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Abstract 

Vegetation plays an essential role in the ecosystem that its change will alter the ecosystem. This 

research tried to study temperature and precipitation fluctuations on vegetation conditions in the 

west and northwest of Iran. For this purpose, the NDVI was determined for June from 2000 to 

2016.based on the MOD13Q1 production of the MODIS satellite. Initially, using mean annual 

temperature and total annual precipitation of 49 stations in the study area, rainfall and temperature 

maps were prepared in ArcGIS 10.5 software each year and then categorized into five classes by the 

natural break method. The correlation coefficient was calculated using Pearson correlation between 

NDVI map with temperature and precipitation maps in the next step. Finally, the correlation was 

investigated in different temperature and precipitation classes. The results showed that the highest 

NDVI mean correlation with temperature and precipitation occurred in 8-12 °C with a value of 0.36 

and 213-300 mm classes with a value of 0.38, respectively. According to this issue, the northern 

parts of the study area have a lower temperature, and precipitation responds to climate fluctuations 

more than other sites. Studying climate fluctuations is recommended for assessing better the 

temporal and spatial vegetation dynamics. Exploring the human activity's impacts on vegetation 

changes is proposed to realize vegetation's temporal and spatial dynamics to manage vegetation 

cover and prevent its degradation. 
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1. Introduction 

One of the main indices for assessing 

interactions between climate and various 

ecosystems is vegetation activity (Li et al., 

2015). Vegetation dynamics are changeable and 

climatic factors including precipitation and 

temperature can affect vegetation growth by 

influencing seasonal vegetation dynamics (Zhu 

et al. 2019). These days several models have 

been developed to evaluate the effect of climate 

on the vegetation cover. 

The results of most predictions of climate 

change models show that significant changes of 

spatial and temporal in precipitation and 

temperature occur worldwide (Hoerling et al., 

2012; Behrang Manesh, 2019). So that dry and 

wet areas in precipitation terms will have been 

more drought and wetter, respectively. Both of 

them will have been warmer (Yu et al., 2003; 

Lioubimtseva et al., 2005; Ndayisaba et al., 

2016; Heydari Alamdarloo, 2018). 

Although all of the earth's ecosystems are 

vulnerable to changes in climate (Allen et al., 

2010), in drylands, the adverse effects of climate 

change are much higher (Gregory et al., 2005). 

Vegetation in dryland ecosystems plays a 

significant role (Lioubimtseva, 2014), and living 

organisms' lives depend on them (Tong et al., 

2016). On the other hand, vegetation is a direct 

indicator of the ecosystem's condition and 

displays local and global environmental changes 

(Potter et al., 2008). 

In each ecosystem, the vegetation cover is 

very delicate and unstable (De Graff 2018). 

Generally, vegetation changes are considered as 

a footprint of climate change and provide an 

excellent opportunity for studying the climate 

change effects on the ecosystem in terms of 

time, location, or both of them (Huntley & 

Webb., 1988; Whitlock Bartlein, 1997; Bao et 

al., 2015). It is essential to understand 

vegetation dynamics and the climate for proper 

ecosystem management (Zhang et al. 2020). 

Therefore, studying the relationship between 

vegetation dynamics and climate change is a 

significant issue in global change research (Du, 

2016; Khosravi et al., 2017b). Measuring and 

estimating vegetation is very important in 

studies of vegetation changes. In traditional and 

field measurements, in addition to time-

consuming and cost-effective, obtaining the 

continuous spatial distribution of vegetation 

data is difficult (Tong, 2016). One of the best 

ways to study vegetation changes is utilization 

of vegetation indices using remote sensing.  

Normalized Difference Vegetation Index 

(NDVI) used to measure plant greenness is one 

of the best indicators for studying plant growth 

time changes (Khosravi et al., 2017a; Du, 

2016). This index has been widely used since 

the 1980s to examine the effect of climate 

change on the global (Potter and Brooks, 1998; 

Nemani et al., 2003); and regional scale 

vegetation (Piao et al., 2006). In dry areas, there 

is a high correlation between precipitation and 

NDVI, but the interaction between temperature 

and NDVI is weak and significant (Wang et al., 

2001; Li et al., 2004). 

Several studies have been done to monitor 

vegetation changes using the NDVI and its 

relationship with climatic elements. 

Yang et al. (2011) examined the spatial 

distribution and vegetation dynamics in the 

Yangtze and Yellow River basins and analyzed 

the correlation between temperature, 

precipitation, ground temperature, and NDVI. 

In this study, the main factor influencing the 

NDVI was the average temperature. 

