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Abstract
Climate variability and fluctuations dramatically affect terrestrial ecosystems and their variations. Several studies have been 
conducted on the relationship between them in terms of use of vegetation indices. In this study, GIS-based spatiotemporal 
analyses were used to model the relationship between vegetation variations based on the EVI-MODIS and its response to 
land surface temperature (LST) and rainfall in Mazandaran province during the period of 2000–2016 in the north of Iran. 
The LST parameter was derived from the 17-year MODIS data, and rainfall parameter was achieved via meteorological 
station data in the region. Correlation and linear regression analyses at 0.95% confidence level (P value = 0.5) were used to 
study the relationship between spatiotemporal enhanced vegetation index (EVI) and two climatic parameters. The results 
indicated that the EVI had a rising trend over the study period. This was mostly due to the increase in paddy fields. The result 
also shows significant spatial correlation between EVI with LST values, which was direct during winter and inverse during 
summer. The tabulate area analysis showed that throughout the winter months, the spatial distribution of pixels matched the 
highest EVI values in pixels with a maximum temperature (20–27 °C), while during June to September, the maximum EVI 
values were related to areas where the LST was less than 25 °C. Although we found no significant simultaneous relationship 
between EVI/MODIS and rainfall in studied area, but by 1.5–2.5 months lag time in spring season, the relation between 
them reaches peak.
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Introduction

Vegetation as a linkage between the atmosphere, soil, and 
water in terrestrial ecosystems plays an important role in set-
ting the global carbon cycle, water cycle, energy exchanges, 
and climate stability through activities such as photosynthe-
sis, evapotranspiration, and modifying surface albedo and 
roughness (Richard and Poccard 1998; Zhong et al. 2010; 
Chuai et al. 2013; Bao et al. 2014; Xu et al. 2014; Luan et al. 

2018). Any kind of variation and fluctuation in vegetation 
quality and quantity, as a comprehensive index, reflects the 
changes in its environment and its climate conditions (Ding 
et al. 2007; Xin et al. 2008; Guo et al. 2014b; Leilei et al. 
2014; He et al. 2018).

Studies have suggested that climate has a large contri-
bution to the distribution of vegetation types in terrestrial 
ecosystems, spatiotemporal variations, and their changes 
on a global and local scale as a dominant and controller 
environmental factor, especially two major parameters of 
temperature and rainfall (Raynolds et al. 2008; Zhong et al. 
2010; Chang et al. 2014; Luan et al. 2018). There is clear 
evidence regarding the strong relationship and interactions 
between the vegetation of ecosystems and diversity and cli-
matic differences, monitoring, and vegetation changes, espe-
cially determination of their spatiotemporal pattern. Indeed, 
its response and reaction to variability of climate parameters 
has become one of the most important research field’s world-
wide (Richard and Poccard 1998; Kaufmann et al. 2003; Xin 
et al. 2008; Xu et al. 2014).
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Recent advances in remote sensing, especially with the 
abundance of information from multi-spectral and time 
series sensors by a wide range of satellites such as NOAA/
AVHRR, LANDSAT, and MODIS from the late 1980s 
(Zhong et al. 2010; Chuai et al. 2013; Halimi et al. 2018), 
have improved studies on distribution and monitoring of veg-
etation changes and its relationship with climatic parameters 
on seasonal, annual, local, regional, and global scales (Lu 
et al. 2015; Chen et al. 2016). Of these, the NASA MODIS 
sensor from the Terra and AQUA satellites have been used 
extensively in recent research, with 36 bands, where bands 
1 and 2 have a resolution of 250 m, bands 3–7 have a resolu-
tion of 500 m, and bands of 8–36 have a resolution of 1 km 
(Testa et al. 2018).

