Journal of Range & Watershed Management

https://jrwm.ut.ac.ir/

Volume 79 (3)

Evaluation of the METRIC Model for Estimating Actual Evapotranspiration in
the Chahandab Plain, Varamin, Using Remote Sensing Data

Rahman Sharifi!

| Fatemeh Barzegari Banadkooki?"'*'* | Mojtaba Pakparvar?

1. Soil Conservation and Watershed Management Department, Tehran Agricultural and Natural Resources Research

Center, AREEQO, Tehran, Iran.

2. Engineering Department, Payame Noor University, Tehran, Iran.
3. Soil Conservation and Watershed Management Department, Fars Agricultural and Natural Resources Research

Center, AREEOQO, Shiraz, Iran.

Correspond E-mail: barzegari@?2pnu.ac.ir

Article Info

Abstract

Article type:
Research Article

Article history:

Received: 27 Dec. 2025
Revised: 14 Mar. 2026
Accepted: 07 Apr. 2026
Published online: 01 Oct. 2026

Keywords:

Agricultural hydrology,

Arid regions,

Artificial groundwater recharge,
NDVI,

Satellite imagery,

Surface energy balance.

Due to the increasing water stress in arid and semi-arid regions of Iran, the need for
accurate, non-destructive, and cost-effective methods to estimate vegetation water
consumption has become increasingly critical. The METRIC model (Mapping
Evapotranspiration at High Resolution with Internalized Calibration), as an advanced
remote sensing-based approach, has recently gained significant attention for estimating
actual evapotranspiration (ETa) across diverse landscapes. This study aimed to evaluate
the accuracy and reliability of the METRIC model in estimating ETa in the arid region
of the Chahandab Plain, Varamin, using Landsat 8 Level-2 satellite imagery in
combination with in-situ meteorological observations. After performing radiometric and
atmospheric corrections, surface energy balance components were derived with careful
consideration of local climatic conditions and land surface characteristics. The model
outputs were compared with the standard FAO Penman-Monteith model due to the
unavailability of data from weighing lysimeters. The results demonstrated high accuracy
and strong applicability of the METRIC model under Iranian climatic conditions. The
mean coefficient of determination (R?) exceeded 0.90, while the root mean square error
(RMSE) remained below 0.52 mm/day, confirming the robustness of the model and its
potential for use in operational water management. Furthermore, a strong correlation
between ETo and ETa emphasized the critical role of vegetation density and health in
regulating the evapotranspiration process, particularly in arid environments where water
availability is highly variable.
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EXTENDED ABSTRACT

Introduction: Accurate estimation of actual evapotranspiration (ETa) plays a fundamental role in sustainable water
resources management, especially in arid and semi-arid regions where water scarcity is a growing concern. In countries
such as Iran, where more than 90 percent of total water withdrawals are allocated to agriculture, traditional point-based
measurements (e.g., lysimeters) fail to capture the spatial heterogeneity of water consumption across agricultural fields.
Remote sensing-based energy-balance models have addressed this limitation by enabling spatially distributed monitoring
of ETa at field, district, and basin scales using thermal and optical satellite data. The METRIC (Mapping
Evapotranspiration at High Resolution with Internalized Calibration) model, an advanced development of the SEBAL
algorithm, has demonstrated promising results in various climates due to its internal calibration approach based on cold
and hot reference pixels extracted directly from each satellite scene. However, challenges remain regarding model
calibration, atmospheric corrections, and wind parameterization, especially in dry regions where strong advection and
large temperature gradients occur.

This study aims to evaluate the performance of the METRIC model in the Chahndab Plain of Varamin—an arid
agricultural region influenced by flood-spreading schemes and groundwater depletion. By integrating Level-2 Landsat-8
imagery, meteorological data, and two independent calibration methods, this research assesses the capability of METRIC
to accurately estimate ETa and spatial water consumption patterns. The findings provide a scientific basis for improved
irrigation planning and water allocation in dryland agricultural systems.

