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Mapping yearly irrigation patterns across Italy using multiple satellite data from 2000 to 2025 o) s )
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1. IMPORTANCE CHALLENGES AIMS 3. RESULTS: IRRIGATION DYNAMICS ACROSS ITALY 4. MULTICOMPARISON
NDVI-SSM-IRRIGATION FRAMEWORK . . . —
+ Mean NDVI — vegetation intensity (crop zones clearly visible) Irrigated Pixels in Italy (2015-2025) « Irrigation frequency map captures long-term water use patterns across EVALUATION OF IRRIGATION MAPAGREEMENT WITH EXISTING DATASETS
« lrrigati he | h f fresh i . iff iating irrigated and rainfed f : L * NDVI Std Dev — strong seasonal variability in agricultural e e — agrlculture. : : : A T e |
rrigation represents the largest share ot fresnwater use In Differentiating Irrigated and rainfed crops from « This study maps yearly irrigation patterns : « High-frequency pixels (~90%) represent permanent, intensively
y maps yearly irrig P regions. H1g quency p P p
Italy, reaching up to 50-70%. satellite observations remains difficult. across Italy from 2000 to 2025. » SSM — soil water availability patterns. . :_r(r)l\/gva:‘(:gqur;r?cl;naiéas indicate marginal or drought-driven irrigation
- o e - - - - . : " « Stable SSM + moderate NDVI variability — irrigated systems ) . : ] o
« Climate change is intensifying water scarcity and drought » Agricultural systems show high spatial and « A multi-sensor satellite framework combining . High variability —» rainfed dependencey — Irrig y « Strong concentration observed in the Po Valley and Southern plains.
frequency (IPCC, 2023). temporal variability. ' ' ' . irri ' ith hi =
quency ( ) P y NDVI and soil moisture is developed. Intetgrlated NDVI + SSM detects irrigated pixels with high Irrigation Frequency Map (2015 -2025) =
« There is still limited knowledge of the spatial and temporal * Long-term and consistent datasets are limited or « The analysis investigates spatial distribution spatial accuracy. : = —f
NDVI, Soil Moisture and Irrigation Map (Italy 2018) £ S S e,
distribution of irrigation at national scale. heterogeneous. ili irri oS “> ' .
: . and temporal stability of irrigated areas. - Ntaa e ok . g Dataset ;patllal tion Temporal Coverage Precision Accuracy F1-score
 Reliable irrigation mapping is essential for sustainable water » Ground-based data for validation are sparse and « The study evaluates consistency and H esolutio
. _ _ 2018 2019 2020 Global Irrigation Areas 5 arc-min (~9 .
management and climate adaptation. uncertain. uncertainties in irrigation detection. _‘ N 2001-2015 (1) km) 2015 0.85 53.18% 0.69
. | A o MIRCA-OS (Global
i : | dateee ‘;?gg:f’e?f‘)j vs. ?jrg'l?r'];‘ 2015, 2020 082-083  52-53% 0.69
2. MATERIALS & METHODS s . 2()
| _ . I 3 ECIRA (European Crop-
STUDY AREA MODIS _ sitse skl T -\ o R g Specific Irrigated Area) 1 km 2010-2020 0.84 -0.85 64 -65.% 0.79
« The analysis is conducted over Italy, a Mediterranean region characterized by diverse NDVI(MOD13Q1) Copernicus SSM ' G S VR A " g (3)
climates and agricultural systems. SN ralics T o " g GAEI (Global Area
« Major irrigated regions include the Po Valley, one of the most intensive agricultural i SR ok - nos AR o . 2021 2022 2023 | Equipped for Irrigation) “Lb km (5 3828 00, AU, AL, 0.93 50% 0.55
areas in Europe. Preprocessing 2 7 “‘ , ; . g . (4) arc-min)
*  The study domain is defined using administrative boundaries. Preprocessing (NDVI masking, T Rt i I , LGRIP30 (Landsat
D ATASETS (masking, clipping) clippin%/))(DN — Y TEMPORAL DYNAMICS g)';g)/ EGETATED AREA (2015~ ) Global Irrigated 30mx30m 2014-2017 (nominal 2015) 0.8242 61.41% 0.7609
0
1. Vegetation (NDVI - MODIS MOD13Q1) « NDVI masks show stable spatial patterns of vegetation across Cropland);(5)
20002025 (25 years) | Statistical Aryalysns Statistical Ahaly5|s Italy_, mainly !n_agr_lcultural Zones. - + Ttaly’s irrigated agriculture shows long-term structural . . . . .
« 250 m, 16-day composites (Thresholding : Thresholding :  Persistent activity in the Po Valley and Southern plains indicates stability Regional Comparison of Irrigated Estimates Across Reference and Predicted Datasets
. : Mean & Standard Mean & Standard ' irrigati ' e : : 000,
Masking (urban/water/;‘orest) Deviation) Deviation) . S/(‘)antel?aig;lsalrreggritr:]oar;nasngtasdtjrlc;n?alnnfirra:st&?kllgzﬁ 147151 - Total irrigated area remains consistently around: 1.45 x 107 SR
, S fDENSIS!:)FI\)/Ie r_nz;\sk ((>§OA> e)'(CIUdSeg?\/I) milglion s , fanging T hectares (14.5 million ha).
- 2Urtace SOl MOIStUre (Lopernicus o | . . . 2024 2025 «  Only minor year-to-year fluctuations observed. 1500000
1 km resolution . Monthl Month | O S e A d_ecl_lr_le in 2020 and peak in 2023 suggest climate-driven +No significant upward or downward trend. -
«  Temporal focus: Growing season (June—August 2018)May—Aug (2018) y Y it AGET B0 TS/ 420 variability and recovery L
DN i % (SSM = DN % 5) ¥ T Aggregation Aggregation 2 T R S " Overall consistency confirms robust and reliable NDV/I-based * Mature irrigation/infrastructure’and stanie|land-use system.
. — 9, = x 0. : vy y - 2,000,000
. Invalid ﬂags removed Vegetation mapp|ng 1e7 Temporal E\:olution ff Irrigated Area in Italy (2015-2(125) T I
Yearly Irrigation Dataset & Source Spatial Resolution Temporal Coverage e TemporalEvolution of Vegetafion Area: NDVI2015-2025) 1: T | . n) .
VALIDATION FRAMEWORK AND METHODOLOGY Maps (Irrigation MODIS NDVI 250 20002025 1s0s0000 _ o
Detection ) (MOD13Q1) m B 14950000 ‘% o I I

