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सार — इस शोध पत का उद्दे द�ुनेा क् शुषक और अधर-शुषक �्त् म� स् एक, अथार् त दि�ण-पि�म 
ए�शेा म� बल�ूचस्ान म� वनसप�् क� िसथ�् क् साथ ्ापमान औरवषार दो चर् क् बीच सबंधं् क� जांच करना 
है,जो ईरान, पा�कस्ान और अफगा�नस्ान ्ीन द्श् �ारा साझा �केा जाना है। इन उद्दे् को पार करन् क् 
�लए, दो अलग-अलग ड्टाब्स का उपेोग �केा गेा: 1. ट्रा उपगह क् MODIS NDVI 16-�दवसीे �म�श् उतपाद 
(MOD13A3), 1*1 �कमी सथा�नक �वभ्दन क् साथ, जो 17-वषर क� अव�ध (2000-2016) क् �लए न्शनल एरोनॉ�टकस 
एंड सप्स एड�म�नस््शन (NASA) क् अथर ऑबज�ववग �ससटम (EOS) ड्टा ग्टव् स् पार �केा गेा था। 2. ईसट 
एंिगलेा �व��व�ाले क� जलवाे ुअनसुधंान इकाई (सीआरे)ू स् उसी 17 साल क� अव�ध क् �लए �गडेयु मा�सक 
्ापमान और वषार ड्टा पार �केा गेा था। �पेसरन उतपाद-�ण सहसंबधं गुणांक का उपेोग वनसप�् िसथ�् और 
्ापमान ्था वषार क् दो जलवाे ुचर क् साथ-साथ ्ीन समे अं् राल अथार् त एक मह�ना, दो मह�न् और ्ीन 
मह�न् म� सबंधं् क� जांच करन् क् �लए भी �केा गेा था। अलग-अलग समे अं् राल म� औस् ्ापमान और 
मा�सक एनड�वीआई क् बीच सहसंबधं क् �व�्षण क् प�रणाम् स् सकं् ् �मल्ा है �क बल�ूचस्ान क् उ�र� �हसस् 
म� आदर और अधर-आदर �्त् म�, एनड�वीआई न् एक साथ ्ापमान �भनन्ा पर प�्�तेा क�, जब�कबल�ूचस्ान 
क् दि�णी �हसस् म� शुषक और अधर-शुषक �्त् म�, एनड�वीआई म� ्ापमान क् साथ एक मह�न् का अं् राल था। 
हालाँ�क, अलग-अलग समे अं् राल म� वषार और मा�सक एनड�वीआई क् बीच सहसंबधं क् �व�्षण क् प�रणाम् स् 
सकं् ् �मल्ा है �क एनड�वीआई न् एक साथ वषार �भनन्ा पर प�्�तेा क�, अथार्  पते्क मह�न् क� वषार का 
उसी मह�न् क् एनड�वीआई पर सबस् अ�धक पभाव पड़ा। 

 
ABSTRACT. The present study is aimed at investigating the relationship between two variables of temperature 

and precipitation with vegetation dynamics in one of the arid and semi-arid regions of the world, i.e., Baluchistan in 
Southwestern Asia, which is shared by the three countries of Iran, Pakistan and Afghanistan. In order to achieve the 
objectives, two different databases were used: 1. MODIS NDVI 16-day composite products (MOD13A3) of Terra 
satellite, with 1*1 km spatial resolution, which was obtained for a 17-year period (2000-2016) from the Earth Observing 
System (EOS) Data Gateway of the National Aeronautics and Space Administration (NASA); 2. Gridded monthly 
temperature and precipitation data was obtained for the same 17-year period from the Climate Research Unit (CRU) of 
the University of East Anglia. The Pearson product-moment correlation coefficient was also used to examine the 
relationship between vegetation dynamics and two climate variables of temperature and precipitation simultaneously as 
well as in three time lags, i.e.; one month, two months and three months. The results of the analysis of a correlation 
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between the mean temperature and monthly NDVI in different time lags indicated that in the humid and semi-humid 
regions in the northern half of Baluchistan, NDVI simultaneously reacted to temperature variations, while in the arid and 
semi-arid regions in the southern half of Baluchistan, NDVI had a one-month time lag with temperature. However, the 
results of the analysis of a correlation between precipitation and monthly NDVI in different time lags indicated that 
NDVI simultaneously reacted to precipitation variations,  that is precipitation of each month had the greatest effect on the 
NDVI of the same month. 

 

Key words  –  Temperature, Precipitation, Vegetation dynamics, NDVI, MODIS, Pearson correlation coefficient, 
Time lags. 

 
 

 
1. Introduction 
 

Climate is one of the most important factors 
affecting the ecosystem dynamics on both local and global 
scales. Among the climate variables, two variables of 
temperature and precipitation have the greatest effect on 
spatial-temporal patterns of vegetation dynamics         
(Tan 2007; Song and Ma 2011). The relationship between 
precipitation and vegetation growth is often more 
complicated compared to temperature. However, in 
general, to better understand the response of vegetation to 
the spatial-temporal variations of precipitation and 
temperature calls for investigation of Biosphere-
Atmosphere relation. In this regard, satellite images 
provide a unique opportunity to study and assess 
vegetation. The Normalized Difference Vegetation Index 
(NDVI) is an indirect measurement of photosynthetic 
activity. It ranges from -1 for a minimum photosynthetic 
activity to +1 for maximum photosynthetic activity. The 
NDVI is calculated as: 
 

REDNIR
REDNIRNDVI

+
−

=                                              (1) 

 
This index uses a fundamental principle, according 

to which, in the surfaces covered by vegetation, the Red 
(RED) and near-infrared (NIR) wavelengths are 
characterized by high and low absorption, respectively 
(Chen et al., 2003; Groeneveld and Baugh 2007). The 
chlorophyll reflection in the red (RED) wavelength range 
is about 20 percent and in the near-infrared (NIR) 
wavelength is about 60 percent. The difference between 
the responses of the two bands allows the quantization of 
the energy absorbed by chlorophyll, thereby providing the 
classes representing the different levels of vegetation 
(Tucker and Sellers 1986). 
 

