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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The article focuses on the geospatial analysis of water
resources of the Big Almaty Canal in the Almaty Region of Kazakhstan. The study
area is characterized by a diverse landscape, including mountains, hills, valleys,
combined with a continental climate featuring hot, dry summers, cold winters,
moderate autumns, gradually warming springs. Summer precipitation is limited,
generally not exceeding 40 mm, while winter snow accumulation in the surrounding
mountains plays a key role in replenishing water resources and supporting irrigation.

Originally, the Big Almaty Canal was constructed to irrigate approximately
174.6 thous.ha of agricultural land. However, due to socio-economic changes,
climatic variability, and inefficiencies in water management, the irrigated area has
decreased to around 80 thousand hectares. The existing water management system
faces challenges related to water shortages, uneven distribution, and suboptimal
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use of irrigation potential. Purpose. This study explores the application of remote
sensing techniques to improve water use efficiency and support sustainable
irrigation planning.

Methods. Satellite imagery from Sentinel-1, Sentinel-2, and Landsat-8/9,
combined with field observations and historical water use data, was applied to
assess irrigated lands, classify crops, analyze the water balance. The study identifies
geospatial patterns in water resource distribution, evaluates irrigation efficiency,
provides recommendations for optimizing water use while accounting for the
district’s climatic and topographical characteristics.

Results and conclusions. Spatial analysis of actual evapotranspiration (ETa)
revealed that calculated water requirements were lower than tabulated values
used by BAC (FAO method), while demand-supply assessment indicated a spatial
overabundance of water in several areas. Crop coefficients derived from spatially
distributed ETrF were lower than FAO standard Kc values. Backscatter analysis
showed significant correlation with NDVI, enabling assessment of crop growth
stages. Integrating NDVI and SAR backscatter data provides a comprehensive
spatial understanding of crop development, enhancing crop monitoring, yield
estimation, and precision agriculture practices, and ultimately supporting informed
landscape-level decision-making in water resource management.

Keywords: geospatial analysis, remote sensing, water resources, climate, crop
water demand, irrigation efficiency
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AnHOTamusl. Ozexminici. Maxkana KazakcTaHHBIH AJIMaThl OOJBICHIHIAFBI
YnkeH AJMaThl KaHAJIBIHBIH CYy PECYpCTapblH T€OKKEHICTIKTIK TallayFa apHaJIFaH.
3eprreneTin aiiMak opTypii JaHamadTHIMEH CUIIaTTalabl: Taynap, Tedenep, o3eH
aHFapJIaphbl XKOHE BICTHIK, KYPFaK a3bIMEH, CYBIK KBICIICH, JKYMCaK KY30€H jKoHe
OipTiHACT KBUIBIHATBIH KOKTEMMEH CHIATTalaThlH KOHTHMHEHTTIK KIMMaTKa ue.
JKaszrpl KaybIH-IIAMIBIH HICKTEYMi, oaerTe 40 MM-JeH acmaiiipl, an TaylapAarbl
KBICKBI Kap KaJIBIHIBIFBI Cy KOPJIapbIH TONBIKTBHIPAIBI )KOHE Cyapy YILIiH MaHbBI3/IbL.

bacrankeina Ynken Anmarbl kaHanel ImamameH 174,6 MbBIH Ta aybll
HIapyalIbUIBIFEl JKEPJIEPIH CyapyMEeH KaMmTaMmachl3 eTKeH. AJaiia, dleyMeTTiK-
SKOHOMHKAJIBIK ©3TepicTep, KIMMATTHIK KYOBUIMAIBUIBIK KOHE Cy pecypcTapbiH
Oackapyaarbl KEMUIUTIKTEp HOTHIKECIHIIE CyapbUIaTBIH Kep KejeMi IIamMaMeH
80 MbIH ra-ra neiiH Kpickapabl. KommanelcTarbl cy maiifjanaHy Kyieci cyablH
KETiCIeylIiliri, TeH O0exiHOeyl KoHe cyapy MOTCHUIMAJIbIH THIMCI3 HaiganaHy
CHSIKTBI Mocenieniepre Tamn 0onyasl. Maxcamei. by 3eprTey THIMII cy maliganany
YKOHE TYPaKTHI Cyapy >KOCHapbIH jKacay YIIiH KalIBIKTBIKTAH 30HATAY SJiCTEpiH
KOJIIaHy/Abl KApacThIPaIbl.

Ooicmepi. CyapbliaTblH jKepiepli Oaranay, JaKbULAapIbl KiacCH(UKausiay
XKoHe cy OamaHchlH Tanmay ymniH Sentinel-1, Sentinel-2 xone Landsat-8/9
CIYTHHKTIK JepeKTepi, alKanThlK Oakpulaylap >oHE Tapuxu cy NaiaanaHy
JepeKTepl KOJMAHBUIABL. 3epTTey Cy PeCypCTapbIHBIH I'€OKKEHICTIKTIK YITiIepiH
aHBIKTayFa, CyapyAblH THIMIUICH Oaranayfa, KIMMATTBIK )KOHE TOMOTPa(USIIBIK
KaFaainapabpl ecKepin, Cy/bl Maiananynsl OHTalIaHABIPY OOMBIHILA YCHIHBICTAP
XKacayra MYMKIHIK Oepei.

