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Figure 1. Location of the studied stations
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Table 1. Characteristics of studied stations in Hamedan Province (Statistical year 1984-2014)
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Figure 4. The average severity of droughts in Hamadan
province

Olen bl du,ujw Oluogad adlas oyl 5
2 leie Jsis o0 5l lej 9 Gde il Jolis
2 (SPI™) oMol ons sjlubl (i)h jasls el
gy w35 sl AYEYAY bl oy9n
g dlale Sl wlds o)L o ‘_QL‘&M» Sluogas
Sl Sl ey JWS= e 6 yalbU (g0l b bl pl VL
i W08 wyy b e (St olps kS
Ny hh Jusis Gro oS! 51 5 a5 ol oL
o J Ol g o JLSiS ud g 09 5 dre et J9
dilyg ol oo Jlgte JuSiis g 5kl oy loj g
ol Ngy Lo b gmeps bl oKl plos o
ool 8l gy pmeye Loy (gl oS! ST > wlale
Jypegws w..mlf 459)};1)13 &S guS ol jou 0dgy
o1y SeN 55550 (ygeil 4 a2l pa Ky b cud g
AW dl).g o ).gl).g Sl u.u)l., 9 L;L*&w WPV
el o ole; dl).g} wstie oS! 5l e 5 JluSis
aslys 9 (EMLB ool jou Jlgo JsSis g
so plp Sg) bS b Widbe e cud )b &S
oK) 1) JlSid e g il pyiie Wbl e
) Jsis Oxe g @ud Jade pjieS 9 MBI
Sl o] 365 4 3Ll 3 olKius]

Y.y Olter il wlislsn gla JuSis Cluogas L) Jdoo
200000 300000 200000 @ow 300000
N
@
bsoo o
Luial,
Laial,y g SLuSis Sae <
‘i o H H @ VUb-VdA H
VAV-VIYY
@ @ s
VYY=VY.
s \IPa-\IVY
‘ VYe-yYY [ .
‘ VVY-VA.
. VYY-V¥e
. VA=VR7
VFe-1/04 0510 20 30 40 0510 20 30 40
e — — /liles Miles
Lg E1 [ olespbutsne 5
[0 olwes gl 550 i g £
T e

200000 wooe 300000 eeE

(olo) e liwl JSis e (1 SKibe =Y S

Figure 3. The average duration of droughts in Hamadan

province (months)

L (YA) ghlSen 5 (o Jslay alie clilles
ol sl oKl VY > SPI jasls 5l eslacl
J9 03,5 sdalie JSiis Gud ) (635m0 Mgy (B
vy b Jlslis cud Bgy &5 wd e i b mls
(95 gy cpl & x>y sl Jgoad 03 ) 4 b
X gid bl e b gme Ve pdaw o oS! ¥ o a
oid gly SPI jadls Jloj (slasym 3 edlamwl L (YY)
l lawgie X9y )9S 0y Jlod g x> &Bly asg>
2 b awlio (> a5 wged glystiwl ( JlusSis cuad gy
58k 5 wgd D)0 callas o] cplin > Lo adlas
Sl o gyl IS 53 SPI gy )3 (653 gme 59, (V)
3 (YF) ohlSer g (o0l 00,5 oamlie V4431441
sdalie oyl liwl gl JSid Cud By )y
i Lol 4 oK) S o4 &S LS
Mibe bgme (dsme Loy bbb JlSis
» 1y SPL jasls sg, (V) ol)Ken o ooblewsnelye
s MK gy b glpl Siis das g Siis gblie
P pasls pl el Wy, 5l S owmls a5 Koged
Gl Gl Gre 4l &5 392 oy 3)90 slaolKiy]
Sglite polbs adllae b ol @l & b e b Jlsis
ol 5l eolatel s 4 Y| aglas opl o5 sl o
W Epg 3|8kl u.:)b OMCMA:»I


http://dx.doi.org/10.29252/jwmr.9.17.295
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.1.3
https://jwmr.sanru.ac.ir/article-1-435-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15]

[ DOR: 20.1001.1.22516174.1397.9.17.1.3 ]

[ DOI: 10.29252/jwmr.9.17.295 |

A2

()]

