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Abstract

In order to assess the vegetation changes trend of Sistan plain located in the eastern part of Iran,
NDVI products from MODIS sensor on Terra satellite (MOD13A3) at 1 km spatial resolution were
used over a 15-year period (2000-2014) for three months of April, May and June. After obtaining
images from the land processes distributed active archive center, all 45 images downloaded for the
studied area were mosaicked and geo-referenced to the Universal Transverse Mercator projection
system by nearest-neighbor resampling method. In the next step, the images were converted into an
ASCII format. By doing this, the total number of pixels within the studied area was 30080 pixels.
Finally, the vegetation change trend was evaluated using Sen’s slope estimator nonparametric method
for three-month of study and on a pixel scale. The results of this research showed that the highest
increasing changes trend in NDVI was observed in the northwest of the plain, and the highest
decreasing changes trend in NDVI was observed in the east and center of the plain. In addition,
according to the results of this study, the use of Sen’s slope estimator nonparametric method in the
studies of vegetation coverage variation trend in arid regions resulting from NDVI products from
MODIS sensor can be very efficient and useful.
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1. INTRODUCTION

A time series is simply a set of observations measured at successive points in time or over successive periods of time.
Various time series analysis techniques are capable of extracting multiple overt and covert data used to identify the
nature of the phenomenon concerned (Chandler and Scott, 2011). Time series analysis methods are used in two
different domains: frequency and time. The variability of phenomena in the time domain in triple time periods
reveals their oscillations, fluctuation and trends (Daneshmand and Mahmoudi, 2017). Meanwhile, the trend
represents a general systematic linear or a nonlinear component that changes over time and does not repeat, or, at
least, does not repeat within the time range.

Trend in time series of vegetation coverage data typically encompass gradual changes, although they may also occur
abruptly or develop slowly over time. Gradual changes mainly reflect long-term changes in other factors, such as
land management, land erosion and climate changes (Goetz et al., 2005). Whereas abrupt changes are normally
caused by disturbances such as fire, flood, urbanization, insect attack, or drought (Scheffer et al., 2001; Lenton,
2013). These changes can be analyzed by investigating the normalized difference vegetation index (NDVI) time
series. Normalized vegetation difference index (NDVI) is an indirect measure of photosynthetic activity. This index
ranges from 0, the minimum, to 1, the maximum. The Normalized Vegetation Difference Index (NDVI) is defined as
follows:


mailto:p_mahmoudi@gep.usb.ac.ir

- -

A . o S
s AP ~4 ¢ o Nal . il M
(&) | art Q"\-J t)//b/.hdb'. .JL’/-—"' U= '{/ (&) I ‘-',"VH‘TQ".”
. - - - - -

International Conference of _ W O
GI Science: Basic and Trans/Interdisciplanary Applications GIS Jw/}/;/ LJ//;,"/ 2
& 6% FUM_GISDay . =
) NIE— RED
NIWI=—e—————= (1)
NIE+ RED

Normalized Vegetation Difference Index uses a fundamental principle, namely, surfaces with vegetation, red
wavelength (RED) and near infrared (NIR) are characterized by high absorption and low reflection, respectively
(Chen et al., 2003; Groeneveld and Baugh, 2007). The chlorophyll reflectance in the red wavelength range (RED) is
about 20% and 60% in the near-infrared wavelength (NIR) and the difference between the responses of both bands
allows quantifying the energy absorbed by chlorophyll, which thus represent different levels of vegetation cover
(Tucker and Sellers, 1986).

A review of NDVI time series on an annual scale can provide for us a comprehensive and integrated view of
photosynthetic activities in one area; while on a seasonal scale, this survey is able to separate compositions of
evergreen and deciduous vegetation from each other and determine the length of the growing season for us.
Furthermore, the review of the trend in time series of normalized difference vegetation index (NDVI) can help to
identify recent changes in ecosystems on a local and global scale as well (Matias et al., 2013).