Homuoicenepi men xopwvimoinoviiapel. Haxtel Oymany (ETa) KeHiCTIKTiK
Tajnaybl KepceTkeHaeH, ecentenred cy Kaxertiiri BAC (D®AO amici) kecremnik
MOHJIEpiHEH TOMEH, aJl CYPaHBIC TIEH YChIHBIC Talaybl KeHOip aliMakTapaa CyIbIH
apThIK OonmybiH aHbIKTanel. ETrF Herizinge ecenrtenren makpul koadduuuenTrepi
@®AO crangaprtel Kc MoHaepiHeH TemeH Oomnabl. Pagmonmokanusuiblk  Kepi
mameipay Tangayel NDVI-men aitapiablkrail Koppemsiuus KepceTTi, Oy
JaKbUIIApAbIH ©CYy caThUIapblH Oaranmayra MyMKiHIiK Oepeni. NDVI xone SAR
JepeKTepiH OipiKTipy AaKbULAApIBIH AaMybIH KEIIeHJi TEOKEHICTIKTIK Typae
TYCiHyTe, MOHUTOPUHT JOJAIrH, OHIMIUTIK Oaranay/asl )KoHE eTiH IapyalbUIbIFbI
TOKIpHOECiH JKaKcapTyFa, JaHAWAPTTHIK ACHIeie Cy pecypcTapblH OacKapyasl
HETI13/1 KYprizyre MyMKiHJIIK Oepexi.

Tyiiin ce3mep: reOKCHICTIKTIK Tajjaay, KallbIKTaH 30HATAY, CY PecypcTapsbl,
KJIUMAT, JaKbUIIAPJIbIH CY KOKCSTTLIIT, CY/Ibl Al anaHy THIMIUTIT
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AunHoTauus. Akmyanvrocms. CTaThs MOCBAIICHA TE€OMIPOCTPAHCTBEHHOMY aHa-
JIU3Y BOJHBIX pecypcoB bosbioro AiMaTuHCKOTO KaHaia B AJIMaTHHCKOM 00J1acTH
Kazaxcrana. Teppurtopust XapakTepu3yeTcsl pa3HOOOpa3HbIM JIaH[IIa(TOM FrOpaMu,
XOJIMaMH, JTOJMHAMH, ¥ KOHTUHCHTAJIBHBIM KIMMATOM C JKapKHUM, CYXHM JIETOM,
XOJIOZHOM 3UMOH, YMEPEHHOHN OCEHBIO U IIOCTENEHHO TeILIEOLEel BeCHOM. JIeTHHe
0CaJIKM OIpPaHUYCHBI U OOBIYHO HE MPeBbImatoT 40 MM, TOTIIA KAK 3UMHHI CHEXKHBIT
MIOKPOB B TOPax BOCHOJHSICT BOJHBIC PECYPCHI U MOAIEPKUBACT OPOIIICHHE.

[TepBoHauanpHO KaHaN oOecmeYnBa OpoIIeHue OKoio 174,6 ThIC. Ta CEIbCKO-
XO35IUCTBEHHBIX 3€Me€Jlb. BcneAacTBue colManbHO-3KOHOMUYECKUX HW3MEHEHUH,
KJIUMAaTUYECKOW M3MEHYMBOCTH M HEIOCTATKOB YIPABICHUSI BOAHBIMU PECypCaMu
opolaemast IoIa b cokparmiack 1o npuMepHo 80 Toic. ra. CyIiecTByromas cuc-
TeMa BOJIOIOJIb30BAHUS CTAJIKMBACTCS C MPOOJIieMaMK HEXBAaTKH BObI, HEPABHO-
MEPHOTO pAaCIpEACNCHUs U HEONTUMAJIBLHOTO WCIOIb30BAHUS HPPHUTALUOH-
HOorO moTeHnuana. [lens. VccnemoBanue paccMarpuBaeT MPUMEHEHHE METOOB
JUCTAHIIMOHHOTO 30HAMPOBaHUS JUIsl TOBBINICHUs 3()()EKTUBHOCTH BOJIOIMOJIb-
30BaHUS U YCTOWYUBOTO IIAHUPOBAHUS UPPUTALIUU.

Memoowl. J1y1st OLICHKU OpOIIaeMbIX 3eMeJb, KIIACCU(DUKAIIUH KYJIBTYD U aHAJIH3a
BOJIHOTO OaJiaHCa MCIOJIh30BAIUCH CITyTHUKOBBIC JaHHbIe Sentinel-1, Sentinel-2 u
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Landsat-8/9, moneBble HAOMIOACHNS K HCTOPHUUECKUE JAHHBIC O BOIOTIOTPEOICHHH.
HccnenoBanue BBISBISET IEOMPOCTPAHCTBEHHbIE 3aKOHOMEPHOCTH paciipeeieHNs
BOJHBIX PECYpcoB, OLECHUBAeT 3((PEKTUBHOCTh OPOIICHUS H (QOPMYIUpyeT
PEKOMEHAALMH 110 ONTHMHU3ALMH BOJOIIOIB30BAHHS C YUETOM KIMMATHUECKUX U
Tonorpad)uIecKux yCIoBHH.