In recent literature, NDVI can be seen to play a key 
role in long-term monitoring of vegetation conditions 
(Nemani and Running 1989; Stoms and Hargrove 2000; 
Mazvimavi 2003; Wang et al., 2004; Maselli et al., 2006; 
Ma and Veroustraete 2006; LeMarie et al., 2006; 
Jovanovic et al., 2018). Many researchers have used this 
index to study the temporal and spatial variations of 
vegetation and its relationship with precipitation and 

temperature in different parts of the world (Malo and 
Nicholson 1990; Di et al., 1994; Goward and Prince 1995; 
Richard and Poccard 1998; Chen et al., 2001; Yu et al., 
2003; Alwesabi 2012; Veysipanah 2014). Many of these 
studies have indicated that NDVI follows precipitation 
with different time lags (Nicholson and Farrar 1994; 
Farrar et al., 1994; Richards and Poccard 1998; Duplessis 
1999; Li et al., 2002; Foody 2003; Ma and Veroustraeta 
2006), which can be due to the relative dryness of the site 
(Richards and Poccard 1998), soil type (Farrar et al., 
1994; Fisher and Levine 1996), topography (Jobbagy       
et al., 2002) and the composition and structure of the 
vegetation (Peters et al., 1997; Davenport and Nicholson. 
1998). Therefore, the sensitivity of the NDVI values to 
precipitation fluctuations is different in various regions 
(Richards and Poccard 1998) whose time lag ranges 
between one and two months (Nicholson and Farrar 1994; 
Richards and Poccard 1998). 

 
Ichii et al., (2002), in their comprehensive study, 

investigated the relationship between NDVI and two 
climate variables of temperature and precipitation on a 
global scale for the period 1982-1990. The results showed 
that increased NDVI in the middle and high latitudes of 
the Northern Hemisphere was related to the increased 
temperature and reduced NDVI in semi-arid regions in 
low latitudes was related to the declined precipitation. Ma 
and Veroustraete (2006), in their study on the changes in 
NDVI and its relationship with meteorological variables in 
the Heihe River Basin situated in the northwest of China, 
showed that precipitation and its changes were the main 
factors causing the vegetation changes in this basin. Also, 
some studies on a global scale have shown that global 
warming has resulted in increased vegetation in low 
latitudes of the Northern Hemisphere (Myneni et al., 
1997). However, it has been observed that with increasing 
precipitation, there has been a decrease in NDVI values in 
some mountainous regions, which is attributed to the 
effects of snow (Los et al., 2001). Besides, it has been 
reported that there is a negative relationship between 
precipitation and NDVI in humid areas (Nicholson et al. 
1990; Nemani et al., 2003). In arid regions, a positive 
relationship between precipitation and NDVI and a 
negative relationship between temperature and NDVI, 
indicate that access to moisture, limits plant growth in 
these areas (Los et al., 2001). 
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Fig. 1. Geographic location of Baluchistan in Southwestern Asia, shared by the three countries of Iran, Pakistan and 
Afghanistan 

 
 

 
The first attempts to use NDVI to monitor vegetation 
changes in arid and semi-arid regions have been made in 
the 1980s, when researchers showed that there is a very 
close relationship between NDVI and precipitation at both 
seasonal and annual time scales (Gray and Tapley 1985; 
Tucker et al., 1985; Justice and Hiernaux 1986; 
Townshend and Justice 1986; Nicholson et al., 1990). 
This relationship allowed the use of NDVI time series for 
drought monitoring and development of early warning 
systems in areas with sparse terrestrial rainfall networks 
(Henrichsen and Durkin 1986; Hielkema et al., 1986; 
Tucker 1986; Hutchinson, 1991). However, various 
factors such as seasonal variations in atmospheric water 
vapor (Justice et al., 1991), atmospheric aerosol content 
(Vermote et al., 1997) and large areas of bare soil in arid 
and semi-arid regions (Huete 1985; Huete and Tucker 
1991) can make significant variations in NDVI values 
while these factors have no relationship with active 
vegetation. However, this index is still a very good index 
for monitoring various vegetation parameters such as a 
green leaf area index (LAI), biomass, percent green cover, 
green biomass production, and finally the fraction of 
absorbed photosynthetically active radiation (Tucker 
1979; Asrar   et al., 1984; Sellers 1985). 
 

Baluchistan is a vast territory in the southeast of the 
Iranian plateau, which is administered by the three 
countries of Iran, Pakistan, and Afghanistan. Since it is 
located in the desert belt of the Northern Hemisphere, a 
large part of it is dominated by subtropical pressure cells, 

and most of it is comprised of arid and semi-arid regions. 
Low rainfall and its inadequate temporal-spatial 
distribution, high temperature, complex topography, long-
term droughts, rapid population growth, poverty, 
inadequate management of land resources, overgrazing 
and deforestation (Shirazi 2006; Qasim et al., 2011; 
Ashraf and Routrary 2013; Ahmed et al., 2016) make the 
relationship between vegetation dynamics and 
meteorological variables such as temperature and 
precipitation very complex in this part of the world. 
Firouzi et al., (2018) have used Moderate Resolution 
Imaging Spectroradiometer normalized difference 
vegetation index (MODIS NDVI) data obtained from the 
Terra Satellite for April, May, and June and monthly 
precipitation and temperature data (October to September) 
acquired from the Zabol Meteorological Station for a 
period of 15 years (2000-2014) to investigate the 
relationship between two climatic variables of 
precipitation and temperature with vegetation dynamics in 
Sistan plain situated in the east of Iran (the northwest of 
Baluchistan). The results showed that there was no 
correlation between MODIS NDVI related to April, May, 
and June and the average temperature of the previous 
months. Regarding precipitation, the only precipitation in 
May had moderate correlations of 0.603 and 0.542 with 
the MODIS NDVI related to the same month and the 
previous month (April), respectively. 
 

Keeping in view the rich research background on the 
relationship between climate variables and vegetation
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Fig. 2. Climatic classification of Baluchistan territory, according to the De Martonne climate classification (De Merton 
1909) 

 

 

 
 

Fig. 3.  Spatial distribution of average annual temperature in °C (right map) and average annual precipitation in mm, in 
Baluchistan (left map) 

 

 
dynamics in different parts of the world, the present 
research aimed at performing a comprehensive study on 
the relationship between two variables of temperature and 

precipitation with vegetation dynamics in one of world’s 
arid regions, using satellite remote sensing data and 
gridded temperature and precipitation statistics. 
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2. Data and methodology 
 

Baluchistan is situated in the southeast of the Iranian 
plateau and governed by the three neighboring countries 
of Iran, Pakistan, and Afghanistan. The Iranian part of this 
area is now part of Sistan and Baluchestan province and 
its Pakistani part is also the largest province in Pakistan, 
which is called Pakistani Baluchistan. The border of this 
vast region is not exactly clear (Frye and Elfenbein, 2019). 
Its area is about 769,824 km2, of which about 361,738 km2 
are in Pakistan, 302,845 km2 are in Iran, and 105,241 km2 

are in Afghanistan (Fig. 1). Its population is about 
15,700,000, of which 78.5 percent is in the Pakistani 
province of Baluchistan, 17.7 percent in the Iranian 
province of Sistan and Baluchistan, and 3.8 percent in 
Afghanistan (Fig. 1). 
 