Many researchers have emphasized the efficiency of NDVI index and statistical models in assessing the trend of
global plant phenology changes (Eklundh and Jénsson, 2003; Olsson et al., 2005; Verbesselt et al., 2006; Beck et al.,
2006; Olofsson et al, 2007; Jamali, 2014; Jin and Eklundh, 2014 ). Using MODIS sensor on the Terra satellite,
Jamali (2014) evaluated the trend of vegetation cover variations in the Sahel area of Africa using Mann-Kendall
statistical and ordinary least-squares regression methods (OLS). The result of this study indicates that the least
squares regression statistical method (OLS) gives us a better result than the Mann-Kendall method. It was also shown
that the estimation of the NDVI time series depends to a great extent on the source of satellite data, resolution, and
statistical methods used. In addition, in a study on the vegetation cover trend of two Fennoscandia and Kola
Peninsula islands during the statistical period of 2000-2005, Beck et al. (2006) reached a good agreement between
the statistical models used and demonstrated that statistical methods are suitable tools for examining vegetation
trends and verification with field visit.

In their monitoring the trend changes in three wetlands of Hamoun and land cover of surrounding area in a 38-year
period (1977-2014) using satellite remote sensing products, Shakeryari et al. (2016) came to the conclusion that the
changes made in the three wetlands of Hamoun were negative in the first (1977-1988) and the second periods (1988-
1988), but in the third period (2000-214), the changes were made with a positive slope towards the restoration of
wetlands. In general, however, the changes trend in the three wetlands of Hamoun has been toward loss of wetlands
in the studied periods. Land cover changes around the lake also indicate that the land area belonging to the classes of
canebrake and barren lands and saline soils has been decreasing and the vegetation class has been increasing.

According to the results of above-mentioned studies, it can be said that the assessment of vegetation variations in
different parts of the world has always been an issue of concern for many researchers, especially remote sensing and
environmental researchers. To evaluate this trend, they utilized various satellite images and mathematical and
statistical techniques and methods. By taking into consideration all previous studies, this study intends to investigate
the changes in vegetation trends in one of the dry and hyper-arid plains of the world called Sistan plain in eastern part
of Iran as a case study using MODIS sensor on a Terra satellite and introduces a new scientific framework based on
two remote sensing and statistics knowledge. Therefore, in what follows, after the introduction of the study area, the
methodology will be fully presented and, finally, the results will be presented in two discussion and conclusion
sections.

2. LOCATION OF THE STUDY AREA

The Sistan Delta in Iran is located at the end of a closed basin named Hilmand. The entire contributing basin is about
200,000 km2 and is largely located in Afghanistan. The Iranian part, the delta plain (ca. 2500 km2) and part of the
surrounding wetlands system (ca. 5000 km2), covers less than 5% of the total basin area. The river system discharges
into an inland depression which, when sufficient water is available, forms the Hamoun Lakes. These lakes are one of
the main and most valuable aquatic ecosystems in Iran and are registered wetlands in the UNESCO world network of
biosphere reserves (WNBR) and in the convention on wetlands of international importance (Ramsar convention). A
unique feature of the lakes is that they are fresh, despite that they are seemingly at the end of a closed basin. Actually
they are not the end. During periods of very high flows the lakes spill into the Shile River and to the Goud-e-Zereh.
This ‘flushing’ happens on average each 8-11 years. The Goud-e-Zereh is the real terminal lake of the basin and is
very saline (Van Beek and Meijer, 2006).

The Sistan inland delta has a population of some 400,000 people. The economy is strongly dependent on agriculture
(irrigated and non-irrigated) and the goods and services provided by the wetlands. The irrigation system of about
120,000 ha has recently been rehabilitated. Three reservoirs (Chahnimeh) have been constructed for public water
supply with a fourth reservoir under preparation. The inflowing rivers from Afghanistan support the irrigated
agriculture in the Sistan delta but are also the source for the lake system around the delta (Van Beek and Meijer,
2006).

