue. Figure 2.17 shows a 1 km resolution map of irrigated (green)
and rainfed (brown) agricultural areas recently developeddweiaging Normalised Difference Vegetation

Index (NDVI) delivered by the Copernicus Global Land Service (CGLS) (Dari et al., 2024). Irrigation mainly
200dzNB Ay GKS olFlaiyQa OSyGNIt @I ft Srdgatedhieas Sahe 2y Y |
likely mixed together within the 25 km resolution pixels of the target grid. Nevertheless, the reproduction of
irrigation patterns is not the main focus of analyses carried out in this precursor project.
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Figure 2.16Seasonal cumulated IWU amountsovhe Ebro basin averaged during the whole period adopted in each
experiment.
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Figure 2.171 km map of rainfed (R, in brown) and irrigated (I, in green) agricultural areas developed by Dari et al. (2024)
through NDVI data.

Reference irrigation time series collected over 4 agricultural districts located in the Northeastern portion of
the basin have been used for validation purposes. Given that the districts are adjacent to each other and that
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their individual extensions (ramgg from 70.8 km2 to 887.6 km2) are small if compared with the 25 km
resolution adopted here, we decided to consider them as a unique irrigated area to be used for the validation.
Hence, the time series referring to the different districts have been aeerdy adopting weights based on

the area of each single district, thus creating a unique time series representing the whole validation domain
to be compared with IWU estimates. The comparison at the monthly scplevided in Figure 2.18; in panel

a) thereference values are represented by the light grey shaded area and the saiabiéel estimates are
indicated in different colours in accordance with the other analyses presented in this report. Performances
have been assessed in termsRMSEBIAS andr, which are reported above each plot of panel a). Because

of the different temporal coverage of the satellite soil moisture products evaluated, only results referring to
ASCAT and to the two CCI products are directly comparable during the whole pernofibrofation
availability (20072022). Performance metrics during the spiriods covered by the experiments based on
SMAP L2 (2018022) and on SMOS L2 (2€A022) data sets are summarised in panels b) and c), respectively.
Referring to the period 2002022, CCl PASSIVE outperforms ASCAT and CClI COMBINED according to all the
metrics taken into account, witRMSEequal to 28.39 mm/monthBIASequal to-21.23 mm/month, and =

0.64. The CCI PASSIVE soil moisture proves to be the most suitable data sétvwe PFAIU among those
evaluated considering also the splriods overlapping with SMAP L2 availability (compare metrics in panel

b) with those in panel a) referring to the experiment based on SMAP L2 data) and with SMOS L2 availability
(compare metrics ipanel ¢) with those in panel a) referring to the experiment based on SMOS L2 data).

a) 100 ASCAT | RMSE = 46.33 mm/month, BIAS = -38.85 mm/month, r = 0.13 | 2007-2022 b) 2015-2022
st RMSE  BIAS r
BE 50
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Figure 2.18Panel a): monthly time series of estimated IWU against reference values over the pilot agricultural districts
of the Ebro basilRMSEBIAS andPearson correlatior, values are reported above the panels. Panels b) and c) report

the same metrics but calculated considering the shorter periods matching with SMAP L2 and SMOS L2 availability,
respectively.
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Dari et al. (2023) produced regional datdssef satellitebased IWU at 1 km resolution over the Ebro basin

by exploiting Sentinel soil moisture retrieved through the firsrder Radiative Transfer (RT1) model (Quast

et al., 2023). Results obtained in Dari et al. (2023) highlight the added @hlhighresolution data in
agricultural contexts like the one existing in the Ebro basin; in that study, the authors carried out a validation
at the biweekly temporal scale, reportinBMSEanging from 10.08 to 14.66 mm/iday, BIASvarying
between-8.82to -2.23 mm/l14day, andr spanning from 0.53 to 0.78. The lower limits of such values, if
reported on a monthly scale, are comparable to those obtained in the experiment exploiting the CCI PASSIVE
product. Nevertheless, results presented in Dari et al2@0efer to the entire year and not to the main
watering season only; a more-gepth comparison between IWU estimates developed in this project and
existing products is among next activities foreseen by the project planning.
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3. Validation of the SMbaseddelta approach