Hou et al. (2011) examined the relationship 

between the vegetation dynamics and climatic 

factors in the natural reserve of a Mountain in 

China. The effect of climate change on 

vegetation growth showed that temperature as 

an indicator of vegetation sensitivity in the 

study area should be used. Qu et al. (2015) 

examined the spatial and temporal variations in 

vegetation cover and factors affecting it during 

the growing season in China using the NDVI 

for 1982-2011. They determined that vegetation 

has a positive trend in the growing season in 
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this region, but the relationship between climate 

parameters and vegetation is complex and time-

consuming. 

Jiang et al. (2017) investigated climate 

change and human activities on the vegetation 

dynamics in Central Asian regions. In this 

study, they used the NDVI to study vegetation 

changes during 1984-2013 and concluded that 

precipitation and its fluctuation in the vast areas 

of the study area are the main factors in the 

growth of vegetation. 

Tang et al. (2017) was found the relationship 

between the NDVI and temperature and 

precipitation parameters to study the temporal 

and spatial variations of vegetation in the upper 

regions of the Shiyang River Basin in China. 

They found that the climate change effects on 

plant growth with vegetation types vary in 

different seasons, and precipitation is a more 

important factor than temperature affecting 

annual vegetation variations. 

Recently, researches have generally been 

done on the effect of fluctuations of parameters 

on climate. Still, in Iran, any comprehensive 

and accurate spatially analysis has not yet been 

done, and the researches mostly have been done 

based on small areas.  

In the west and northwest of Iran, dry 

farming is the most significant activity of 

inhabitants. Thus, the efficiency of agricultural 

production and the inhabitant's economy 

depends on the rainfall. Therefore, this research 

investigates climate factors (temperature and 

precipitation) on the vegetation dynamics in 

this part of Iran.  
 
2. Material and method 

2.1. Study Area  

The studied area is located from west to 

northwest of Iran in the range of 32-40 degrees 

north latitude and 44-51 degrees east longitude, 

and including ten provinces named Ardabil, 

East Azerbaijan, West Azerbaijan, Hamedan, 

Kurdistan, Ilam, Kermanshah, Lorestan, Zanjan, 

and Qazvin (Fig. 1). There are many climates in 

Iran, mainly due to the Alborz and Zagros 

mountains (Nouri et al., 2017). Rainfall masses 

enter Iran, especially from the west and 

northwest, and due to the geographic location of 

the Zagros Mountains, rainfall increases from 

northwest to west of Iran (Sadeghi et al., 2002). 

As a result, the semi-arid Mediterranean climate 

is dominant in the west and northwest of Iran 

(Nouri et al., 2017). Due to this issue, this area 

is very rich in vegetation. The minimum height 

is 14 meters, and the maximum height is 4788 

meters above sea level. 

  

 
Figure (1): Location of the study area and meteorological stations 
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2.2. Methodology 

In this research, the MOD13Q1 was used to 

investigate temporal and spatial variations of 

vegetation. This product has 12 layers of 

information with a 250 meters spatial 

resolution. The Normalized Differential 

Vegetation Index (NDVI) is one of them. The 

MODIS NDVI product masked for water, 

heavy aerosols, clouds, and cloud shadows is 

computed from atmospherically corrected bi-

directional surface reflectance. The NDVI is 

one of the most popular vegetation indices used 

in many research and satellite surveys to 

determine the severity and weakness of 

vegetation (Pôças et al., 2013). The vegetation 

cover of late spring and early summer was 

selected in this research. Therefore, the 

MOD13Q1 product was used on the 25th of 

June every year from 2000 to 2016. 

Also, to investigate the climate fluctuations, 

the total precipitation and average annual 

temperature of 49 synoptic stations were used 

from 2000 to 2016 (Fig. 1), located around the 

study area. Then, ARC GIS 10.5 software was 

used for both parameters of temperature and 

precipitation in each year for interpolation 

using the co-kriging method. The co-kriging 

method is a modified kriging method. The 

general advantage of co-kriging is that it can 

use more than one variable instead of using 

only one variable in the estimation process 

(Adhikary et al., 2017). In the co-kriging 

method, for increasing accuracy, the 

interpolation is performed using a second 

variable associated with the primary variable 

(Isaaks & Srivastava, 1988). Height is a crucial 

indicator of precipitation and temperature. 

Therefore, in this study, rainfall and 

temperature are the initial variables, and height 

is the second variable. 

It should be noted that the size of the pixels 

in the maps is 250 m × 250 m (as in NDVI 

data). After the interpolation, using the 

temperature and precipitation maps of the study 

period (2000-2016), the average temperature 

and average precipitation maps were obtained. 