According to Képpen climate classification, this region has a very warm and dry desert climate. The average annual
rainfall in this plain is very low (between 50 and 55 mm), 7% of the average annual precipitation in the world. Its
annual evaporation rate is very high and about 4800 mm. The average maximum temperature is 34.5 degrees Celsius
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and the average minimum temperature is 8.5 degrees Celsius. The most important weather characteristic of the
region a northerly wind, known as the "wind of 120 days", blows during the summer months from June

to September and the direction of the wind is from northwest to southeast and the maximum speed of
these winds is 100 kilometers per hour.
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Figure 1. Geographical location of Sistan plain, Iran

3. MATERIALS AND METHODS

In order to assess the vegetation coverage change trend of Sistan plain over a 15-year period (2000-2014) NDVI
products from MODIS sensor on Terra satellite (MOD13A3) were used in this study. These data can be extracted
from the land processes distributed active archive center. The NDVI was calculated from the MODIS surface
reflectance of the red band (610-680 nm) and near infrared band (780-890 nm), which were corrected with
molecular scattering, ozone absorption, and aerosols. This 1000-m spatial resolution NDVI dataset has a temporal
resolution of 16 days (Olofsson et al., 2007; Hao et al., 2012). According to local land cover and climatic
characteristics, a 45 series of MODIS NDVI images for a 15-years period starting from 2000 to 2014 and for the
three months of April, May and June, the maximum vegetation cover in the study area, were ordered from the EOS
data gateway website. Then, all of them were mosaicked and geo-referenced to the Universal Transverse Mercator
projection system by nearest-neighbor resampling method (Stefanov and Netzband, 2005; Hao et al., 2012).

The next step will be to create a database of images, how to extract and adjust the data. At first, 45 images were
individually downloaded, converted and saved in ASCII format. According to spatial resolution of 1 from 1 km per
image, the total number of pixels per image within the boundaries of the study area was 30080 pixels. Then, the
NDVI time series of all 30080 pixels for three months of April, May and June were separated and prepared for the
entire statistical period studied using the software R. Finally, the trend in vegetation-cover changes in each pixel was
investigated using the Sen’s slope estimator nonparametric method. In what follows, the computational steps of this
approach have been completely presented.

This method was originally developed by Thiel in 1950 and was then extended by Sen in 1968. Like many other
nonparametric methods including Mann-Kendall, this method is also based on analyzing the difference between
observations of a time series. This method can be used when the trend in the time series appears to be linear. This

implies that T (t) in Equation 2:
f(t)=Qt+B 2

Where Q denotes the trend line slope and B is constant.
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In order to calculate the trend line slope, Q , the slope between each pair of observational data should be firstly
calculated using Equation 3:

X, —X
Q =L = ®)

j—k
Where j >k . Here, in this equation, XJ- and Xy denote observational data at times of j and K , respectively.

Using this equation, a slope is obtained for each pair of observational data. A time series is calculated from the slopes
when they are placed next to each other. This implies that if there is a N in the time series (n = 33), then we will have

N =n(n—1)/2 which will estimate the slope Q, .

Next, the median of studied time series should be calculated. To do this, N of Q, should be arranged from small

to large and then the median of the time series is determined using one of the following equations. If the number of
time series observations is odd, equation 4 is used and equation 5 for even number:

Q= Q[(N+l)/2] 4

1
Q= 5 [Q[N 2] T Q[(N+2)/2]] (5)

As a result, the trend line slope Qmed is calculated. If the trend of line slope is positive, it represents an increasing
trend and a negative slope a decreasing trend.
Then, the slope obtained is tested at a confidence interval of a= 0.05. The following is used to perform this test:

C, =Z,,,VAR(S) Q)

Where Z refers to the standard normal distribution statistic in a two-way test which Z =1.96 for confidence
level of a= 0.05 and VAR(S) also refers to the parameter variance. To calculate the parameter value S as well

asVAR(S) , the following steps should be followed:

e  Calculating the difference between individual series sentences with each other and applying the sign
function and extracting the parameter S

s=3 Ssonlx, —x,)

k=1 j=k+1

U]