3.1. Introduction

The six monthly irrigation datasets generated with the-BELTA approach have been validated across the

study areas of India, the Ebro Basin, the Mwisgrling Basin, and CONUS. For the Ebro, MiDealing, and

CONUS regionghe six datasets (CCl COMBINED & SSEBop, CCl PASSIVE & SSEBop, CCI ACTIVE & SSEBo
COMBINED & FLUXCOM, CCI PASSIVE & FLUXCOM, CCI ACTIVE & FLUXCOM) were validated against ir
irrigation data. In the India region, spatial and temporal patternseaanalyzed in relation to climate for

three datasets (CCl COMBINED & FLUXCOM, CCI PASSIVE & FLUXCOM, CCI ACTIVE & FLUXCOM). Valic
metrics include Root Mean Square Deviation (RMSD), bias, and Pearson's correlation coefficient (R).

3.2. CONUS

We compared thb irrigation volumes from the six datasets with stégel annual irrigation volumes for 2013

and 2018, obtained from the United States Department of Agriculture's Irrigation and Water Management
Survey. To convert pixel water depths (mm) to stieteel wolumes (km3), each pixel's water depth was
multiplied by its surface area, calculated as follows:

0 "QENIQOTE Up pPct T Up pHFOE & OO QO 6 QQ (1)

Figure 3.1 presents maps with the average irrigation amounts for the igigatason (May to September),
computed over 2008022 for datasets using SSEBop and 20030 for those using FLUXCOM. Visual
inspection reveals that all six datasets consistently indicate higher irrigation volumes in the primary irrigated
regions of CONS& particularly in the California Valley, Snake River Valley, and Great Plains. Differences
between datasets are primarily driven by the ET product used, with the use of SSEBop generally yielding
higher irrigation volumes, especially in the three key atggl areas mentioned. Soil moisture (SM) products
have a smaller impact on seasonal irrigation amounts, with CCI ACTIVE typically yielding lower irrigation
volumes compared to CClI COMBINED and CCI PASSIVE.
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Figure 3.1Average seasonal irrigation amouridaycSeptember) across CONUS for the six irrigation datasets
generated with the SMDELTA approach.

Figure 3.2 shows scatterplots for 2013 and 2018, comparing reported annual irrigation volumes per state (x
axis) with retrieved irrigation volumes-gxis)for the six datasets, along with RMSD and bias values. The
scales are logarithmic, and states with volumes below 0.1 km3 were excluded. Table 3.1 summarizes the
performance of the six SHAELTA irrigation datasets using RMSD and bias metrics.

Results showraapproximately linear relationship across all datasets, though a consistent overestimation of
irrigation is observed. The six datasets utilizing the SSEBop ET product show a more pronounced
overestimation (mean RMSD of 9.82 km?3/year, bias of 6.16 km3yeanpared to those using the FLUXCOM

ET product (mean RMSD of 5.42 km3/year, bias of 3.10 km3/year). It is worth noting that these metrics
primarily reflect states with high irrigation water consumption and provide limited insight into states with
minimalirrigation. The CCI COMBINED & FLUXCOM dataset demonstrates the best performance across both
2013 and 2018.

Table 3.1RMSD and bias metrics obtained for the six[BELTA irrigation datasets over CONUS in 2013 and 2018.

2013 2018

RMSD (km?| Bias (km?) RMSD (km?) |  Bias (km?3)
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CCI COMBINED & SSEBq  9.94 6.42 9.19 5.04

CCI PASSIVE & SSEBOP 10.30 7.02 9.22 5.36

CCl ACTIVE & SSEBOP 10.72 7.24 9.53 5.89

CCI COMBINED & FLUXJ  6.39 3.75 4.63 1.58

CCI PASSIVE & FLUXCO 6.53 4.35 4.16 1.90

CCI ACTIVERLUXCOM 7.30 4.57 451 2.43
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Figure 3.2Scatterplots of estimated vs. reported irrigation volumes with RMSD and bias for $MEEWVA datasets
over CONUS in 2013 and 2018.