Baluchistan has different climates due to its complex 
topography and vast area. According to De Martonne 
climate classification (De Martonne 1909), there are seven 
different climate classes in this territory. But since 
Baluchistan is located in the desert belt of the Northern 
Hemisphere, much of it is dominated by subtropical 
pressure cells. Consequently, much of it, except for the 
northeastern part, which is mountainous, has an arid and 
semi-arid climate (Fig. 2). 
 

Given that the highlands in the northern latitudes of 
this territory are characterized by very cold winters and 
warm summers, and the lowlands in the lower latitudes 
with temperate winters and hotter summers, temporal and 
spatial changes of temperature and precipitation can be 
considered as the natural characteristics of this territory 
(Government of Balochistan 2019). The average annual 
temperature in this region varies between 15 °C and       
40 °C, with the lowest average annual temperature in the 
northeast and the highest one on the southern coast     
(Fig. 3). The average annual precipitation in Baluchistan 
is approximately 137.4 mm. The lowest precipitation in 
Baluchistan occurs in the center with an average annual 
precipitation of approximately 50 mm and the highest 
precipitation occurs in the northeastern regions with an 
average annual precipitation of about 650 mm (Fig. 3). 
 

In the present study, to investigate the relationship 
between vegetation dynamics and two climate variables of 
temperature and precipitation at different time lags in 
Baluchistan, two different databases were used:  
 
(i) Satellite productions of vegetation indices. 
 
(ii) The gridded temperature and precipitation data based 

on ground measurements. 
 

The Normalized Different Vegetation Index (NDVI) 
is one of most important vegetation products of the 

MODIS sensor on Terra Satellite, which is suitable for 
monitoring the vegetation dynamics on lands on a global 
scale (Solano et al., 2010). This index is calculated from 
the surface reflectance in two red bands (0.6-0.7 μm) and 
near-infrared (0.1-7.1 μm) (Solano et al., 2010). MODIS 
NDVI 16-day composite products (MOD13A3), with       
1 km spatial resolution, wereused in the present study. 
They were freely downloaded for a 17-year period (2000–
2016) from the Earth Observing System (EOS) Data 
Gateway of the National Aeronautics and Space 
Administration (NASA). During the processing of data 
from these products, all corrections related to the 
reduction of the effects of atmospheric gases, aerosols and 
thin cirrus clouds (Vermote et al., 1997) have been made. 
Moreover, MODIS Reproject Tool (MRT) was used to 
convert downloaded MODIS NDVI images from the 
sinusoidal projection system to a geographic projection 
system. From these 16-day composite images, their 
monthly average images were obtained. 
 

The second database related to monthly temperature 
and precipitation data was obtained for a 17-year period 
(2000-2016) from the Climate Research Unit (CRU) of 
the University of East Anglia. The research unit has 
widely prepared and published a large number of weather 
data sets with different temporal-spatial resolutions. The 
Climatic Research Unit Time series (CRU-TS) is a set of 
these data and its version 4.02 was prepared with 0.5 × 0.5 
degree spatial resolution for the period 1901-2017 of all 
lands, except for the Antarctic (Harris et al.,  2014).  
 

Besides, validation of the gridded data of CRU 
precipitation and temperature was done using precipitation 
and temperature data obtained from five Zabol, Zahedan, 
Khash, Iranshahr, and Chabahar synoptic stations. The 
geographic locations of these five stations have been 
indicated in Fig. 1. To examine the performance of 
gridded precipitation and temperature data using 
precipitation and temperature data measured at 
meteorological stations, two different performance indices 
including Root Mean Square Error (RMSE), and 
Correlation Coefficient (R) were used [See Vandeput 
(2021) for mathematical basics of all these indices]. 
 

After providing the required databases, rescaling 
spatial resolution was the next stage. Considering the 
spatial resolution of 1 × 1 km of satellite image, the total 
number of pixels per image which has been studied within 
the boundaries of the study area amounted to 769,824 
pixels. On the other hand, the total number of pixels in the 
CRU-TS climatic database was 767 pixels with the spatial 
resolution of 0.5 × 0.5 degree. At this stage, first, in the 
satellite images/products, all the pixels whose geographic 
coordinates matched the geographic coordinates of the 
gridded data were determined (767 pixels), and then the
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Fig. 4.  Graph of monthly time series of precipitation related to the Zahedan meteorological station and the gridded CRU TS 4.02 
precipitation data for the period 2000-2016 

 
 
 

 
TABLE 1 

 
Classes of the Pearson product-moment correlation  

coefficient values (Asakereh 2012) 
 

Correlation Classes Correlation Values
 

Positive(direct) Strong Correlation 0.7 - 1 

Positive (direct) Moderate Correlation 0.3 - 0.69 

Positive (direct) Weak Correlation 0 - 0.29 

Negative (inverse) Weak Correlation -0.29 - 0 

Negative (inverse) Moderate Correlation -0.69 -  -0.3 

Negative (inverse) Strong Correlation -1  - -0.7 

 
 
maximum values of NDVI were extracted on the 0.5 × 0.5 
degree areas considering these pixels as centres. In this 
way, both spatial resolution and geographic coordinates of 
both databases became identical. In the following, the 
Pearson product-moment correlation coefficient (Bates 
and Watts, 1988) was used to examine the relationship 
between vegetation dynamics and two climate variables of 
temperature and precipitation simultaneously, as well as at 
three (one-, two and three-month) time lags. Finally, to 
more properly interpret the results of the correlation 
analysis, the classification presented in Table 1 has been 
used. 
 
