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Fig 1. Geographical location of the study area
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Table 1. VHI Classification and weight of classes in PVVI (24 & 26)
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Fig 3. The graph of mean and standard deviation values of TCI



\ery JLG..I (JJ‘ AJM/VAA};L"’ JLA) L;'-:abc\h BLJ &L}‘R CJLGW‘ ASUL»})‘,; J"ui;.r.'.u

shls - S ajsﬁ\ 5 o8s LSL“OE—AJQ-:’ ] u-:i-’l-:"
5 (84/YY 5 £+/¥Y) VCI upl.w Sldas R 8 UJJwS

R 9 p S S5 4 Gude 5 oSl glaOke el

]
70
60
r R 3
50 | &R N
+
o
40
o
> 30
20
0 E B B B B
o o) o \o) <
-+ == = <+ <
0
> : % = R
‘_"1; 3 ‘% ) =3

4 VOI jasls Slns Ol il 5 o Ske Jlapei § IS

Lsii/oo ﬁi)JUG.A J)).ﬂ LSJLGTO‘)_}J J}jﬂ)b JJ.'.’. ULLA\)JVCI
el 3l Ol stasOlis &S cn VYN Ske Gl sl
VO Larls o dasge 0l Clls ol el asls

e Js= TCIL Lastls 4 Cand (8 Ol uas gl

s+ o)
® bl St
S NS
N S N
N o i o D~ N
i) o 53 9 9 e
n o < o N <
< < < < < <
31 % 28 >
:a) .'K 3
Re ]

VCI lrs Gl il 5 o Sls 15 505 8 Js
Fig 4. The graph of mean and standard deviation values of VCI
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Table 3. Mean and standard deviation values of probability of vegetation drought
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Abstract

Determining desertification risk can be a good way to
prioritize an area for management and control of the
desertification  process. =~ One  determinant  of
desertification risk is the use of the Probability of
Vegetation Vulnerability Index (PVVI). For this
purpose, in this study, LST and EVI of MOD11A2 and
MOD13A2 products, respectively, from MODIS
sensors were used to calculate TCI and VCI to estimate
VHI in Yazd province from 2001 to 2019. VHI, which
indicates the severity of drought, was classified into five
classes.
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Then, the probability of occurrence for each class was
calculated and multiplied by the weight of each class,
which was between zero and 4 based on the severity of
the drought. Finally, by adding the values obtained for
each class, PVVI was calculated. The results showed
that in the western, eastern, and southern parts of Yazd
province, the risk of vegetation degradation and
consequent desertification is generally higher than in
other areas.

The highest probability of Non-drought class occurs in
Abarkooh (VHI = 68.34) and the lowest is in Ardakan
(VHI = 53.59). Abarkooh with 14.03% and Ardakan
with 46.02% have the lowest and the highest areas in
the high class of PVVL. Also desert areas and
uncovered lands, such as Abarkuh, were at low risk of
desertification, which could be due to the ecological
inability of this area to regenerate the vegetation cover.
In general, the evaluation of the results obtained in this
study showed that PVVI can distinguish real deserts
from the areas that are at risk of desertification.

Statement of the Problem: Determining desertification
risk can be a good way to prioritize an area for
management and control of desertification process. One
determinant of desertification risk is the use of
Probability of Vegetation Vulnerability Index (PVVI).
This phenomenon, especially in areas facing with
drought, can also be more effective and occur gradually,
because the progression of drought is slow and its
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effects may appear gradually over time. In fact,
desertification has been an ecological and
environmental issue all over the world, and monitoring
is an effective way to treat, which examines the current
situation and the severity of the variable and dynamic
factors affecting this phenomenon.

This process is always associated with the destruction of
soil and water resources, vegetation and other resources
under natural and ecological stress conditions.

Due to the high complexity of desertification, it is
necessary to study the process and determine the stages
of its occurrence in order to achieve prevention and
control methods and ultimately sustainable management
of desert and degraded areas. In fact, the purpose of
assessing and monitoring desertification is to identify
the locations of the occurrence and severity of this
phenomenon, to predict the risks of this event and the
losses resulting from it.