3.3. Ebro basin

We validated the six irrigation datasets using monihiigation data collected from five irrigation districts
located in the eastern part of the Ebro basin (cf. Figure 3.3). Given the scale mismatch between the pixel size
(0.25°) and the size of the irrigation districts, we averaged the in situ irrigati@nadaoss the five districts

to create a single, larger virtual district. The validation period spans 2007 to 2020, during which RMSD, bias,
and R were computed as performance metrics. For validation purposes, only pixels with at least 25% of their
area coered by the irrigation district were included.

—— Algerri-Balaguer

—— Urgell

—— Catalan and Aragonese North
Catalan and Aragonese South
Pinyana

Figure 3.31rrigated districts with available in situ data in the Ebro basin.
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Figure 3.4 shows maps of the Ebro basin with the average irrigation season (March to October) obtained with
the six differentiirigation datasets on the Ebro basin.

A visual inspection reveals that:

- In contrast to results from CONUS, the type of SM product has a greater influence on irrigation

estimates than the choice of ET product.

- Areas known to be intensively irrigatecsuch & pixels in the northeast of the district and those in
the southeast near the Ebro Dettacorrespond to the pixels showing the highest irrigation levels
across all six datasets.
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Figure 3.4Average annual irrigation obtained with the six irrigation datasetrieved using the SNDELTA approach
over the Ebro Basin.

Figure 3.5 presents time series from 2007 to 2020 of monthly irrigation estimates from the six irrigation
datasets (blue line) alongside observed in situ data (shaded area). Table 3.2 sumti@ zerformance of

each dataset over the Ebro irrigation districts in terms of RMSD, bias, and R. Note that these metrics were
calculated exclusively for the irrigation season (April to October).

Overall, the irrigation dynamics are reasonably well cegdy with an average R of 0.54. The highest

correlation (R = 0.72) was achieved with the CCl COMBINED & SSEBop dataset, while the lowest (R = 0.35)
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was observed with CCI ACTIVE & FLUXCOM. All datasets tend to underestimate irrigation, with an average
biasof -19.46 mm/month. The smallest biad$.71 mm/month) was recorded with CCI PASSIVE & SSEBop,
and the largest-23.28 mm/month) with CCI COMBINED & FLUXCOM. The average RMSD across datasets is
29.96 mm/month, with CCI PASSIVE & SSEBop showing the (@&&3t mm/month) and CCI ACTIVE &
FLUXCOM the highest (33.12 mm/month). Among the six datasets, CClI PASSIVE & SSEBop demonstrated the
best overall performance across the five irrigation districts in the Ebro Basin.

IWU in the EBRO basin using SM and ET. Metrics were computed from 2007 to 2020 considering the irrigated period.
CCI ACTIVE & FLUXCOM | BIAS = -21.42 mm/month; RMSD = 33.12 mm/month; R = 0.35

observed
—— simulated

S AVAAN WA AW WA R WA T WA

CCI ACTIVE & SSEBOP | BIAS = -19.64 mm/month; RMSD = 30.75 mm/month; R = 0.49

1004 observed

—— simulated

TmAAmMAAﬁAAAMAr

CCl COMBINED & FLUXCOM | BIAS = -23.28 mm/month; RMSD = 30.95 mm/month; R = 0.64

1004 observed

— simulated

N A VW WA WAWA W AW A AN A, 0 O

CCl COMBINED & SSEBOP | BIAS = -21.49 mm/month; RMSD = 28.38 mm/month; R = 0.72

mm/month

1004 observed

— simulated
50 jJ
o T

100+

T T T T I T
CCI PASSIVE & FLUXCOM | BIAS = -17.50 mm/month; RMSD = 29.96 mm/month; R = 0.44

observed
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50 < jv v
o

CCI PASSIVE & SSEBOP | BIAS = -15.71 mm/month; RMSD = 26.57 mm/month; R = 0.60

100+ observed

T MM DAAAN AN AN A

2008 2010 2012 2014 2016 2018 2020

Figure 3.5Time series of observedn@ded area) and simulated (blue line) monthly irrigation from 2007 to 2020 for
the six irrigation datasets retrieved with the SMELTA approach over the irrigation districts in the Ebro basin.