3. Results  
 

3.1. Spatial-temporal distribution of temperature 
and precipitation in Baluchistan 

 
At first, to investigate the accuracy of the gridded 

CRU TS 4.02 data, they were compared with the          
data  from  five meteorological stations with complete and  

TABLE 2 
 
Statistical indicators of performance of CRU gridded precipitation 

data with meteorological stations precipitation data (Root Mean 
Square Error (RMSE) and Correlation Coefficient (R)) 

 
Station

 
RMSE

 
R

 

Zahedan 7.124 0.88 

Khash 16.290 0.82 

Zabol 8.591 0.79 

Iranshahr 7.324 0.88 

Chabahr 21.680 0.51 

 
 
reliable data. To this end, five Zabol, Zahedan, Khash, 
Iranshahr and Chabahar stations were selected as the 
sample. The geographic locations of these five stations 
have been indicated in Fig. 2. The results of the analysis 
of correlation between monthly precipitation data from 
these five stations and the nearest gridded CRU TS 4.02 
points to them for the period 2000-2016 showed that 
correlation coefficient values were 0.88, 0.82, 0.79, 0.72 
and 0.51 and belonged to Zahedan, Khash, Zabol, 
Iranshahr and Chahbahar stations, respectively. It should 
be noted that all of these coefficients were significant at 
the probability level of α = 0.05 (Table 2). The results of 
the RMSE performance index indicate that the gridded 
precipitation data corresponding to the Chabahar station 
(21.680) and that of the Zahedan station (7.124) have the 
highest and lowest error rates, respectively. The error rate 
of other gridded points corresponding to other stations 
ranged between these two bounds (Table 2). Therefore, 
according to the results of performance indices and 
considering the turbulent nature of precipitation in arid 
and semi-arid regions, the gridded CRU TS 4.02
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Fig. 5. Graph of monthly time series of temperature related to the Zahedan meteorological station and 
the gridded CRU TS 4.02 temperature data for the period 2000-2016 

 

 
Fig. 6. The monthly precipitation maps in Baluchistan derived from the gridded data taken from the 

Climate Research Unit (CRU) of the University of East Anglia for the statistical period of            
1987-2016 
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Fig. 7. Monthly temperature maps of Baluchistan derived from the gridded data taken from the Climate Research Unit 
(CRU) of the University of East Anglia for the statistical period of 1987-2016 

 
 
 
precipitation data could be used for this region, which 
lacks a regular network of meteorological stations, with 

relative confidence. To better compare station data with 
gridded precipitation data, changes in monthly time series  
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Fig. 8. Baluchistan vegetation dynamics map (2015) on a monthly scale 
 
 
 
 
of precipitation related to the Zahedan meteorological 
station and the gridded precipitation data have been 
presented in the graph in Fig. 4. 
 

Comparing the monthly average temperature of 
selected stations with the gridded CRU TS 4.02 

temperature data, showed a very good match between 
them. The correlation coefficients for all of them were 
higher than 0.98 (Table 2). The results of the RMSE 
performance index further revealed that gridded 
temperature data corresponding to the Khash station 
(5.151) and that of the Zahedan station (2.266) have the
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Fig. 9. Maps of correlation coefficients between temperature and NDVI for Baluchistan occupied by Iran, Pakistan and Afghanistan in 
Southwest Asia. A: Simultaneous relationship, B: One-month lag, C: 2-month lag, D: 3-month lag 

 
 
 

TABLE 3 
 

Statistical indicators of performance of CRU gridded temperature 
data with meteorological stations temperature data (Root Mean 

Square Error (RMSE) and Correlation Coefficient (R)) 
 

Station RMSE R 

Zahedan 2.266 0.99 

Khash 5.181 0.98 

Zabol 2.732 0.99 

Iranshahr 2.421 0.99 

Chabahr 2.921 0.98 

 
 
highest and lowest error rate, respectively (Table 2). 
These performance indices indicated that these data could 
be used for the case study in complete confidence. The 
reason for the higher correlation coefficients obtained for 
the temperature as compared with those obtained for 
precipitation is that it is easier to interpolate 
thetemperature compared to precipitation. In Fig. 5, 
differences in monthly time series of temperature related 

to the Zahedan meteorological station and the gridded 
CRU TS 4.02 temperature data have been presented in the 
graph. In this graph, the matching of these two time series 
is clear. 
 

According to the results of the analysis of the 
correlation between the gridded temperature and 
precipitation data and the temperature and precipitation 
data obtained from meteorological stations, temporal and 
spatial distribution of temperature and precipitation were 
considered on a monthly scale. The temporal and spatial 
distribution of precipitation and temperature in 
Baluchistan is very heterogeneous due to its geographical 
location, complex topography, and its expanse. The 
monthly precipitation maps derived from the gridded data 
taken from the Climate Research Unit (CRU) of the 
University of East Anglia show that in this territory, the 
high-precipitation core, in most months, is found in the 
northeastern mountainous regions, and precipitation 
minimum core is observed in the desert areas in the center 
of Baluchistan (Fig. 6). In most of the relatively warm 
months of the year (June, July, August, September and 
October), a large part of Baluchistan (center and west) has
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Fig. 10. Maps of correlation coefficients between precipitation and NDVI for Baluchistan occupied by Iran, Pakistan and Afghanistan in 
Southwest Asia. A: Simultaneous relationship, B: One-month lag, C: 2-month lag, D: 3-month lag 

 
 
 
 
the low precipitation, but the eastern parts, due to the 
influence of monsoon low pressure, receive more 
precipitation. In this territory, most precipitations occur in 
winter, which can be due to the entry of western winds 
into the area. 
 

But temporal and spatial variations of the 
temperature on a monthly scale show a more stable 
condition as compared to precipitation. According to the 
temperature maps derived from the gridded data taken 
from the Climate Research Unit (CRU) of the University 
of East Anglia, it is observed that the arrangement of 
temperature lines in this is a function of latitude and 
elevation. The lowest average monthly temperature cores, 
for the entire 12 months, could be observed in the 
northeastern and northwestern mountainous regions, and 
western highlands of this territory. But the highest 
temperature cores are found in lower latitudes and 
adjacent to the Oman and Arabian Seas, as well as inland 
drylands (Fig. 7). 

3.2. Analysis of correlation between vegetation 
dynamics and two variables of temperature and 
precipitation in Baluchistan 

 
Baluchistan's vegetation dynamic maps prepared on 

a monthly scale for 17 years clearly showed the intra- and 
inter-annual variations of vegetation in this land. Given a 
large number of images (204 images), only the vegetation 
dynamics maps related to 2015 have been shown as an 
example in Fig. 8. In this figure, the intra-annual 
variations of vegetation are observed. Comparing these 
images with the monthly precipitation maps (Fig. 6) and 
monthly temperature maps (Fig. 7) of Baluchistan 
provides very useful information about the relationship 
between vegetation dynamics and the two climate 
variables of temperature and precipitation. According to 
this figure, it is observed that vegetation density, 
especially in the eastern parts of Baluchistan, reaches its 
maximum in May, June and July and its decreasing trend 
is visible in other months (Fig. 8). 
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The results of the analysis of the correlation between 
the mean monthly temperature and NDVI at different time 
lags showed that in the simultaneous relationship, NDVI 
of the northern half of Baluchistan (Above 28° North 
latitude) had a negative correlation with temperature while 
NDVI of the southern half (Lower than 28° North 
latitudes) had a positive correlation with it [Fig. 9(a)]. The 
correlations related to the northern half were much 
stronger than those related to the southern half. All the 
correlations related to the northern half, especially from 
the latitude of approximately 29 degrees north and higher, 
have been classified as moderate correlations (0.3 - 0.7) 
and all of which were significant at α = 0.05 (on the maps, 
those areas with significant correlations are shown with 
colored solid circles, red circles indicate a significant 
positive correlation and blue circles indicate a significant 
negative correlation). In the northern half, the negative 
correlations are related to the NDVIs of humid and semi-
humid climates, while in the southern half, the positive 
correlations are related to the NDVIs of arid and semi-arid 
climates. In general, about 67.7 percent of the vegetation 
dynamics in Baluchistan had a negative correlation with 
the temperature, of which 33.7 percent belonged to the 
weak coefficient class and 34 percent to the moderate 
coefficient class [Fig. 9(a)].  
 

