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Abstract: This study provides a comprehensive evaluation of methods for estimating
reference evapotranspiration (ETo) under climate change conditions. The analysis compares
several widely used approaches, including the Hargreaves, Turc, Blaney—Criddle, and FAO-56
Penman—Monteith methods, as well as the satellite-based Manna application. Meteorological data
from the Tuyabog'iz meteorological station located in the Tashkent region of Uzbekistan were
analyzed for the period 2021-2023. The methods were assessed in terms of estimation accuracy,
data requirements, and their suitability for application under local arid climatic conditions. The
results indicate that the PM-CROPWAT method estimated seasonal reference evapotranspiration
at 935.68 mm, whereas the Manna application produced a value of 706.60 mm, corresponding to
a difference of —24.5%. The Hargreaves and Turc methods significantly overestimated ETo values
by approximately +87% and +77%, respectively. A strong statistical relationship was observed
between the monthly values obtained from Manna and CROPWAT, with a coefficient of
determination of R?>=0.913. The findings demonstrate that the FAO CROPWAT 8.0 software
represents an effective tool for the practical calculation of reference evapotranspiration and
irrigation scheduling. The results of this research contribute to improving water resource
management and optimizing irrigation practices under conditions of increasing climatic
variability.
Keywords: reference evapotranspiration, climate change, Penman—Monteith method,
Hargreaves method, satellite data, CROPWAT, irrigation scheduling.

UKJIAM V3T APUIIU IAPOUTHUIA DTAJTOH DBAIIOTPAHCIIUPAIIUSHA
XUCOBJIAIIL: YCYJJIAP TAKKOCJIAHUIIU BA AMAJIMA EHJIAIIIYBJIAP
Hayaer Fyiomos
AccucteHT, “TOLIKEHT UppUranys Ba KMIUIOK XYKaJIUTUHU MEXaHU3alusanl
MYXaHIHCIApH HHCTUTYTH” MUIIHIL TaIKNKOT yHUBepcHTeTH. TomKenT, Y36eKncToH
baxoaup:koH AmaHoB
JHouent, PhD, “TouikeHT uppuraiius Ba KUIUIOK XY KAJIUTHHA MEXaHU3alusIall
MYXaHIHCIApH HHCTUTYTH MULINI TaIKUKOT yHUBepcHTeTH. TOKEHT, Y36eKncToH
E-mail: d.gulomov@tiiame.uz
Annotatsiya: Ym0y TagKuKoTAa ~ MKIMM  Y3rapuilld  IIAPOMTHAA  JTAJIOH
sanorpancnupanusau (ETo) Gaxomnam yCyIapHHUHT caMapajopiiurd Ba aHUKJIUTH KOMILIEKC
Tapana tax Kunaau. Tankukoraa Xaprpuss, Typk, bisan—Kpuaan xamaa [leaman—MonTelT
(FAO-56) ycymtapu, IyHUHTIEK CYHbUN HYIIIOIT MabyMOTIApUTa acocIanran Manna uiaoBacu
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HaTwXaJlapu y3apo takkociaanau. Taxmumnap 2021-2023 iwwiap naBomuaa TOIIKEHT BUIIOSTH
Vpra Uupumk Tymanmpa sxoitnamran Tys60FM3 METEOPOJOTHK CTaHIMACH MabIyMOTIApH
acocuJa aMaira OIMpWIAU. Ycyliap XUcoOsiall aHMKJIWTH, Tanad STWIAAUraH MabllyMOTIap
XOKMH Xam/Ia MaxaJUTui apua UKJIAM [IapOUTHIA KYJUIall UMKOHUATIApU Oyiinda OaxoiaH/u.
Hatmwxanapra xypa, PM-CROPWAT ycynmu Oyiinya Bereranusi /JaBpUIaru STallOH
sBanoTpaHcnupanus Mukaopu 935,68 MM Hu Tamkwi 3Tau, Manna unosacu 3ca 706,60 mm
KuiiMaTHH Kypcatau (apk —24,5%). Xaprpuss Ba Typk ycymnapu moc pasuiiga +87% Ba +77%
napakana rokopu Oaxomamuu kypcarau. Manna Ba CROPWAT watmxkamapu ypracumaru
koppemsanus  kodhdumuentu R?=0,913 6ynub, Oy ymap ypracuga IOKOpU OOFIHMKIHMK
MaBXKYyJIMTUHU Kypcataau. TaagkukoT HaTwxaidapu myHu kypcataaguku, FAO CROPWAT 8.0
JACTypH  JTaJlOH  DJBAalOTpPAHCIHUPAIMSHU  XHCOONAll  Ba  CYFOPUII  PEKUMIIAPUHU
peKaTaITHPHUINAA caMapald HMHCTPYMEHT XxucoOnanamu. OnMHraH HaTWXKajgap CyB
pecypciapuiaH OKWiIOHa (QoijalaHuill Ba 3aMOHABUM CYFOPUII TH3UMIIAPUHU ONTHMAl
OOLIKapHIll yYyH MyXUM aMajMi axaMHsTra ara.