Where N denotes the number of series observations (15 years), XJ- and X, also denote the data of j and K

series, respectively.
e  The sign function is calculated as follows:
+1 if (Xj — Xk) >0 (8)
sgn(x)=< 0 if (x—x)=0
-1 if (Xj — Xk) <0

e  Calculating the variance S by one of the following relationships. If the number of series data is greater
than 10, Equation 9 can be used and if it is smaller than 10, the equation 10 is used.

n(n-1)2n+5)- it(t ~1)2t+5)
i=1
18
n(n—1)2n+5) (10)
18

Where N refers to the number of observational data, M refers the number of series with at least one duplicate data,
and T denotes the frequency of the same valuable data also.

)

VAR(S) =

VAR(S)=
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Finally, the lower and upper limits of the confidence interval are calculated using the following equations:

' (11)
M, n'-C,
2

Where N’ denotes the number of slopes obtained by Eq. 9.

Now we extract the M1th and the M2 +1th of slopes among the calculated slopes. If the zero ranges between the two
extracted slopes above, the HO is accepted and the lack of trend in the data series is confirmed. Otherwise, the HO is
rejected and the trend is accepted at the confidence level. Finally, in order to obtain the B value in equation (1), N
number of differences X; — Qti is calculated. Then the median values give an estimate of B (Alijani et al., 2011).

4, DISCUSSION AND RESULTS

Vegetation cover maps obtained from processing images of MODIS sensor from Terra satellite for three months of
April, May and June for years 2000 to 2014 were prepared for the study area (Fig. 2). These three months were
chosen because the region has rich vegetation during these 3 months. Figure 2 represents a sample of vegetation
cover maps for May for the entire 15-year study period. These images clearly show the dynamics of vegetation over
the years. According to the images obtained during May, Hamoun triple lakes and Chahnimeh inflowing from the
Hirmand River were dried in years 2000, 2001, 2002 and 2004, and the vegetation has reached its lowest level.

May-2003 / . —
L L o S . " — FE— L May-2002 / ——
b ﬁ\] o vrzont —— 14+ f o
2 F \ w24 ==
Zaho ! S Zabol
. \ Zabol i £ \
T— Zahak o Zahak = Zahak
/ o | L .
‘ ? 08 R
& T
0es
306+
stas
Iruct
0304
3044
0303
s 3%
150 2 _ 02 ¢
— _ | ¥ -
606 s . e
T 0 & L & 608 6 1 618
L 08 6 4
A " . L L
May- 2004 =
s M \ 3 314 1 ] Tum3008 /
// \ // \
3 \ r 312 L 312 L
\ < \ s
Z:x;m] | Zabol | . ++ Zabol
3 = t 31 - = # 3 « gp il i/
— Zahak ¢ — Zahak / — Zahak .
/ o / o [ / ~ o [
. | - !
54! o & P
.m:.:\ ; o=l
% 06> X B 6> B
beas * 2506
2405 ¢ neas
i a4 30
™ d X i de ¥
Clwaz % Cjoaez <= & -
wad gt T N L 202 Joar o o
Beaossn w s N\ Peard s s s a0 N\ —
C 604 606 608 612 614 616 618 60 &0. 6 608 61 6l 14 618 = = “ R & ° o
R Ny 2008 ;
314 o 314 r
g ” ‘ W
- o » \
32 1.2 A\
o\
Zabol + Zabol
. S .
31 ,
— Zahak / — Zahak /|
o [ ( =
- -
08 & 08y ~
Ry ey e
L w0 %
N = e ~
06 Wyeas i [0 )
sas s0s
304 034,
047 Fhzas 3047 Tazes |
Cmas R TJoaez <%
- ? E|
02 ™! N 302+ g™ “
| BREE e S | B
| s
T T T T
0 802 3 6 f 6 & 1 14 618




s 5 .. s
et 4 ¢ o Nl » g ey Al o
Slars (8 u)//b/.h)&-'. .\;.L:/’...«t.u-‘n'/ s '\‘.'/"v,,‘.'v 43
e . i % L .

