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Figure 1. Temporal changes of SPEI in time scales of 3 (a), 6 (b), 9 (c) and 12 months (d) at the Aligudarz
synoptic station, Iran
Red and blue colors represent the drought and wet periods, respectively.
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Figure 2. The percentage of frequency of drought classes based on SPEI index in Aliguderz synoptic station, Iran
in the base (1987-2019) and future periods (2030-2060) under scenarios of SSP126, SSP370 and SSP585



Cos YoFe BY Y bl osss 5o (Ml s 5 pas
SLis (VAAV=Y18) 4l o595 4 o SSP126 5, ki
ebie 53 4l o0 4 cous sazl o593 53 S sl
Lid) b VY 5 8 JlacKas oy &) anlens b
aolpa aals JlSas glas,gs (JeSas o)
sl el F nal Sl JKas o 5 il
50 ) S ol wsbaw lis s 4 S
o olin JlSas sy sl 5 (JleSes
Lad YoFe U YY) o &S Al Swiie Ll s
Loy 5olisS Cue oo s Sl JSas 050 S
s ol SSPITO sl s ol anlsi 5 o s
& aw gl s wlids 5o JluSas slas s slaw &S
oobde 5o S s sl aals )l el Y
S an aali oS JlSes slaeys sl ns
0593 4 Comd oau] 3 Gley G lde aen 3 &S
2590 Sde p Sad wluw Sk ol el p 4l
cu dly amlea aalsl s Sl JSies b
45 3ls ol SSP585 5, ke s SPEI Lol acelons
obie Lo JlSas gl slaw alS ) e
Sl b 0,93 4 Cud oan ) o0 5o aale VY 5 4

el a5l sl ey IS o5

& =.
AJ\J 099 )2 \.c:‘j‘\wgiw.a- .‘\33)

& Sl o0t o3 05 SPEL Lasls 4l
b VAAY Sl wai8 Sl sl elbe 4 o S Sas
Sl JleSeas Yo JL 5l G b ocd YN
b JeKas ) e (o) 5l S 5 -Y) s
ol ol esls & (YNA 5 YY) sl gl
sl dols o a8 sl oles e 6\-“’&@}}1 CLU
Spinoni et al., ) cel sas cf bl G2 Gy 58 s
s welaly b JlSas Ly, e, (2015

Yookt ¥V sl ol isio 5 K Slides als 42

SPEI _2sls 5l eslinal b gom slaslis; 6 Kt
ol JlcSas Gl sbab sl s as)s
54 it ean) dilize Sl g olde 5o SPEL sl
s3] 5555 5 (VAAV=Y14) &l o bl o0 b (anla \Y
5 SSP 370 SSP126 (¢ 5l 4o s (YoYo—Y-52)
sdul 5 4l oy a5 (Y JKS) as aloe SSP585
SPEI ol 3 doss cnsite osShe sl an o
w3 i oy Jbg 4 Koy oab o4 by
o S Ol e Jl s JlKes glaslis,
(Y JS8) sz anlsi )l 0555 4 ol 0] 6500 5o aib
53 e sbaslus ;) aulie (o), SPEL asle o)
o apboan wlde o &S ol plas °-f\-'v..T )93
SSP126 (sla g5l i dydd [l Jlo 5 slaslas
93 SSP585 (¢ 5 i 55 5 LialS as s K, SSP3T0
gl ol (Y JSKa) il amslgs 2l 53l ao o
oozl oy55 55 Jloy slbaslas, SSP585 5 SSP126
wla 5 2 Sl b wlde 53 4l o)s 4 Cuns
PRI E S S v FR -t P [ B WS PR KV oW
5 ol Bl Cw i S0 gl Cov aale VY Ll
(Y 0S) ssie G R0h sk mlS
sl ) el b aas ey JlKas sbaslas,
5o dais say] o985 55 SSP126 4 L. < s SPEI
RGORAERR VY PES WS W) Rt | ROV ST DR W -
soss oS ol olas 55 SSP3T0 sl 3l Jols ol
ot Sle) gl elde o s Sl JSis Sl
5o bl caals anlys bl ssns K wale VY 5 &
Slrlide 53 g sl w o aslean L
aoss SSPBBE 4yl o 5 anleki 5 i ke S
ria wad Ll JlSas glolis, Sl