Pesynomamsr u 6v1600b1. IlpocTpaHCTBeHHBIN aHanmu3 (HaKTUYECKOH 3BaIio-
tpancnupanuu (ETa) mokaszan, yto paccuMTaHHas MOTPEOHOCTb B BOJE HHUKE
TabnuuHbix 3HaueHU BAC (Metom PAO), a aHanmu3 crnpoca U TPEATIOKCHHS
BBISIBUJI JIOKQJILHOE MPEBBIIICHUE BOAHBIX pecypcoB. KoadduumeHTs! KymbTyp,
paccuntansblie no ETrF, nuxke cranpaptaeix Ke ®AO. Ananus paanonoKanoHHOTO
0o0paTHOTO paccesHHsI ToKa3ayl 3HauyuMyr Koppemsimuio ¢ NDVI, mo3Bomss
OLIEHMBATh cTazuu pocrta Kyasryp. Murterpaums NDVI n SAR obecneunBaer
KOMIUIEKCHOE MPOCTPAaHCTBEHHOE MOHUMAaHHE PAa3BUTHSI IOCEBOB, MOBBIIIACT
TOYHOCTh MOHUTOPUHTA, OLICHKU YPOXKAaHHOCTH M MPAKTUK TOYHOTO 3eMJICICIHS,
MOAJIEPXKHUBasi 000CHOBAHHOE yNPaBJICHUE BOAHBIMHU PECypcaMy Ha JJaHAIAaPTHOM
YpOBHE.

Ki1roueBble cji0Ba: reonpoCTpaHCTBEHHBIH aHalW3, TUCTAHIHMOHHOE 30HIM-
poOBaHME, BOAHBIC PECYPChl, KIMMAT, BOZOIOTPEOHOCTb KYIbTYp, 3)(PEKTUBHOCTD
WCTIOJIb30BAHUS BOJIBI

Introduction. Due to the arid and semi-arid climatic zone, the main part of
South Kazakhstan agricultural lands need irrigation water systems. The area of the
research is Karaturuk region, which belongs to the irrigated area of the Big Almaty
Canal shown in Fig.1. The Big Almaty Canal was built in the 1980s to irrigate
croplands for 174.6 thousand ha, the length of the canal is 168.2 km. The current
irrigated area was reduced to approx. 80 thousands ha due to different social-
economic and climatic reasons. One of the main gaps that the water department
of Big Almaty Canal has is water use planning for irrigation using remote sensing
inputs. The crop inspection is done by field work. Water use plan is based on the
farmers orders, reports and field measurements. The research authorities experience
the problem of deficit supply or underutilization of created irrigation potential every
year. With this background, the present work is taken up to explore the potential of
remote sensing in improving the water management in the irrigated command area
of Big Almaty Canal project.
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Figure 1 — Location of the Big Almaty Canal

Literary review. Irrigation water management plays a crucial role in agriculture,
ensuring efficient water use and sustainable crop production. Understanding
the water requirements of crops is fundamental to effective irrigation water
management. Crop water use depends on factors such as crop type, growth stage,
climate, soil type, and management practices. Evapotranspiration (ET) models,
such as the Penman-Monteith, Makkink-Advection equations, are widely used to
estimate crop water requirements and guide irrigation scheduling (Cruz-Blanco et
al., 2014).

Various irrigation scheduling techniques are employed to optimize water use
and improve crop productivity (Ahmed et al., 2023). These include soil moisture-
based methods using sensors, such as tensiometers or capacitance probes, as well
as plant based methods that consider crop water stress indicators, such as leaf water
potential or canopy temperature. Additionally, weather-based methods utilize
meteorological data to estimate crop water requirements.

Efficient water delivery systems are crucial for effective irrigation water
management. Conventional methods, such as surface irrigation and sprinkler
systems, have been widely used. However, more advanced techniques, including
drip irrigation and precision irrigation, have gained popularity due to their ability
to deliver water directly to the plant root zone, minimizing losses and maximizing
water use efficiency (Yingshan et al., 2024).

Advancements in technology have revolutionized irrigation water management.
Sensor-based technologies, such as soil moisture sensors and weather stations,
provide real-time data for accurate irrigation scheduling (Obaideen et al., 2022).
Remote sensing techniques, including satellite imagery and aerial drones, enable
monitoring of crop water stress, evapotranspiration, and irrigation efficiency at
larger scales. Studies about spatial and temporal distribution of reference (ETo)
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and actual evapotranspiration (ETa) estimation, crop water requirement and water
supply risk during long period of time show the potential of using remote sensing
inputs for water irrigation management in arid regions (Mahmoud et al., 2019;
Shen et al., 2013).

Water scarcity and environmental concerns have prompted the development
of water conservation strategies in irrigation water management. These strategies
include deficit irrigation, which involves deliberately applying less water than the
crop’s full requirement during non-critical growth stages. Additionally, water-
saving techniques, such as mulching, crop rotation, and precision irrigation, are
employed to minimize water losses and optimize water use (Gabr et al., 2024).