International Conference of _ W O
GI Science: Basic and Trans/Interdisciplanary Applications GIS JL&/}/;/ w//;;‘", 2
& 6% FUM_GISDay . s

e ——— — ————— = e — s e s e SR
May 2009 T . May-2010 / S | . May201 —
314 *_ S 314 / — - 314+ = F
*‘ _ 3 ;\ i3 ® e
> \ P | \ o ’ \
324 K 193 312 P 4 BT 3124 Lt
. 3 -~ \ . \
"zl { \ * Zabol \ % Zabol \
2 a p " { > o 1
— Zahak R ph Zahak /| SRy » Zahak /
. ( e (| .
s 20 ' B pé
|
0 t
|
» !
Py -~ -—)“ ~—
02 024 ~
N — B i —"
0 608 & 61 14 6 818 Ll‘ 608 L} 4 18
o e e e o L . - —
My 20 T May-2013 e - | Mas-2014 / S
e ) — 314 = 314 e
\ -
\ " \
s12- e |t 2 -
. % \l
+ Zabol \ Zabol \ Zabol \
® t 3 2 e i > . 1
- Zahak | p— Zahak /| T Zahok |
e [ / L f LT
.} .
P L 73 o
"
¥

T T T T
©8 61 612 614 615 618 6 602 608 6 612 614 615 618

Figure 2- Vegetation maps (MODIS NDVI) of May for Sistan Plain in the period 2000-2014. (Top left for 2000
and lower right for 2014)

In line with the same vegetation dynamics in Sistan plain, the slope values for changes trend in the normalized
difference vegetation index (NDVI) were separately calculated for all 30080 pixels located in Sistan Plain by April,
May and June months and using the Sen’s slope estimator nonparametric method. Then, the slope values of the
obtained trends were prepared in the form of simultaneous maps for spatial analysis (Fig. 3). Comparison of
simultaneous maps of April, May and June showed that the spatial patterns were almost the same for every three
months (Fig. 3). These maps clearly show that the maximum changes in slope trend have been observed in the
northeast of the plain where urban and rural settlements are located. In this part of the plain, the slope changes have
been completely increasing. Agriculture became also widespread in this part of the plain due to the inflowing of
Hirmand River. However, the point that should be considered in analyzing the increasing trends in NDVI magnitudes
in the north and north-east of the plain is that an increase in the NDVI values is not related to agricultural
development alone and thus to the increase in vegetation density. Rather, the drying up of the triple lakes of Hamoun
has been a very contributor to this trend. Because as we know, blue masses in NDVI index are represented with
negative or near zero values and the drying up of these water masses causes a change in the reflectance of the earth's
infrared waves and leads its values to the positive side. In addition, the negative values on the slope of the change
trend are very limited and are visible as small spots and sometimes large in the east and center of the plain. This
downward trend in the NDVI values in the east of the plain coincides with the development of Chahnimeh artificial
lake for urban and rural drinking water and the development of the agricultural sector. The rest of the plain area
which is desert and without any vegetation as well as the human population has not experienced a particular trend.
The significance of the obtained trends at the confidence level of o = 0.05 is a very important point that has received
much attention in many studies of the changes trend. In this study, all the trends obtained at the probabilistic level o
= 0.05 were also evaluated. The significance of the results regarding the trends is presented in three separate maps for
April, May and June months in Fig. 3. In these maps, the significance of the trends has been statistically analyzed for
each pixel. Pixels with an increasing and significance trend in the probability level a = 0.05 were represented with
green color; the pixels with a decreasing trend and significance on the probability level a = 0.05 were represented
with red color and finally, pixels without significant trend were represented with white color. According to these
maps, an increasing trends in NDVI values in the northeast of the plain which have the highest slope values, were
also significant at the level of a = 0.05. Furthermore, the presence of distinct spots in the east and center of the plain
reveals that the decreasing trend in the NDVI values has been statistically significant. To verify the results, the author
conducted field visits and several oral interviews with informants and old people residing in the Sistan Plain. For a
better understanding of these changes, the areas captured with GPS and screenshots of different plains were shown in
Figure 4. The results of the interview with informants and old people of the plain indicate that factors such as the
abandonment of agricultural land for various reasons, including long-term droughts and hydropoletic conflicts
between Iran and Afghanistan were the main reasons for the existence of areas with a declining and significant
trend especially in the center of the plain and caused a decreasing access to the Hirmand River water resources and
mandatory migration from rural areas to cities or doing false occupations. As noted above, pixels with an increasing
trend were related to the drying of triple Hamoun lakes as well as agriculture sector. An interesting point during this
research and field observations was the use of dry beds in triple Hamoun lakes for planting some agricultural crops.
In general, however, the dominant products of this plain are mostly wheat, barley, melon and watermelon and their
irrigation is entirely dependent on Chahnimeh artificial lake. In addition, the increasing trend for some products in
different parts of the plain is related to vineyards, dates or Tonook Gazmeh forests.
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The area of each of the three categories of trends is given in Table 1. During 15 years period from 2000 to 2014, the
share of regions with an increasing trend was 8272 square kilometers and the share of regions with a decreasing trend
of 611 square kilometers. As mentioned above, it is clear that the drying up the triple Hamoun lakes and converting
them into agricultural land is considered one of the reasons for the increasing share of trends which is not a
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reasonable and acceptable reason for the strength and |mprovement of agnculture in thls Area.
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Figure 3. Simultaneous trend map for April, May and June months (left) and significant trends of April, May
and June months in years 2000-2014 (right)