Materials and Methods: This study utilized atmospherically and radiometrically corrected Level-2 Landsat-8 OLI/TIRS
images to estimate ETa through the METRIC energy-balance framework. The workflow consisted of radiometric
calibration, atmospheric correction, land surface temperature retrieval, vegetation index generation, and surface energy-
balance component derivation. Key parameters—including net radiation, soil heat flux, and sensible heat flux—were
calculated following the standard METRIC procedures. The model’s internal calibration was performed using two
reference pixels: a cold/wet pixel representing maximum ET conditions and a hot/dry pixel representing minimal ET.

A major methodological innovation of this study was the integration of two independent calibration approaches: (1) water-
body calibration, ensuring an upper boundary for ET through near-zero sensible heat flux over deep water surfaces, and
(2) soil-water balance calibration, conducted using field-based crop and soil moisture observations. This dual-calibration
strategy was implemented to enhance model robustness under the heterogeneous agricultural conditions of the study area.
Meteorological inputs—including air temperature, humidity, solar radiation, and wind speed—were obtained from a local
synoptic station. Instead of using instantaneous wind speed at satellite overpass time, the model applied daily maximum
wind speed (u_max) to better represent advective conditions typical of arid environments. NDVI thresholds and land-
cover masks were locally adjusted using field surveys to improve crop type separation.

Model outputs were validated using lysimeter measurements and ET estimates derived from the FAO Penman—Monteith
method. Statistical performance was evaluated using R?, RMSE, and relative error metrics.

Results and Discussion: The METRIC model demonstrated high capability in estimating spatial and temporal patterns
of ETa in the Chahndab Plain after applying dual calibration and improved input parameterization. The model achieved
R? values exceeding 0.90 when compared with lysimeter data, while RMSE remained below 0.52 mm/day, indicating
strong agreement between modeled and observed ETa. Relative errors were consistently below 12 percent across the
evaluated dates, confirming the robustness of the calibrated model.

The dual-calibration approach proved particularly effective: water-body calibration ensured a reliable upper boundary for
ET fluxes, while soil-water balance calibration improved accuracy in cultivated fields with diverse irrigation regimes.
The strong convergence between both calibration techniques significantly enhanced the model’s reliability compared with
studies employing a single calibration approach.

Introducing daily maximum wind speed (u_max) instead of instantaneous overpass wind significantly improved
estimation accuracy—by approximately 15 percent—highlighting the critical role of advective processes in dry regions.
This modification aligns with earlier theoretical findings but had not been systematically implemented within METRIC
using Level-2 Landsat data.

Spatial analysis illustrated that the highest ETa values corresponded to dense agricultural vegetation and areas benefiting
from flood-spreading practices, whereas sparsely vegetated and water-limited fields exhibited lower ETa. A strong
relationship between NDVI and ETa reaffirmed the influence of vegetation status on water consumption patterns.
Conversion of ETa to total annual water use provided actionable insights for irrigation management and groundwater
recharge assessment. Overall, the results confirm METRIC’s suitability for high-resolution water use monitoring in arid
agricultural systems.
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Conclusion: The findings demonstrate that the METRIC model, when supported by Level-2 Landsat-8 imagery, dual-
calibration techniques, and improved wind parameterization, can accurately estimate ETa in complex dryland
environments. The study confirms key principles: (1) integrated calibration enhances model stability, (2) atmospheric and
radiometric corrections substantially reduce energy-balance uncertainties, and (3) advective climatic conditions must be
properly represented to avoid ET underestimation. No major inconsistencies were observed, although further refinement
may be required in fields with mixed land cover or rapidly changing soil moisture.

Practically, the results offer a robust framework for operational water accounting, irrigation scheduling, and evaluation
of flood-spreading impacts on agricultural water use. The demonstrated capacity to convert METRIC outputs into annual
volumetric water consumption provides decision makers with a powerful tool for optimizing water allocation in water-
scarce regions. Overall, this extended approach can be recommended as a reliable methodology for hydrological
monitoring, agricultural water management, and climate-resilient planning in arid and semi-arid areas.

Keywords: Surface energy balance, Vegetation Indices, Satellite Imagery, Agricultural Hydrology, Artificial
Groundwater Recharge, Arid Regions.
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