Interestingly, the results for the CONUS states show an overestimation of retrieved irrigation compared to in
situ data across all six datasets, whereas the Ebro irrigation districts exhibit an underestimation with all six
datasets. These discrepancies dam attributed to differences in ET behavior across the study areas.
Specifically, when comparing the differentuzd and Elio_inig products across the four study areas, we
observed variations in temporal dynamics and quantities during the irrigagason between the regions.
Notably, ET products appear to have a greater impact on the retrieved irrigation in CONUS, while ET data
seem to have a more limited effect on retrieved irrigation in the Ebro basin.

The differences between CONUS and the Ehsirick can also be explained by the fact that the
overestimated irrigation volumes observed for CONUS are strongly influenced by the surface area defined by
the spatial mask used. The spatial mask is designed to exclude false irrigation signals; hibweserot
sufficiently restrictive, unmasked pixelsvhere irrigation is simulated despite being very little or not
irrigatedt may contribute to the overestimation of irrigation.
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Table 3.2:Metrics (Bias, RMSD, and R) obtained for the six irrigation ef@tastrieved with the SMDELTA approach
over the irrigation districts in the Ebro basin.

Ebro (all 5 districts)

Bias RMSD R

(mm/month) (mm/month) )
CCI ACTIVE & FLUXCOM -21.42 33.12 0.35
CCI ACTIVE & SSEBOP -19.64 30.75 0.49
CCl COMBINED & FLUXCOM -23.28 30.95 0.64
CCl COMBINED & SSEBOP -21.49 28.38 0.72
CCIl PASSIVE & FLUXCOM -17.50 29.96 0.44
CCIl PASSIVE & SSEBOP -15.71 26.57 0.60

3.4. Murray-Darling basin

We compared the six irrigation datasets with monthly irrigation data collected from four irrigation districts
located in the southern Murrafparling basin (cf. Figure 3.6). The in situ data used for validation covers the
period from 2010 to 2019 for the Gambally, Murraywakool, and MurrayMulwala districts, and from 2014

to 2019 for the Murrumbidgee district. As with the Ebro Basin districts, only pixels with at least 25% of their
area covered by the irrigation district were included for comparison.

—— Coleambally

—— Murray Mulwala

— Murray Wakool
Murrumbidgee

Figure 3.61rrigated districts with available in situ data in the Mur@grling basin

Figure 3.7 presents maps with the average irrigation estimated during the irrigated season (September to
April) as estimated by the six different irrigation dataseatsas the MurrayDarling Basin. A visual inspection

reveals that the CCl COMBINED & FLUXCOM, CCI PASSIVE & FLUXCOM, and CCI ACTIVE & FLUXCOM da
generate higher irrigation estimates on nearly all irrigated pixels compared to the CCI COMBINED & SSEBop,
CCI PASSIVE & SSEBop, and CCI ACTIVE & SSEBop products. Similar to the CONUS results, but unlike the |
basin, the generated irrigation is more sensitive to the ET product than to the SM product. Interestingly, in
contrast to CONUS, the datasets usinykRCOM produce greater irrigation volumes than those using SSEBop

in the MurrayDarling basin.
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Figure 3.7Average annual irrigation obtained with the six irrigation datasets retrieved using tARBEBMA approach
over the MurrayDarling Basin.

Figures 3B and 3.9 present time series of monthly irrigation from 2010 to 2019 for the sREM Alerived
irrigation datasets (blue lines), compared with the observed in situ data (shaded area) for the Coleambally
and Murrumbidgee districts, respectively. Thmdi series of monthly irrigation for the Murray Wakool and
Murray Mulwala districts are shown in the Appendix (Figures 3.A1 and 3.A2). Table 3.3 summarizes the
performance of the irrigation datasets across the four irrigation districts of the MtDayjingbasin, using

the RMSD, bias, and R metrics.
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CCI ACTIVE & FLUXCOM | BIAS = -11.19 mm/month; RMSD = 30.05 mm/month; R = 0.28

observed
—— simulated
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Figure 3.8Time series of observed (shaded area) and simulated (blue line) monthly irrigation from 2010 to 2020
obtained with the six irrigation datasets retrieved with the EMLTA approach over tikmleambally district.