The common point of these studies is usage of a variety 
of vegetation indices extracted from satellites such as NDVI, 
EVI, SAVI and… (Bao et al. 2014; Chang et al. 2014). Veg-
etation indices are an important determinant factor for the 
study of changes in density, canopy, growth, biomass, phe-
nology, vegetation classification, etc. (Huete et al. 2002; 
Guo et al. 2014b; Chen et al. 2016; Hussein et al. 2017; 
Motlagh et al. 2018). The NDVI is most sensitive to chlo-
rophyll and its vegetation percentage as well as its density 
and dynamics (Hussein et al. 2017). On the other hand, the 
EVI is more sensitive and responsive to structural variables 
such as LAI, type, and canopy shape architecture (Huete 
et al. 2002; Wang et al. 2003; Li et al. 2010; Zoungrana 
et al. 2014; Phompila et al. 2015; He et al. 2018) found 
that the average NDVI of the growing season in the large 
central plains of the USA was highly correlated with tem-
perature. Ding et al. (2007) examining the Tibetan Plateau 
during 17 years observed the NDVI peak during the growing 
season. They also found a high correlation between NDVI 
and rainfall in steppe and meadow in contrast to desert and 
forest vegetation. They study by Bao et al. (2014) over the 
period 1982–2010 in the Mongolian Plateau suggested that 
the NDVI in the growing season had a high correlation with 
both temperature and rainfall variables. Guo et al. (2014a), 
in their study in northern China, observed the highest NDVI 
values in the growing season among farmland ecosystems 
and stated that NDVI in the forest areas had a positive cor-
relation with evapotranspiration and temperature, which 
had a negative relationship with precipitation. The study 
results of Leilei et al. (2014) on the relationship between 
vegetation, rainfall, and surface temperature based on the 
NDVI in Tibet of China showed that the correlation coef-
ficient between vegetation and LST in July was the lowest, 
while it was maximum in September between vegetation and 
rainfall. Zoungrana et al. (2014), in the study of vegetation 
response to precipitation in Burkina Faso, found that both 
NDVI and EVI had a positive and significant correlation 
with rainfall. According to Hussein et al. (2017), examining 
the spatiotemporal relationship between EVI and vegetation 

cover around Erbil city, there was a significant relationship 
between climatic factors and vegetation cover. In their study 
in China, He et al. (2018) also found that EVI had the high-
est correlation with rainfall, followed by relative humidity 
and temperature.

In this regard, Mazandaran province in northern Iran has 
been considered in this research owing to its temperate cli-
mate, high biodiversity, the existence of Hyrcanian forests, 
extensive rangelands, proximity to the Alborz Mountains, 
springs and rivers, high population density, as well as vari-
ous land uses such as agriculture, and tourism. The aim of 
this study was to find the pattern of spatiotemporal varia-
tions of vegetation by making time series of the EVI and its 
response to two climatic variables, land surface temperature 
(LST) and rainfall, in the period 2000–2016 in Mazandaran 
province in northern Iran.

Materials and methods

Study area

Mazandaran province is located in northern Iran, between 
35°46′ to 36°58′N longitude and 50°21′ to 54°8′E latitude, 
covering an area of 23,756.4 km2 (Amiri-Bourkhani et al. 
2017). It is surrounded from the north by the Caspian Sea 
and from the south by the Alborz Mountains and the Hyrca-
nian forests. Accordingly, a large elevation range of 100 m 
below the sea level to 5595 m above the sea level is observed 
in this province (Fig. 1). Based on the method of the De 
martin, the climate of the province is very humid, humid, 
Mediterranean, and semi-humid from the West, Center and 
East and in the mountains, respectively. The mean annual 
rainfall is 420 mm in Siah bisheh to 1380 mm in Ramsar and 

Fig. 1   Location of Mazandaran province in Iran
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Nowshahr, and its mean annual temperature ranges from 10 
to 18 °C on the coast of the Caspian Sea (Emadi et al. 2016). 
With a fertile soil, a suitable climate and water resources, 
this province is an agricultural center in Iran, especially 
paddy fields, with a population of 3,073,943 people (Amiri-
Bourkhani et al. 2017).

Dataset and analysis

1.	 EVI-MODIS dataset

In this study, the EVI was derived from the MODIS product. 
The EVI is developed based on the NDVI to enhance its 
quality which eliminates the background effects and atmos-
pheric noise (Li et al. 2010; Zoungrana et al. 2014; Lu et al. 
2015; Chen et al. 2016). The EVI is a very important quanti-
tative index of the status of vegetation growth on the surface 
of the earth, whose changes can reflect regional ecosystem 
variations (Guo et al. 2014b; He et al. 2018). This index 
is estimated based on the following formula (Huete et al. 
2002):

The RED, NIR, BLUE are, respectively, reflections of the 
red, near-infrared, and blue bands. L: canopy background 
adjustment or soil factor. C1 and C2 Aerosol resistance coef-
ficients. G: gain factor. Adopted coefficients for making the 
EVI-MODIS algorithm, L = 1, C2 = 7.5,C1 = 6 and G = 2.5.