Then, the studied period's average temperature 

and precipitation maps were classified into five 

classes using the natural break method (Jenks, 

1977). This method attempts to minimize the 

variance between data in each class and 

maximize the variance between classes based 

on a computational algorithm. This algorithm 

uses the average of each range to create the 

classes to ensure that the distribution of data 

over each range is more uniform (Jenks, 1977). 

In the next step, the correlation between 

vegetation maps and temperature and 

precipitation maps was calculated using the 

equation of Pearson correlation (Eq. 1) (Lee 

Rodgers & Nicewander, 1988) and ArcGIS 

10.5 software. 

� =
∑ (�� − �̅)(�� − ��)
�
���

�∑ (�� − �̅)
��

��� ∑ (�� − ��)
��

���

 (1) 

Where r is the Pearson correlation coefficient, 

xi is the NDVI map for the year and �̅ is the 

average map of the NDVI for the study period. 

yi is the maps of temperature and precipitation 

for the same year and �� is the mean of these 

parameters. Pearson's correlation coefficient, 

also called torque correlation coefficient or 

zero-order correlation coefficient, is introduced 

by Carl Pearson. This coefficient is used to 

determine the relationship between the type and 

the direction, the relationship between two 

distances or relative variables, or a distance 

variable and a relative variable. Evans (1996) 

presented the following classification for 

Pearson's correlation (Tab. 1). 

Correlation coefficients were obtained 

according to Evans (1996) and in the ARC GIS 

software. Finally, the average correlation 

coefficient between vegetation with 

temperature and precipitation in different 

classes was calculated. The methodology is 

summarized in Fig 2. 
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Table (1): Classification of Pearson Correlation Coefficient (Evans, 1996) 

r Class r Class  

0 - -0.2 Very Weak  Negative Correlation 0 - 0.2 Very Weak  Positive Correlation 

-0.2 - -0.4 Weak  Negative Correlation 0.2 - 0.4 Weak  Positive Correlation 

-0.4 - -0.6 Moderate Negative Correlation 0.4 - 0.6 Moderate Positive Correlation 

-0.6 - -0.8 Strong Negative Correlation 0.6 - 0.8 Strong Positive Correlation 

-0.8 - -1 Very Strong Negative Correlation 0.8 - 1 Very Strong Positive Correlation 

 

 
Figure (2): The flowchart of the methodology 

 

3. Results 

The average annual temperature and total 

precipitation maps for the period 2000-2016 

and the average of these two parameters were 

calculated. The results show that the yearly 

temperature average ranges from 8 to 26 

degrees Celsius and the total annual 

precipitation are between 215 and 811 mm. 

Then, the map of the average of these two 

parameters was classified using the natural 

break method (Fig. 3). The results show that 

northern regions have lower average 

temperatures (Zanjan and East Azerbaijan 

provinces) generally, and Ilam province, 

located in the southern part of the study area, 

has the highest temperature average. Also, the 

annual precipitation average map shows that 

the most increased precipitation is in the 

western of the study area, which includes west 

of Kurdistan province and south of West 

Azerbaijan province. The lowest rainfall is 

found in the northern, southern, and eastern 

regions.
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Figure (3): Categorized maps of the average temperature and precipitation of the study area (2000-2016) 

 

The results of the correlation between NDVI 

and precipitation show that the correlation 

between NDVI and precipitation has been in 

the strong positive and very strong positive 

classes in the northern parts, including most of 

the East Azerbaijan and Zanjan provinces, 

northern of West Azerbaijan, Qazvin, and 

southern Ardebil province (Fig. 4). The highest 

correlation was found in the northwestern part 

of the study area (north of West Azerbaijan). 

The minor correlation was found in the 

southern parts of the study area and west of 

Kurdistan province, southwest of West 

Azerbaijan province, and areas around Urmia 

Lake. 

The results of the correlation between 

NDVI and temperature indicate that most 

regions of southern of the study area, 

especially Hamedan, Lorestan, and northern 

provinces of Ilam, and around Lake Urmia and 

west of West Azerbaijan Province, are in the 

moderate and weak correlations of the 

positive. Most of the northern and northeastern 

parts of the study area, including many parts of 

East Azerbaijan province, south of the Ardebil 

provinces, West Azerbaijan, and Kurdistan 

north province, are moderate and weak 

correlations classes (Fig. 5). 
 