o Lhcah sl al Bl aoss Ky 50 oS ldea

LY JK2) o dalon om ok canle \Y lie

o] 5l sl 3 b JlKas awlis
ub-w}»ﬁ) GJ\M&..;- 5 6\.&1:)}3 OAS 9 6';‘3\)5 ML&A



s Stz W,y s Sk

OV s sl Al (b YEAA AY) s
o 2 (Bhunia et al., 2020) cel ade lao]
gl 5o blS u'i'vﬁ) 0593 wax gl &S a0 g
ool sl el e Ll Sl b an 5l zin) Jasee
23 gt oalaze umb,s olds | ‘_;Lw&“o
sain] 5 a4l sl s b JSKas cus 5 Sl
Oaeoli S by e wlde 5o SPEI esls
oS 5 op i o ia (b VY) Soeads 5 (aalead)
(VAAY=Y 1) axzdS claams 5o JleSis o5 slow
oo slaw GGV elde s sl plas
RGN S SR PN U KR W DR S W S 8
ol caldas (Y4VA) o, 5 Pirnia glaasl, | =
adllas 5550 ol aw cou SPEl Lasls ailow
Cod dbd Sl b JlSas Sl s oS sl gl
oS salgw ox (awleaw j2a) SSP126 (¢l
SSP370 sl cov b JuSas )l ASJBJJ
o (anledd 5 i c4w) SSP585 , (o \Y 5 & (i)
s JlSas ml .cdl anls a3l eanl o
lep olaen shaen oK) L3 (Yo N\=Y-F4) ol
L Bl , A2 AIB ,lasl syl 5 SPEl zsls
slass 48 sls ol GEMS Jus ety sbaosls a5 5 (s,
Glbie 5o il gl Joa Sas slas s
Zare Abyaneh ) aul o (ol 3l aslean 5 S esli S
Sl Sl sbelds 5o Jeall et al., 2015
a2l aoyps ol slaw 31 (asle YE 5 VA AY z2)
Lie Bal 5 Sas s Jb Ll ossse
Zare Abyaneh et al., ) uo sl oy JSes
sl 5o was b JlSes gl s alsl (2015
dilie 50 Ol 558 Bl wazesalie oyp0 4 Cawd
a5l sl b ol il s 51 S S0l S
o) »ls «(Shirmohammadi Chelan et al., 2022)
TS @L'w “ @L._f g o iwd Cad g e
o050 gy g Al Sid 20 datee ol o
sllis b g2l ol gs s si] JloKas

\YY

53 JUeSes cpsaas aS ol plas ol ) s ousles
) B VAA bl e eSS ul w
Sl asoss Ae ssas 4SS, 0bay (Golian et al., 2015)
9330 maS) cnlon Sz | plama) JleSas (a8
(owed .(Golian et al., 2015) (@53 Jlas! as)s
i8S o 3 O P T U WS- Ey WP S oo
b ovee Gladl by JLas lao,g pinas
FSis ) (Doostan, 2015) el esls 5 Y-N -