However, in the one-, two-, and three-month lags, 
the results were very different from those obtained in the 
simultaneous relationship. In the one-month lag, in the 
northern half, the correlation coefficients between 
temperature and NDVI drastically decreased, so that in 
this time lag, a weak correlation (positive and negative) 
was observed in about 59.9 percent of the area, and there 
were no moderate correlations. Then, for this reason, their 
statistically significant level drops sharply in such a way 
that the points with a statistically significant correlation at 
the level of α = 0.05 has decreased to less than half 
compared to the simultaneous relationship. But in the 
southern half, which is mostly affected by the tropical 
atmospheric systems, the correlation coefficients between 
the temperature and NDVI, in addition to the increase, had 
a spatial expansion, so that 39.9 percent of the area had a 
weak correlation and 1.6 percent also had a moderate 
correlation [Fig. 9(b)]. This increase in the value of the 
correlation coefficient has also increased their level of 
significance in such a way that these points are remarkable 
with a statistically significant correlation at the level of    
α = 0.05. 

 
In two- and three-month lags [Figs. 9(c&d)], for the 

total area of Baluchistan, the correlation between 
temperature and NDVI has been positive. In a two-month 
lag, 86 percent of its area and in 3-month lag, about      
100 percent of its area had a positive correlation and most 
of them were in the weak positive correlation class      

[Figs. 9(c&d)]. In terms of statistical significance, it is 
observed that their correlation coefficient was significant 
at the level of α = 0.05 in the two-month delay of the 
southern half and in the three-month delay of the largest 
area of Baluchistan with the exception of its central 
regions. 

 
The analysis of the correlation between precipitation 

and NDVI in Baluchistan showed very different situations 
compared to temperature. In the simultaneous 
relationship, it is observed that in a large part of 
Baluchistan, the correlation between precipitation and 
NDVI was positive and significant at α = 0.05              
[Fig. 10(a)]. In this simultaneous relationship, no negative 
correlation was observed. 86.6 percent of points had a 
weak positive correlation with precipitation and 16.4% of 
them had a moderate positive correlation. Most of the 
moderate positive correlations have been observed in the 
northeastern and northwestern parts with humid and semi-
humid climates (Fig. 2). 
 

In a one-month lag, there were more different 
relationships between precipitation and NDVI. Moderate 
positive correlations actually reached their minimum 
value of 0.4 in this lag. In this lag, 64 percent of NDVI 
had a weak positive correlation and 35.6 percent had a 
weak negative correlation with precipitation. Only the 
correlations related to the northeastern and northwestern 
parts of Baluchistan were significant at α = 0.05          
[Fig. 10(b)]. 
 

In the two- and three-month lags, the correlation 
between precipitation and NDVI practically reached its 
lowest value. In a two-month lag, 53 percent and 47 
percent of NDVI had a weak positive correlation and a 
weak negative correlation with precipitation. In this lag, 
only the correlations related to some parts of the southern 
half, which were negative, were significant at α = 0.05 
[Fig. 10(c)]. In the three-month lag, the correlation 
between precipitation and NDVI reached its lowest value 
and no significant correlation was observed at α = 0.05           
[Fig. 10(d)]. In other words, in the two and three-month 
lags, the relationship between precipitation and vegetation 
dynamics in Baluchistan practically gets to the lowest 
amount.  

 
4. Discussion 
 

Climatic variables are always one of the most 
important factors affecting the temporal-spatial dynamics 
of ecosystems on all local, regional and global scales, and 
the topic has always been a matter of interest to 
researchers in the field of climate, ecology, agriculture 
and remote sensing. In the present study, the relationship 
between temperature and precipitation variables with the 
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vegetation dynamics in one of the arid and semi-arid 
regions of the world, i.e., Baluchistan, and shared by the 
three countries of Iran, Pakistan, and Afghanistan, was 
investigated. Due to the wide area of this land and lack of 
a regular and a dense network of weather stations, the 
gridded temperature and precipitation data from the 
Climate Research Unit (CRU) of the University of East 
Anglia, called CRU TS 4.02, were used. In addition, the 
normalized difference vegetation index (NDVI) obtained 
from the MODIS sensor of the TERRA satellite was used. 
The results of the analysis of correlation between the 
average monthly temperature and NDVI at different time 
lags indicated that the NDVIs of humid and semi-humid 
climates in the northern half of Baluchistan 
simultaneously reacted to temperature changes, while the 
NDVI of the arid and semi-arid climates in the southern 
half of Baluchistan climatic reacted to them at one-month 
lag. This result was consistent with the results of a study 
by Firozi et al., (2018). In their study, they have analyzed 
the correlations between temperature and NDVI for three 
months of April, May and June April for the Sistan Plain, 
with the centrality of Zabol, in the northwest of 
Baluchistan, at different time lags. Also the results 
presented for the simultaneous relationship were 
consistent with the results of a study by Los et al., (2001). 
In their study, they considered the availability of moisture 
as a factor limiting the plant growth. Therefore, 
considering the climatic and environmental conditions in 
Baluchistan, this factor can also play a key role in this 
region. 
 

But the results of the analysis of the correlation 
between the total monthly precipitation and the monthly 
NDVI showed that the relationship between NDVI and 
precipitation was simultaneous, that is the precipitation of 
each month had the greatest effect on the NDVI on the 
same month. Although many studies in the world have 
confirmed the relationship between precipitation and 
NDVI at one- or two-month lag (Nicholson and Farrar, 
1994; Richards and Poccard, 1998; Alwesabi, 2012), in 
present study, it was observed that the vegetation 
dynamics simultaneously reacted to precipitation changes 
and in more humid climates in the northeastern and 
northwestern parts, it reacted to precipitation changes at a 
one-month lag. The simultaneous reaction of NDVI to 
precipitation changes can be due to the relative dryness of 
the Baluchistan territory, and its reaction at one-month 
lag, especially in the northern half, can be due to the 
different composition and structure of vegetation in this 
part of Baluchistan. Shrublands, croplands, and grasslands 
are the most important and dominant types of vegetation 
on this land. Shrublands in the eastern and northern half 
and croplands and grasslands in southwestern Baluchistan, 
have also included the highest spatial concentration. 
Therefore, the differences existing in vegetation types in 

various parts of Baluchistan may be an important reason 
for their different responses to rainfall variability at 
different time lags.  The results of the present study were 
consistent with the results of the study by Firozi, et al., 
(2018). Both of these studies on the Sistan plain in the 
northwest of Baluchistan with the centrality of 
Baluchistan showed a moderate positive correlation. 
However, the difference between the two studies in 
method and objective, which were not very similar to each 
other, should also be considered. 