In this study, in order to build the EVI time series data-
set of MOD13Q1, the MODIS data were used based on the 
Terra satellite with a resolution of 250 m. These images are 
produced every 16 days during the year and are available on 
the site (https​://modis​.gsfc.nasa.gov). Concerning images of 
the study area (zones h22v05 and h22v06), time series of all 
months of the year from 2000 to 2016—totally 204 images 
were downloaded from this site. Since the products have a 
sinusoidal projection system and do not need a projection 
and only the pixel sizes in the GIS were resampled to 1 km.

2.	 Climate dataset

The climatic data in this study included land surface tem-
perature (LST) and rainfall. Rainfall data from 15 meteoro-
logical stations in the area were extracted from the Iranian 
meteorological organization (www.irimo​.ir). Then, the Krig-
ing interpolation method was used in GIS to generate the 
rainfall layer. In order to create a temperature map (LST, 
°C), the time series data (MOD11A2) of the MODIS with a 
resolution of 1 × 1 km and a time resolution of 8 days were 
used. A total of 204 LST product during the study period.

(1)EVI = G ×
(NIR − RED)

(

NIR + C1 × RED − C2 × BLUE + L
)

3.	 EVI correlation analysis and climatic variables

In this study, the Pearson correlation was used to estimate 
the linear correlation between two independent variables—
LST and the rainfall—and dependent variable—EVI. Also, 
linear regression analysis was employed for simulation of 
the EVI trend during the study period (Bao et al. 2014; Chen 
et al. 2016; Chuai et al. 2013). The tabulate area analysis, an 
analytical method for detecting the relationship between the 
climate information layers and the EVI in the GIS, was also 
utilized. In this method, the distribution of a variable such as 
vegetation across different classes was evaluated by another 
variable such as temperature. In order to find the relationship 
between climatic parameters and EVI, OLS linear regression 
analysis was used. All analyses were performed in SPSS, 
EXCEL, and ArcGIS 10.3 software and at confidence level 
of 0.05.

Results and discussion

Spatiotemporal pattern of EVI variations 
in the study area

In order to understand the interactions between changes 
in climate variables and ecosystems in the region, the EVI 
spatiotemporal pattern should be obtained. The EVI trend 
fluctuations were investigated based on the regression equa-
tions obtained from the average annual EVI during the study 
period (2016–2000). Accordingly, the variation curve and 
trend of average annual EVI in Mazandaran province are 
presented in Fig. 2a.

At first glance, the curve shows the short-term (2–3 years) 
periodic effects of climatic parameters on vegetation vari-
ations in the province. As can be seen, the overall trend of 
EVI is incremental. The long-term average of EVI during 
17 years is about 0.45, with a maximum of 0.48 in 2011 and 
minimum of 0.42 in 2000. Figure 2b, c displays the trend of 
EVI changes during spring and summer, respectively. The 
trend of the EVI changes in summer has more fluctuations.

In Fig. 3, the spatial distribution of the EVI is presented 
in four periods (2000, 2005, 2010, and 2016). As shown in 
this figure, the spatial distribution of vegetation in the region 
is divided into three classes of EVI values. The class with 
EVI < 0.2, which usually includes lands without vegetation 
or bare lands. The class with 0.2 < EVI < 0.4, including of 
paddy fields, can be seen around the forest areas. The forest 
zones (EVI > 0.4) are presented as a continuous strip from 
east to west.

In Table 1, the area of each of the three classes pre-
sented. As can be seen, the class with EVI > 0.4, which 
include the forest area of the province, accounted for about 
0.37% of the total area of the province (8865 km2) in 2000. 

https://modis.gsfc.nasa.gov
http://www.irimo.ir
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While in 2005 this area accounted for 0.36% of the total 
province. In the period of 2010 and 2016, this zone has 
been decreasing trend and has been 0.34 and 0.32 of the 
province, respectively.