Irrigation water management faces challenges such as water scarcity, climate
variability, inadequate infrastructure, and farmer knowledge and adoption barriers.
Overcoming these challenges requires a multi-faceted approach, including policy
interventions, capacity building, improved infrastructure, and the use of advanced
technologies. Integrated water management approaches, such as the use of smart
irrigation systems and decision support tools, can also enhance water use efficiency.
One proposed adjustment involves lowering the installation depth of the lateral
lines. This modification aims to improve the effectiveness of water delivery to
the plant roots by siting the irrigation system at a shallower depth. By doing so,
it is possible to minimize water losses resulting from evaporation or excessive
percolation, thereby enhancing water use efficiency (Ayars et al., 2006).

Sustainable irrigation water management is essential for long-term agricultural
productivity and environmental stewardship. Efforts are being made to develop
innovative approaches, including precision irrigation, site-specific management,
and the use of smart systems driven by artificial intelligence and machine learning
algorithms. These advancements aim to optimize water use, minimize environmental
impacts, and enhance overall irrigation efficiency (Lakhiar et al., 2024).

Irrigation water management is a critical aspect of agricultural production,
ensuring efficient water use and sustainable crop growth. By employing
appropriate irrigation scheduling techniques, adopting advanced technologies,
and implementing water conservation strategies, farmers can optimize water use,
increase crop yields, and mitigate environmental impacts. Continued research and
innovation in irrigation water management are crucial for addressing challenges
and achieving sustainable agricultural practices.

Materials and methods. For the pilot project a command area of 6,000 hectares
located in the Karaturuk region (Fig. 2) was taken to do our research and analysis
to find out potential use of remote sensing inputs to improve irrigation water
management.
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i I Study Area Command Area Identifiend Crop Type

Figure 2 — Command area in Karaturuk region

According to the farmers table record for 2022 dominant crop types which are
cultivated in the command area are: Alfalfa (35,17%), Maize (33,17%), Orchards/
Apples, (24,97%). Farmers follow the crop calendar which is common to South and
South-East Kazakhstan. Sowing period starts from the end of March-beginning of
April, harvesting period is the end of July-August.

The Big Almaty Canal in Enbekshikazakh District and is located in the Almaty
region of Kazakhstan. Enbekshikazakh District is situated in the southeastern part
of the Almaty region. It is bordered by the Almaty region’s Talgar District to the
west and the Almaty District to the north. The district also shares borders with
Kyrgyzstan to the south and China to the southeast. The area is characterized by a
diverse landscape that includes mountains, hills, and valleys.

Enbekshikazakh District experiences a continental climate. According to the
meteorological Data from CERES/MERRA?2 and Persiann Precipitation models
shown in Fig.3 summers are generally warm and dry, while winters are cold.
Summers are generally warm, with average temperatures ranging from 20°C to
27°C. It can get hot during the day, especially in July and August, with temperatures
occasionally exceeding 35°C. The region receives relatively low precipitation
during the summer months up to 40 mm. Autumn (September to November) brings
cooler temperatures, with average highs ranging from 10°C to 20°C in September
and dropping to 0°C to 10°C by November. The amount of rainfall increases
during this season. Winters (December to February) in Enbekshikazakh District
are cold, with average temperatures ranging from 0°C to -10°C (14°F to -4°F). The
area experiences snowfall, and the mountains surrounding the district are often
covered in snow. Spring (March to May) is characterized by a gradual increase in
temperatures. March is still cold, with temperatures ranging from 0°C to 5°C, but
by May, the average highs reach 15°C to 25°C. Precipitation levels start to decrease
in the spring.
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Figure 3 — Graphs of Meteo Data

The soil composition in Enbekshikazakh District can vary, depending on the
specific location and elevation (Pachikin et al., 2014). The region encompasses
different soil types, including. Chernozem soils are characterized by their high
fertility and dark color. They are rich in organic matter and nutrients, making them
suitable for agriculture. As the district includes mountainous areas, there are various
mountain soils found at different elevations. These soils are influenced by factors
such as slope, parent material, and climate. Solonchaks are saline soils that contain
high levels of salt. They are typically found in low-lying areas with poor drainage.
Sierozems are soils with a relatively high clay content. They can vary in fertility
depending on their drainage and organic matter content.

Methodology. The research methodology is illustrated in Fig.4 as a Flow Chart,
which presents the main stages of data collection, processing, and analysis used in
this study.

Spatial Models/ Softwares

Non-spatial

- Sentinel 1-2 - Crop type, farmers - QGIS/ArcGIS, Snap
- Landsat 8-9 order, water supply - Cloud Based
- Maps of canal reports Geoprocessing (GEE)
networks - Crop calendar
- Cadastral map - Meteo Data from

CERES/MERRA2

- Precipitation from

Persiann CDR

Figure 4 — Flow Chart of the methodology
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Image Classification. Optical imagery of Sentinel-2 was used for image
classification. Image series from the period of March and September was used.
Optimal method combining field samples is unsupervised classification k-means
due to few field samples with the pure crop classes and irrationally scattered among
study area.