 
5. Conclusion 
 

The results of the analysis of a correlation between 
the mean temperature and monthly NDVI in different time 
lags indicated that in the humid and semi-humid regions in 
the northern half of Baluchistan, NDVI simultaneously 
reacted to temperature variations, while in the arid and 
semi-arid regions in the southern half of Baluchistan, 
NDVI had a one-month time lag with temperature. 
However, the results of the analysis of a correlation 
between precipitation and monthly NDVI in different time 
lags indicated that NDVI simultaneously reacted to 
precipitation variations,  that is precipitation of each 
month had the greatest effect on the NDVI of the same 
month. 

 
In the results obtained, also there were uncertainties 

that must be taken into account in the analysis. Some of 
these uncertainties relate to the nature of gridded data and 
the amount of error occurring during the interpolation of 
data, while some other certainties relate to various factors 
such as seasonal variations in atmospheric water vapor, 
atmospheric aerosol changes and large areas of bare soil in 
arid and semi-arid regions that can make changes in the 
NDVI values while these factors have no relationship with 
active vegetation. 

 
Acknowledgements 
 

This research has been carried out in the form of 
Program of Cooperation between Iran and Pakistan in the 
field of science and technology. We gratefully thank the 
Ministry of Science and Technology, Government of the 
Islamic Republic of Pakistan and Ministry of Science, 
Research and Technology, Government of the Islamic 
Republic of Iran for their financial support. 
 
Disclaimer : The contents and views expressed in this 
study are the views of the authors and do not necessarily 
reflect the views of the organizations they belong to. 
 

References  

Ahmed, K., Shahid, S., Harun, S. B. and Wang, X. J., 2016, 
“Characterization of seasonal droughts in Balochistan 



 
 
                          MAUSAM, 75, 1 (January  2024) 

86 

Province”, Pakistan. Stochastic environmental research and 
risk assessment, 30, 2, 747-762. doi :  https://doi.org/10.1007/ 
s00477-015-1117-2. 

Alwesabi, M., 2012, MODIS NDVI “satellite data for assessing drought 
in Somalia during the period 2000-2011”, M.Sc. thesis, Lund 
University, Lund, Sweden. 

Ashraf, M. and Routray, J. K., 2013, “Perception and understanding of 
drought and coping strategies of farming households in north-
west Balochistan”, International Journal of Disaster Risk 
Reduction, 5. doi : https://doi.org/10.1016/j.ijdrr.2013.05.002. 

Asrar, G., M. Fuchs, E. T. Kanemasu and Hatfield, J. L., 1984, 
“Estimating absorbed photosynthetic radiation and leaf area 
index from spectral reflectance in wheat”, Agronomy Journal, 
76-2. doi : http://doi.org/10.2134/agronj1984.00021962007600 
020029x. 

Bates, D. M. and Watts, D. G., 1988, “Nonlinear regression analysis and 
its applications”, New York.  

Chen, P. Y., Srinivasan, R., Fedosejevs, G. and Kiniry, J. R., 2003, 
“Evaluating different NDVI composite techniques using 
NOAA-14 AVHRR data”, International Journal of Remote 
Sensing, 24-17. doi : https://doi.org/10.1080/014311602100002 
1279. 

Chen, Y., Lixiao, B. and Xie, F., 2001, “NDVI changes in China 
between 1989 and 1999 using change vector analysis based on 
time series data”, Journal of Geographical Sciences, 11, 4.      
doi :  https://doi.org/10.1007/BF02837965. 

Davenport, M. L. and Nicholson, S. E., 1993, “On the relation between 
rainfall and the Normalized Difference Vegetation Index for 
diverse vegetation types in East Africa”, International Journal 
of Remote Sensing, 14-12. doi: https://doi.org/10.1080/ 
01431169308954042. 

De Martonne, M., 1909, “Traité de géographie physique - Climat - 
Hydrographic - Relief du sol - Biogéographie”,  Paris : Li-
brairie Armand Colin. 

Di, L., Rundquist, D. C. and Han, L., 1994, “Modeling relationships 
between NDVI and precipitation during vegetation growth 
cycles”, International Journal of Remote Sensing, 15-10.         
doi :  https://doi.org/10.1080/01431160903464146. 

Duplessis, W. P., 1999, “Linear regression relationships between NDVI, 
vegetation and rainfall in Etosha National Park, Namibia”, 
Journal of Arid Environments, 42, 4. doi : https://doi.org/10. 
1006/jare.1999.0505. 

Farrar, T. J., Nicholson, S. E. and Lare, A. R., 1994, “The influence of 
soil type on the relationships between NDVI, rainfall and soil 
moisture in semiarid Botswana II”, NDVI response to soil 
moisture, Remote Sensing of Environment, 50, 2. doi :  https:// 
doi. org/10.1016/0034-4257(94)90039-6. 

Firozi, F., Tavousi, T. and Mahmoudi, P., 2018, “Investigating the 
statistical relationship between climatic and hydrological 
variables with Vegetation Dynamics in a dry climate (Case 
study : Sistan plain in eastern Iran)”, Desert Management, 6-11. 
(In Persian). 

Fisher, G. W. and Levine, E. R., 1996, “The response of vegetation to 
change of annual rainfall in the Sahel region of Africa, and its 
dependence on soil type”, “Proceedings of the 3rd International 
Conference/Workshop on Integrating GIS and Environmental 
Modeling”, Santa Fe. 

Foody, G. M., 2003, “Geographical weighting as a further refinement to 
regression modelling : An example focused on the NDVI-
rainfall relationship”, Remote Sensing of Environment, 88, 3.          

doi :  https://doi.org/10.1016/j.rse.2003.08.004. 

Frye, R. N. and Elfenbein, J., 2019, “Balūčistān”. doi : https://doi.org/ 
10.1163/1573-3912_islam_COM_0097. 

Government of Balochistan, 2019, “About Balochistan”, www. 
balochistan.gov.pk/index.php?option=com_content&view=artic
le&id=37&Itemid=783. 

