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Figure 1: Area of study
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Table 1 - The date of the images used in the research
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Table 2 - Calculated values ESUN, and w, for Landsat satellite
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Table 3 - Fixed values for determining surface albedo based on metric method in Landsat satellite
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Table 4 - Fixed values for determining surface albedo based on metric method in modis satellite
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Table 5 - Average values of spectral radiance and reflectance in different bands based on Sabal method for
Landsat images
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Table 6 - Average values of spectral radiance and reflectance in different bands based on Sabal method for
Landsat images
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Table 7 - The values of the solar elevation angle, the distance of the sun from the earth, the Julian day
and the atmospheric coefficient for the analyzed images from the Landsat sensor in the study area.
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Table 8 - Albedo values extracted from Sabal algorithm for hot and cold pixels
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Table 9 - Minimum, maximum and average albedo values obtained from Sabal model for Landsat images
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Table 10 - Minimum, maximum and average albedo values obtained from Sabal model for modis images
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Estimation of surface albedo using the SEBAL method for Landsat and
MODIS imagery(Case Study: Ahar County)

Jalal golreyhan' , karim amininiya *, Khalil valizadeh kamran®
Introduction

Accurate guantification of evapotranspiration is crucial for optimizing crop production and evaluating the
impact of land use and management practices on water resources and environmental quality. Albedo
monitoring is fundamental for assessing various climatic parameters, including evapotranspiration.

Given the importance of surface albedo in estimating evapotranspiration, this research aims to extract
surface albedo using the SEBAL method on Landsat and MODIS images and compare the results. While
regions with lower latitudes receive more energy, polar regions receive less. Numerous factors contribute
to the variation in the average amount of energy reaching the Earth's surface. Albedo refers to the
proportion of incident radiation reflected back into space by a surface. Considering the existing research
and the significance of albedo monitoring for climate parameters, the primary objective of this study is to
estimate surface albedo using the SEBAL method on Landsat and MODIS imagery and compare the
results. This method is highly efficient in estimating evapotranspiration using remote sensing techniques.

The Study Area

Ahar city, located in the northeastern part of East Azerbaijan Province and northwestern Iran, has a semi-
arid cold climate and covers approximately 93,307.3 square kilometers. Geographically, the city is
situated between latitudes 38 degrees and 18 minutes North to 39 degrees and 6 minutes North, and
longitudes 45 degrees and 59 minutes East to 47 degrees and 34 minutes East. Ahar city borders Heris,
Kaleybar, Varzeghan, and Ardabil Province.

Research Methodology

This research employed Landsat (6 images) and MODIS (6 images) data to estimate surface albedo values
for Ahar city using the SEBAL method. The computations were conducted using ENVI4.8 and
ArcGIS10.3 software. Albedo is essentially the fraction of incident radiation reflected by a surface. To
estimate surface albedo from satellite imagery, it is first necessary to calculate the spectral radiance of
each image individually. Subsequently, using the required mathematical relationships for analyses such as
surface reflectance, top of atmosphere reflectance, inverse square of the relative Earth-Sun distance,
incoming and outgoing irradiance, and false reflectance, and finally to estimate the amount of albedo
reaching the surface for various land cover types, each method has employed different steps.

Data Analysis

Since albedo is defined as the ratio of electromagnetic energy reflected from the soil and vegetation
surface to the incident energy on that surface, the surface albedo for the study area was calculated using
the relationships mentioned in the materials and methods section. The results are presented in tabular and
graphical forms. Based on the obtained results, the average albedo for the Landsat and MODIS images
over the study years, as presented in Table 9, is 0.42. The minimum albedo value of 0.02 was recorded on
May 29, 2021, while the maximum albedo value of 0.84 was observed on August 28, 2018. Additionally,
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the highest average albedo of 0.55 occurred on August 28, 2018, and the lowest average albedo of 0.33
was recorded on May 29, 2021. As shown in Table 10, the average albedo over the study years is 0.38.
The minimum albedo value of 0.02 was recorded on June 2, 2020, while the maximum albedo value of
0.77 was observed on August 28, 2018. Additionally, the highest average albedo of 0.47 occurred on June
11, 2019, and the lowest average albedo of 0.28 was recorded on June 2, 2020. Based on the spatial
distribution of surface albedo extracted from images 2 and 3, it was observed that the northern regions of
Ahar city, primarily covered by Arasbaran forests with interspersed agricultural lands and pastures, exhibit
lower albedo values. Conversely, urban and barren areas display higher albedo compared to agricultural
and grazing lands.

Conclusion

Since all natural phenomena exhibit unique albedo values, remote sensing technology and satellite
imagery from Landsat 8 and MODIS were employed to determine the surface albedo. Based on the
results, the average albedo for the study period was found to be 0.42 for Landsat images and 0.38 for
MODIS images. In Landsat images, the minimum albedo of 0.02 occurred on May 29, 2021, while the
maximum of 0.84 was observed on August 28, 2018. For MODIS images, the minimum albedo of 0.02
was recorded on June 2, 2020, and the maximum of 0.77 was observed on August 28, 2018. The northern
regions of Ahar County, encompassing the Arasbaran forests and grazing lands, were found to exhibit
lower albedo values. Based on the research findings, remote sensing techniques such as the Surface
Energy Balance Algorithm for Land (SEBAL) can be effectively employed, with minimal reliance on
ground-based data, to estimate surface albedo, a crucial parameter in evapotranspiration modeling. This
study accurately estimated the essential water requirements of pastures, enabling the optimization of
cultivation and irrigation practices. By implementing sound policies and identifying pastures with minimal
water needs, it facilitated maximum utilization of water resources. This approach is crucial in addressing
the pressing water scarcity challenges faced by Iran and other water-stressed countries.

Keywords: Albedo, SEBAL, Landsat, MODIS, Remote sensing, Ahar
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