As shown in Fig.  4, during the study period, 
0.2% < EVI < 0.4 class, which often includes paddy fields, 
has a significant increasing trend. The increase in the area 
of this class due to the development of rice farms in the 
province.

Spatiotemporal correlation analysis of EVI and LST 
parameter in the study area

In order to investigate the effects of climatic factors on veg-
etation, the relationship between these factors and the aver-
age annual EVI was investigated on a monthly scale.

Seventeen years monthly average of the EVI and LST 
values derived from MODIS Product is illustrated in Figs. 5 
and 6, respectively. According to Fig. 5, the maximum EVI 

Fig. 2   a The trend of annual 
EVI changes, b trend of annual 
EVI changes in the spring 
and c summer in Mazandaran 
province during the period 
2000–2016
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values are seen in June and throughout June–September. 
According to Fig. 6, which represents the average monthly 
values of LST extracted from the MODIS, the July and Janu-
ary have been the hottest and coldest months in the study 
area, respectively.

The results of the monthly spatial correlation matrix 
between the two variables (EVI and LST) are presented 

in Table 2 Based on the table, the highest spatial correla-
tion between the two variables was observed in January, 
February, March, and December, respectively. In these 
months, the maximum EVI values were observed in areas 
with higher LSTs, where the relationship between the two 
variables was positive in the 4 months, while their spatial 
correlation was negative and significant during May to 
September (P value = 0.05).

Figure 7a demonstrates the standardized values (stand-
ardization according to the normal distribution) of the EVI 
and LST monthly association. The three correlation pat-
terns are clearly observable in this chart.

1.	 From January to the end of May, the EVI and the LST 
did not seem to be associated, where the LST remained 
almost constant, while the EVI fell in early March and 
increased again.

2.	 From June to the end of August, both the EVI and the 
LST were steadily increasing and decreasing with a high 
spatial correlation where the EVI followed LST with a 
delay.

Fig. 3   Spatial distribution of 
three vegetation class in the 
period 2000–2016 (with a 
5-year interval)

Table 1   The area of each EVI classes during the 4 study periods in Mazandaran province

EVI classes 2000 2005 2010 2016
Area (km2) % Area (km2) % Area (km2) % Area (km2) %

Bare land EVI < 0.2 9344 0.39 7667 0.32 6948 0.29 6229 0.26
Paddy fields 0.2 < EVI < 0.4 5750 0.24 7427 0.31 8865 0.37 9823 0.41
Mixed forest EVI > 0.4 8865 0.37 8625 0.36 8146 0.34 7667 0.32

Fig. 4   Trends in the area of vegetation classes in 4 study periods in 
Mazandaran province
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3.	 From September to the end of December, the EVI 
showed a high correlation with LST.

The results of the tabulate area analysis in Table 3 as 
well as Figs. 5 and 6 show that during winter, the pix-
els with the maximum EVI values, mainly observed in 
the eastern, central and northwest of the province, spa-
tially match the maximum LST (16–25 °C) overlap. In 
the spring, warm pixels (32–39 °C) are observed in more 
eastern regions with rice farms, but the pixels with the 
maximum EVI values overlap with pixels with LST val-
ues of about 16–27 °C. The LST spatial distribution pat-
tern in summer is relatively similar to the LST pattern in 
the spring. Indeed, the highest LST values with a range of 
34–42 °C are seen in the same areas. In June, an inverse 
spatial correlation was observed between the EVI and the 
LST, where the maximum EVI values conformed to the 
minimum LST values. Also, in July, green pixels with the 
highest EVI values were seen within a temperature range 
of 12–27 °C.

Spatiotemporal correlation analysis of EVI 
and rainfall in the study area

The overall spatial correlation between rainfall and EVI 
in the area has been insignificant. Figure 8 demonstrates a 
monthly average of 17 years rainfall in Mazandaran prov-
ince. The distribution of rainfall from the east to the west 
decreased, and the maximum rainfall occurred in fall, which 
was minimum in summer (August). According to this figure, 
the maximum rainfall (> 60 mm/month) in the north and 
northwest (the Caspian Sea) occurred in fall. In winter, the 
maximum rainfall (> 50 mm/month) was seen in the same 
areas. On the other hand, in the warm season, rainfall was 
significantly reduced to 15 mm per month.