ol 00l SR

D r‘j ol G s Lo dﬂ—« polde (S o
Golian ) a1 2Ll —as 53 Lo phaw sles 213
335 e e 5 b Sedle Jdoay ,0nls) et all, 2015
AU o b sy 5l sl (JeSas
9 JSJA Lgu:a&.u‘ JAL../) w;‘) Se o .A:\M; )‘ﬁ
5 (ol 5 Sl ol s sbpbe ge o 15 G2
L;Lbe)).) ‘6.))}\.3& Yooo J.é-‘)\ 9 a\ . AdD J"‘ﬁ\
ol Sbaely Ll eslsl Gl was 5 el JluSas
CL'“ na il fels Glise bl 5 ol sy
Daneshvar Vousoughi et ) syl 50 5 ol slae i
@Lu a8 (al., 2012; Afsharinia & Panahi, 2021~
6\-‘*&;\'&: JIss 5 oln) bl 51 ol 3 (b O
sz (Doostan, 2015) . 315 o & 5 bk
cadlodus uuL.u B S sls QL..; DU B9 R c\...a
L V44 LthJ\.w QL J\*ﬂg&w—"- 69 U"J"u‘yﬁl’
45 26als QL““ \.huuéﬁj u""}’ ct.u ) s w Y44
bk it b alie 5o JSis o) 5 oY5b
GL aale VY olde 5o 5 Yeor VAN Jl o
Golian et al., ) ¢l sals Fo Yy by-Ve cbadl
(S5 s iasy s (2015; Pirnia et al., 2018
5 oS Gl b alie 5o b JLSis o 5 SYb
Bk o8 YooY b VAdA sbadle ol caead
Golian et al., 2015; Sharafi & Mohammadi )
S wlis 5o JlSas jasls 4l (Ghaleni
vl 5 $5oolaS Ol 31 b Gl p (aale n) Gueglee



\YY

Engineering, 3(2): 99-120 (In Persian with English
summary).

- Bera, B., Kumar Shit, P., Sengupta, N., Saha. S. and
Bhattacharjee, S., 2021. Trends and variability of drought
in the extended part of Chhota Nagpur plateau (Singbhum
Protocontinent), India applying SPI and SPEI indices.
Environmental Challenges, 5: 100310.

- Bhunia, P., Das, P. and Maiti, R., 2020. Meteorological
drought study through SPI in three drought prone districts
of West Bengal, India. Earth Systems and Environment, 4:
43-55.

- Clark, J.S., lverson, L., Woodall, C.W., Allen, C.D., Bell,
D.M., Bragg, D.C. and Zimmermann, N.E., 2016. The
impacts of increasing drought on forest dynamics,
structure, and biodiversity in the United States. Global
Change Biology, 22(7): 2329-2352.

- Shirmohammadi Chelan, B. S., Rostami, M., Moosavi, V.,
Varamesh, S. and Semiromi, M. T. (2022). Projection of
Meteorological Drought under a Changing Climate in the
Urmia Lake Basin, Iran. PREPRINT (Version 1) available
at Research Square [https://doi.org/10.21203/rs.3.rs-
1827250/v1]

- Dai, A., 2013. Increasing drought under global warming in
observations and models. Nature Climate Change, 3: 52-
58.

- Daneshvar VVousoughi, F., Dinpashoh, Y. and Aalami, M.T.,
2012. Effect of drought on groundwater level in the past
two decades (Case study: Ardebil plain). Soil and Water
Science, 4: 165-179 (In Persian with English summary).

- Doostan, R., 2015. Analysis of the Iran droughts in the past
half century. Journal of Climate Research, 6: 1-18 (In
Persian with English summary).

- Golian, S., Mazdiyasni, O. and AghaKouchak, A., 2015.
Trends in meteorological and agricultural droughts in Iran.
Theoretical and Applied Climatology, 119: 679-688.

- Gupta, R., Bhattarai, R. and Mishra, A., 2019. Development
of climate data bias corrector (CDBC) tool and its
application over the agro-ecological zones of India. Water,
11(5): 1102.

- Hayes, M., Svoboda, M., Wall, N. and Widhalm, M., 2011.
The Lincoln declaration on drought indices: universal
meteorological drought index recommended. Bulletin of
the American Meteorological Society, 92(4): 485-488.

-Kim, T.W. and Jehanzaib, M., 2020. Drought risk analysis,
forecasting and assessment under climate change. Water
(Basel) 12 (7), 12.

- Liu, Z., Wang, Y., Shao, M., Jia, X. and Li, X., 2016.
Spatiotemporal  analysis  of  multiscalar  drought
characteristics across the Loess Plateau of China. Journal
of Hydrology, 534: 281-299.

- Masoodian, S.A. and Kaviani, M.R., 2008. Climatology of
Iran. Esfahan University Press, Esfahan, Iran, 182p (In
Persian).

- Mathbout, S., Lopez-Bustins, J.A., Martin-Vide, J., Bech, J.