Unsupervised classification is a widely used technique in image analysis and
pattern recognition. The K-means algorithm is one of the most popular methods for
unsupervised classification due to its simplicity and efficiency.

The K-means algorithm is an iterative clustering technique that aims to partition
a dataset into K distinct clusters, where K is a user-defined parameter. The method
operates by iteratively assigning data points to the nearest cluster centroid and
updating the centroids based on the mean values of the assigned points. The process
continues until convergence is achieved (Abbas et al., 2016).

One of the key strengths of the K-means method is its simplicity and
computational efficiency. The algorithm is easy to understand and implement,
making it accessible to researchers and practitioners. It also scales well to large
datasets, making it suitable for processing high-resolution imagery. Additionally,
K-means does not require labeled training data, making it useful for unsupervised
analysis.

K-means clustering has some limitations and challenges as well. One major
limitation is its sensitivity to the initial seed or centroid selection, which can result
in different clustering outcomes. The algorithm is also sensitive to outliers and
noise, which can significantly affect the clustering results. Another challenge is
determining the optimal value of K, which can be subjective and require domain
expertise.

Output with 20 clusters were validated with the field data for dominant crop
identification and Google Map as reference to identify water bodies, barren lands
and non-crop vegetation. Accuracy Assessment using the merged samples from the
field data and Google Map showed 0.89 overall accuracy.

Actual Evapotranspiration. Actual Evapotranspiration (ETa) is a measure of
the total amount of water that is lost from an ecosystem through the processes of
evaporation and transpiration. Evapotranspiration is a key component of the water
cycle and plays a crucial role in the redistribution of water in the atmosphere, soil,
and plants (Labedzki, 2011).

Evaporation refers to the process by which water changes from a liquid state
to a vapor state. It occurs when water on the Earth’s surface, such as rivers, lakes,
or soil, absorbs energy from the sun and turns into water vapor. Transpiration, on
the other hand, is the process by which plants absorb water through their roots and
release it into the atmosphere through tiny openings called stomata on their leaves
(Brouwer et al., 1986).

Actual Evapotranspiration takes into account both evaporation from the soil and
water surfaces as well as transpiration from plants. It represents the total water loss
from an ecosystem, including natural vegetation, crops, and other land surfaces.
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The measurement and estimation of Actual Evapotranspiration can be done
using various techniques and tools, such as weather stations, satellite imagery, and
hydrological models. These methods take into account factors such as temperature,
humidity, wind speed, solar radiation, plant characteristics, and soil moisture
content to estimate the amount of water that is being evaporated and transpired
(Brouwer et al., 1986).

Actual Evapotranspiration is influenced by several factors, including climatic
conditions, vegetation type and density, soil properties, and land use. It is an
important parameter for understanding and managing water resources, agricultural
productivity, and ecosystem health. By quantifying the amount of water lost
through evapotranspiration, scientists and water resource managers can make
informed decisions regarding irrigation scheduling, crop water requirements, water
allocation, and ecological conservation.

Accurate estimation of Actual Evapotranspiration is crucial for sustainable water
management, especially in regions where water resources are limited or prone to
drought. By monitoring and understanding the evapotranspiration processes, it
is possible to optimize water use, improve irrigation efficiency, and mitigate the
impacts of water scarcity on ecosystems and human activities.

EEFlux (Earth Engine Evapotranspiration Flux) is a variant of the METRIC
(Mapping Evapotranspiration at high Resolution with Internalized Calibration)
model that operates within the Google Earth Engine system. It was developed
through a collaboration between the University of Nebraska-Lincoln, Desert
Research Institute, and the University of Idaho, with funding support from Google.
EEFlux processes individual Landsat scenes from 1984 to the present and covers
nearly all land areas worldwide. It utilizes NLDAS (National Land Data Assimilation
System) gridded weather data in the United States and CFSV2 (Climate Forecast
System Version 2) gridded weather data globally to calibrate the surface energy
balance for each image.

To calculate actual evapotranspiration (ET), EEFlux employs a residual approach
based on the surface energy balance equation: ET is derived as the difference
between net radiation (Rn) and the combined soil heat flux (G) and sensible heat
flux (H). The thermal band of Landsat is used to drive the surface energy balance,
while the shortwave bands are utilized to estimate vegetation quantities, albedo,
and surface roughness.

EEFlux provides valuable information about evapotranspiration at a high
spatial resolution, facilitating the assessment of water usage and vegetation health
over extensive areas. By harnessing the capabilities of the Google Earth Engine
platform, it can efficiently process and analyze large volumes of satellite imagery
and meteorological data.

Crop growth stages are typically categorized into distinct phases, such as
germination, vegetative growth, flowering, fruiting, and senescence. FAO separates
four crop growth stages: initial stage, crop-development, mid-season and late
season.
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Each stage has unique characteristics that can be identified using different
Remote Sensing data approaches.