CCI ACTIVE & FLUXCOM | BIAS = -9.22 mm/month; RMSD = 20.28 mm/month; R = 0.01

observed
50 4 —— simulated

CCI ACTIVE & SSEBOP | BIAS = -10.01 mm/month; RMSD = 18.45 mm/month; R = 0.32

observed

CCI COMBINED & FLUXCOM | BIAS = -10.09 mm/month; RMSD = 18.52 mm/month; R = 0.27

observed
50 4 —— simulated

0 T T T T T T
CCI COMBINED & SSEBOP | BIAS = -10.88 mm/month; RMSD = 17.93 mm/month; R = 0.47

mm/month

observed

CCI PASSIVE & FLUXCOM | BIAS = -7.47 mm/month; RMSD = 16.31 mm/month; R = 0.40

observed

CCI PASSIVE & SSEBOP | BIAS = -8.26 mm/month; RMSD = 17.33 mm/month; R = 0.49

observed

NN

T
2014 2015 2016 2017 2018 2019

Figure 3.9Time series of observed (shaded area) and simulated (blue line) monthly irrigation from 2014 to 2019
obtained with the six irrigation datasets over the Murrumbidgee district.
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Irrigation dynamics are generally fairly wedproduced, with an average R of 0.34 for Coleambally, 0.22 for
Murray-Mulwala, 0.29 Murraywakool, and 0.33 Murrumbidgee. All six datasets tend to underestimate the
observed irrigation (but to a lesser extent than for the Ebro basin districts), wittverage bias 0f13.0
mm/month for Coleambally;7.1 mm/month for MurrayMulwala, 1.01 mm/month for MurrayVakool, and

-9.3 mm/month for Murrumbidgee. On average, the six datasets provide an RMSD of 30.1 mm/month for
Coleambally, 21.4 mm/month for MurraMulwala, 14.5 mm/month for MurrayVakool, and 18.1
mm/month for Murrumbidgee.

The CCI ACTIVE & SSEBOP dataset shows the best performance for the Coleambally aivuMateay
districts, CCI COMBINED & SSEBOP shows the best performance for theWakwoaydistrict, and CCI
PASSIVE & SSEBOP shows the best performance for the Murrumbidgee district.

As shown in Figures 9 and 10, the observed irrigation water depth (in mm) is lower during th2@®14
period compared to the 2022013 period. This trend can prarily be attributed to the expansion of irrigated
areas starting in 2014, with the total volume of irrigation remaining comparable to that of th@qié
period. As a result, irrigation has been distributed over a larger area, leading to a reductlo water
depth per unit area of irrigation from 2014 onwards.

Table 3.3Metrics (Bias, RMSD, and R) obtained for the six irrigation datasets retrieved with tBEENMN\ approach
over the four irrigation districts in the Murraparling basin.

Coleambally Murray-Mulwala
RMSD Bias R RMSD Bias
(mm/month) [(mm/month| (-) [(mm/month)|(mm/month) | (-)
)
CCI ACTIVE & FLUXCOM 30.0 -11.2 0.28 19.9 -5.7 0.26
CCI ACTIVE & SSEBOP 28.0 -13.03 | 0.48 22.3 -11.6 0.29
CCI COMBINED & FLUXC 31.2 -13.2 0.25 20.4 -4.4 0.21
CCI COMBINED & SSEB(Q 29.9 -15.0 0.42 22.2 -10.4 0.25
CCI PASSIVE & FLUXCON 30.9 -11.8 0.23 21.0 2.2 0.14
CCI PASSIVE & SSEBOP 30.7 -13.7 0.36 22.6 -8.1 0.17
Murray-Wakool Murrumbidgee
RMSD Bias R RMSD Bias R
CCI ACTIVE & FLUXCOM 14.6 3.5 0.20 20.3 -9.2 0.01
CCI ACTIVE & SSEBOP 13.8 -3.5 0.37 18.5 -10.0 0.32
CCI COMBINED & FLUXC 15.2 3.9 0.19 18.5 -10.1 0.27
CCI COMBINED & SSEB(Q 13.3 -3.1 0.39 17.9 -10.9 0.47
CCI PASSIVE & FLUXCON 16.2 6.4 0.19 16.3 -7.5 0.40
CCI PASSIVE & SSEBOP 13.7 -0.7 0.37 17.3 -8.3 0.49
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3.5. India

