YANO aao NY 0 CJ‘:....:U cr’ﬁ.}p’w GJLo.-:n crbé}‘.l dL.n

S sLrosls ulul 5 JLSis Sb) 5 S Ol uis Ly, b3,
Ol 93 Ol 35 10 53 593 51 o S

Y Z \Z . #)
Lg:jsjlfv..;l.an)b‘ ca.ﬁ;.:.a.s\j.@%

VEVOIYES o a0 VEN/FN0 el gl

oA

el el v s 6oy 0L A S cleds L b bl Dbk s oAb 3l S w LSS
iR 53 ol el sl s s bl Sl el Sl ey s K DS 2l b e 5l i 5l
Slosde e cowla S 51,8 ) sy e Ol e Ol S e 5 JLSlisr Sl s Sl 5 S Wy, ol
S35 3 1B VY Lt (s 5515y ey ool 51 g oozl Lo Yo 5555 G b ETMF bt sl
5 A OO e s 5o 5 Al oo e 8 0s0le 5 e 8 Skl 4 by e sla JeSy sla il 5 Sl sl
0l S5 gladsl palis 5 ol opl uuwgw.mwwdubwyy ol 3l p bt o e
WHleQEJJNWLEJQ@&)JJﬂ)\SQW.J&waDIqu&uﬂzw
S Sl e s sl 53 Juad SIS e L, O30 3l eslizal b JLSas Sloy 5 SlKe &l uis Ly, 5 A
JAR CLAJJVJL;\_.,SM;- S AR )'/.OCEAJJL;L&:} O drys e Ol ess sls 0L o A S
Oy oy Gloy Dl pend Jlde )3 dndlls il (6ol sns e 53 (6055 ‘*3;@4‘ s Slrys 5 Ws g s e
DN 510 e 53 oS ISt Sl s 5355 (olslime Ly GLls N0 5UD TN (g bolns a3 LS
51 S 48 Wa slins gy sl )0 57D i s ks JLSKis 5N 570 ) e s b e JLSi

S andllas 3590 5595 b oadle jy LSl ooas 2l

Lsy sl g PDI Lastls  JLSix tlae)l gdlds

bmoteshaffeh@gmail.com «J s oy 5 Ol 2l Olgage LVl (S 2xio oLl ands el aISils (g la gl & 05,5 bskal
Ol LB DL o313 ns ke 5 m lin sdSCESIS (gl 30Uy (555 555 4ol il X

Sl 0350 (s g 5l 4 S e ool %
DOI: 10.22052/deej.2022.11.35.21



Vo) bl oo g o 03lod 233k Jl (bl g8 (owiigen (Sdupgy oole alxo \$

La bl ol oS5 rlal b e als else L
S 15 oS Gl Sl b e sa s, Ll s
51.(Yeeva cQ‘)&A)rw)urﬂﬁ Shsix sbj
Csb 3 Banes oL 5L 3 O oS bl Sl (S 55
SLst ishy oy e lS Aty Bl s Sbe 5 e
T el ISt 3510 e e 5 s
s sl Sl A s 5 O gl (VA DK
Red-""NIR il S5y sl 53 Sl last oy gie
Lot by 53 s S slgiy o] )l pale TMSS i
el S 51 s e 3L ) il s 5 S S
SLSan 5 DL YoV Il s (YT (OLSan 5 T 55)
LS wglize mpb, ol 5 L5 e St st il s
Sesliad U 1y PDI jastls O il 1 5 A4S jasieia
il S ETMA st (555 503 Ogsle 5 503 slakily
NIR-Red Lzb j5 Sl csh; ol xs ab sla S
b gl sl ) g 31 0L 0T s sl anne s
53537 VTCI 5 °LST NDVI sla o=l s Ly gl te
St by slaesls L 655 lins Sian imas
Olsmears PDL [l ol 5Ly 315 e 53 sdlds S0l
ol A (e JUSES Ll e s sl el
e JeSis glagat Ll plu g cod pasld
OLlSan 5 OLSte) ol SIS 5 Seslas 55 1 Sl
Sosmas L2l (Y)0) OLn 5 aw st ol ol (Y0
il JLSis (635 janli PDI JLoSis
s oshieas 1y VSWI oS T 5,3 asli s MPDI
s A LS e Ol 58 e bl s JLasis
03 1 edadies o LS a4y gl et ld sy (65,08 ol ol
Ol s (T VE) a5 sls 0l JLSist s
G (g pee S slajar s 5l JLass

9. Qin

10. Richardson and Wiegand

11. Near-Infrared

12. Multispectral Scanner System

13. Feng

14. Perpendicular Drought Index

15. Land Surface Temperature
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Figure (2). Concept of the PDI (Ghulam et al., 2007a)
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Table (2): Drought index values from of 1999 to 2018
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Figure (3): The flowchart of different steps of research the
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Table (1): Slope of soil line from 1999 to 2018
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Table (3): Area time series of different degrees of drought
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Table (4): The results of changes in the spatial trend of drought degrees using

1 Mann-Kendall analysis
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Table (5): Area time series of different degrees of drought
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Figure (4): The graph of changes in the spatial trend of drought
degrees
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Figure (7): The difference between the drought index areas in
1999 and 2018
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Extended Abstract
Introduction: As a dreadful natural disaster caused by a severe reduction in precipitation rate, drought brings
about, compared with other natural disasters, far-reaching spatial and temporal consequences, incurring severe
damages. On the other hand, in late the 20th century, drought monitoring approaches underwent a paradigm
shift, and advances in remote sensing and earth observation technologies allowed observations and monitoring of
key drought-related variables over larger temporal and spatial scales than what the then conventional methods
had already made possible.
There are different remote sensing indices used to assess drought, including the PDI index which has been
developed based on the spectral patterns of soil moisture changes in the NIR-Red space using the red and near-
infrared bands of the ETM+ sensor.