Goward, S. N. and Prince, S. D., 1995, “Transient effects of climate on 
vegetation dynamics : satellite observations”, “Journal of 
Biogeography”, 22-2. doi : https://doi.org/10.2307/2845953. 

Gray, T. I. and Tapley, D. B., 1985, “Vegetation health: natures climate 
monitor. Advances in Space Research”, 5-6. doi :  
https://doi.org/10.1016/0273-1177(85)90343-6. 

Groeneveld,  D. P.  and Baugh, W. M., 2007,  “Correcting satellite data 
to detect vegetation signal for eco-hydrologic analyses”, 
Journal of Hydrology, 344-1, 2. doi :  https://doi.org/10.1016/j. 
jhydrol.2007.07.001. 

Harris, I., Jones, P. D.,  Osborn, T. J. and Lister, D. H., 2014, “Updated 
high-resolution grids of monthly climatic observations - the 
CRU TS3.10 Dataset”, International Journal of Climatology, 
34, 3. doi : https://doi.org/10.1002/joc.3711. 

Henricksen, B. L. and Durkin, J. W., 1986, “Growing period and drought 
early warning in Africa using satellite data”, International 
Journal of Remote Sensing,7-11. doi :  https://doi. 
org/10.1080/01431168608948955. 

Hielkema, J. U., Prince, S. D. and W. L. Astle, 1986, “Rainfall and 
vegetation monitoring in the Savanna Zone of the Democratic 
Republic of Sudan using the NOAA advanced very high 
resolution radiometer”, International Journal of Remote 
Sensing, 7-11. doi : https://doi.org/10.1080/0143116860 
8948950. 

Huete, A. R. and Tucker, C. J., 1991, “Investigation of soil influences in 
AVHRR red and near-infrared vegetation index imagery”, 
International Journal of Remote Sensing, 12-6. doi : https:// 
doi.org/10.1080/01431169108929723. 

Huete, A. R., 1985, “Spectral response of a plant canopy with different 
soil backgrounds”, Remote Sensing of Environment, 17-1.        
doi :  https://doi.org/10.1016/0034-4257(85)90111-7. 

Hutchinson, C. F., 1991, “Use of satellite data for famine early warming 
in sub-Saharan Africa”, International Journal of Remote 
Sensing, 12-6. doi :  https://doi.org/10.1080/014311691089297 
33. 

Ichii, K., Kawabata, A. and Yamaguchi, Y., 2002, “Global correlation 
analysis for NDVI and climatic variables and NDVI trends: 
1982-1990”, International Journal of Remote Sensing, 23-18. 
doi : https://doi.org/10.1080/01431160110119416. 

Jobbagy, E. G., Sala, O. E. and Paruelo, J. M., 2002, “Patterns and 
controls of primary production in the Patagonian steppe: a 
remote sensing approach”, Ecology, 83, 2. doi :  https://doi.org/ 
10.1890/00129658(2002)083[0307:PACOPP]2.0.CO;2. 

Jovanović, M. M., Milanović, M. M. and Zorn, M., 2018, “The use of 
NDVI and CORINE Land Cover databases for forest 
management in Serbia”, Acta Geographica Slovenica, 58, 1.   
doi : https://doi.org/10.3986/AGS.818.  

Justice, C. O. and Hiernaux, P. H. Y., 1986, “Monitoring the grasslands 
of the Sahel using NOAA AVHRR data : Niger 1983”, 
International Journal of Remote Sensing, 7, 11. doi : https://doi. 
org/10.1080/01431168608948949. 

Justice, C. O., Eck, T. F., Tanre, D. and Holben, B. N., 1991, “The effect 
of water vapor on normalized difference vegetation index 



 
 
GIARNO et al. : THE INFLUENCE OF THE VARIABILITY OF WEATHER CONDITIONS ON PREDICTING RAIN 

87 

derived for the Sahelian region from NOAA AVHRR data”, 
International Journal of Remote Sensing, 12, 6.                              
doi :  https://doi. org/10.1080/01431169108929720. 

Le Marie, M., Zaag, P. Van der, Menting, G., Baquete, E. and Schotanus, 
D., 2006, “The use of remote sensing for monitoring 
environmental indicators: the case of the Incomati estuary, 
Mozambique”, Physics and Chemistry of the Earth, 31-15, 16. 
doi : https://doi.org/10.1016/j.pce.2006.08.023. 

Li, B., Tao, S.  and Dawson, R. W., 2002, “Relations between AVHRR 
NDVI and eco-climatic parameters in China”, International 
Journal of Remote Sensing 23-5. doi :  https://doi.org/10.1080/ 
014311602753474192. 

Los, S. O., Collatz, G. J., Bounoua, L., Sellers, P. J. and Tucker, C. J., 
2001,  “Global interannual variations in sea surface temperature 
and land surface vegetation, air temperature, and precipitation”, 
Journal of Climate, 14-7. doi : https://doi.org/10.1175/1520-
0442(2001)014<1535:GIVISS>2.0.CO;2. 

Ma, M. and Veroustraete, F., 2006, “Interannual variability of vegetation 
cover in the Chinese Heihe River Basin and its relation to 
meteorological parameters”, International Journal of Remote 
Sensing, 27-16. doi :  https://doi.org/10.1080/014311606 
00593031. 

Malo, A. R. and Nicholson, S. E., 1990, “A study of rainfall and 
vegetation dynamics in the African Sahel using normalized 
difference vegetation index”, Journal of Arid Environments,  19, 
1. doi : https://doi.org/10.1016/S0140-1963(18)30825-5. 

Maselli, F., Chiesi, M., Barbati, A., Chirici, G. and Corona, P., 2006, 
“Use of remotely sensed and ancillary data for estimating forest 
gross primary productivity in Italy”, Remote Sensing of 
Environment, 100, 4. doi :  https://doi.org/10.1016/j.rse.2005.11. 
010. 

Mazvimavi, D., 2003, “Estimation of Flow Characteristics of Ungauged 
Catchment : Case Study in Zimbabwe”, Ph.D. Thesis. 
Wageningen University. Wageningen. Netherlands. 

Myneni, R. B., Keeling, C. D., Tucker, C. J., Asrar, G. and Nemani, R. 
R., 1997, “Increased plant growth in the northern high latitudes 
from 1981-1991”, Nature, 386. doi :  https://doi.org/10.1038/ 
386 698a0. 

Nemani, R. R., and Running, S. W., 1989, “Estimation of regional 
surface resistance to evapotranspiration from NDVI and thermal 
IR-AVHRR data”, Journal of Applied Meteorology, 28-4.           
doi :  https://doi.org/10.1175/15200450(1989)028<0276: 
EORSRT>2.0.CO;2. 