Table 2 outlines the spatial correlation of rainfall distribu-
tion and EVI. In the spring, the maximum rainfall occurred 
in regions with higher temperatures.

Figure 7b illustrates the seasonal trend of standard-
ized EVI values and rainfall, which generally shows no 
correlation between the two variables. Specifically, the 

Fig. 5   Spatial distribution of the 17-year monthly average of MODIS-derived EVI for the study area. Dark green pixels represent pixels with the 
highest EVI value, while red pixels represent pixels with the lowest EVI
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relationship between these two variables has generally 
been insignificant and negative. However, in Fig. 7b,

1.	 A delay of 1.5–2.5 months from May to July is observed 
in the correlation of rainfall with the EVI in spring.

2.	 During the fall and winter, there is a spatial correlation 
between EVI and rainfall.

Scatterplots between EVI and LST as well as between 
EVI and rainfall are demonstrated in Fig. 9a, b, respec-
tively. The scatterplot, based on the OLS linear regression 
model, predicts EVI based on rainfall and LST. In Fig. 9a, 
there is a linear spatial relationship between LST-MODIS 
and EVI-MODIS in both summer and winter. Specifically, 
this relationship has been negative during the warm season 
and positive in the cold season.

The relationship between rainfall and EVI in scatter-
plot of Fig. 9b indicates that there is no significant spatial 
relationship between rainfall and EVI in either the warm 
season or the cold season. The spatial relationship between 
rainfall and EVI in the warm season is generally nega-
tive. In the cold season, the maximum rainfall values have 
occurred at high altitudes, matching the cold pixels, and 
because of the low LST range, the EVI values have been 
minimized.

Fig. 6   17-year monthly average of MODIS Land Surface Temperature (LST,  °C) for the study area. Dark red pixels represent pixels with the 
highest LST value, while dark blue pixels represent pixels with the lowest LST

Table 2   Spatial correlation (R) between 17-year monthly average 
LST and EVI, and spatial correlation of EVI and rainfall in study area 
at 0.95 confidence level (P value = 0.05)

Spatial correlation average LST and EVI Spatial correlation of 
EVI and rainfall

EVI R Sig R Sig

Jan 0.83 0.008 − 0.02 0.85
Feb 0.81 0.008 − 0.17 0.22
Mar 0.72 0.01 − 0.29 0.041
Apr 0.31 0.072 − 0.27 0.045
May − 0.14 0.025 − 0.12 0.27
Jun − 0.58 0.02 − 0.01 0.87
July − 0.59 0.02 0.005 0.95
Aught − 0.46 0.03 − 0.05 0.85
Sep − 0.29 0.09 0.017 0.95
Oct 0.10 0.39 0.02 0.85
Nov 0.65 0.02 − 0.02 0.85
Dec 0.76 0.01 − 0.02 0.85
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Temperature and rainfall are two major climatic factors 
affecting the growth and dynamics of vegetation (Hussein 
et al. 2017). In general, the correlation between climatic 
factors of LST and rainfall with EVI values of vegetation 
showed that the vegetation of the region responded to tem-
perature fluctuations. However, there was no significant 
correlation with rainfall. The maximum EVI values from 
June to September were observed at the peak of the growing 
season. In the cold season (December to April), the average 
values of the EVI pattern responded to LST and showed a 
strong positive spatial relationship between the two vari-
ables. Conversely, this relationship has been negative in the 
summer. This can be attributed to summer drought stress and 
high evapotranspiration in this season, with no maximum 
temperature pixels with maximum EVI overlap. The tem-
poral EVI estimation results reflect the growth pattern and 
growing season for different vegetation types in the region. 
In this regard, the beginning of the growing season in this 
region, which is generally April (Marvi-Mohajer 2005), 
has been associated with increasing seasonal temperatures, 
advent of spring, especially the greenness of forest trees 
in the region and the start of agricultural activities (paddy 
fields). Therefore, increasing EVI in the spring is a natural 
consequence of the beginning of the season of growth and 
warming of the region’s climate. With the advance of the 

growing season and the accelerated vegetation activity, this 
trend is intensified in the summer. According to Fig. 5, the 
points with the highest EVI values in these two seasons are 
seen in the Hyrcanian forest areas and rice farms. By the 
end of the growing season in December and with the fall 
of trees as well as the end of agricultural activity, the val-
ues of EVI are sharply reduced. In examining the effects of 
human activities, the results of analysis of vegetation classes 
in the 5-year intervals indicated that increasing the total EVI 
values by 0.0015 per year in the study period, despite the 
decreasing trend of vegetation class (EVI > 0.4)—forest 
zones. Because the class (0.2 < EVI < 0.4), which included 
paddy fields, had a significant increasing trend. This indi-
cates that human activities are involved in the results.