Kalit so‘zlar: sTanon 3Banorpancnupanus, UKIuM y3rapumu, [lenman—MoHTENT ycynu,
Xaprpus3 ycyinu, cyHbui nyngom mabiaymoriiapu, CROPWAT, cyropuninm pexanamTipui

OIIEHKA 3TAJTOHHOM 3BAIIOTPAHCIIMPAIIVMU B YCJIOBUAX
KJIMMATUYECKUX U3MEHEHU: CPABHUTEJBHBIN AHAJIN3 METO0B 1
IMNPAKTUYECKHE TIOAXO/AbI
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V36ekucran
E-mail: d.gulomov@tiiame.uz
AHHOTanUA: B JaHHOM HCCIEIOBaHMM IPOBEACHA KOMIUIEKCHAs OLIEHKa METOJ0B

pacuéra sranonHoi sBanotpancnupaimu (ETo) B ycnoBusx nusmenenus kaumara. PaccMoTpeHs! u
COMOCTABIIEHBl IIMPOKO IPUMEHsEMBbIE MeETOnbl Xaprpus3a, Typka, bneinun—Kpunmmia un
[Tenmana—Momnreiita (FAO-56), a Takxke npuiokeHne Manna, OCHOBaHHOE Ha CITyTHHUKOBBIX
JaHHBIX. AHa/nN3 BBIIOJIHEH HAa OCHOBE METEOPOJIOTMYECKHX JaHHBIX METEOPOJIOrHYECKON
cranuuu Tys0ofu3, pacnosnokeHHON B TamkeHTckoi oOmactu PecnyOnuku Y30ekucran, 3a
nepuos 2021-2023 rr. MeTob! OLIEHUBATIKCH IO TOYHOCTH PAacuETOB, TPEOOBAHUSIM K UCXOIHBIM
JAHHBIM ¥ IPUTOAHOCTH JUIsl IPUMEHEHHUS B YCIOBMSIX apuIHOTO KiuMmaTa peruosa. [lomyuennsie
pe3ynbTaThl Moka3anu, 4uro 1mo wmetony PM-CROPWAT BennumHa CE30HHOW OSTaTOHHOU
HBAIlOTPAHCIUPALIMM cocTaBuia 935,68 MM, Toraa Kak npuiokeHue Manna rmokasano 3HaY€HHe
706,60 mm (pazanmna —24,5%). Metoasl Xaprpus3a u Typka mpoaeMOHCTPUPOBAIN 3aBBIIICHUE
pesynbratoB Ha +87% wu +77% cOOTBETCTBEHHO. Mexay 3HAu€HUSIMHU, TOJTYYEHHBIMH C
ucnoabszoBaHueM Manna 1 CROPWAT, ycraHOBII€Ha BbICOKasi KOPPEIALIMOHHAs 3aBUCUMOCTb C
kodp¢uimenTom nperepmuHanmu R?*=0,913. Pe3ynbraThl HCCIEAOBaHUS TOKA3bIBAIOT, 4YTO
nporpammuoe odecrieuenne FAO CROPWAT 8.0 sBnsiercs 3(pGeKTUBHBIM HHCTPYMEHTOM ISt
IIPAKTUYECKOI0 pacuéTa ITAJIOHHON 3BallOTPAHCIUPALIUU U MJIAHUPOBAHUS PEKUMOB OpPOILIEHUS.
[Tonmy4yeHHbIe BBIBOABI MMEIOT Ba)KHOE 3HAYEHME JJIs MOBBIMIEHHS 3(()EKTUBHOCTH YIPaBICHUS
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BOJIHBIMU pECYpCaMH U ONTUMU3ALUN UPPUTALIMOHHBIX TEXHOJIOIUH B YCIOBUAX U3MEHSIOIIErOCs
KJIMMara.