— O e} ~N

11
12

13
14
15
16

17

18
19
20
21
22

23
24
25
26

27
28

29
30

WAY Gl 5 5l 1Y o)loss /a5 Sl jueil 059>y doliingy

&l
Ansari, M., G. Noori and S. Fotohi. 2016. Investigation of temperature precipitation and flow trend
using nonparametric Mankendall (Case study: Kaju river in sistan and baluchestan). Journal of
Watershed Management Research, 7(14): 152-158 (In Persian).
Abramowitz, M. and |.A. St%gun. 1965. Handbook of Mathematical Functions with Formulas, Graphs,
and Mathematical Tables. (eds.), Dover Publications, 1046 pp. Inc., New York, USA.
Dashtpagerdi, M.M., M.R. Kousari, H. Ahani Kousari, M.R. Hosseini, M.E.H. Vagharfard and D.
Ghonchepour. 2014. An investigation of drought magnitude trend during 1975-2005 in arid and semi-
arid regions of Iranian Journal of Earth Sciences, DOI 10.1007/s12665-014-3477-1
Douglas, E.M., R.M. Vogel and C.N. Kroll. 2000. Trends in floods and low flows in the United
States: Impact of spatial correlation. Journal of Hydrology, 240: 90-105. )
Dinpashoh, Y., R. Mirabbasi Najafabadi, D. Jhajharia, H. Zare Abianeh and A. Mostafaeipour. 2014,
Effect of short term and long-term persistence on identification of temporal trends. Journal of
Hydrologic Engineering, 19(3): 617-625.
Gudmundsson, L. and S.I. Seneviratne. 2015. European drought trends. IAHS, 369:75-79, 2015
Hamed, K.H. and A.R. Rao. 1998. A modified Mann—Kendall trend test for auto correlated data.
Journal of Hydrology, 204: 182-196. o o
Kao, S.C. and R.S. Govindaraju. 2010. A copula-based joint deficit index for droughts. Journal of
Hydrolo%l, 380: 121-134,
Kendall, M.G. 1975. Rank Correlation Measures. Charles Griffin, London
Khoshravesh, M., M. Mirnaseri and M. Pesarakloo. 2017. Change Detection of Precipitation Trend of
Northern Part of Iran using Mann-Kendall Non-Parametric Test. Journal of Watershed Management
Research, 8(16): 223-231 (In Persian).
Kumar, S., V. Merwade, J. Kam and K. Thurner. 2009. Streamflow trends in Indiana: Effects of long
term persistence, precipitation and subsurface drains. Journal of Hydrology, 374(1-2): 171-183 ]
Lashni-zand, M. 2003. Consideration of severity, duration and frequency of climatic drought. Third
Regional Conference and the First National Conference on Climate Change. Tehran University, 3(1):
257-266 (In Persian). . ) . ) .
Lettenmaier, D.P., E.F. Wood and J.R. Wallis. 1994. Hydro-climatological trends in the continental
United States, 1948-88. Journal of Climate, 7: 586-607.
Lioyd-Hunghes, B. and M.A. Saunders. 1998. Mediterranean terrestrial ecosystems: research
patrollers on global change effects. Global Ecol Biogeography, 7: 157-166.
Loukas, A. and L. Vasiliades. 2004. Probabilistic analysis of drought spatiotemporal characteristics in
Thessaly region, Greece. Natural Hazards and Earth System Sciences, 4: 719-731.
Majidi, A.A., M. Radfar, R. Mirabbasi Najafabadi and S. Marofi. 2015. Assessment meteorological
drought Ghahavand- Razan plain by drought indices. 9" National Conference on World Environment
Day. University of Tehran, Mey 2015.Tehran, Iran (In Persian).
Mahmoodi, A. and R. Mirabbasi Najafabadi. 2014. Comparison of the SPI, and SPI modified methods
in diagnosis of drought occurred (Case Study: Dehdasht city, Kohkeloye and Bouyer Ahmad). 2'
Nationa)l Conference of water crisis, university of shahrekord, September 2014. Shahrekord, Iran (In
Persian).
Mann, H.B. 1945. Non-parametric tests against trend. Econometrica, 13, MathSci Net, pp: 245-259.
McKee, T.B., N.J. Doeskin and J. Kleist. 1993. The relationship of drought frequency and duration to
time scales, in Proceedings of the 8th Conference on Applied Climatology, 179-184, January 17-22,
Anaheim, California.
Mirabbasi Najafabadi, R. and Y. Dinpashoh. 2010. Trend analysis of stream flow across the north
west of iran in recent three decades. Journal of Water and Soil, 24: 757-768 (In Persian).
.Mirabbasi Na#'afabadi, R. and Y. Dinpashoh. 2012. Trend analysis of precipitation of NW of Iran over
the past half of the century. Irrigation Sciences and Engineering, 35(4?: 59-73 (In Persian).
Mirabbasi Na%'afabadi R., A. Fakheri-Fard, Y. Dinpashoh and S.S. Eslamian. 2014. Longterm Drought
gonjtor)ing of Urmia using Joint Deficit Index (JDI). Water and Soil Science, 35(4): 87-103 (In
ersian).
Mirabbasi, R., A. Fakheri-Fard and Y. Dinpashoh. 2012. Bivariate drought frequency analysis using
the Copula method. Theoretical and Applie Climatolog%, 108: 191-206.
Mishra, A.K. and V.P. Singh. 2010. A review of drought concepts. Journal of Hydrology, 391: 202-
216.
Mishra, A.K., V.P. Singh and V.R. Desai. 2009. Drought characterization: a probabilistic approach.
Stochastic Environmental Research and Risk Assessment, 23: 41-55.
Moradi, H.R., M. Rajabi and M. Faragzadeh. 2007. Trend analysis and spatial characteristics of
grou_ght)s intensity in Fars province. Iranian Journal of Range and Desert Research, 14: 97-109 (In
ersian).
Partal, T. and E. Kahya. 2006. Trend analysis in Turkish precipitation data. Hydological Processes,
20:2011-2026.
Rahmat, S., N. Jayasuriya and M. Bhuiyan. 2012. 'Trend analysis of drrgught using standard
precipitation index (SPI) in Victoria, Australia’, in Dr Seth Westra (ed.) 34" Hydrology & Water
Resources Symposium , pp: 441-448, Sydney, Australia.
Sen, P.K. 1968. Estimates of the regression coefficients based on Kendall’s tau. Journal of the
American Statistical Association, 63: 1379-1389.
Shadmani, M.; S. Marofi, K. Mohammadi and A.A. Sabziparvar. 2010. Regional modeling of flood
discharge in Hamedan Province. Journal of Soil and Water Conservation, 18(40): 21-42 (In Persian).


