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4- Streamflow Drought Index
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1- Run Theory
2- Truncation Level
3- Regional Deficiency Index
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Figure 1. Hydrometric stations and Karkheh basin location.
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Table 1. Characteristics of stations located in Karkheh basin.
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Table 2. Determining hydrological drought states using SDI index.
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Figure 2. Changes trend of SDI series for reference periods October-December, October-March, October-June
and October-September in Polchehr, Ghoorbaghestan, Polzal and Afarineh stations.
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Table 3. Transition probabilities of drought states based on streamflow data in Afarineh and Polchehr
stations.

Sk o] oy A ol oSy
Polchehr station Afarineh station station
L = o 53 JlSKis Canss L = o 53 JluSKis Canss JSis Caniss
Drought state in Oct-Mar Drought state in Oct-Mar 53— a5
4 3 2 1 0 ) 3 2 1 0 Drought state in
Oct-Dec
0.12 0.12 0.169 0.337 0.253 0.133 0.143 0.184 0.255 0.286 0
0.155 0.155 0.182 0.277 0.23 0.15 0.158 0.188 0.241 0.263 1
0 0 0.121 0.545 0.333 0 0.03 0.151 0.364 0.454 2
0 0 0.121 0.545 0.333 0 0.03 0.151 0.364 0.454 3
0 0 0.121  0.545 0.333 0 0.03 0.151 0.364 0.454 4
ot = e > JleSixt Cxss ot =g > JleSixt Cxss LS Canss
Drought state in Oct-Jun Drought state in Oct-Jun Lol = g 3
4 3 2 1 0 4 3 2 1 0 Drog%?_tl\jlt::e in
0125 0.16 0.148 0.273 0295 0.139 0.148 0.194 0.241 0.278 0
0.146 0.171 0.163 0.252 0.268 0.129 0.14 0.193  0.247 0.29 1
0.075 0.132 0.113 0.321 0.358 0.086 0.103 0.19 0.276  0.345 2
0 0.091 0.061 0.394 0454 0.026 0.053 0.184 0.316 0.421 3
0 0.091 0.061 0.394 0.454 0 0.03 0.182 0.333 0454 4
B R e ont = e 53 JleSis Ll St ond s
Drought state in Oct-Sep Drought state in Oct-Sep sy 2= ge s
4 3 2 1 0 4 3 2 1 0 Drought state in
Oct-Jun
0.139 0.167 0.157 0.259 0.278 0.139 0.148 0.194 025 0.286 0
0.133 0.163 0.153 0.265 0.286 0.125 0.136 0.193 0.261 0.284 1
0.046 0.116 0.093 0.349 0.395 0.095 0.111 0.19 0.286 0.317 2
0.062 0.13 0.104 0333 0375 0.026 0.053 0.184 0.342 0.395 3
0 0.09 0.06 0.394 0454 0 0.03 0.18 0.364 0.424 4

ol el ¥ g 3 O 8 oSt Jlan St s Sla oS L Cndy Sl F 6+ sl
* The numbers 0 through 4 indicate the status of drought or different classes which have been described in Table 2.
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Table 4. Transition probabilities of drought states based on streamflow data in Ghoorbaghestan and Polzal

stations.
Ik oK RIEW IR N oK
Polzal station Ghoorbaghestan station Station
Qo = e 3 Jl Sl Cunss ddod = e 3 Jl Sl Cuns s Sl Canss
Drought state in Oct-Mar Drought state in Oct-Mar 31— e 53
Drought state in
4 3 2 1 0 4 3 2 1 0 Oct-Dec
0.12 0.12 0.157 0.286 0.313 0.109 0.109 0.151 0.329 0.301 0
0.155 0.155 0.176  0.25 0.263 0.158 0.158 0.177 0.259  0.247 1
0 0 0.091 0.424 0.485 0 0 0.091 0485 0424 2
0 0 0.091 0.424 0.485 0 0 0.091 0485 0424 3
0 0 0.091 0.424 0.485 0 0 0.091 0485 0424 4
Sl = e s JeSis cons Sl = e s JeSis cons RIS S-E LN
Drought state in Oct-Jun Drought state in Oct-Jun Lkl = go 3
Drought state in
4 3 2 1 0 4 3 2 1 0
Oct-Mar
0.142 015 0177 0274 0257 0.136 0.155 0.175 0.252 0.281 0
0.136 0.146  0.175 0.281 0.262 0.141 0.159 0.177 0.248 0.274 1
0.062 0.083 0.146 0375 0333 0.062 0.104 0.146 0312 0.375 2
0 0.03 0121 0454 0.3%4 0 0.061 0.121 0.364 0.454 3
0 0.03 0.12 0.454  0.394 0 0.061 0.121 0.364 0.454 4
Jﬁ*ﬁ:—ﬂjégb&:}WJ Jﬁ*ﬁ:—ﬂjégb&:}WJ JL—:&:}WJ
Drought state in Oct-Sep Drought state in Oct-Sep sls 2 — ga 3
4 3 2 1 0 4 3 2 1 0 Drought state in
Oct-Jun
0.133 0.143 0173 0.286 0.265 0.139 0.157 0.176 025 0.278 0
0.139 0.148 0.176 0.278 0.259 0.129 0.15 0.172 0.258 0.29 1
0.075 0.094 0151 0.358 0321 0.075 0113 0151 0.302 0.358 2
0.03 0.053 0.131 0421 0.368 0.046  0.09 0.139 0.325 0.395 3
0 0.03 0.12 0.454  0.39%4 0 0.06 0.12 0.364 0.454 4
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Table 5. Determination coefficient of SDI and SPI for reference periods in studied stations.