Normalized Difference Vegetation Index (NDVI) is a widely used vegetation
index derived from remote sensing data, primarily using visible and near-infrared
spectral bands. It quantifies the amount and vigor of green vegetation. During
different crop growth stages, NDVI values change, providing insights into vegetation
health and development. NDVI values are typically low during the initial stages of
crop growth, increase as vegetation cover expands, and reach a peak during the
maximum photosynthetic activity stage. Subsequently, NDVI values may decline
as the crop matures and senescence. By analyzing temporal NDVI patterns, it is
possible to identify and monitor different crop growth stages (Berger et al., 2019).

By analyzing SAR images that can also acquire different growth stages, it is
possible to develop classification algorithms to identify and track these stages. SAR
is an active remote sensing technology that uses microwave signals to illuminate
the target area and measures the backscattered energy to generate high-resolution
images. The backscattered radar signal is influenced by various factors, including
the properties of the target surface, such as roughness, composition, and moisture
content, as well as the incident angle and polarization of the radar wave. Backscatter
analysis involves the study of these signals to extract valuable information about
the target characteristics and environmental conditions.

In SAR imagery, the intensity of the backscattered signal is typically represented
by different shades of gray or color, where brighter pixels indicate higher
backscatter values. By analyzing the variations in backscatter across the image,
important information about the target, such as topography, vegetation, land cover,
soil moisture, and changes over time can be derived.

Backscatter analysis often involves comparing different SAR images acquired
under varying conditions, such as different frequencies, polarizations, or temporal
intervals. By analyzing the changes in backscatter patterns, we can monitor land
surface changes, detect vegetation growth, assess deforestation, monitor agricultural
practices, track urban development, and even detect changes in the Earth’s surface
due to natural disasters or geological processes.

Crop growth monitoring and assessment are critical for effective agricultural
management and decision-making. Remote sensing technologies, such as synthetic
aperture radar (SAR), offer valuable insights into crop development by analyzing
the backscattered radar signals.

To do crop growth monitoring we chose 5 samples from croplands where only
one crop type is cultivated shown in Fig.5. Time series of NDVI derived from
Sentinel-2 and SAR images VH polarization band of Sentinel-1 (Fig.6) were used
to get NDVI and backscatter values.
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Figure 5 — Location of samples

a) Corn fields b) Alfalfa fields c) Orchards(gardens)
Figure 6 — Samples of different croplands taken from Sentinel-1 image series to backscatter analysis
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Backscatter Signatures for Crop Growth Stages Different crop growth stages
exhibit specific backscatter signatures due to changes in canopy structure, moisture
content, and biomass. During the early growth stages, crops have lower biomass
and less developed canopies, resulting in lower backscatter values. As the crops
progress towards maturity, canopy density increases, leading to higher backscatter
values.

To derive crop growth stages from backscatter analysis, a time series of SAR
images is required. These images should cover the entire crop growth cycle
to capture the changes in backscatter values at different stages. Preprocessing
techniques, including radiometric calibration, speckle filtering, and geometric
correction, are applied to the SAR data to enhance the accuracy of the analysis
(Abdikan et al., 2018).

While backscatter analysis provides valuable insights, it has certain limitations.
Factors like weather conditions, crop types, and field variability can influence
the backscatter response, leading to challenges in classification accuracy. Further
research is needed to refine classification algorithms, integrate multi-sensor data,
and develop crop-specific models to improve the reliability and applicability of
backscatter analysis for deriving crop growth stages.

Backscatter analysis of SAR data offers a non-destructive and efficient method
to derive crop growth stages. By analyzing the backscattered radar signals,
crop development can be monitored and assessed, enabling precise agricultural
management practices. With ongoing advancements in remote sensing technologies
and machine learning algorithms, backscatter analysis holds great potential for
enhancing crop monitoring and improving agricultural productivity.

Integrating NDVI and SAR backscatter analysis enhances the understanding
of crop growth stages. The combination of optical (NDVI) and radar (SAR) data
provides complementary information on vegetation characteristics. NDVI is
sensitive to chlorophyll content and leaf area, while SAR backscatter captures
structural and moisture-related variations. By fusing these datasets, it is possible
to overcome limitations posed by cloud cover, obtain more accurate and consistent
crop growth information, and improve crop monitoring and management.

While NDVI and SAR backscatter analysis offer valuable insights into crop
growth stages, there are some challenges to consider. Factors such as soil moisture,
crop type, crop density, and phenological variations can influence the interpretation
of NDVI and SAR backscatter data. Additionally, calibration and validation of the
data against ground-based measurements are essential to ensure accurate results.
Moreover, the availability and cost of acquiring SAR data may limit its widespread
use compared to optical data sources.

The results and analysis are shown in Results and Discussion sections.

Crop water requirement and irrigation water requirement. The crop coefficient
(Kc) is a dimensionless parameter used in agriculture and irrigation to estimate
the water requirements of a specific crop at a given stage of its growth. It relates
the actual evapotranspiration (ETa) of the crop to the reference evapotranspiration
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(ETo), which represents the water requirements of well-watered, uniformly growing
grass or reference crop.