« Multi-Source Comparison: Copernicus Surface Soil sisconn0 5°° 1,000,000 | | | |
Annual irrigation maps (2000-2025) were validated against five global and regional datasets Moisture 1 km 2015-2025 g 3 oe
to quantify spatial agreement and thematic consistency. (ESA CCI) T s 2016 2018 2020 202 — 2026 [ TIrrigated Area £ 0] i

i 500.000 ; : : : : : : : ~ :

- Statistical Evaluation: TP 021 "

.. _ - CORINE Land Cover 100 m 2000, 2006, 2012, 2018 . . :
Model performance was assessed using Precision, Accuracy, and F1-score, measuring reliability NDVI Mask (2015-2025) Irrigated Pixels I.:r(i:?iy:tailglr?/ r;]t&tlclaor?s i Italv are hiahlv persistent over time. with ‘ II I‘ l II II l
in detecting active irrigation. Digital Elevation Model T i e strogng reg?onal contrast y ulo A | e 0 b i -

« Ground Truth Validation: 30m Static L vear GEC A S S ST S S T R I
Ground Truth Validatio o _ _ (SRTM DEM) « Po Valley = permanent irrigation hotspot(most stable) R AR MO A
High-resolution field polygons and irrigation consortium records were used to validate local-scale . Southern regions = moderate variability L OCAL -SCALE VAL IDATION: GROUND TRUTH VS & & <
accuracy, enabling assessment at sub-pixel level. - : S ) ' ' < ¢