Y oo,led ¥V alr ol psio s (K Slidiss e 4 as

S 508 Jae a3l eslaad L oaale YF o5 \Y (s
s CESM1-WACCM , CNRM-CM5 .CanESM2
psli 48 sls oles RCP2.6 5 RCP8.5 (sla sl s
YoFe byeye Glbadl dob o JlSas b,y
sl omes (Rajaei, 2022) il sl il 5l
YV 55 A2 5, AlB 5l 50 cow HadCM3 Juw
@L‘). LSuw\-:.l‘ 5 a8 ol glas Q\j\ BERUSYSIN.Y e\é’f.wa"‘
o5 (aaban) Saeeli S J\M&...:- oAk kit

sl Wl caals walee Gl sanl glaans b a8
s (4l YF) Sseads 5 (ale VYY) Sneple slae 50

o it JlSas 5y e DAz 3 S e
4wl (Alvankar et al., 2014) 5,5 oo i

03 a8 il ol 31 S sy ias s s SPEL Lasls
A pal s o b oaas [l s Jlsus ]
s b JlSes bl 51 Sl sl &
s 50 ol Sl s laly LS s (SaSes s
Kay bl .l 035 0, XS dilate 3 eyl i 8
ol 0B o S e e sazl o b JlKes

ke ol BLS mas 4S5 WS Ll gl

Lol 5ass bl sl el pasle Cbsl a8

solaiw! 8,50 2ol

- Afsharinia, M. and Panahi, F., 2021. Effect of climatic
drought on surface soil salinity in Kashan Plain. Water and
Soil Management and Modelling, 1(2): 36-46 (In Persian
with English summary)

- Alijani, B., Ghohroudi, M. and Arabi, N., 2008. Developing
a climate model for Iran using GIS. Theoretical and
Applied Climatology, 92: 103-112.

- Alipoor, M., Raeini Sarjaz, M., Pourtahmasi, K. and Nadi,
M., 2018. The effect of climatic variables on annual tree-
rings width of Persian juniper trees in Kyguran habitat of
Lorestan province. Journal of Forest and Wood Products,
70(4): 599-608 (In Persian with English summary).

- Alvankar, S.R., Nazari, F. and Fattahi, E., 2016. The
intensity and return periods of drought under future
climate change scenarios in Iran. Journal of Water



s Stz W,y s Sk

Journal of Environmental Sciences Studies, 7(2): 4990-
5001 (In Persian with English summary).

- Sharafi, S. and Mohammadi Ghaleni, M., 2022. Spatial

assessment of drought features over different climates and
seasons across Iran. Theoretical and Applied Climatology,
147: 941-957.

- Spinoni, J., Naumann, G., Vogt, J.V. and Barbosa, P., 2015.

The biggest drought events in Europe from 1950 to 2012.
Journal of Hydrology: Regional Studies, 3: 509-524.

- Stagge, J.H., Kingston, D.G., Tallaksen, L.M. and Hannah,

D.M., 2017. Observed drought indices show increasing
divergence across Europe. Scientific Reports, 7: 14045.

- Thornthwaite, C.W., 1948. An approach toward a rational

classification of climate. Geographical Review, 38: 55-94.

- Vicente-Serrano, S.M., Begueria, S. and Lopez-Moreno, J.1.,

2010. A multiscalar drought index sensitive to global
warming: the standardized precipitation evapotranspiration
index. Journal of Climate, 23: 1696-1718.

- Zandi, R., Entezari, A., Baaghide, M. and Khosravian, M.,

2021. Evaluation of drought and its effects on vegetation
in southern regions of Iran. Researches in Earth Sciences,
12(2): 36-49 (In Persian with English summary).

- Zare Abyaneh, H., Ghabaei Sough, M. and Mosaedi, A.,

2015. Drought monitoring based on standardized
precipitation evaoptranspiration index (SPEI) under the
effect of climate change. Journal of Water and Soil, 29(2):
384-392 (In Persian with English summary).

\Y¥

and Rodrigo, F.S., 2018. Spatial and temporal analysis of
drought variability at several time scales in Syria during
1961-2012. Atmospheric Research, 200: 153-168.