The crop coefficient takes into account the unique characteristics and growth
stages of different crops, as well as the environmental conditions, to adjust the
reference evapotranspiration and estimate the actual water needs of the specific
crop. It provides a multiplier or adjustment factor to determine the crop’s water
requirement relative to the reference crop.

The crop coefficient varies throughout the different growth stages of a crop,
reflecting the changing water demands as the crop develops. It is typically highest
during periods of active growth and transpiration and lower during periods of
slower growth or dormancy.

Crop coefficients are often determined through empirical measurements or
research studies specific to a particular crop and region. They can also be obtained
from published guidelines and databases developed by agricultural organizations,
research institutions, or governmental agencies.

The crop coefficient is used in the calculation of crop water requirements using
the following equation 1:

Crop water requirement (ET ) = K_x ET, )

where ET_ is the crop water requirement, K is the crop coefficient, and ET _ is
the reference evapotranspiration.

By applying the appropriate crop coefficient to the reference evapotranspiration,
farmers and irrigation specialists can estimate the irrigation needs of a particular
crop during each growth stage. This information is valuable for efficient irrigation
scheduling, water management, and optimizing crop production while avoiding
water stress or over-irrigation.

It is important to note that crop coefficients are specific to particular crops, and
different crops may have different coefficients for each growth stage.

Additionally, local climatic conditions, soil properties, and management
practices can influence the crop coefficient values. Therefore, it is recommended
to consult local agricultural experts, research institutions, or agricultural extension
services to obtain accurate and region-specific crop coefficient values for precise
irrigation management.

Performance Evaluation and Demand Supply Analysis. Conducting a demand-
supply analysis in irrigation water management involves considering the unique
aspects of water availability, crop water requirements, and local water management
practices. Local water management authorities and agricultural experts can provide
specific data and guidance for conducting a comprehensive analysis in your specific
area of interest.

Performance evaluation involves assessing the efficiency and effectiveness of
water use practices and systems.
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Assessing the available water supply sources for irrigation may include surface
water from rivers, reservoirs, or canals, as well as groundwater from wells or
other sources. Consider the quantity of water available from each source and
any limitations or constraints that may affect the supply, such as water rights,
infrastructure capacity, or environmental considerations. Due to the time limit we
were unable to include those sources.

Evaluation of the water demand for irrigation purposes considers factors such
as crop water requirements, evapotranspiration rates, irrigation efficiency, and
cropping patterns. Analyze the total water demand for the specified area and identify
any variations in demand throughout the year based on crop cycles or seasonal
patterns. Equations 2 and 3 were used for demand supply analysis:

ETa
_ 2
Demand Irrigation Efficiency @
. — _Demand 100
Demand — Supply Efficiency = Irrigation Sapply 3)

Results and Discussion. The K-means algorithm is a widely used unsupervised
classification method with numerous applications in image analysis and pattern
recognition. While it has some limitations, such as sensitivity to initialization and
outliers, advancements and extensions have been proposed to overcome these
challenges. For this research we derived an output of 20 clusters and validated
using the field data for dominant crop identification and Google Map as reference
to identify water bodies, barren lands and non-crop vegetation.

Accuracy Assessment using the merged samples from the field data and Google
Map showed 0.89 overall accuracy.

Figure 7 shows the final LULC map used to crop water requirement and irrigation
water requirement estimation.

Land Use Land Cover Map

urban_area

== command_area
Il WATER BODY
"] NON CROP
[ BARREN
I GARDENS
I ALFALFA
"] CORN

Figure 7 — LULC map of the dominant crops
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Actual Evapotranspiration map. Actual Evapotranspiration Map for our study
area was generated using Landsat 7 and 8 Thermal bands dataset for the chosen
period as for crop classification. Using the EEFlux (https://eeflux-levell.appspot.
com) platform based on Google Earth Engine algorithm we derived 13 ETa and
ETrF maps. In the Fig. 8 and 9 ETa and ETrF monthly maps are shown.

A reference for general equations for EEFlux, based on those of METRIC
is available at: http://www.intechopen.com/books/evapotranspiration-remote
sensing-and-modeling/operational-remote-sensing-of-et-and-challenges which is
an Intech book chapter compiled by Dr. Ayse Kilic (Irmak) of the Univ. Nebraska-
Lincoln and associates at the University of Idaho and Desert Research Institute in
2012 (Allen et al., 2007).

ETrF is the “fraction of alfalfa reference ET” and is similar to the alfalfa
reference-based crop coefficient. ETrF generally should vary from 0 to 1.0 or 1.1.
ETrF is developed by EEFlux during the energy balance process. The standard
calibration (std. calib.) uses the built in automated calibration of EEFlux (which
will be revised and improved over time).