Therefore, as Khuzestan province is suffering from drought consequences, including but not limited to dust
storms and economic difficulties, this study sought to identify the spatial and temporal trends of drought in the
center of Khuzestan province.

Materials and Methods: The study area is located in southwestern Iran and the center of Khuzestan province at
31°0" 17" to 31° 43" 69" N latitudes and 48° 35’ 51" to 49° 32’ 2" E longitudes covering an area of 7635/36 km2.
To conduct the study, some twenty ETM+ remote sensing images of level-1 data taken from 1999 to 2018,
(path/row 168/35) were collected from the United States Geological Survey website.

After gathering the required data, some 411 random points were selected on the collected images, the pixel
values of red and near-infrared bands were extracted and plotted against each other, and the slope of the best-
fitted line, known as the soil line, was obtained. Then, the PDI drought index values were calculated using the
slope and the values of the aforementioned bands. Finally, by applying a natural break classification method,
different degrees were separated, and the drought’s trend of spatial and temporal changes was identified using
Mann-Kendall's seasonal trend test at different significance levels.

Results: The results of the spatial trend analysis of drought suggested that the trend was significant only in low
drought and non-drought conditions. For the non-drought conditions, the probability of spatial changes was
lower than the confidence level at 5% and 10% significant levels, indicating the significance of the conditions at
these two levels, and thus, rejecting the null hypothesis at merely the 1% level.

On the other hand, as the low drought conditions showed significant spatial changes only at the 10%
significant level, the null hypothesis is rejected at the 1% and 5% levels. However, moderate and severe drought
conditions revealed no trends in terms of spatial changes due to the higher probability values of 0.28 and 0.3,
respectively, which were higher than the determined significance levels. Moreover, the results of temporal trend
analysis indicated no trend for the non-drought conditions, considering the fact that the null hypothesis was
rejected at all significant levels. On the contrary, in the moderate drought conditions, a temporal trend was
confirmed at all significant levels with the probability rate of 0.006 which was lower than all the assigned levels.
Also, a temporal trend was found at low and severe drought conditions at 5% and 10% significance levels with a
probability rate of 0.023 and 0.014.

1. Assistant Professor, Department of Rangeland and Watershed Management, Faculty of Natural Resources, Behbahan
Khatam Alanbia University of Technology, Behbahan, Iran, Corresponding Author; bmoteshaffeh@gmail.com

2. Ph.D. in Combating Desertification, Faculty of Natural Resources and Geoscience, University of Kashan, Kashan, Iran;
bmoteshaffeh@gmail.com

DOI: 10.22052/deej.2022.11.35.21



Vo) bl oo g o 03lod 233k Jl (bl g8 (owiigen (Sdupgy oole alxo YA

Discussion and Conclusion: The spatial analysis of the drought trend suggested that only the area with non-
drought conditions had a significant increasing trend, which could be justified by the increase in the area of
irrigated land around water bodies in the area, especially around the Karun River in the west of the study area.
The reduction in the area of land in the northeast of the study area with the low-drought conditions could be
attributed to the rangeland degradation containing low and moderately dense vegetation.

Moreover, the status of drought conditions in some sandy areas has changed from low in 1999 to moderate in
2018 due to vegetation destruction. The decreasing and increasing trends in areas of land with moderate and
severe drought conditions, respectively, indicated the worsening of the drought conditions in the study area.

Taking the changes in the drought index into account, it could be said that merely the areas with non-drought
conditions remained unaffected by any significant increase or decrease in drought conditions, considering the
fact that such areas are mainly wetlands, irrigated farms, and fish farms (that are naturally wet).

However, the trend of the drought index value was found to be (highly) significant for other drought conditions,
especially for moderate-drought conditions, indicating an increase in the severity of the drought conditions
during the studied years.

The frequent occurrence of dust storms in Khuzestan in recent years suggests that the results of this study
correspond to the current reality of the region. In fact, it could be argued that during the last decade, the
exacerbation of climate change and drought conditions on the one hand, and the development of construction
projects and excessive extraction of water resources, on the other hand, have led to the dryness of many wetlands
and wet areas, thus creating small deserts which are regarded as the main sources of dust storms in Khuzestan
province within the past few years.

Moreover, according to the findings of recent studies, desertification and drought trends have been increasing
in recent years, indicating a great increase in the significance level of desertification in number 3 and 4
desertification centers in the east and southeast of Ahwaz, and a significant increase in the severity of drought
conditions. This study proved the efficacy and applicability of the PDI drought index in drought monitoring.

Keywords: Drought, PDI Index, Time Series, Trend.



