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1- Stream flow Drought Index
2- flow Drought curve Index
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Figure 1. The location of the study area, Armand Basin.
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2- Annual Minimum-7day

3- Method of Moment

4- Method of Maximum Likelihood
5- Stream flow Deficit

6- Threshold-Level methods

7- Sequent peak algorithm
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1- Flow Duration Curve
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5- Base flow Index
6- Recurcive Digital Filter
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2- Minimum Environmental flow
3- Flow Duration Curve Analysis
4- Flow Duration Curve Index
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Figure 2. Flow duration curves of Armand River, 1957-2013.
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Table 1. Flow values of Q3z9, Qs9, Q79, Qg0, Qg and Qos in the 1957-2013 period, Armand River.
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Table 2. Indices of minimum environmental flow Q5 and Q.
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Figure 3. Time series of Qs and Qy, indices in the 1957-2013 period.
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Table 3. Selected probability distribution for low flow frequency analysis.

Gumbel EVI Pearson Type 2Parameter 3Log- 2Log- Normal Normal &
it Gama Normal Distribution
o
Ma Mo Ma Mo Ma Mo Ma Mo Ma Mo Ma Mo
Method
(g BV
3.96 3.96 335 3.96 3.26 3.26 - 2.56 2.56 2.56 3.61 3.61 et e
Chi-Squire value
(1) g Sl
3.85 428 5.6 3.81 322 3.24 - 342 3.60 3.60 3.63 3.63 il
Relative error (%)
& o) ot
2221 2882 2056 1995 1929 1796 - 1984 2152 2152 3614 3614 (o) o0

Square error (m’/s)

Ma = maximum likelihood, Mo = moment
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Table 4. Low flow Return Period.
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Table 5. Number of days with flow less than Q;, (45 m3/s) over the entire statistical period.

Liul e 60 530 oLl 4 s Bl S G-I E S BN SR ol

Mar Feb Jan Dec Nov  Oct Sep Aug  Jul Jun May Apr Month
Ses Sy Sl

41 362 495 677 1116 1311 1242 734 291 101 11 0

Number of dry day

Yoo



YA () 0 ko (T) s SB 5 o clilis glb ing}s 4 i

Jbov&&»:LfQUJJMQM)vewp

6,9 A3l JL« q Cn)v.v“)\ QL}JJJ ol axllas )L&T

LLQJLA L)'i‘ DL 6 k:a.»" ebﬁ (QL:JD- J‘}.AS) &1}
RS 10 5l 508w Ok SR i)

NG| e-l—:sz (Q70) 4.:4[3

Deficit intencity

Flow (Mm3/day)

395 23 nSea e O gbe 4 0L =

0.5

0
1957

1967

1977 1987 1997 2007

<

Flow (Mm3)

o=l s Sobel oy JS s ebecpays b s

.M;aaw@gﬁzwaﬁ@@ﬁypjm
Ol 5 oo gr 53 0L o 350aS Olesde o 5 e
ol &S s ens (bl o) b obelll 5 ol g el
23 2alS OF wi 5 b e 28 ol
byt K6l 5ul Lol 5 olesl s alsay,

— Dificit volume

i —— Mean of dificit volume
% 100

0
1957 1967 1977 1987 1997 2007
J‘

Gas 23 rSafio 8 gden) 5508 Ddd Ol ok (0 5 OF a0 4 Lo (Gt 0 8 gebio) 3 gmaS o2 Dl i (AN -8 S

.‘5)‘.«] 095 b

Figure 4. (a) Changes of deficit volume (million cubic meters) compared to its average and (b) Changes of
deficit intensity (million cubic meters per day) during the statistical period.
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Abstract

Background and Objectives: Monitoring and evaluation of hydrological drought has become a
necessity due to its frequent occurrence in various basins of Iran, and in order to prevent and
manage the resulting crisis. In most studies, drought indices have been used to investigate that.
Drought indices like Stream flow Drought Index, using statistical calculations on river flow
data, ultimately leads to a number that does not have the ability to completely investigate and
analyze drought in the studied area. Low flow or minimum river flow is one of the most
important drought indices that by using different criteria can get a comprehensive understanding
of the hydrological drought situation in the region. In most studies, deficit characteristics or low
flow frequency analysis have been used. Using different low flow indices is necessary to
recognize different aspects of drought and its management. Therefore, the aim of this research was
to study hydrological drought of Armand river using all of the low flow indices including flow
duration curve, deficit characteristics, low flow frequency analysis and base flow index, which can
be used to determine characteristics such as dry and wet periods, amount of flow during drought,
drought threshold, duration of drought, volume and intensity deficit and frequency of low flows.
Also, in this study, the environmental flow of river was calculated and analyzed.

Materials and Methods: The Armand River basin with 9961 Km? area located in Chaharmahal
and Bakhtiari province was selected as the study area and the daily flow statistics of the Armand
hydrometric station were used from 1957 to 2013. First, by plotting the flow duration curve,
three low flow indices Q7y, Qgo and Qos also, the river status including wet, normal and drought
periods were determined. Then, the minimum environmental flow was calculated based on the
two indices Q75 and 99, and the deficit characteristics using the threshold level Q. In order to
estimate the return period of low flow series (AM7), a suitable two-parameter gamma
distribution function was considered appropriate. Finally, the base flow index was calculated
using recursive digital filter method in different time scales.

Results: Based on the results, the Armand River in 28, 22 and 14 years (from 57 years of
statistical period) has a flow of less than Q+, Qg and Qos, respectively (45, 32 and 27 m’/s).
Due to the gentle slope of the flow duration curve of basin, also the high value of the BFI index
(0.95), it was concluded that groundwater had a high participation in the river flow. The dry
period in this river begins when the flow reaches less than 45 m’/s (the threshold level Qy). The
results showed that the deficit volume and intensity increased over the past 50 years. Based on
the frequency analysis of low flow, in the return periods of 2, 5, 10, 20, 50 and 100 years, the
low flow was 34.26, 26.8, 23.1, 21.1, 19.1 and 17 m’/s. Comparison of these values with the
minimum environmental flow showed that the river flow becomes less than its minimum
environmental flow on average every two years.
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Conclusion: Despite the sustained flow in the Armand River (due to the snow-rainy regime of
the region, the ability of the basin to save water and drain it during the dry season), the dry
periods with different intensities occurred over the past 57 years. Also, the severity of drought
has increased due to the increase in the volume deficit of the river in recent years, and if this
continues in the future, the severity and frequency of the drought occurrence will increase and
the overall flow of the river will decrease.

Keywords: Armand River, Deficit characteristics, Flow duration curve, Low flow, Minimum
environmental flow
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