Figure 3.10 presents maps of the India region, showing the average annual irrigation derived from three
datasets: CCl COMBINED & FLUXCOM, CCI PASSIVE & FLUXCOM, and CCI ACTIVE & FLUXCOM. The irri
datasets CCI COMBINED & SSEBop, CCl PASSIVE &SEEBOACTIVE & SSEBop were excluded from the
analysis due to unrealistically high irrigation values (>1100 mm/year) in theGadgetic Plain.

Visual inspection of the maps reveals that all three datasets show important irrigation amounts in the Indo
Gangetic Plain, particularly in the Indus Valley, with values reaching up to 600 mm/year. The spatial patterns

of irrigation between CCI COMBINED & FLUXCOM and CCI PASSIVE & FLUXCOM are broadly similar, thoug
the latter shows greater irrigation amounts ih& southern regions of India. In contrast, CClI ACTIVE &
FLUXCOM generally exhibits lower irrigation volumes across the southern regions.

The significant irrigation quantities retrieved in the northwest, particularly within the Indus Basin, align with
the region's intensive agricultural activities and arid to samid climate, where crop water demands are high
due to limited rainfall. For instance, crops such as rice, which require2900 mm per growing cycle, and
wheat, which demands 48650 mm per cye (Allen et al., 1998), are widely cultivated here.

Similarly, substantial irrigation retrieved in southern India, particularly in Tamil Nadu and Karnataka, can be
attributed to the semiarid climate. While these areas receive moderate monsoonal rairgziensive
irrigation is often needed during the dry seasons to sustain crops such as rice, sugarcane, and cotton, which
require 70@¢1200 mm per growing cycle (Allen et al., 1998). Overall, the spatial distribution of the retrieved
irrigation aligns quite wll with regional climatic conditions and agricultural water requirements.

CCI COMBINED & FLUXCOM | 2003-2020  CCI PASSIVE & FLUXCOM | 2003-2020 CCI ACTIVE & FLUXCOM | 2003-2020

400

Irrigation (mm)

Figure 3.10Average annual irrigation obtained with the CCI COMBINED & FLUXCOM (left), CCl PASSIVE & FLUXCOM
(center), and CCIl ACTIVE & FLUXCOM (right) irrigation datasetthasshdDELTA approach over the India region
(2003;2020).

To further investigate the spatitemporal dynamics of irrigation in the India region, time series of irrigation
data derived from the three datasets were analyzed across three distinct climatis zatien the highly
irrigated IndeGangetic Plain (see the three climatic areas in Figure 3.11). These regions include the Indus
region (Koppen climate classification BWh, hot desert), Ganges West (BSh, hatiggnand Ganges East
(Cwa, humid subtrop#d). The Ganges East region receives substantial monsoonal rainfall, resulting in lower
irrigation requirements compared to the Ganges West and Indus regions.
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= Indus region (hot desert climate)
Ganges East region (hot semi-arid)
= Ganges West basin (humid subtropical)

Figure 3.11Areas with different climates in the Ind®angetic plain used for irrigation dakts analysis, categorized
by Koppen climate classifications.

Figure 3.12 illustrates the seasonal irrigation cycles (average for the periodZIXTY derived from the

datasets CCl COMBINED & FLUXCOM, CCI PASSIVE & FLUXCOM, and CCI ACTIVE & pldtXCOM. The
indicate the primary agricultural seasons in India: Rabi (dry season, November to March), Zaid (intermediate
season, April to May), and Kharif (monsoon season, June to October). For each season, the average monthly
irrigation amounts (based on thethe datasets) are also shown.

Overall, the irrigation dynamics are broadly similar across the three datasets, with CCI ACTIVE & FLUXCOM
consistently reporting lower irrigation volumes than the other two datasets, while CClI COMBINED &
FLUXCOM and CCl PAESIVFLUXCOM report comparable quantities.