. Physicaﬁ Consistgncy Check: " Mean NDVI Surface Soil Moisture Irrigated Pixels Detection * Northern systems — Ste.lblea lr_lfraStruCture dr}Ven Irrigation PREDICTED IRRIGATION mRulliRef = RulliPred MMIRCARef WMIRCAPred ~ ECIRARef MECIRAPred MGAEIRef © GAEIPred MLGRIP30Ref 1 LGRIP30 Pred
The relationship between NDVI and surface soil moisture (SSM) was evaluated using linear 2 \ - " Southem systems — climate-influénced, variable irrigation : : : MIRCA Agreement Map GIA Agreement Map ECIRA Agreement Map LGRIP Agreement Map
regreSS|0n lrrlgated Pixels & Field Data POlngHS Irrigation Diff_erence Map 2020 Irrigation Difference Map 2015 Irrigation Difference Map 2020 Irrigation Difference Map (Irrigated + rainfed from USGS ) 2015

NDVI = 0.0040 x SSM + 0.3987
confirming the physical basis of irrigation detection.
« Spatiotemporal Irrigation Dynamics:
* lIrrigation patterns analyzed over 2015-2025 using annual map stacking.
» Generated irrigation frequency map to measure persistence of irrigation signals.
 Classified into low to high-frequency irrigation zones (>90% persistence).
« Temporal trends used to assess long-term changes in irrigated area (ha).
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5. DISCUSSION
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Irrigation Map Comparison with MIRCA, ECIRA, LGRIP, GAEI, and GIA Datasets:

SPATIAL DISTRIBUTION OF IRRIGATION (Provinces)

DISCUSSION
. . . . ; U Legend » The model shows consistently high precision (>0.83), indicating reliable detection of irrigated areas with minimal

« The framework captures active irrigation dynamics, providing a more realistic representation of agricultural water use based on vegetation response to hydrological conditions. . . .  Irrigation IS strongly spatially clustered, showing clear regional | IE Field_polygons false positives across all reference datasets.
- It provides strong long-term consistency, which is rarely achieved in large-scale irrigation studies, allowing robust analysis of interannual stability and climate-related variability. VT Mok 2004 VI Mack 2025 concentration across Italy. D e m = — " « Results indicate an underestimation of the irrigated extent, as evidenced by a higher number of reference-only pixels
- The spatial analysis reveals a clear and physically meaningful organization of irrigation systems across Italy: B " * The most dominant agricultural zones are the Po Valley (Northern T ) (68,297) than model-only pixels (35,070)
« Northern Italy (Po Valley) shows stable, low-variability patterns, consistent with infrastructure-driven and well-regulated irrigation systems supported by reliable water distribution networks. Italy) and the Southern plains (Apulia and Sicily). . Strc;ng Geospatial Agreement: Best épatial consistency is observed in major agricultural regions such as Puglia,
« Southern regions exhibit higher temporal variability, reflecting stronger dependence on climatic conditions, intermittent water availability, and adaptive irrigation practices. * These regions represent the core of Italian irrigated agriculture dueto  «  The spatial agreement between predicted irrigated pixels and field-validated polygons Sicily, and Emilia-Romagna, where predicted irrigation closely aligns with MIRCA-OS and LGRIP30 datasets.
« The statistically significant NDVI-SSM relationship confirms that water availability is a dominant biophysical control on vegetation dynamics, thereby supporting the methodology's physical basis. fa}/orat\bletsons, water availability, and established irrigation demonstrates the model’s ability to transition from regional-scale mapping to local-scale « Lower agreement with GAEI (~50% accuracy) highlights that the model captures active irrigation dynamics rather
- Beyond mapping irrigation presence, the framework enables advanced spatiotemporal analysis, including detection of irrigation persistence, identification of intensive versus marginal systems, and Infrastructure. accuracy. than total irrigation infrastructure (“area equipped”).

ass}éssment IE())ll2 aggriculg'iural rffsilience under climate stress. : " ’ ¥ s I | | » Overall, irrigation is not uniformly distributed, but instead strongly —« This supports the high precision (0.8242) and F1-score (0.7609) observed in national- . The framewo%k achieves strong 0\§erall pe(rlfofrlr)lanc)e (F1-score ~ 0.76 with LGRIP30), demonstrating reliable
 Asignificant NDVI-SSM correlation confirms that water availability is the primary driver of vegetation health in these areas, validating the physical foundation of the model. - driven by regional agricultural intensity and hydro-climatic conditions. level validation. applicability across diverse Italian agricultural landscapes.

[ NDVI Active (Irrigated Pixel)

LIMITATIONS 6. CONCLUSION /. REFERENCES
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climate-driven.
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