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Article Info ABSTRACT

Article type: This research study aims to investigate the effect of climatic variables,
specifically precipitation, temperature, and humidity, on changes in
vegetation indices of orange orchards in Hassan Abad, Darab County,
using satellite data. Consequently, observational data, including
orange tree phenology data and meteorological data from the
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Received agricultural weather station, were collected over a period of more than
2021/04/15 10 years (2006 to 2016). MODIS images from 2006 to 2016 were
Received in revised referenced based on territorial data and 1:25000 maps from the Iran
2021/07/03 National Cartographic Center. These images were used to calculate

remote sensing vegetation indices, namely the normalized difference

Accepted vegetation index (NDVI) and enhanced vegetation index (EVI). The
2021/07/05 results demonstrated that the variables of maximum humidity,
Published minimum temperature, and precipitation have a significant positive
2021/07/12 effect on the NDVI variable. Additionally, the variables of maximum

temperature and minimum humidity have a significant negative effect
on both the NDVI and EVI. To determine the significance of each
2024/01/21 independent variable in predicting the dependent variables, the
artificial neural network method was employed. The findings showed
that the climatic elements of precipitation, minimum temperature,
Keywords: maximum temperature, minimum humidity, and maximum humidity
had the greatest effect on EVI, with values of 0.39, 0.3, 0.13, 0.1, and
0.06 respectively. Moreover, the effect of these variables on the NDVI
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Bayesian regression, index is equal to their coefficients, which are 0.2, 0.28, 0.22, 0.11, and
artificial neural network, 0.17 respectively. Finally, the ARMAX regression method was used
ARMAX. to improve the explanatory power of the model. The results indicated
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Introduction

The southeastern region of Fars province is widely recognized as a significant hub for citrus
cultivation within the country. It covers extensive areas of cultivable land in this province.
Due to the crucial role of citrus cultivation in meeting the nation's food requirements and its
substantial impact on the regional economy, strategic planning regarding the phenological
information of citrus fruits in this area holds the potential to address numerous challenges
within the agricultural sector of eastern Fars province. Understanding the phenological status
of citrus plants in relation to climatic fluctuations within citrus orchards can significantly
contribute to the planning and management of these fluctuations, ultimately fostering the
development of the agricultural sector in the province. While previous studies have
employed similar methodologies, this research aims to highlight three distinct methods for
investigating this issue. Recognizing the profound influence of climatic variations on plant
phenology and acknowledging the pivotal role this understanding can play in agricultural
planning and management, this study approaches the matter from a fresh perspective and
methodological approach. Thus, the objective of this research is to explore the relationship
between the dependent variables EVI and NDVI and the independent variables of minimum
humidity, maximum humidity, minimum temperature, maximum temperature, and
precipitation using a Bayesian regression approach.

Material and Methods

In this study, the utilization of MODIS satellite images from 2015 to 2016 aligns with the
stated objectives. These images were acquired at 10-day intervals. Moreover, 1:25000 maps
from the Iran Mapping Organization were employed for ground reference purposes. To
complement the satellite data, historical climate data, encompassing maximum temperature,
minimum temperature, maximum and minimum daily humidity, and rainfall during key
phenological stages over a period of ten agricultural years, were obtained from the Hasan-
Abad Darab agricultural meteorological station on a daily basis throughout a statistical
period of ten years (2006-2016). This research aims to investigate two widely used and
significant remote sensing indicators for assessing vegetation health and condition.
Additionally, artificial neural networks, Bayesian regression, and ARMAX regression
methods were utilized to analyze and interpret the impacts of climate fluctuations on
vegetation indicators. The selection rationale for each method is subsequently discussed
briefly.

Results and Discussion

To compute the aforementioned coefficients, the Gibbs algorithm was employed in 30,000
simulations. Among these, 10,000 initial simulations were disregarded, and the average of
the remaining 20,000 simulations was considered as the coefficients for the regression
model. As indicated by the regression outcomes presented in Table (1), all variables
demonstrate a significant impact on the EV1 variable, as their probability values (P-values)
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are less than 0.05. Specifically, the variables of maximum humidity, minimum temperature,
and precipitation exhibit a significant positive effect on the EVI variable. Conversely, the
variables of maximum temperature and minimum humidity display a significant negative
effect on the dependent variable EVI. In summary, Bayesian regression analysis suggests
that climatic variables such as maximum humidity, minimum temperature, and precipitation
are responsible for the observed variations in the vegetation index within the orange orchards
of the study area. In other words, for each unit increase in these variables during the period
(2006-2016), the EVI also experiences a corresponding increase. However, the variable of
maximum temperature demonstrates an inverse relationship; as maximum temperature
increases, EVI values decrease.

Conclusion

On a global scale, there exists a close relationship between vegetation indicators and climate
variables. Understanding this correlation and investigating the effects of climatic parameters
on vegetation can have a significant impact on agricultural planning and management. The
primary aim of this study was to utilize linear regression and neural network models to
identify the most influential climatic factors that affect changes in vegetation indices within
the study area over a period of ten years (2006-2016). In addition to employing ARMAX
linear regression, this study also utilized Bayesian regression, which, unlike most previous
research, incorporates prior distribution information in combination with the researcher's
data to elucidate the role of climatic variables. The strength of this approach distinguishes
the present study from past studies. Based on the findings of this research, it was observed
that maximum humidity, minimum temperature, and precipitation have a significant positive
effect on the NDVI variable. Conversely, maximum temperature and minimum humidity
demonstrate a significant negative effect on both the dependent variables NDVI and EVI.
These results are consistent with previous research conducted by Moradian et al. (2019),
Kong et al. (2018), and Makram et al. (2016). In order to determine the importance of each
independent variable in predicting the dependent variables, the artificial neural network
method was employed. The results indicate that precipitation (0.39), minimum temperature
(0.3), maximum temperature (0.13), maximum humidity (0.1), and minimum humidity
(0.06) have the most significant impact on EVI. Furthermore, significant precipitation (0.2),
minimum significant temperature (0.28), maximum significant temperature (0.22),
maximum significant humidity (0.17), and minimum significant humidity (0.11) exert the
greatest influence on NDVI.

Keywords: Climate variables, Bayesian regression, artificial neural network, ARMAX.
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