The irrigation patterns observed align well with the climatic characteristics of each region. The Indus region
(hot desert climate) exhibits the highest irrigation volumes, with a noticeable decrease during the Zai
season. This is consistent with the lower agricultural demand in Zaid, as it is an intermediate season with
fewer crops requiring irrigation. The Ganges West region (hot -gseichiclimate) shows lower irrigation
volumes than the Indus region, particuladuring the Kharif season, reflecting the higher humidity (and thus
less need for irrigation) during the monsoon. Finally, the Ganges East region (humid subtropical climate)
exhibits the lowest irrigation quantities throughout the year, with particuléoly irrigation during the Rabi

and Kharif periods, consistent with the region's more humid climate.

The observed monthly irrigation values (averaging 27.5 mm/month for Rabi, 27.7 mm/month for Zaid, and
27.3 mm/month for Kharif) are in line with the findm@f Kragh et al. (2023), who estimated irrigation
volumes based on the differences between modeled ET (without irrigation) and three ET products (with
irrigation) across three areas of the In@Bangetic Plain similar to the ones we investigate.



Cd

A .
V7 R4 Anthropogenic Water Use (CCI -AWU)
\ 4000142449/23/1 -NB
Page39
Seasonal Cycle of Retrieved Irrigation for Indus, Ganges West, and Ganges East Regions | 2003-2020
Indus Region | Koppen climate class BWh (hot desert)
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Irrigation (mm)
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Figure3.12: Average monthly irrigation in the Indus, Ganges West, and Ganges East Regions obtained with the CCI
COMBINED & FLUXCOM (black line), CCI PASSIVE & FLUXCOM (red line, and CCI ACTIVE & FLUXCOM (green line
datasets. The Rabi, Zaid, and Kharif seasomindicated in color, along with the corresponding mean monthly

irrigation.

3.6. Summary and conclusion

Irrigation estimates generated with the SELTA algorithm, utilizing different sources of SM and ET data,
were validated against in situ irrigation datar fthe CONUS, Ebro basin, and MurEarling regions.
Additionally, the spatidemporal patterns of irrigation across various climatic zones in the India region were
analyzed.

In the CONUS region, a linear relationship was observed between the estimatedbaedred annual
irrigation volumes at the state level for the six EMELTAlerived irrigation datasets, for the years 2013 and
2018. However, all datasets showed an overestimation of irrigation volumes, especially those using SSEBop
data. The CClI COMBINEFLUXCOM dataset exhibited the best performance for the two evaluation years
(2013 and 2018).

For the Ebro basin, irrigation dynamics measured in the irrigation districts were reasonably well reproduced
by the SMDELTA algorithm, although all datasets consistently underestimated irrigation volumes. The CCI
PASSIVE & SSEBOP dataset demonstrated the best performance over the irrigation districts.

In the MurrayDarling basin, irrigation dynamics were similarly well reproduced across four irrigatio
districts, with a general underestimation in irrigation volumes across all six datasets. This underestimation
was, however, less pronounced than in the Ebro basin. The CCl ACTIVE & SSEBOP dataset performed bes
overall across the four irrigation distrectn MurrayDarling.

In the India region, the spatial patterns from the CCI COMBINED & FLUXCOM and CCI PASSIVE & FLUXCC
datasets aligned well with agricultural practices and climate conditions, showing more irrigation in the Indo
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Gangetic plain (especiglin the Indus basin) and in the searid southern regions. Analysis by climate zone
further confirmed consistency between irrigation volumes, dynamics, and crop water requirements.

3.7. Appendix

CCl ACTIVE & FLUXCOM | BIAS = -5.68 mm/month; RMSD = 19.93 mm/month; R = 0.26
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Figure 3.A1Time series of observed (shaded area) and siredlé@blue line) monthly irrigation from 2011 to 2019
obtained with the six irrigation datasets over the Mursisulwala district.

Figure 3.A2Time series of observed (shaded area) and simulated (blue line) monthly irrigation from 2011 to 2019
obtained wih the six irrigation datasets over the Murray Wakool district.
































































