http://www.hydrologicalprocesses.com/
http://dx.doi.org/10.29252/jwmr.9.17.295
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.1.3
https://jwmr.sanru.ac.ir/article-1-435-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15]

[ DOR: 20.1001.1.22516174.1397.9.17.1.3 ]

[ DOI: 10.29252/jwmr.9.17.295 |

Yof e il wlidlen o JLSis Clogas b, oo

31 Shiau, J.T. 2006. Fitting drought duration and severity with two-dimensional copulas. Water
Resources Management, 20: 795-815

32 Shiau, J.T. and R. Modarres. 2009. Copula based drought severity-duration frequency analysis in Iran.
Meteorological Applications, 16: 481-489. ) )

33 Sonmez, F.K., A.U. Komuscu, A. Erkan and E. Turgu. 2005. An analysis of spatial and temporal
dimension of drought vulnerability in Turkey using the standardized precipitation index. Natural
Hazards, 35: 243-264. o

34 Wilhite, D.A. 2000. Drought as a Natural Hazard: Concepts and Definitions. Drought: A Global
Assessment. UK.dpp: 3-18., Routledge, London. o

35 Wilhite, D.A. and M.H. Glantz. 1985. The Drought Phenomenon: The Role of Definitions. Water
International, 10(3): 111-120.

36 Wu, H., M.J. Hayes, D.A. Wilhite and M.D. Svoboda. 2005. The effect of the length of record on the
standardized precipitation index calculation. International Journal of Climatology, 25: 505-520.

37 Wu, H., M.D. Svoboda, M.J. Hayes, D.A Wilhite and F. Wen. 2007. Appropriate application of the
standardized precipitation index in arid locations and dry seasons. International Journal of
Climatology, 27: 65-79.

38 Yasavol Hoseini, A., F. Bostani, S. Shamsnia and A. Fakheri-fard. 2009. Consideration of severity,
duration and frequency of hydrological drought using Standardized Precipitation Index (SPI). The
National Conference on Water Crisis Management, Marvdasht, Fars (In Persian). )

39 Zhang, X., L.A. Vincent, W.D. Hogg and A. Niitsoo. 2000. Temperature and precipitation trends in
Canada during the 20th century. Atmosphere-Ocean, 38: 395-429.


http://academic.research.microsoft.com/Author/46782011/michael-h-glantz
http://libra.msra.cn/Journal/5890/water-int-water-international
http://libra.msra.cn/Journal/5890/water-int-water-international
http://dx.doi.org/10.29252/jwmr.9.17.295
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.1.3
https://jwmr.sanru.ac.ir/article-1-435-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15]

[ DOR: 20.1001.1.22516174.1397.9.17.1.3 ]

[ DOI: 10.29252/jwmr.9.17.295 |

Journal of Watershed Management Research, Vol. 9, N0.17, Spring and SUmMmMer 2018 ..........ociiuiiiiiiiiei e iiie e 305
"Technical Report™

Trend Analysis of Meteorological Drought Characteristics in Hamedan Province

Ali Akbar Majidi', Mahdi Radfar?, Rasoul Mirabbasi Najafabadi® and Safar Marofi*

1- M.Sc. Student of Water Resources Engineering, Department of Water Engineering, Shahrekord University
(Corresponding Author: majidialiakbar@yahoo.com)
2- Assistant Professor, Department of Water Engineering, Shahrekord University
3- Professor, Department of Water Engineering, Buali Sina University
Received: February 16,2015 Accepted: April 11,2016

Abstract

The purpose of this study is analyzing the trend of drought characterisgics in Hamedan
Province In this regard, the corrected standardized precipitation index (SPI™) was calculated
based on the monthly preciﬁitation data from 11 synoptic and rain gauge stations during the
period of 1985-2013. Drought characteristicshincluding severity, duration and interarrival time
were defined and extracted based on the SPI™. The Sen’s estimator was used to estimate the
slopes of trend lines. The results show that in most of the stations, drought duration had a non-
significant decreasing trend, while the drought severity in over half of the stations had a non-
significant decreasing trend. The drought interarrival time witnessed a non-significant
decreasing trend in all of the stations, except at the Varayeneh station, which experienced a
significant increasing trend at 1%. The monthly rainfall experienced a non-significant increasing
trend in most of the stations except Keyto which experienced a non-significant decreasing trend.
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