Purpose: Vegetation changes over time for various
reasons due to natural or human factors that affect the
condition and performance of the ecosystem, so the
need to detect, predict and care for such changes in an
ecosystem is very important.

In this regards, vegetation indices are widely used as
criteria for analyzing land cover changes, including
vegetation and other factors. In many studies, vegetation
indices based on remote sensing have been used to
assess the risk of desertification. According to studies,
vegetation change, which is one of the most important
elements of terrestrial ecosystems and reflects the
environmental conditions, can help better management
and planning for sustainable development.

Therefore, considering the value of vegetation and its
role in assessing land degradation, the purpose of this
study is to assess the risk of desertification using time
series analysis of vegetation indices in Yazd province
and has evaluated the efficiency of this method to assess
the risk of desertification.

Methodology: The study area is Yazd province in
Iran, which is part of the central plateau of Iran and
with an area of about 73551 Km? is the fourth
largest province in the country. In this study, to
assess the risk of desertification in this province,
LST and EVI of MODI11A2 and MODI13A2
products, respectively, from MODIS sensor were
used to calculate TCI and VCI to estimate VHI in
Yazd province during 2001-2019. VHI, which
indicates the severity of drought, was classified into
five classes.

Then, the probability of occurrence for each class
was calculated and multiplied by the weight of each
class, which was between zero and 4 based on the
severity of the drought. Finally, by adding the values
obtained for each class, PVVI was calculated.

Results and discussion: The results showed that
Yazd and Bafgh cities have the most and the least
changes, respectively, around the average value of

TCI. Also, the mean value of TCI in Yazd province
during the statistical period (2001 to 2019) is 46.06
with a standard deviation of 24.40, which indicates
many changes in this index. The mean value of VCI
in Yazd province was 44.55 with a standard
deviation of 13.61, which indicates a large change in
this index. This indicates that the VCI has fewer
changes than the TCI index around the mean.

With mean value of 45.3 and standard deviation of
12.5, VHI have a weak status in terms of vegetation
health. Ardakan and Abarkooh counties have the
lowest and highest mean VHI, respectively, and
Ardakan and Mehriz counties have the lowest and
highest standard deviations from the average of
VHI, respectively.

Finally, the map of desertification risk in Yazd
province showed that in general the risk of
desertification is higher in three areas than other
areas. The first area is the western part of Yazd
province, in which good pastures of Nodoshan are
located. The second area includes the east and the
third area includes the southern parts of the center of
Yazd province.

The interesting point in the results is that desert
areas and uncovered lands such as Abarkooh are in
low risk of desertification. Ardakan, Sadough and
Khatam cities have the highest area and Abarkooh
Bafgh and Mehriz cities have the lowest area of high
risk class, respectively.

The results of the mean and standard deviation of the
three indices including TCI, VCI and VHI, showed
that the TCI in most cities has a much higher
standard deviation than the other two indices. The
reason for this issue is high temperature fluctuations
in spring and unevenness of the study area.
Examination of the results of changes in VCI and
TCI showed that the mean and standard deviation of
these two indices are strongly influenced by
environmental factors such as unevenness and local
climate.

Conclusion: The map of desertification risk of Yazd
province showed that in general in three areas of the
western, eastern and southern parts of the center of
Yazd province, the risk of desertification is higher
than other areas.

The interesting point in the results is that desert
areas and uncovered lands such as Abarkooh are in
low risk of desertification because these areas are
real deserts and have very little vegetation, which is
specific to these areas and has a high resistance, so
there is less destruction in these areas.

This result indicated the high ability of the PVVI to
show areas with potential for degradation. Finally,
this study showed that Ardakan, Sadough and
Khatam cities have the highest area and Abarkooh
Bafgh and Mehriz counties have the lowest area of
high risk class, respectively.

In general, the evaluation of the results obtained in
this study showed that PVVI has the ability to
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