Dependent Var. ]
SPI; SPI, SPI, SDI; SDI, SDI,y ;
. .. Station
A”""“.’b}.’?”‘"
Independent Var.
- - 0.3 - - 0.39 SDI,
w3
- 0.21 0.11 - 0.6 0.12 SDI;
Afarineh
0.27 0.21 0.11 0.999 0.6 0.11 SDI,
- - 0.45 - - 0.8 SDI,
- 0.61 0.25 - 0.73 0.48 SDIs 7473
Polchehr
0.63 0.6 0.24 0.999 0.71 0.46 SDl,
- - 0.41 - - 0.7 SDI,
Oleesl ) 43
- 046  0.23 - 074 037 SDI, s
Ghourbaghestan
0.49 0.46 0.22 0.999 0.72 0.36 SDl,
- - 0.37 - - 0.64 SDI,
I3
- 0.35 0.24 - 0.86 0.48 SDIs Jsds
Polzal
0.45 0.35 0.23 0.999 0.84 0.46 SDI,
)Jdﬂ&méhﬁ}ﬁe&v@\@&)bb‘}w )Jﬁ)b@%}bﬁ)ﬁ@j)b@‘&&g
03 oad JleKis Ol Jals ) shteas wey ol S Sidates JLaSes ot s s
w‘)uéjyagbwwdbu J‘MMG\}}L(@J&JDMSDI u,a}uja_w)j
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Abstract

Background and Objectives: Drought is one of the most complex natural disasters in the
world and it occurs whenever available water of a system wouldn't be enough for at least
supplying one of the biological, economic and social requirements during a considerable period
of time. Although there is not a universal definition of drought, drought can be defined in
different disciplinary perspectives: meteorological drought, agricultural drought, hydrological
drought and socioeconomic drought. Hydrological drought is defined as a significant decrease
in the availability of water in all its forms such as streamflow, lake and reservoir level and
groundwater level appearing in the land phase of the hydrological cycle. Hydrological droughts
can have widespread impacts by reducing or eliminating water supplies, deteriorating water
quality, restricting water for irrigation and causing crop failure, reducing power generation,
disturbing riparian habitats, limiting recreation activities and affecting a diversity of economic
and social activities. The aim of this study is to assess and predict hydrological drought using
SDI index and non-stationary Markov chain.

Materials and Methods: In this study, in order to determine hydrological drought state, for
reference periods of 3, 6, 9 and 12 months in 4 hydrometric stations located on Kharkheh basin
(Afarineh, Polchehr, Ghoorbaghestan and Polzal) over 1976-2009 (33 years), the Streamflow
Drought Index (SDI) based on cumulative streamflow was used which is an index analogous to
SPI. Four overlapping selected reference periods in each hydrological year are namely:
OctobertDecember, OctobertMarch, OctobertJune and OctoberiSeptember (one complete
hydrological year). Assuming that the underlying process possess the structure of a
non-stationary Markov chain, after determining drought states, state transition probability was
calculated in all reference periods and all stations.

Results: While the correlations between SDI and SPI indices were poor, correlations between
SDI values in different reference periods indicated that hydrological drought state in whole year
can be predicted by October-March SDI index with high reliability. Another conclusion can be
drawn from the present study is to use precipitation data instead of streamflow's in order to
predict hydrological drought at the stations with high correlation between SDI and SPI indices.
Conclusions: The main features of the methodology are using a simple index called Streamflow
Drought Index or SDI that is used to characterize severity of the hydrological drought for
overlapping periods of 3, 6, 9 and 12 months (reference periods) within each hydrological year,
considering five drought states, generating the matrix of state transition frequency for a selected
pair of reference periods under the hypothesis of a Markov chain for the underlying state process,
possibility of drought severity prediction in longer cumulative reference period using severity
drought in prior reference periods and using of rainfall data instead of streamflow's in order to
predict hydrological drought at the stations with a high correlation between SDI and SPI.

. H\ Z R WHgdvblogical drought, SDI, Markov chain, Prediction, Karkheh

* Corresponding Author; Email: m_eqtedari@ut.ac.ir

VYo



