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The meteorological drought phenomenon and its relationship to the
hydrological response of the catchments are of particular importance in the
development of programs related to the comprehensive water management
of the basin. In this study, a common period (1982-2017) in five
corresponding hydrometric and rainfall stations in the Kashkan watershed
was considered. The regression relationship between rainfall and discharge
was investigated. Then, the standardized precipitation index (SPI) and the
standardized discharge index (SDI) were calculated in time scales of 3, 6, 9,
12, 18, and 24 months. The interrelationships of SPI and SDI in sub-
catchments were analyzed using the correlation method. The results showed
that in more than 50% of the study period, the meteorological drought was
close to normal. hydrological drought investigation of the sub-catchments
showed that in the catchments with fewer karst formations, the frequency of
years with severe drought was higher. The maximum drought with a severe
situation in the Afrine catchment was 20% and the minimum was 6% in the
Cham-Anjir catchment. The trend of changes in correlation coefficients
between SPI and SDI in Sarab- Seyed Ali, Pol-e Dokhtar, and Cham-Anjir
were similar and the maximum was at 18- and 24-month time scale with a
coefficient determination of 0.67.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

methods to monitor drought. The standardized
precipitation index (SPI) is one of the common

Awareness of the interaction of the drought
phenomenon with the hydrological response of
the catchment is of particular importance in
water resources management. Drought affects
communities through a direct impact on water
resources, the environment, and energy
resources. Researchers have used a variety of
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indicators in  drought monitoring. The
appropriateness of this index has been proven to
detect drought, its monitoring, and prediction,
and can be used in various time scales - short-
term for agricultural purposes and long-term for
hydrological purposes. Literature review showed
that in the last two decades, several studies have
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Hydrological Response of Catchment to Draught

been conducted to identify the interaction of
drought with the hydrological response of the
watershed, in order to estimate and predict the
future conditions of surface and groundwater.
The purpose of this study is to investigate and
analyze the frequency of meteorological and
hydrological drought classes and their
relationships in catchments with similar climates
and different coverage of karst formations.

Materials and Methods

Kashkan watershed with an area of 25466 km? at
the outlet of Pole-Dokhtar hydrometric station is
one of the main tributaries of the Karkheh basin
of I. The area is mainly located in the Lorestan
province of Iran. The minimum altitude is 522 m
above sea level and the maximum altitude is
3503 m. The location of the research area is in
Fig. 1. Moreover, the names and characteristics

of selected stations and the general
characteristics of the leading catchments are
presented in Table 1.

300N
L

Legend

WOUN

Hydrometric Staition

[J subbasin
DEM-m
e High : 3620

Low : 392

-----

Table 1 Characteristics of selected sub-catchments of Kashkan watershed

Name Code  Latitude Longitude ('I‘;\rrrfg) Hfrir%ht A;::;E' Are:ocr):nlagﬁi;)one
Kaka Reza 21-169 33°43'  48°16' 1130 2027 35.06 50.54
Sarab Seyd Ali  21-171 33°47'  48°12' 786 2104 36.86 50.98
Cham Anjir 21-175 33°30'°  48°18' 1630 1650 35.03 42.81
Afrine 21-177  33°19'  47°54 6842 1718 31.59 35.79
Pole-Dokhtar ~ 21-183 32°09'  47°43' 9267 1632 19.34 3291

In this study, a common period from 1982 to
2017 in five corresponding hydrometric and
rainfall stations in the Kashkan watershed was
considered. The relationship between rainfall and
discharge in the region was investigated. Then,
the standardized precipitation index (SPI) and the
standardized discharge index (SDI) were
calculated in time scales of 3, 6, 9, 18, 12, and 24
months. The interrelationships of SPI and SDI in
sub- catchments were analyzed using the
correlation method.

Results

The results of drought monitoring in the Kaka
Reza sub-catchment showed that the average
frequency of severe and very severe drought was
2.2% and 2.5% of the study period, respectively.
Also, the average frequency of the moderate
situation in all time steps was 10.6%. The
average normal years was 65% and the
maximum frequency of hydrological drought
with the severe condition was 14.3%. The
Extremely dry part of hydrological drought was
5.7% of the study period.
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The results of the Sarab Seyd Ali sub-catchment
showed that 67% of the years were normal and
the frequency of moderate to high drought was
equal to wet years with similar conditions. The
frequency of hydrological drought under normal
conditions was 52% and severe hydrological
drought was 14% of the study period. The results
of the study in the Cham Anjir sub-catchment
showed that in all years, the rule was normal and
with a frequency of 68%. The frequency of
severe hydrological drought was 6%. No
Extremely hydrological drought was observed in
this catchment. The results of Afrine sub-
catchment showed that in all years, the rule was
normal with a frequency of 66%. Also, 10% of
the drought was moderate, 3% severe, 2%
extremely dry and the rest wet. The highest
frequency of severe hydrological droughts was
detected at 20%. The most severe hydrological
drought was 20% of the studied years. The result
of drought monitoring of the Pole-Dokhtar sub-
catchment showed that in all years, the rule was
normal and with a frequency of 66%. The
frequency of meteorological drought with a
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moderately class was 10% and the normal
condition was 68% and 9% of severe drought .
Also, the hydrological drought situation was not
extremely dry. The results of correlations
between SPI and SDI were presented in Figure

).

In Sarab Seyd Ali, Pole-Dokhtar, and Cham
Anjir, the trend of changes in correlation
coefficients between SPI and SDI indices was
similar with a slight difference. In these three
sub-catchments, the correlation between SPI and

Investigation of the spatial order of
meteorological and hydrological droughts
showed that the highest correlation was in Cham
Anjir and Sarab Seyd Ali sub-catchments with a
coefficient of determination higher than 0.6. The
high correlation between the two types of
droughts in Cham Anjir and Sarab Seyd Ali
catchments can be interpreted due to the
coverage of 42% and 50% of karst formations,
and the coverage of more than 30% of alluvium
and high permeability of the basin.