KuiroueBble cJji0Ba: STaloHHAs 53BalOTpPAaHCIMpalMsi, W3MEHEHHE KIUMaTa, METOJ
[Tenmana—Momnreiita, meron Xaprpussa, cnyTHUKOBbIe aaHHble, CROPWAT, nnanupoBanue
OpOLICHHS.

INTRODUCTION

Irrigated agriculture accounts for more than 90% of total freshwater withdrawals in
Uzbekistan, yet the operational efficiency of irrigation systems remains at approximately 0.63 [1].
Against the backdrop of accelerating global climate change, the strategic importance of precise
water management has increased significantly across Central Asia. IPCC (2022) projections
suggest that mean temperatures may increase by 2.5-4.0°C and annual precipitation may decline
by 15-20% in arid and semi-arid regions by 2050 [2], further intensifying pressure on limited
water resources.

Reference evapotranspiration (ETo) is a cornerstone parameter in estimating crop water
requirements, irrigation scheduling, and water allocation optimisation [3,5]. Systematic errors in
ETo estimation may lead to over- or under-irrigation of 20-35%, resulting in negative
consequences such as soil salinisation, yield reduction, and groundwater table rise [3,4,5].
Therefore, the selection of an appropriate ETo estimation method compatible with locally available
meteorological data is essential for sustainable irrigation management [9,15].

Over the past seven decades, numerous methods have been developed to estimate ETo,
ranging from physically based multi-parameter approaches to simplified temperature-based
equations. The FAO-56 Penman—Monteith (PM) equation is widely recognised as the international
reference standard [5]; however, its application requires a complete set of meteorological data that
is often unavailable in data-scarce regions. Temperature-based methods such as Hargreaves [6]
and Blaney—Criddle [7], as well as radiation—temperature approaches such as the Turc method
[19], provide practical alternatives. Nevertheless, their performance under arid climatic conditions
may deviate significantly from PM estimates [10,11]. More recently, satellite-based platforms such
as Manna have emerged as powerful tools for operational evapotranspiration estimation, utilising
datasets derived from Sentinel-2, MODIS, and ERAS5 to provide field-scale daily ET estimates
[8,13].

Despite these advances, systematic evaluations that combine satellite-based ET products
with classical empirical methods under the specific hydroclimatic conditions of Uzbekistan’s
irrigated lowlands remain limited. The present study addresses this gap through a rigorous three-
year comparative analysis conducted at the Tuyabog'iz meteorological station. The analysis
provides station-specific performance indicators and practical recommendations for irrigation
management.

The main objectives of this study are as follows: to evaluate seasonal and monthly
performance of five ETo estimation methods relative to the FAO-56 Penman—Monteith standard;
to quantify systematic bias and correlation of each method relative to PM-CROPWAT estimates;
to develop a tiered methodological framework adapted to different levels of meteorological data
availability.
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LITERATURE REVIEW

Penman-Monteith Method. The FAO-56 Penman—Monteith (PM) equation, formulated
by Allen et al. (1998), integrates both aerodynamic and radiative energy balance components and
is recommended by FAO as the standard method for estimating reference evapotranspiration (ETo)
worldwide [5]:
0.408A (R, — G) + vz uz(es — €a)

A+ (1 4+ 0.34us)
where: A = slope of vapour pressure curve (kPa °C™'); Rn = net radiation (MJ m2 day');
G = soil heat flux (MJ m2 day'); y = psychrometric constant (kPa °C™"); T = mean air temperature
(°C); u2 = wind speed at 2 m (m s™'); es — ea = vapour pressure deficit (kPa).

ETy, =

The PM method has been extensively validated across a wide range of climatic zones and
is currently considered the most reliable standard for ETo estimation in more than 100 countries
[5,9].

Hargreaves and Turc Temperature-Based Methods. The Hargreaves—Samani (1985)
equation requires only maximum and minimum air temperature values (Tmax and Tmin),
making it particularly suitable for regions with limited meteorological observations [6]:

ETy = 0,0023 - Ry - (Tmean + 17,8) * (Trnaz — Tomin) ™’

where: Ra = extraterrestrial radiation; Tmean = mean temperature; Tmax — Tmin = temperature
range.