The relationship between EVI and the rainfall has been 
weak. In the occurrence of rainfall in the region, there are 
several factors that affect the main role of Caspian Sea as 
the main source of humidity of rainfall systems and Alborz 
Mountains. In general, the study area has rainfall almost 
throughout the year. The results of Alijani’s study (2013) 
show that rainfall decreases with increasing of altitude. On 
the other hand, in areas near the sea, with the rise in tem-
perature, evaporation and rainfall also grow.

In the present study, rainfall in the Alborz Mountains, 
which is the location of mountainous ecosystems in the 

Fig. 7   a Spatiotemporal association of 17-year monthly average of the seasonal trend of EVI and LST, b 17-year monthly average of EVI and 
rainfall (vertical axis has been standardized)

Table 3   Tabulate area analysis between MODIS EVI and LST

Period of year LST range of the 
period (°C)

The ranges of LST that EVI 
spatially matches with it (°C)

Description

December–March (cold season) − 19 to 27 16 to 25 Maximum of EVI matches(spatially matches) 
with maximum of LST

April, May, October–November 
(moderate season)

− 15 to 37 12.1 to 25 Maximum of EVI matches with Moderate of LST

June–September (warm season) 4.6 to 41.6 12 to 27 Maximum of EVI matches with LST 12–27
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province, has been less than in the Caspian Sea. At altitudes 
where the vegetation is sparser, the effect of earth surface 
Albedo caused by snow has led to a sharp drop in the EVI. In 
addition, the role of other climate factors such as humidity, 
evapotranspiration potential, minimum temperature as well 
as natural hazards during research years (which have a sig-
nificant impact on the vegetation pattern) has been ignored 
in this study.

Conclusion

Nowadays, climate and its fluctuations are one of the most 
influential factors in the temporal and spatial dynamics of 
vegetation. There is a large part of temperate forest (Hyrcan-
ian forests) in northern Iran, especially Mazandaran prov-
ince. In last decades, it has undergone significant variation 
due to land use changes and fluctuations in temperature and 
rainfall regime of the region.

This study, during a period of 17 years (2000–2016), 
using spatial correlation analysis, tabulate area analysis and 
OLS linear regression analysis, attempted to reveal the spa-
tiotemporal relation between the EVI and the climate factors.

The results of the spatial analysis of vegetation changes 
indicated that during the study period, the 17-year trend of 
the EVI in the region was a smooth upward trend with a 
slope of 0.0015 per year.

The forest areas (EVI > 0.4) decreased from 2000 to 2016 
(decrease of 1198 km2), but the results of the annual EVI 
trend analysis showed that EVI trend has been observed 
despite decrease in the forest areas in the province. This was 
due to the expansion of agriculture, especially rice farms 
(0.2 < EVI < 0.4), in the Bare land (EVI < 0.2).

The results of correlation analysis demonstrated that 
due to the presence of sufficient humidity and rainfall in 
the study area during the year, the spatial distribution of 
temperature is the main climate controller of EVI spatial 
distribution in the region.

The maximum spatial correlation between the EVI and 
LST was observed in the cold season, while the maximum 
spatial correlation between rainfall and the EVI was seen 
with 1.5–3.5 months lag in May–July.

The results of this investigation showed that MODIS 
product has a high potential for monitoring the spatiotempo-
ral climatic parameters and vegetation, as well as revealing 

Fig. 8   17-year average monthly rainfall (mm). Dark blue pixels represent pixels with the highest rainfall, while bright blue pixels represent pix-
els with the lowest rainfall
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the impact of climate and human factors such as land use 
changes in the vegetation communities of the region.
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