-Mouatadid, S., Raj, N., Deo, R. C., & Adamowski, J. F.

(2018). Input selection and data-driven model
performance optimization to predict the Standardized
Precipitation and Evaporation Index in a drought-prone
region. Atmospheric research, 212, 130-149.

Moss, R.H., Edmonds, J.A., Hibbard, K.A., Manning, M.R.,
Rose, S.K., Van Vuuren, D.P. and Wilbanks, T.J., 2010.
The next generation of scenarios for climate change
research and assessment. Nature, 463: 747-756.

Nedealcov, M., Raileanu, V., Sirbu, R. and Cojocari, R.,
2015. The use of standardized indicators (SP1 and SPEI) in
predicting droughts over the Republic of Moldova

territory.  Present  Environment and  Sustainable
Development, 2: 149-158.
NOAA, 2021.Drought Report.

http://ncei.noaa.gov/access/monitoring/monthly-
report/drought/202106 (accessed on 14 Jul. 2021).

Pirnia, A., Golestan, M., Bigonah, S. and Solaimani, K.,
2018. Investigating the drought characteristics of Tamar
basin (upstream of Golestan Dam) using SPIl and SPEI
indices under current and future climate conditions.
Iranian Journal of Ecohydrology, 5(1): 215-228 (In
Persian with English summary).

Rajaei, F., 2022. Drought forecasting under the approach of
future climate change (Case study: Qarakhil).



125 Iranian Journal of Forest and Poplar Research Vol. 31 No. 2, 2023

Prediction of future drought in the Keygooran Juniper forest reserve of Iran using
standardized precipitation evapotranspiration index (SPEI)

S. Beiranvand !, P. Attarod **, V. Bayramzadeh ?, K. Pourtahmasi 4, M. Nadi 5 and Th.G. Pypker ¢

1- Ph.D. Student of Forest Biology, Department of Forestry and Forest Economics, Faculty of Natural Resources, University of
Tehran, Karaj, Iran

2*- Corresponding author, Prof., Department of Forestry and Forest Economics, Faculty of Natural Resources, University of Tehran,
Karaj, Iran. E-mail: attarod@ut.ac.ir

3- Associate Prof., Department of Wood Science and Technology, Faculty of Agriculture and Natural Resources, Islamic Azad
University, Karaj, Iran

4- Prof., Department of Wood & Paper Science and Technology, Faculty of Natural Resources, University of Tehran, Karaj, Iran

5- Assistance Prof., Department of Irrigation, Faculty of Natural Resources, Sari Agricultural Sciences and Natural Resources
University, Sari, Iran

6- Prof., Department of Natural Resource Sciences, Thompson Rivers University, Kamloops, Canada

Received: 09.03.2023 Accepted: 10.06.2023

Abstract

Drought is a major threat to vegetation and can cause its decline. Due to natural and human
factors, droughts are becoming more frequent and intense around the world. This research
examines the trend and severity of droughts in the past and future using the standardized
precipitation evapotranspiration index (SPEI) for a Juniper forest reserve in Keygooran,
Lorestan Province, Iran. The SPEI index was calculated using daily precipitation and
temperature data from the Aligudarz synoptic station for a 33-year period (1987-2019). The
frequency and severity of droughts were assessed for the recent past (1987-2019) and the future
(2030-2060) using the NorESM2-LM model under the SSP126, SSP370 and SSP585 scenarios.
The results showed that the longest droughts occurred in 1990-1991, 1998-2000 and 2010-2012.
Moreover, 2003, 2013, 2017 and 2018 were the years with the most severe droughts. In the
future (2030-2060), drought periods will be projected to decrease under the SSP126 and
SSP585 scenarios (6, 9 and 12 months) and increase under the SSP370 scenario (3, 9 and 12
months). The intensity and duration of extremely severe droughts will be projected to increase
in the future despite the decrease in drought frequency based on SPEI. Therefore, the Juniper
forest reserve will face more severe droughts in the future, which will affect the reproduction of
juniper trees significantly.

Keywords: Climate change, juniper, scenario, SPEI.