 
Figure (4): Maps of the Pearson Correlation Coefficients of the NDVI with Precipitation 
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Figure (5): Maps of the Pearson Correlation Coefficients of the NDVI with Temperature  

 

The mean correlation coefficient of NDVI 

with precipitation and temperature in different 

temperature classes is given in Table (2). The 

results show that the highest mean correlation 

between NDVI and precipitation is in 215-300 

mm class, and the average annual temperature 

is in 8-12 °C class, and the lowest mean 

correlation is in 850-550 mm class, and the 

average yearly temperature is in 20- 26 °C 

class. In general, in the study area, the 

relationship between NDVI and precipitation in 

most areas is direct. The correlation between 

NDVI and rainfall has been increasing while 

total annual rainfall and average annual 

temperature decrease. Also, the NDVI 

moderate correlation and temperature results 

show that the highest correlation of NDVI 

means. The temperature is in 550-811 mm class 

of precipitation classification and 8-12 °C class 

of temperature classification. The lowest mean 

correlation is in the 450-550 mm class of 

precipitation classification, and the average 

annual temperature is 14-18 °C class of 

temperature classification. In general, it can be 

said that in the study area, due to the negative 

correlation between total NDVI mean with 

temperature, the relation between NDVI and 

temperature in most of the regions is inverse.
 

Table (2): The mean of correlation coefficient in different classes of the mean of temperature and precipitation 

Precipitation (mm) 
Range of classes  

B
as

ed
 o

n
 

P
re

ci
p

it
a

ti
o

n
 

550-811 450-550 350-450 300-350 215-300 

0.1 0.2 0.26 0.32 0.36 
Average of correlation coefficient of 

NDVI and precipitation 

-0.21 -0.06 -0.1 -0.17 -0.24 
Average of correlation coefficient of 

NDVI and temperature 

Temperature ((°C) 
Range of classes  

B
as

ed
 o

n
 

T
em

p
er

at
u

re
 

20-26 18-20 14-18 12-14 8-12 

0.21 0.23 0.24 0.29 0.38 
Average of correlation coefficient of 

NDVI and precipitation 

-0.16 -0.05 -0.06 -0.19 -0.24 
Average of correlation coefficient of 

NDVI and temperature 
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4. Discussion and Conclusion  

Climate changes and fluctuations are some of 

the most critical factors affecting vegetation 

growth (Lin et al., 2016). Quantitative 

measurements and spatial analysis to show the 

effect of temperature and precipitation on the 

diversity of plant cover in the region. This 

issue makes the changes in vegetation and 

vegetation dynamics better understood in 

response to climate change (Lin et al., 2016). 

In this research, the effect of annual 

temperature and humidity on vegetation cover 

in different temperature and precipitation 

classes in the west and northwest of Iran was 

investigated using the NDVI obtained from the 

MODIS satellite (MOD13Q1). According to 

the results, the mean correlation coefficient of 

precipitation and NDVI were more than the 

mean correlation coefficient of temperature 

and NDVI. It indicates that there is a stronger 

correlation between vegetation and 

precipitation relative to temperature and 

vegetation cover in the study area, which this 

result is consistent with the results of Wang et 

al. (2001), Li et al. (2004), and Zheng et al. 

(2017). The results also showed that there is a 

direct relationship between precipitation and 

vegetation (Duan et al., 2011; Chuai et al., 

2013, Lin et al., 2014) in the study area, while 

in most areas of the study area there is a 

negative relationship between temperature and 

vegetation. Still, in some regions, such as the 

south, there is a direct relationship. In other 

words, the type of temperature and 

precipitation relationship cannot be determined 

(Lin et al., 2016). 

The results showed that the highest 

correlation between the mean of NDVI and the 

temperature is in the middle class means the 

annual temperature of 8-12 °C, and the highest 

correlation between the mean of NDVI and 

precipitation is in 215-300 mm class. Due to 

this, the northern part of the study area (like 

many parts of East Azerbaijan province, south 

of Ardebil province), which has low 

precipitation and temperature, reacts to climate 

fluctuations compared to other areas. 

Although the results of this research indicate 

that temperature and humidity are effective on 

vegetation, humans' role in the degradation and 

reclamation of vegetation should not be ignored. 

It must be accepted that human activities are also 

an essential factor for plant growth (Jiang et al., 

2017). The difference in the method and scale of 

human activities will inevitably affect plant 

growth (Hostert et al., 2011). Therefore, to better 

understand vegetation's temporal and spatial 

dynamics and study climate changes and 

fluctuations, the impact of human activities on 

vegetation changes should be reviewed to 

manage vegetation cover better and prevent its 

degradation.
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