SDI increases with increasing time steps.
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Fig. 2 The correlation coefficient between SDI and SPI of different stations at different time scales
Conclusion erosion and the environment working group of

Summarizing the results of investigating the
relationships between drought indices and
analyzing the frequency of meteorological and
hydrological drought classes in catchments with
different coverage of Karst, showed different
hydrological responses to meteorological drought
in catchments with different karst areas. The
overall conclusion Showed that in catchments
with a lower percentage of karst formations. The
frequency of severe droughts was higher.
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Table 1 Characteristics of selected sub-catchments of Kashkan watershed

Name Code latitude  Longitude Area(km2) Hfrin%ht :rlt:;\z;)l) Arlzegrz]falagmne(s;%o)ne
Kaka Reza 21-169  33°43  48°16' 1130 2027 35.06 50.54
SA"I‘ifab Seyed 21171 33047 48°12 786 2104 36.86 50.98
Cham Anjir ~ 21-175 33°30'  48°18' 1630 1650 35.03 42.81
Afrine 21-177  33°19°  47°54' 6842 1718 31.59 35.79
Pole-Dokhtar ~ 21-183  32°09'  47°43 9267 1632 19.34 32.91
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Table 3 Classification of hydrological drought based
on SDI index (Nalbantis and Tsakiris.2009)

Category SDI value Row

Normal SDI>0 0
—1.0<SDI<

Mild dry 0 1
—-1.5<SDI<

Moderately dry -1.0 2
—-2.0<SDI<

Severe dry =15 3

Extremely dry SDI<—-2.0 4

0,99 LS‘)" (Rk)‘ssu;:;u u,u)l.v &LQ.)J U’“"L““"‘ 5 SPI ua?l.w

ooty (V) abayly & j900 ol Jlo () @ by o K sls

SPI;, = MRk 3
Sk

i=1,2, 3, .... ¢=1,2,3...,12 <k=1,2,3,4,5,6 a5

5 oo b gl Sile i & Sk s Ri
() slie o) lp (rozs 5L i)l lxe Sl
JoSis Gilie oV ganaib (V) Jooo ud

B2 o lad 1) SPI hgy a swliils

ool uliilge JloSis ganail =V Joar
(Mckee et al. 1995) SPI 5L

Table 2 Classification of meteorological drought
based on SPI index (Mckee et al. 1995)

Sy g Lassl-Y
ol Yl 5 wlale o 5eSile yolie dple b
g2 el 0ol BLI(F) Jgaz ;o YO YI 0,90 b jo adg>
chw jo aV¥le b lawgie wal oob slacsls ulul
oK) Sl Sl as” cusl FYY MM o sbbase>
e aictig OO MM lade b Lo ST asss s Lo SIS
Slade S YAA MM jlade b 250 oS! 5 (Sws,b
«Saeihe aVle hwge oo i Wl 1, Swb
5 7oy el ol Joe )5 5 ads> IS 4 by e
5 Sl Sl (il ol )3 55 T e n S
Comdy owyp Slp )l Bl desw Ol ddg> o
aWVlo bugie o0 e slaoliwl o Jbyr @0
3 ol Sley HLE, bl o)lusbisl waejls 4 cons
58S WS len igd duslia B cilise glaolSioy|
wlie Lolfws] adS jo b, L8, wenl sawl (V) S
IV el w2l IYVE b OVYEe ol 5 oos
s &1 oS ) S sl ey sla L 3 5 Sl
CYPRIRCN VIR (. A SPW-YESNCE U S N LRV |
2 ol SRl rizen 5 (ein 5 b gl
BRI X VRN [UWI WY ER W PR IS SO E 1T Yy e
ool ooy m8lg asg> ULy sEo oSyl g oYL
G JUUE S SPLITOY Py Gocls Yl gloass> 0 vz
—ad Ll (gl oLl 5l i :S0he 4 Cod AV
Sz o g ede Sl il ases al e

Environment and Water Engineering

Category SPI value
Extremely wet SPI>2.0
Very wet 1.5<SPI<2.0
Moderately wet 1.0<SPI<1.5
Normal -1.0<SPI<1.0
Moderately dry -1.5<SPI<-1.0
Very dry -2.0<SPI<-1.5
Extremely dry SPI<-2.0
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Fig. 2 Trend of changes in average annual discharge of selected hydrometric stations during the research period
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Table 4 Mean rainfall, discharge and related relationships in Kashkan watershed during the research period

Station parameters
Annual rainfall (mm) Annual Discharge (m%/s) Correlation coefficient
Kaka Reza 535.58 10.84 0.09
Sarab Seyd Ali 502.21 7.44 0.54
Cham_Anjir 472.85 9.03 0.48
Afrine 467.85 38.99 0.43
Pole-Dokhtar 387.77 44.45 0.02
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Fig. 3 The trend of frequency changes of meteorological drought years in different time scales in Kaka Reza
catchment during the research period
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Fig. 4 The trend of frequency changes of meteorological drought years in different time scales in Sarab
Seyed Ali catchment during the research period
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Fig. 5 The trend of frequency changes of meteorological drought years in different time scales in Cham
Anjir catchment during the research period
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Fig. 6 The trend of frequency changes of meteorological drought years in different time scales in Afrine
catchment during the research period
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Fig. 7 The trend of frequency changes of meteorological drought years in different time scales in Pole-
Dokhtar catchment during the research period
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