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Estimation of Urban LandSpace Vegetation Coefficients Using SEBAL
Algorithm and Landsat Images (Case Study: Mashhad)

Ali. Misaghi!, Hossien. Ansari?*, Kamran. Davari3, Ali.Rez\. FaridHosseini*

Abstract

For estimating evapotranspiration of landscape, in addition to vegetation coefficient, coefficients related
to microclimate, plant density adjustment and specific plant species adjustment must also be calculated.
In this study, using Landsat 7 satellite images and Mashhad Synoptic Station data, the actual
evapotranspiration of landscape was calculated then, using climatic and environmental parameters
obtained from satellite images and Seabl model, a relationship between microclimate coefficient and
air temperature as well as relationship between density coefficient and normalized difference index of
vegetation was established. Finally, the obtained relationships were evaluated by field monitoring of
soil moisture in Ghadir Park of Mashhad. By determining the locations of field locations on the satellite
image the relationship between NDVI index and the landscape density coefficient was investigated. The
results showed that the best model presented using linear regression as Kd = 0.9941 * NDVI + 0.5058
with a correlation coefficient of 0.98 that the maximum percentage of error between calculated
evapotranspiration for landscape using extracted relationships and measured values from moisture
weight monitoring is less than 24%. due to severe water deficit in the forest landscape and insufficient
water availability of the plant, evapotranspiration calculation using the Sabal model is inappropriate
and has many errors. Therefore, instead of using the Sebal model, the extracted relationships can be
used to determine the vegetation coefficients and the water requirement of urban landscape.
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Estimation of Urban LandSpace Vegetation Coefficients Using SEBAL
Algorithm and Landsat Images (Case Study: Mashhad)

Ali. Misaghi', Hossien. Ansari?*, Kamran. Davari?, Ali.Reza. FaridHosseini*

Introduction

The water requirement of plants depends on many parameters such as soil holding capacity, air
temperature, slope, air dryness, the amount of constant winds, shade, etc. and not only varies
from place to place, but even in a city from place to place. Another and even in one place varies
from point to point according to the above parameters. Now, due to the calculation of three
additional coefficients for evaporation and transpiration of landscape compared to the
evaporation and transpiration of crops, the problem of accurate calculation of these parameters
is doubled, and requires high accuracy and the use of appropriate methods (National Committee
Working Group, 2008). Costello et al (2000) conducted a study in six different areas of
California on the water requirement of landscape plants as well as plant coefficients. They
suggested that the vegetation coefficient of landscape consists of three different coefficients of
plant diversity, density and microclimate..but the studies of water needs of landscape and its
coefficients have been less studied. Therefore, considering that the coefficients of landscape
are one of the main pillars of calculating the water requirement of landscape, in this research,
these coefficients have been studied and evaluated. Also, due to the permanent water shortage
in Mashhad and the existence of cross-sectional crises such as drought, estimating the amount
of water required and water supply of existing urban landscape and the development of this
space, requires careful planning. It should be noted that in none of the studies, no research has
been done on the three coefficients of landscape, especially microclimate and density
coefficients, but in this research, in particular, the focus has been on microclimate and density
coefficients. Their relationship with climatic and environmental indicators has been
determined.

Methodology

To calculate the landscape coefficients in this study, it is necessary to estimate the actual
evapotranspiration (ETa). For this purpose, the surface energy balance algorithm (SEBAL)
technique was used using Landsat 7 satellite images. Given that in the landscape coefficient
method, a range of numbers is defined for each of the landscape coefficients and experts select
different numbers for a similar situation with an expert view, obtaining relationships to
determine these coefficients to it seems necessary to remove the expert opinion. The air
temperature parameter was used as the most important factor affecting evapotranspiration in
this part of the research and the relationship between this parameter and the microclimate
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coefficient was established. According to the definitions of microclimatic coefficient, in this
part of the air temperature raster layer was used during the calculation of actual
evapotranspiration from Sabal model. Therefore, in Ghadir Park, pixels were considered as
control pixels. The feature of these pixels is the absence of any microclimates in and around
the pixels. Next, pixels were selected that have different sub-climates (proximity to highways,
asphalt roads, large water storage pool, existence of buildings and pilgrim camps, proximity to
children's playgrounds). It should be noted that all selected pixels, including control pixels and
other pixels, had an equal NDVI index (representing the density factor) and an equal species
coefficient (similar plant species) so that only the effect of microclimate on evaporation could
be seen. Transpiration was compared and examined. In order to obtain a relation for the density
coefficient, a field image was taken from different places of landscape in the studied parks and
up close, and along with it, marking was done with a GPS device. Then, according to the expert
team and expert opinion for each of the images according to the WUCOLS proposal, the
amount of landscape density coefficient was determined. In the continuation of the research,
for each of the considered and studied pixels, the NDVI index was determined and based on
this, a relationship was established between Kd and NDVI. So that by having NDV1 index from
images, the value of landscape density coefficient can be extracted. In this study, in order to
validate the obtained relationships, to calculate the microclimate coefficients and density
coefficient and to determine the actual evapotranspiration of landscape, moisture monitoring
was used in Ghadir Park, Mashhad. By obtaining the volumetric moisture of the soil at the
moment of passing the satellite, monitoring the moisture and other required parameters to
determine the water requirement, which was compared with the actual water requirement
obtained from the obtained relationships.

Discussion and Conclusion

Based on the results, Landsat 7 satellite imagery provides more accurate and practical
estimation due to its high spatial resolution, especially for hydrological models, because it
distinguishes parks and urban landscapes well. Comparison between the estimated values of
evapotranspiration from the obtained relationships and the values measured using weight
humidity monitoring in Ghadir Park showed satisfactory accuracy (maximum difference less
than 24%). The results of this study showed that the closer the image date and
evapotranspiration calculations using satellite imagery and Sabal algorithm are to the irrigation
day of the desired area, the less error is created in the calculations and the greater the distance,
the Due to the lack of sufficient water in the plant root development area, the evapotranspiration
results estimated using the Sabal algorithm have more errors.
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