The Turc method (1961) is based on temperature and solar radiation:

TTT?,E(Z'IL
Iy — 0,013 - - (£s + 50
o ’ TTTZ(_.’LZ‘)’L + 15 ( s )

The Turc (1961) method additionally incorporates solar radiation as a key variable in
estimating evapotranspiration. Several studies have evaluated the performance of simplified
temperature-based methods under arid climatic conditions. For example, Tabari et al. (2013) and
Jensen et al. (1990) reported that the Hargreaves method may overestimate ETo by approximately
20-50% relative to the Penman—Monteith method in arid regions, indicating the need for regional
calibration [10,11]. Furthermore, Droogers and Allen (2002) recommended the application of
regional correction coefficients when simplified empirical methods are used outside the climatic
conditions in which they were originally developed [19]

Blaney—Criddle Method. The Blaney-Criddle (1950) method estimates reference
evapotranspiration as a function of mean air temperature and the percentage of annual daytime
hours occurring during a given period [7]. Although an improved version for arid and semi-arid
conditions was later proposed by Doorenbos and Pruitt (FAO, 1977), studies conducted in Central
Asia indicate that the method may underestimate seasonal ETo values by approximately 20-30%
under the climatic conditions of Uzbekistan [17].

Manna Satellite-based ET platform. The Manna platform estimates daily actual
evapotranspiration using satellite-derived datasets from Sentinel-2, MODIS, and ERAS5 through
the application of energy balance and surface temperature algorithms [8]. Previous studies have
demonstrated high agreement between Manna-derived evapotranspiration estimates and reference
methods. For instance, Garrido-Rubio et al. (2020) reported a coefficient of determination of
R’=0.95 between Manna and the Penman—Monteith method in Mediterranean Spain [13], while
Liu et al. (2022) observed an agreement within £8-12% in arid regions of northwestern China
[14]. Since the Manna platform estimates actual evapotranspiration rather than reference
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evapotranspiration, systematic differences relative to PM estimates may occur and should be
considered when applying the results for irrigation scheduling.

Regional Context. Previous studies conducted in Uzbekistan have highlighted the
importance of accurate ETo estimation for irrigation water management. Sherov and Amanov
(2022) recommended the FAO-56 Penman—Monteith method as the primary reference standard
for irrigated agriculture in Uzbekistan [17]. Amanov and Gulomov (2025) investigated the spatial
zoning of water-saving irrigation technologies based on the aridity index under regional climatic
conditions [20].

The novelty of the present study lies in the systematic integration of satellite-based
evapotranspiration products (Manna) with classical empirical ETo estimation methods using data
from a specific meteorological station in Uzbekistan. This approach enables a direct quantitative
comparison of different methods within a consistent three-year dataset and provides practical
recommendations for irrigation water management.

MATERIALS AND METHODS

The study was conducted using meteorological data obtained from the Tuyabog'iz
meteorological station located in the Urta Chirchiq district of Tashkent region, Uzbekistan. The
study area belongs to a semi-arid climatic zone. The calculations were performed based on
meteorological observations collected during the period 2021-2023.

Reference evapotranspiration (ETo) values using the Penman—Monteith method were
calculated with the FAO CROPWAT 8.0 software. The Hargreaves, Turc, and Blaney—Criddle
methods were calculated using Microsoft Excel based on the available meteorological parameters.

RESULTS

PM-CROPWAT estimated mean daily ETo from 0.61 mm day ' (January) to 6.82 mm day!
(July) — an eleven-fold seasonal amplitude driven by the strong radiative and thermal forcing of
the continental semi-arid climate (Table 1). The near-perfect agreement between PM-CROPWAT
and PM-FAO (maximum monthly difference: 0.14 mm day ') confirms the internal consistency of
the FAO-56 algorithm under local conditions.

Hargreaves and Turc systematically overestimated ETo from March onwards, peaking in
July at 12.22 and 12.30 mm day ! compared with 6.82 mm day ' (PM-CROPWAT) — deviations
of +79% and +80%, respectively. This overestimation is consistent with the documented behaviour
of temperature-based methods in arid environments, where low humidity and strong advective heat
transport cause these equations to over-weight the temperature signal. Manna daily values were
20-30% below PM-CROPWAT, reflecting the fundamental distinction between actual ET
(Manna's energy balance output) and reference ET (PM's conceptual grass surface).