Standardized Penman-Monteith equation. ETrF is similar to the traditionally
used “crop coefficient” ETrF = ETact / Etr.
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Figure 8 — Monthly ETa maps
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Figure 9 — Monthly ETrF maps

Crop Growth stage of the dominant crops. Analyzing NDVI coefficients in the
fields of alfalfa Fig. 10 a) we can see 3 times of high values which means maximum
photosynthetic activity or mid season stage. So we can suppose in the command
area alfalfa has 3 cycles of growing during the irrigation season or 180 days, while
backscatter coefficient behavior (Fig. 10d) is similar during all growth stages. We
can explain it because of the height of the crop and frequency of the C band of
Sentinel-1 has less penetration capacity. Graphs of NDVI and backscatter values
in the fields of corn (Fig.10c and f) show good differentiation in all of the 4 growth
stages and matching the time periods. Beginning of April during the 30 days is
the initial stage, the next 50 days till mid of June is the crop development stage,
following 60 days until mid of August is the Middle season stage of the corn and
rest 40 days till end of September is the late season stage.

The analysis of the graph in the orchards (apples) (Fig.10b and e) fields need field
validation, because NDVI can show us the minimum and maximum photosynthetic
activities, which makes it difficult to differentiate phenological stages of apple
trees. The reason is that during the whole irrigation period trees have leaves and
without field observation it is hard to predict the harvesting period according to
NDVI and backscatter values.
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Based on derived ETa maps interpolation could be done to estimate crop water
requirement (CWR). To do that we need to find two ETa values from the existing
close dated maps and taking the middle date as a center, give a value from the
nearest dated map to the dates where ETa maps are not available. Summarizing the
interpolated values during the month gives us Crop Water Requirement as shown
in the Table 1.

Table 1 — Crop Water Requirement estimated by ETa with the comparison of given table

Corn, mm/ha

Alfalfa, mm/ha

Garden, mm/ha

BAC 552,6

822.4

736,8

ETa 310,25

351,06

317,10

Estimated values are less than the given table from the BAC which could mean
the command area needs less water for the irrigation.

Using water supply information for 2022 from the BAC we can estimate
irrigation water requirement (IWR) according to the farmers irrigated area and ratio
between actual supplied water and IWR shows us the water demand supply. Ideally
90-100% shows the rational water supply, below 50% - over supply more than 50%
- oversupply or water deficit.

Table 2 gives information about the crop fields which we took as samples. This
estimation was done for 99 out of 163 irrigated lands, because 99 farmers cultivate
only a single type of crop among the dominant classes.

Table 2 — Information according the samples derived by ETa Maps and the BAC data

Corn Alfalfa 1 Alfalfa 2 Garden 1 Garden 2
Planned, m? 142336 62303 37382 3538873 524691
Actual supplied, m* | 288307 67382 49842 4424720 254636
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IWR, m? 79913 26595 15957 1523041 225814
Water demand, % | 27,72 39,47 32,02 34,42 88,68
Crop land ID 400049 303102 301930 4294 24070
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Figure 11 — Demand Supply Analysis for all the croplands

Fig.12 and Fig.13 represent the demand supply analysis of the command area
for alfalfa and for the corn fields respectively estimated using CWR derived by ETa
and tabled BAC data. It is observed that by ETa water distribution in the study area
is more than is required for crop irrigation compared by BAC values, which shows

a more balanced and rational distribution.
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Figure 12 — Demand Supply Analysis for alfalfa fields by ETa and BAC
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Figure 13 — Water Demand Supply for corn fields by ETa and BAC

In Fig.14 and Tables 3 and 4 we can see the difference between crop coefficient
(Kc) values given by FAO and estimated using ETrF maps.
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Figure 14 — Crop Coefficient Graph
Table 3 — Kc of Corn
Corn (180 days) |30 50 60 40
Growth stage Initial Crop development Mid.season Late season
FAO 0.4 0.8 1.15 0.7
ETrF 0.345 0.458 0.83 0.458

Table 4 — Kc of Alfalfa

Alfalfa
FAO 0.95
ETrF 0.6
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With the derived results we can assume that FAO based coefficients are not
suitable for the command area and should be validated with the field observations
based methods. This difference might be due to FAO uses universal approaches to
estimate coefficients. Additionally long period analysis with the same methodology
recommended, which might show the time series changes during the years. Water
loss might happen due to the irrigation method, condition of the canal canal
infrastructure for water supply, farmers expertise and experience in water planning
estimation.

Conclusion. Aimed objectives are done and parameters for irrigation water
management were estimated using Remote sensing inputs. Water Requirement
derived from ETa is less than tabled water requirement method used by BAC (FAO
method). Demand supply analysis shows over supply of water. Crop coefficients
derived from ETrF are less than FAO K .

Backscatter analysis shows correlation with NDVI to analyze crops at different
growth stages. In conclusion, combining NDVI and SAR backscatter analysis
enables a comprehensive understanding of crop growth stages by leveraging the
strengths of both techniques. Integrating these data sources can improve crop
monitoring, yield estimation, and precision agriculture practices, ultimately
enhancing decision-making in agricultural management.

Recommendations. Using ML for crop classification and more samples in
training dataset. Same analysis is suggested to do for a 5-10 years period to find
out coefficient crop water requirement and irrigation water requirement. Crop
coefficient as well could be estimated and updated. Using TomoSAR techniques to
estimate biomass and yield in corn irrigated lands. This might give a view of the
relation and understanding between oversupplied and water deficit periods.
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