Table 1. The area of the pixels with decreasing trends, increasing trends and lack of trends in Sistan Plain in
three months of April, May and June (km?)

Trend April month May month June month
decreasing trends 611 611 611
increasing trends 8272 8272 8272

lack of trends 7654 7654 7654
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Figure 4. Land use map and points harvested using GPS with images from Sistan Plain

5. CONCLUSION

This study examined the vegetation changes trends using Sen’s slope estimator nonparametric method in the eastern
part of Iran, one of the driest regions of the world. The results of this study showed that the highest increasing
changes trend in NDVI was observed in the northeast of the plain, where an approximately 400,000 of the population
lives in these areas. This increase in the NDVI index resulted from two different factors. The first factor is the drying
up of the triple Hamoun wetlands and thus a change in the reflectance pattern of long infrared wavelengths and the
second factor is the agricultural development in the dry lake bed in the recent years. Long-term droughts,
hydropoletic conflicts between Iran and Afghanistan, and lack of proper management of water resources in the plain
can be cited among the main reasons for drying up these wetlands. However, due to the presence of poor soil organic
matter in these areas and the difficult access to water resources in arid areas, this increase can cause a lot of problems
in the future. In addition, the research findings of Shakeryari et al. (2016) indicates that the extent of the triple
Hamoun wetlands has been reduced during a statistical period of 38 years and a rise has been observed in plain
vegetation cover which are consistent with the results of this research based on the land use change in the triple
Hamoun wetlands and their conversion into agricultural land. However, the highest decreasing change trend in NDVI
was observed in the east and the center of the plain. The regions with a declining trend have a much smaller area
than those with an increasing trend. The development of Chahnimeh artificial lake (a change in the reflectance
pattern of infrared wavelengths) and the abandonment of agricultural land, especially in the center of the plain, were
due to the remoteness of the existing water resources (long distance from the Hirmand River). According to the
results of this study, the use of Sen’s slope estimator nonparametric method in the studies of vegetation coverage
variation trend in arid regions resulting from NDVI products from MODIS sensor can be very efficient and useful.
Since this method is based on the difference between observational data, so it is independent of statistical distribution
and it is more suitable for series with high skewness or kurtosis than other parametric methods, such as classical
linear regression. Therefore, the results section of the research is fully consistent with the findings of previous
researcher studies such as Verbesselt et al. (2006), Eklundh and J6nsson (2003), Beck et al. (2006), Jamali (2014)
and Jin and Eklundh (2014) used this method to investigate the trends of vegetation changes in their studied areas.