Table 1. Mean daily ETo (mm day") by method and month, 2021-2023 average

Month | C:'(\)AF')IS\TX\T) (i%(fgg) M;;?a BC-ETo | H-ETo | T-ETo
Jan 0.61 0.48 _ 2.15 2.15 2.08
Feb 1.19 1.13 _ 3.46 3.16 3.16
Mar 3.15 2.87 - 5.90 7.73 6.50
Apr 3.69 3.59 340 | 634 8.11 6.88
May 5.04 5.25 266 | 673 9.74 8.65
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Jun 6.53 6.74 4.70 8.66 11.81 11.78
Jul 6.82 6.96 5.37 9.56 12.22 12.30
Aug 5.85 5.66 4.86 8.69 10.62 10.45
Sep 4.22 3.93 3.49 7.05 7.83 6.85
Oct 2.62 2.19 2.54 5.84 6.89 5.83
Nov 1.70 1.23 - 4.27 4.29 3.57
Dec 0.93 0.57 - 1.73 1.84 1.79

Note: PM=Penman—Monteith; BC=Blaney—Criddle; H=Hargreaves; T=Turc; M=Manna
(growing season only). Decimal: period.

DISCUSSION

Seasonal (April-October) ETo cumulative totals varied substantially across methods (Table
2). PM-CROPWAT (935.68 mm) and PM-FAO (933.20 mm) differed by only 0.3%, confirming
near-perfect agreement. Manna accumulated 706.60 mm (—24.5%), implying that operational use
without a correction factor would leave approximately 229 mm of crop water demand unmet per
season — sufficient to cause significant yield reduction in summer crops.

Blaney—Criddle overestimated by +46.2% (1367.98 mm), Hargreaves by +87.1% (1750.40
mm), and Turc by +77.5% (1660.45 mm). These systematic biases indicate that uncalibrated
Hargreaves or Turc methods would prescribe 432-815 mm of excess irrigation per season,
increasing waterlogging and secondary salinisation risk. The largest monthly divergences occurred
in July, confirming that bias is most critical precisely when irrigation demand is at its highest.

Table 2. Monthly and seasonal cumulative ETo (mm month™) during the growing
season, 2021-2023 average

Month e ;g'F;]\?VT;T) F)(||\=/IA]2)T0 ME;:a BC-ET, | H-ET, T-ET,
56)

Apr 40.59 39.49 37.4 69.74 89.21 75.68
May 156.24 162.75 82.7 | 20863 | 301.94 268.15
Jun 195.90 20235 | 141.2 | 259.80 | 354.30 353.40
Jul 211.42 215.80 | 166.7 | 296.36 | 378.82 381.30
Aug 181.35 175.32 | 150.8 | 269.39 | 329.22 323.95
Sep 126.60 117.76 | 1049 | 21150 | 234.90 205.50
Oct 23.58 19.73 22.9 52.56 62.01 52.47
Total 935.68 93320 | 706.60 | 1367.98 | 1750.40 | 1660.45

Figure 1 shows monthly mean daily ETo for all methods. PM-CROPWAT and PM-FAO
are virtually indistinguishable throughout the year. Hargreaves and Turc run systematically above
PM from March onwards, converging with PM only in winter when temperature range narrows.
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Manna tracks the PM seasonal pattern with a consistent downward displacement throughout the

growing season.
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Figure 1. Monthly mean daily ETo (mm day™) by estimation method. Tuyabog'iz
station, 2021-2023 average. Shaded band: growing season (April-October).

Figure 2 presents growing season monthly cumulative ETo as grouped bar charts. The
divergence is most pronounced in June—July, when Hargreaves and Turc bars reach 1.7—1.8x the
PM-CROPWAT values. Blaney—Criddle consistently exceeds PM by a moderate margin, while
Manna remains the lowest throughout the season.
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Figure 2. Monthly ETo cumulative totals (mm month™) during the growing season.
Tuyabog'iz station, 2021-2023 average.

Figure 3a summarises seasonal ETo totals with PM-CROPWAT as the reference baseline.
Figure 3b displays the percentage deviation of each method, colour-coded by bias category:
green (<+5%: PM-FAOQ), orange (moderate: Manna, BC), red (high: Hargreaves, Turc). Only
PM-FAO falls within an operationally acceptable deviation; all alternative methods require
correction prior to use in irrigation scheduling.