Nemani, R. R., Keeling, C. D., Hashimoto, H., Jolly, W. M., Piper, S. C., 
Tucker, C. J., Myneni, R.  B. and Running, S. W., 2003, 
“Climate-driven increases in global terrestrial net primary 
production from 1982 to 1999”, Science, 300. doi :  https://doi. 
org/10.1126/science.1082750. 

Nicholson, S. E. and Farrar, T. J., 1994, “The influence of soil type on 
the relationships between NDVI, rainfall and soil moisture in 
semiarid Botswana”, I. NDVI response to rainfall. Remote 
Sensing of Environment, 50, 2. doi : https://doi.org/10.1016/ 
0034 -4257(94)90038-8.  

Nicholson, S. E., Davenport, M. L. and Malo, A. R., 1990, “A 
comparison of the vegetation response to rainfall in the Sahel 
and East Africa, using Normalized Difference Vegetation Index 
from NOAA AVHRR”, Climate Change, 17-2, 3. doi : https:// 
doi.org/10.1007/BF00138369. 

Peters, A. J., Eve, Holt, E. H. and Whitford, W. G., 1997, “Analysis of 
desert plant community growth patterns with high temporal 

resolution satellite spectra”, Journal of Applied Ecology, 34, 2. 
doi : https://doi.org/10.2307/2404887. 

Qasim, S., Shrestha, R., Shivakoti, G. and Tripathi, N., 2011, “Socio-
economic determinants of land degradation in Pishin sub-basin, 
Pakistan”, International Journal of Sustainable Development & 
World Ecology, 18-1. doi : https://doi.org/10.1080/13504509. 
2011.543844. 

Richards, Y. and Poccard, I., 1998, “A statistical study of NDVI 
sensitivity to seasonal and interannual rainfall variations in 
Southern Africa”, International Journal of Remote Sensing,          
19-15. doi : https://doi.org/10.1080/014311698214343. 

Sellers, P. J., 1985, “Canopy reflectance, photosynthesis and 
transpiration”, International Journal of Remote Sensing, 6-8.  
doi :  https://doi.org/10.1080/01431168508948283. 

Shirazi, S. A., 2006, “Desertification in Balochistan-Pakistan: 
Suggesting Some Remedial Measures”, Proceedings of 14th  
International Soil Conservation Organization Conference. 
Marrakech. Morocco. 

Solano, R., Didan, K., Jacobson, A. and Huete, A., 2010, “MODIS 
Vegetation Indices (MOD13) C5 - User’s Guide”, Terrestrial 
Biophysics and Remote Sensing Lab. University of Arizona. 
Arizona. 

Song, Y. and Ma, M., 2011, “A statistical analysis of the relationship 
between climatic factors and the Normalized Difference 
Vegetation Index in China”, International Journal of Remote 
Sensing, 32, 1. doi :  https://doi.org/10.1080/014311610038013 
36. 

Stoms, D. M. and Hargrove, W. W., 2000, “Potential NDVI as a baseline 
for monitoring ecosystem functioning”, International Journal of 
Remote Sensing,21, 2. doi :  https://doi.org/10.1080/ 
014311600210920. 

Tan, S. Y., 2007, “The influence of temperature and precipitation climate 
regimes on vegetation dynamics in the US Great Plains: a 
satellite bioclimatology case study”, International Journal of 
Remote Sensing, 28-22. doi :  https://doi.org/10.1080/01431160 
701264268. 

Townshend, J. R. G. and Justice, C. O., 1986, “Analysis of the dynamics 
of African vegetation using the normalized difference 
vegetation index”, International Journal of Remote Sensing, 7, 
11. doi : https://doi.org/10.1080/01431168608948946. 

Tucker, C. J. and Sellers, P. J., 1986, “Satellite remote sensing of 
primary vegetation”, International Journal of Remote Sensing, 
7, 11. doi : https://doi.org/10.1080/01431168608948944. 

Tucker, C. J., 1979, “Red and photographic infrared linear combinations 
for monitoring vegetation”, Remote Sensing of Environment,       
8, 2. doi : https://doi.org/10.1016/0034-4257(79)90013-0. 

Tucker, C. J., Justice, C. O. and Prince, S. D., 1986, “Monitoring the 
grasslands of the Sahel 1984-1985”, International Journal of 
Remote Sensing, 7, 11. doi :  https://doi.org/10.1080/ 
01431168608948954. 

Tucker, C. J., Vanpreat, C. L., Sharman, M. J., Ittersum and G. Van., 
1985, “Satellite remote sensing of total herbaceous biomass 
production in the Senegalese Sahel : 1980-1984”, Remote 
Sensing of Environment, 17, 3. doi :  https://doi.org/10.1016/ 
0034-4257(85)90097-5. 

Vandeput, N., 2021, “Data Science for Supply Chain Forecasting (2nd  
Edition)”, Publisher: De Gruyter,  p280.  



 
 
                          MAUSAM, 75, 1 (January  2024) 

88 

Vermote, E. F., Saleous, N. Z. El, Justice, C. O., Kaufman, Y. J.,  
Privette, J., Remer, L., Roger, J. C. and Tanre, D., 1997, 
“Atmospheric correction of visible to middle infrared EOS-
MODIS data over land surface, background, operational 
algorithm and validation”, Journal of Geophysical Research, 
112-D14. doi : https://doi.org/10.1029/97JD00201. 

Veysipanah, M., 2014, “Polynomial trends of vegetation phenology in 
Sahelian to equatorial Africa using remotely sensed time series 
from 1983 to 2005”, M.Sc. Thesis, Lund University. Lund. 
Sweden. 

Wang, Q., Tenhunen, J., Dinh, Q. N., Reichstein, M., Vesala, T. and 
Keronen, P., 2004, “Similarities in ground- and satellite-based 
NDVI time series and their relationship to physiological activity 
of a Scots pine forest in Finland”, Remote Sensing of 
Environment, 93, 1, 2. doi :  https://doi.org/10.1016/ 
j.rse.2004.07. 006. 

Yu, F., Price, K. P., Ellis, J. and Shi, P., 2003, “Response of seasonal 
vegetation development to climatic variations in eastern central 
Asia”, Remote Sensing of Environment, 87, 1. doi : https:// 
doi.org/10.1016/S0034-4257(03)00144-5. 

 
 
 
 
 

 
 
 

 

https://doi.org/10.1016/S0034-4257(03)00144-5�
https://doi.org/10.1016/S0034-4257(03)00144-5�
https://doi.org/10.1016/S0034-4257(03)00144-5�

