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Figure (1): Location of the study area and Data Network
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Figure (2): First decade droughts of three watersheds leading to
the Khuzestan Dust (1346-1355)
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Figure (6): Three decades of droughts in three watersheds
leading to Khuzestan Dust (1386-1395)
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Figure (5): Three decades of droughts in three watersheds leading
to Khuzestan Dust (1376-1385)

ol = WWAOAYAO of dlu oy das Jlsis

SPEI 4 SPI sl
sl LS SPI jasls Sull ooy Bas o
Sl osly yolamstl st a ly Gl o o (i
ooty 9 4 S A Gl 53 Lald JLSis
S 03 5S35 0508 A sV 3wz 53
i Lol osls £y (ol —eas sl Sy
i a5 ool comlas SPEI jastls s Les il sl 4,

il ol i Gl 5 Ll JLSUEs s s



g eyl 90,5 sy gls a4 oo Jussl o je 4o (IS o Ol padi oawy 0

QJ_\ZSPEI u..a;—l_& u,uLﬂ\j.vC,..wl sl C) "".’.""“: L;L'IJS
.gwlrsuuy (sl.u'): Sl

St b g 4w ,a SPL el wLﬂ\ﬂps aas o
Lol s Jlo s K5 5 Jbo i Lol i (glols baas =
oo a4 L SPEI JUSlis el il
b g e a lalend i s ol les s liS LS
L el s aw 8 Cewdpml s 5035 o ol 3 slls
Aes axlge Jb S U Jl gl 5 L astls gy s Ll
U dley Ll i b sléss S s 5l 65 5dous cans ol 53
Slagtss s Ly K5 Jal 3 Gbbe 2, SPI
)léb@\j&d@‘bv\aﬁgﬁ—:&éb&»)%}
ﬁ.r-?iﬁi-“ﬁ .JJ\{J?;;J@"P‘}LAJ = BEY ui“..‘_}'é‘
ey Chn b g e JLLSES SPI e ls Ll
LMJL&L})@‘@J‘J&W‘J?M‘)&L}M
CewdVl 53 aten 95 Oy gt g 4t S A Cewd b s
TS RUCH S PEge éﬁ”f**gclmﬁjbwks N
'C) cLlod é\j QT)J)L:.'OJ_S; LSLAUJJSJ:‘;“’«SL?\)"
SPEI el js Les ils bl digy an am g L anl 03ls
s JLSes las as g aw o 5l esly el
/Qo )‘WC)M )3456)}.%4.: ] 0l J\.LM )la.c.u.
el sl Al e JLLSas Laas ol s e g
L SPEI jaxls wlul pans cpl 53 jléss S sl 58
..l..:\ob)..: 4;-‘}4 ”\-i"\";’)l':"“'-’ﬁ"\i')"‘; JL&&;—

Ol 8l Les 4 S Jgl das g3 53 sls OLES et ol
SPI o ld o (628 Sl 5l s> 1S
05 g les Al J:JM{J}TEA:): Lol el 03 35 4l5 5 95
bl o Lo uls B 5 sl Rl e
03 9d=n 9 UM_JF Ca_f.»:.)wilﬂ 03 0 94 SPEI u..m—l_w

DL UJ-\J"L""’ k:a._.-d\ ebj.z JJH\.“:,\,; g_,‘.';‘]adu )L}}J; LSLAU‘)J\S

O (’Jj orl aS Wlesls OLas Sladlas 5l (65l 5 395 o
o) 355 S 5 s 2 JaSlis s e sl
Skl s b i K LS (YO O
R W NNE F - XN H N P B
i LgLAmJ.Bl 05 0% 94 J‘ﬂ"b SO ol s CJ L;K.;-
Wn g5, O e (S Cyd gl b oS Sisas
OSar 5 (53t S o Aok |5 (Bl K2 Jols i
SLa S35 025l oS SIS s a5 Lo (Yo
(JaSes S s oa s sl Al JLSix
Lles Sy an g S glaaas js (gadae gl ol
ol Al ol la et lalys sl =
ol ol Oy Bl pie (SPI) e jlaslend Sk
S 5 e — Al el el G R 5 s Ol
G 5 e 5 sl bl (SPED) s il
Llod Jlaslos jasls dbe 5o 1) Of 0O ¢ leils
S S g bandlas pl s (VVE (i) A4S
SPl axls s 5l allil Ll s g 55 5 anllas 3 50 Adlate
osla ol glans JLSix il L;)'LNJKJT s!» SPEI 4
5 JaSis YU il U gbloe Olny U el ol
e SB35 50 Aoy |5 OF (slans Sl a5 5 Jlo s
GVl a8 |y asllan 550 dialate Combly o by ads
Sl s o Ol o s Sls s S slad 58
o pdee Gl S 8y b ablis Ol S el Ol 5400
PR R O e N P P ¥ - QLI V| =
5 s s Les ol glaesls 5l ke opl 4 Oy 8l
sl oslanl S EixtE SKS& wyls b gl G,
ans 0 e jsdluon ol 595 S Sy besls .ol
S35 = SPEl 3SPI jaxl & (axl i g5 5 as0bl
o dalaas s S ey bl Jlesl glans glaesls
ol 3 53 e 30 05 SPI LS axls bl
baa s s CowdVl 3 059 08 Ao 9> 5 > 0,85
Sl ide sl oals F5 Ldd 5 Ll Sl
s g b g JLLSUS s s 4o 50 Sl e

D g e 33 o5 gh 4 S i b p3 4 S J- s o



VAR bl (i g 0 Lo (s Jlw ((3ly oS oo (g solde dlxo Yy

SLal S S5 5 ann s 5l o e 5= LS 235
ans o o SCis gladle s bl ol sl jléss S
ol o L JLSEst o Sl 5 ol 0 5 Y5k L &S
5> ol Jlamiid 5y ot e Ly (1 JS8) 55y
pls (YO OLlSan 5 0LalE ) SLs glane iy
OAs Jlsd 5 ann g Eely gy slacids Gli= Cole
—on b L 1 s ey s 3 5le s S sla 58
Lol ke, el 5 b Jl s 5 b JLSax cuaddy s,
Slal sl Ldd Cld 5 a5 Sl LS a (250 B Ol5 0
s e Gl 2l Kl 4 sl sy Ol s JLe s S

W3l s b gl Jl sl AU glac

ol Rl
e S L allis ol Slallias = b 51 - nes s oy
Do S o 53 Ol 5 Ol s sLa0y 518
GolSKon 5l s s aS Sl 5528 S1e 5 b K

3}“;;5‘ v..:b).)é wj» LS’;‘AJJ“" @j\:u

1. Arasteh, M., Kabul, S.H. and Yazdani, M.,
2017. Investigation of the effects of
meteorological droughts on the yield of two
wheat and barley crops (Case study: Khorasan
Razavi province). Journal of Agricultural
Meteorology, 5 (1): 15-25.

2. Bonaccorso, B., Cancelliere, A. and Rossi, G.,
2015. Probabilistic forecasting of drought class
transitions in Sicily (ltaly) using standardized
precipitation index and North Atlantic
oscillation index. Journal of Hydrology, 526,
136-150.

3. Barlow, M., Zaitchik, B., Paz, S., Black, E.,
Evans, J. and Hoell, A., 2016. A review of
drought in the Middle East and southwest
Asia. Journal of Climate, 29(23): 8547-8574.

4, Choat, B., Brodribb, T.J., Brodersen, C.R.,
Duursma, R.A., Lopez, R. and Medlyn, B.E.,
2018. Triggers of tree mortality under
drought. Nature, 77(11): 531-558.

5. Dargahian, F., Razavizadeh, S. and
Lotfinasabasl, S., 2018. The role of water

03 o para 5 Llaxle s GRIBIL el s oS bl
Cdled 5 ST e a8 baas g sl slacds
L Jaslas sun doy ol s S slapsls
SPI el aS dim a il Se ke SPEI Laxls
Ll G 2 5 0k 8 03 Smdls 5 Smm Sk
Gblis s o3sans o ST slaes b los (2l Ly, Lar 8
ity s s 5 Ol plie SRalS i - sl
Gl (> Sy pds pde Sy s 53 Sl ss S sl 5
S pskieas 555 e slgi 1 Lol LBk
& s 5 badle o il RalS 5 iy
5 ol sk npl sleas 5o O e Sy e s s
Sdle s Oyl Lyt a8 1 55 et
Glacods Sege aen 55 LacWb 5 laypn Lli ol
i Goes Glaptn ST 355 d s ey oS 50 D
S ol S Glai il | s ass Sle) s b
Olowdin 5 4 S S sl 4o 4w el 3 048]
N S s slacds 5l ab riy el |8

ek L5 Lot o et OT L o e

cu
resources management as one of the factors
contributing in the dust resource activity
amplification in southern and southeast parts of
Ahwaz. , Nature of Iran, 3 (4), 26-33. [In
Persian]

6. Feng, S., Trnka, M., Hayes, M. and Zhang, Y.,
2017. Why Do Different Drought Indices
Show Distinct Future Drought Risk Outcomes
in the US Great Plains?Journal of
Climate, 30(1): 265-278.

7. Kingston, D.G., Stagge, J.H., Tallaksen, L.M.
and Hannah, D.M., 2015. European-scale
drought: understanding connections between
atmospheric circulation and meteorological
drought indices. Journal of Climate, 28(2):
505-516.

8. Khazaei, M., Shahrivar, A., Najafi, S. and
Vafakhah, M., 2015. Investigation of the Social
and Economic Impacts of Meteorological
Drought, Journal of Watershed Management
Development, 3(9): 47-54.

9. Khosravi, M., Tavosi, T. and Raispour, K.,



Yy vyl g )8 sels & e ).s:uT ojeer 1o (JLusSis Gul Ol pudi (cw)y

2010. Synoptic analysis of dust systems in
Khuzestan  province,  Geography  and
Development, No. 20, pp. 118-97

10. Jiménez-Mufioz, J.C., Mattar, C., Barichivich,
J., Santamaria-Artigas, A., Takahashi, K,
Malhi, Y. and Van Der Schrier, G., 2016.
Record-breaking warming and extreme drought
in the Amazon rainforest during the course of
El Nifio 2015-2016. Scientific reports, 6,
33130.

11. Labudov4, L., Labuda, M. and Takag, J., 2017.
Comparison of SPI and SPEI applicability for
drought impact assessment on crop production
in the Danubian Lowland and the East
Slovakian Lowland. Theoretical and applied
climatology, 128(1-2), 491-506.

12. Leshnizand, M, 2001. Climate drainage zoning
in Lorestan province using statistical indices,
Proceedings of the First National Conference
on Water Crisis Solutions, University of Zabol.

13. Marengo, J.A., Alves, L.M., Alvala, R,
Cunha, A.P., Brito, S. and Moraes, O.L., 2018.
Climatic characteristics of the 2010-2016
drought in the semiarid Northeast Brazil
region. Anais da Academia Brasileira de
Ciéncias, 90(2), 1973-1985.

14. Marengo, J.A., Torres, R.R. and Alves, L.M.,
2017. Drought in Northeast Brazil—past,
present, and future. Theoretical and Applied
Climatology, 129(3-4), 1189-1200.

15 Mostafazadeh, R. and Zabihi M., 2016.
Analysis and comparison of SPI and SPEI
indices in meteorological drought assessment
using R software (Case study: Kurdistan
province). Earth and Space Physics (3) 42: pp.
643-633.

16. Nosrati, K., Mohseni Saravi, M. and Shahbazi,
R., 2014. Comparison and Application of Two
Standardized  Precipitation  Indices and
Standardized Precipitation-Evapotranspiration
for Evaluation of Meteorological Drought
Status in Tehran Province, Journal of Desert
Management, 2(3): 9077.

17. Nezgadmoghboli, N., Mousaadi, A., Azari, M.
and Ismaili, K., 2017. Drought Evaluation
Based on SPI and SPEI Indicators and Their
Relation to Groundwater Drought (Case Study:
Jiroft Plain), 14th National Conference
Irrigation and Evaporation Reduction, Kerman,
Department of Water Engineering, Shahid
Bahonar University of Kerman

18. Rezaei Ghaleh, L. and Ghorbani, Kh., 2018.
Comparative analyses of SPlI and SPEI
meteorological drought indices (Case study:
Golestan province), Journal of Agricultural

Meteorology, 6(1): 31-40.

19. Rashtchi, L., Pazhehesh, M., Asadi, A. and
Yazdani, M., 2017. Investigation of climatic
drought in rice cultivation period in different
parts of Guilan province using SPI index,
Journal of Cereal Research, 8 (1): 33-43.

20. Schwalm, C.R., Anderegg, W.R., Michalak,
A.M., Fisher, J.B., Biondi, F., Koch, G. and
Huntzinger, D.N., 2017, Global patterns of
drought recovery. Nature, 548(7666), 202.

21. Sohrabzadeh, F. and Eslami, H., 2017.
Investigation of Temporal and Spatial Changes
of Drought Risk in Khuzestan Province Using
Standardized Precipitation Index (SPI) Journal
of Water Engineering 5 (1): 101-112.

22. Stagge, J.H., Tallaksen, L.M., Gudmundsson,
L., Van Loon, A.F. and Stahl, K., 2015.
Candidate distributions for climatological
drought indices (SPI and SPEI). International
Journal of Climatology, 35(13), 4027-4040.

23. Swann, A.L., Hoffman, F.M., Koven, C.D. and
Randerson, J.T., 2016. Plant responses to
increasing CO2 reduce estimates of climate
impacts on drought severity. Proceedings of the
National Academy of Sciences, 113(36),
10019-10024.

24. Tan, C., Yang, J. and Li, M., 2015. Temporal-
spatial variation of drought indicated by SPI
and SPEI in Ningxia Hui Autonomous Region,
China. Atmosphere, 6(10), 1399-1421.

25. Van Loon, AF., Stahl, K., Di Baldassarre, G.,
Clark, J., Rangecroft, S., Wanders, N. and
Uijlenhoet, R., 2016. Drought in a human-
modified world: reframing drought definitions,
understanding, and analysis approaches.

26. Vicente Serrano, S.M. and Begueria, S., 2016.
Comment on ‘Candidate distributions for
climatological drought indices (SPlI and
SPEI)’by James H. Stagge et al. International
Journal of Climatology, 36(4), 2120-2131.

27. World Meteorological Organization (WMO)
and Global Water Partnership (GWP), 2016.
Handbook of Drought Indicators and Indices
(M. Svoboda and B.A. Fuchs). Integrated
Drought Management Programme (IDMP),
Integrated Drought Management Tools and
Guidelines Series 2. Geneva.

28. Young, D.J. Stevens, J.T., Earles, J.M.,
Moore, J., Ellis, A., Jirka, A.L. and Latimer,
AM. 2017. Long-term climate and
competition explain forest mortality patterns
under extreme drought. Ecology Letters, 20(1),
78-86.

29. Zandalinas, S. I., Mittler, R., Balfagon, D.,
Arbona, V. and GOmez-Cadenas, A., 2018.



AR (Ll epiidgoms 05loid et JLw ¢(3bl piumsmngST (owiien (Shadgly oole almo Y¥
Plant adaptations to the combination of drought plantarum, 162(1), 2-12.
and high temperatures. Physiologia

Investigation of drought intensity changes in watersheds leading to dust centers in
Khuzestan province

Fatemeh. Dargahian'*Zohre Ebrahimikhusfi?, Amin Fazl Kazemi?
Received: 29/09/2019 Accepted: 22/04/2020

Extended abstract

Introduction: All watershed-related issues including water management, drought, and other matters should be
addressed in an integrated, simultaneous, and interconnected manner based on a comprehensive management
model. One of the causes of intensification and development of dust centers Khuzestan province, especially
throughout the last decade, has been the occurrence of successive droughts in the upstream and downstream of
those basins including the outlet area of the three Great Basins, Great Karun, Karkheh, and Jarahi-Zohre.
Drought profiles were used to evaluate the potential spatial and temporal variations of drought and wet events.
Moreover, SPI and SPEI drought profiles were also applied .In the year 2008, a severe and widespread drought
occurred in Iran. A large drought cycle occurred in the three studied basins from 1986 to 2017 .Water supplies of
Khuzestan dam reservoirs have been decreased by 65% over the last decade. Water reserves in Dam Province
reservoirs have decreased by 58% while the drought peaked in 2017. Drought indices were used to evaluate the
severity, frequency, duration, and magnitude of the drought. To identify the intensity and magnitude of the
drought, indices of meteorological drought occurrence could be divided into SPI indices in terms of speed, and
SPIE indices in terms of accuracy and temperature conditions considered via the evaporation parameter which
has risen due to increasing global temperature.

Materials and methods: Drought indices are used to assess the quality and quantity of drought phenomena.
These indicators have different applications depending on the area and purpose of the study. To investigate the
trend of decade-long drought changes in the Karun watershed, 44 * 44 km grid precipitation data have been
used. Since in addition to precipitation values, evapotranspiration values are required to calculate SPIE indices,
evapotranspiration values were, in this study, calculated through mean temperature data and the Torrent-White
method. Temperature, evapotranspiration, and transpiration data were also Interpolated from daily synoptic and
meteorological climatology data and Iranian Water Resources Management Meteorological and Evaporation
stations. Data were extracted and analyzed for a 50-year statistical period, and the SP1 and SPEI drought indices
were collected for each decade. Drought and wetland indices for 79 points were analyzed by bad zone kriging
method and spatial distribution of drought and wetland potentials based on the two indices mentioned.

Result: According to the SPI drought index, during the first decade, an extreme and severe drought occurred at
the boundary between the two surgical watersheds of Jarahi-Zohre and Karoun Basin, especially in the upstream
of the drought basin. Large sections of the two basins were found to be affected by moderate to weak drought,
whereas in the Karkheh Basin, especially at its wetlands, extreme drought had occurred. According to the SPEI
index, drought intensity in all basins was low. Taking the SPI index into account, during the second decade all
three watersheds mostly experienced moderate to weak droughts, and large parts of the watersheds had normal
and near-normal conditions. But according to the SPEI drought index, due to the moderating role of temperature
in this decade, most parts of all three basins had normal conditions, and the lower part of all three basins faced
weak humidity.

Within the third decade, all three basins faced humid-to-normal conditions on both indices. In this decade, the
range of dust bogs faced weak to normal-humid conditions. In the fourth decade, the basins had near-normal
conditions based on SPI. Large sections of the Karun and Karkheh basins had been mildly degraded based on the
SPEI index, which may indicate a gradual increase in temperature and evaporation. According to the SPI index,
moderate and weak droughts affect most of the area in the fifth decade, with severe drought in the downstream
of the Karkheh basin and two core upstream of the Karoun Basin in the Jarahi-Zohre watershed where most foci
Walnut specks of dust are located due to the rising temperatures in the SPEI index over a large area of the three
watersheds which had been hit by severe and very severe drought. Accordingly, as found by the SPEI, more than
95% of the watersheds faced severe droughts in this decade.

Discussion and Conclusion: Drought is rooted in the general circulation of the atmosphere, and the effects of
climate change have increased in recent decades as global warming has intensified regional-scale droughts.
Increasing atmospheric CO2 causes global warming which in turn leads, according to the findings of many

7. Research institute of Forests and Rangelands, Agricultural Research, Education and Extension Organization (AREEO),

Tehran, Iran; Fatemeh.dargahian@gmail.com

2. Assistant Professor, Department of Natural Science, Faculty of Natural Resources, University of Jiroft

3. National Drought Center Researcher

DOI: 10.22052/deej.2020.9.27.11



AR ol o gums 0 )lowh s Jluw (Ul oS (cwdieo (g 31 oole Alxo vf

studies, into wider and more severe droughts. As a natural and inseparable part of the climate, drought may occur
in any climate, desert, or even forest. This natural disaster is particularly severe in arid and semi-arid climates
with severe constraints on water resources. In the first two decades of the study period when the temperature did
not increase significantly, the drought events were, based on the SPEI index, less severe in all basins than the
SPI index. However, the downstream of the watersheds and the range of dust bins were much more intense,
particularly in terms of the SPEI index, in the last decade due to the increase in temperature and consequently the
increase in evapotranspiration and drought intensity.

Keywords: Torrent White Evapotranspiration, Watershed Management, Source Dust, Drought Severity.