6. REFERENCES
1. Afrouze, F., Mousavi, S.N,. and Torkamani, J.(2011). Examination of variations and optimize the use of water
in agriculture Sistan application of of fuzzy approach, Journal of Agricultural Economics, 3, 37-59.

2. Alijani, B., Mahmoudi, P., and Chogan, AJ. (2011). The trend of changes in annual precipitation and
seasonal Iran using non-parametric method, Journal of Climatology, 9,1-10.



F3
Pl
\J‘v,,‘fv_ 23

[
-

P . ' e -
SI1os o (Sharabsls s Julm ooy P
International Conference of . o R
GI Science: Basic and Trans/Interdisciplanary Applications GIS Jw/}/—'/ ",J//;,"/ 2
& 6% FUM_GISDay 2 s
3.Beck, P. S. A, Jo Nsson, P., Hogda, K.-A., Karlsen, S. R., Eklundeh, L. and Skidmoree, A. K. (2006).
A ground-validated NDVI dataset for monitoring vegetation dynamics and mapping phenology in
Fennoscandia and the Kola peninsula, International Journal of Remote Sensing,
doi.org/10.1080/01431160701241936

4.Chen, P.Y., R. Srinivasan., G. Fedosejevs., J. R. Kiniry. (2003). Evaluating different NDVI composite
techniques using NOAA-14 AVHRR data. International Journal of Remote Sensing
doi.org/10.1080/0143116021000021279

5.Chandler, R., and Scott, M. (2011). Statistical methods for trend detection and analysis in the
environmental sciences. John Wiley & Sons, 10.1002/9781119991571.

6.Daneshmand, H., Mahmoudi, P. (2017). Estimation and Assessment of Temporal Stability of
Periodicities of Droughts in Iran. Water Resour Manage 31:3413-3426

7.Eklundh, L.,and Jénsson, P. (2003). Extracting Information about Vegetation Seasons in Africa from
Pathfinder AVHRR NDVI Imagery using Temporal Filtering and Least-Squares Fits to Asymmetric
Gaussian Functions, Remote Sensing, 4885,215-225.

8. Matias, F., Carvalhais, N., Verbesselt, J., Miguel, D., Mahecha, Christopher S.R., and Reichstein, M.
(2013). Trend Change Detection in NDVI Time Series: Effects of Inter-Annual Variability and
Methodology, Remote Sens, 5, 2113-2144. 10.3390/rs5052113

9.Goetz, S.J., Bunn, A.G., Fiske, G.J., and Houghton, R. (2005). Satellite-observedphotosynthetic trends
across boreal North America associated with climate and fire disturbance. Proceedings of the National
Academy of Sciences of the United States of America, 102, 13521-13525.

10. Groeneveld, D. P., and W. M. Baugh. (2007). Correcting satellite data to detect vegetation signal
for eco-hydrologic analyses. Journal of Hydrology,doi.org/10.1016/j.jhydrol.2007.07.001

11. Hao, F., Zhang, X., Ouyang, W., Skidmore, A. K. and Toxopeus, A. G. ( 2012). Vegetation
NDVI Linked to Temperature in the Upper Catchments of Yellow River. Environmental Modeling &
Assessment, 17, 389-398.

12, Jamali,S.(2014). Analyzing Vegetation Trends with Sensor Data from Earth Observation
Satellites,Supervisor Professor Ronald Eastman, Doctoral Dissertation by due permission of the
Faculty of Science, Lund University, Sweden, 1-160.

13. Jin, H., and Eklundh, L. (2014). A physically based vegetation index for improved monitoring of
plant phenology. Remote Sensing of Environment, 152, 512-525. doi.org/10.1016/j.rse.2014.07.010

14, Khosravi, M., Saleghe, M., and Afrakhte, M. (2005). Ecological and environmental effects of the
120-day winds of Sistan, Research projects Environment Sistan and Baluchistan Province, 1-295.