Fig. 3a. Seasonal ET. cumulative total
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Figure 3. (a) Seasonal cumulative ETo comparison (mm season™); (b) Percentage
deviation from PM-CROPWAT. Green <+5%; orange = moderate deviation; red >50%.
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Figure 4 shows the scatter plot of monthly Manna vs. PM-CROPWAT values (R? =
0.913; y = 0.718x + 5.0). The high R* confirms that Manna reliably tracks the seasonal pattern of
reference ET, despite systematic underestimation. The slope of 0.718 (< 1.0) reflects the Manna-
PM methodological distinction: a seasonal correction factor of 1/0.718 = 1.39 may be applied to
Manna monthly cumulative values to approximate PM-CROPWAT estimates under the
hydroclimatic conditions of this site.

Figure 4, Correlation between Manna and PM-CROPWAT
monthly ETo values during the growing season
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Figure 4. Correlation between monthly Manna and PM-CROPWAT ET, values
during the growing season. R* = 0.913; linear regression: y = 0.718x + 5.0 (n = 21 monthly
data points over 3 years).

A three-tier framework is proposed for ETo estimation in the semi-arid irrigated lowlands
of Uzbekistan:

— Tier 1 — Reference standard: PM-FAO-56 + CROPWAT 8.0. Recommended
when a full suite of meteorological variables is available. Provides highest accuracy; mandatory
basis for official irrigation norms and hydrological planning.

- Tier 2 — Operational satellite tool: Manna application, with a regional correction
factor of =1.39. Suitable for real-time daily irrigation scheduling at farm or irrigation district
level when ground station data are unavailable (R* = 0.913 with PM-CROPWAT).

— Tier 3— Rapid estimation with local calibration: Hargreaves or Blaney—Criddle.
Applicable only when temperature data alone are available; uncalibrated application will produce
systematic errors of +46% to +87%.

CONCLUSION

This study conducted a systematic comparative analysis of five reference
evapotranspiration (ETo) estimation methods using three years of data (2021-2023) from the
Tuyabog'iz Meteorological Station, Tashkent Province, Uzbekistan. The results provide clear
evidence of substantial methodological differences under semi-arid climatic conditions.

The main findings are as follows:

The FAO-56 Penman-Monteith (PM) method implemented in CROPWAT 8.0
remains the definitive reference standard for ETo estimation. PM-FAO and PM-CROPWAT
demonstrated near-perfect agreement, differing by only 0.3% over the full growing season.

The Manna satellite-based platform exhibited strong seasonal correlation with PM-
CROPWAT (R’=0.913), confirming its reliability in tracking temporal dynamics. However, it
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systematically underestimated seasonal cumulative ETo by 24.5% (229 mm season™'). Application
of a regional correction factor of approximately 1.39 significantly improves its compatibility with
PM-based estimates, making it a viable operational tool for irrigation scheduling where complete
meteorological datasets are unavailable.

The Hargreaves (+87.1%) and Turc (+77.5%) methods substantially overestimated
seasonal ETo and require local calibration before application in semi-arid conditions of Uzbekistan.
Uncalibrated use may result in 432-815 mm of excess irrigation per season, increasing risks of
waterlogging and secondary soil salinisation.

The Blaney-Criddle (+46.2%) method also showed considerable deviation from the PM
standard and should not be used as a standalone planning tool without regional correction.

Based on these findings, the following recommendations are proposed for irrigation
water management in Uzbekistan:

1. Adopt PM-FAO-56 combined with CROPWAT 8.0 as the national and regional
reference standard for irrigation planning, hydrological modelling, and policy development.

2. Implement the Manna platform, applying a regional correction factor of
approximately 1.39, for operational daily irrigation management at farm and irrigation-district
levels.

3. Develop and publish local calibration coefficients for Hargreaves, Turc, and
Blaney—Criddle methods for each agro-climatic zone, using PM-CROPWAT as the benchmark.
4. Establish an integrated network of automatic meteorological stations linked with

CROPWAT to support real-time ETo advisory services for farmers.

Overall, the integration of satellite-based evapotranspiration products with the FAO
reference framework provides a scientifically robust pathway toward improving irrigation
efficiency and enhancing sustainable water resource management in Uzbekistan under climate
change conditions.
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