15. Lenton, T.M.(2013). Environmental tipping points, Annual Review of Environment and
Resources, 38, 1-29.

16. Mujtahidzade, P. (1995). Helmand river and landscape plain in eastern Iran, Political & Economic
Ettelaat, 102, 33-38.

17. Olofsson,P., Eklundh, L., Fredrik, L., Jo"nsson, P., and Lindroth, A.( 2007) . Estimating net
primary production for Scandinavian forests using data from Terra/MODIS, Advances in Space
Research, doi.org/10.1016/j.asr.2006.02.031

18. Olsson, L., EKlundh, L., and Ardo,. J.( 2005). A recent greening of the Sahel—trends, patterns
and potential causes, Journal of Arid Environments , doi.org/10.1016/j.jaridenv.2005.03.008

19. Raziei,T., Daneshkar Arasteh, P., and Saghafian, B. (2005). Annual Rainfall Trend Analysis in
Arid and Semi-arid Regions of Central and Eastern Iran, Journal - water and wastewater management,
54,73-81.

20. Safari, H. (2003). Evaluation of drought conditions using satellite data and meteorological data
and NOAA satellite data in Zabul province, Master's thesis, Supervisor Alimohammadi Abbas, Shahid
Beheshti University.

21, Scheffer, M., Carpenter, S., Foley, J.A., Folke, C., and Walker, B. (2001). Catastrophic shifts in
ecosystems, Nature, 413, 591-596.

22, Shafei, H., and Hosseini, S. M. (2012). A study of vegetation in Sistan region through satellite
data, Journal Ecophysiology, 3,91-105.



http://link.springer.com/journal/10666
http://link.springer.com/journal/10666

A . o S
o S0 ot ¢ o el » g o
(&) larid ',"\-_’ v)//b/.ﬁc.’&’. ¥ ’L’/-—"' LU?I"/ (&) s ,i“ + "2y
- . - - -

&
International Conference of _ W O
GI Science: Basic and Trans/Interdisciplanary Applications GIS ,_;Lw}/;/ LJ//;;"/’ 2
& 6" FUM_GISDay . s
23. Shakryary, M.(2015).Assessment Of Changes Wetlands International and its environmental

impact on the incidence of dust, Tehran University, Faculty of Environment, Supervisors: T. Nasrabad
and Amir Houshang kindness, a master's thesis, 139-1

24, Stefanov, W. L., and Netzband, M. (2005). Assessment of ASTER land cover and MODIS
NDVI data at multiple scales for ecological characterization of an arid urban center. Remote Sensing of
Environment, doi.org/10.1016/j.rse.2005.04.024

25, Tucker, C.J., and P. J. Sellers. (1986). Satellite remote sensing of primary vegetation.
International Journal of Remote Sensing , doi. 10.1080/01431168608948944

26. Van Beek, E., and Meijer, K. (2006). Integrated water resources management for the Sistan
closed inland delta, Iran. Delft, Netherlands, Delft hydraulics.
www.wldelft.nl/cons/area/rbm/wrpl/pdf/main_report_sistan_irwm.pdf.

27. Verbesselt ,J., Jonsson, P., Stefaan, L., Jan van, A., and Pol, C. (2006). Evaluating Satellite and
Climate Data-Derived Indices as Fire Risk Indicators in Savanna Ecosystems, leee Transactions On
Geoscience And Remote Sensing, doi10.1109/TGRS.2005.862262

28. Yue, S., and P. Pilon.( 2004) . A comparison of the power of the t-test, mann-kendall and
bootstrap tests for trend detection, Journal Hydrological Sciences, doi.org/10.1623/hysj.49.1.21.53996

29. Yue, S., Pilon, P., and Cavadias, G. (2004). Power of the mann-kendall and Spearman’s rho tests
for detecting monotonic trends in hydrological series, Journal of Hydrology,doi.org/10.1016/S0022-
1694(01)00594-7

10



