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This study aimed to present a dynamic simulation of hydrological drought
using Vensim and the constant threshold level method in the Dorud-
Borujerd basin in the 1991-2019 period. First, the threshold levels were
estimated, and then the drought duration and volume were quantified. Next,
the frequency of the highest duration and volume values was analyzed to
determine the return periods. While confirming the superiority of the
systems thinking approach, the results showed that the highest drought
duration figures were 229 and 123 days, respectively, at the 70 and 90%
threshold levels of the flow duration curve in the Bitun station. Tire station
recorded 21.320 and 38.47 MCM for 70% and 90% threshold levels,
respectively, which were the largest figures for drought volume. The
frequency analysis of these figures obtained from dynamic simulation
showed that the drought duration and volume will have a return period of
25 and 8 years and 4 and 14 years, respectively, at 70% and 90% threshold
levels. Moreover, 2012 and 2015 were very dry years in terms of both
duration and volume. Therefore, drought episodes have been occurring in
the Dorud-Borujerd basin for many years and will continue with more
intensity in the future.

© 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

complex system, focusing on feedback loops and

The drought recurrence, continued dry days, and
falling surface water resource levels affect the
management of water resource systems.
Investigating the drop in river water level due to
hydrological  drought and  implementing
preventive measures require a thorough
understanding of the complex systems of water
resources and their behavior over time. The
dynamic approach explores the behaviors of a
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nonlinear effects. Therefore, considering the
importance of factors such as the duration of dry,
the volume of hydrological drought, and their
role in water resources management and
planning, this study conducted a simulation of
hydrological drought in the Dorud-Borujerd
basin using constant threshold level in the
Vensim environment within the 1991-2019
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Material and Methods

Dorud-Borujerd basin is located in Lorestan
province, covering an area of 2546 km? in the
northernmost part of the Great Karun Watershed.
Tire is one of the rivers flowing in this basin,
which constitutes the basin’s surface water
resource together with Bitunn, Rahim Abad, and
Mohammad Haji rivers. In the first step, the
discharge levels of these rivers were evaluated in
their respective stations in terms of homogeneity
and accuracy. To start the simulation, the daily
discharges were listed in a descending order. The
probability of their occurrence was calculated
and the Q7 and Qg threshold values were
estimated by drawing the flow duration curve in
Vensim Software. Then, the model calculated the
number of dry days (drought duration) after
comparing the threshold level and the daily
discharges of all the stations, which were fed to
the model through the flow variable. In this
stage, the model created a counter using the
delay variable, which aggregates the number of
dry days during the defined periods using the
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stock variable. The drought volume is calculated
by comparing the values of discharge threshold
and daily discharge, and if necessary the
aggregation and volume of drought during the
period under study. In the next step, small
droughts were eliminated using the Internal
Criterion method. Then the initial model output
which included the threshold levels, drought
duration, and drought volume during the
predefined periods was reviewed by the model
and the maximum drought volume and duration
were calculated. Easyfit was used to determine
the best probability distribution and return period
for the maximum drought duration and volume.

Results

By comparing the threshold and daily discharge
values, the number of dry days was extracted as
the basis for calculating the drought duration in
the research periods. Fig. 1 shows the annual
drought duration at the Q70 and Qoo thresholds in
all stations of the region.
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Fig. 1 Discharge drought duration in the study area stations at (a) 70% and (b) 90% of the flow duration curve

As shown above, the region shows similar
behavior throughout the simulation period at 70
and 90% discharge threshold levels under the
flow duration curve. In Fig. 1a, at the 70% of the
flow duration curve, the Bitun station recorded
229 days of drought in the region in 2001, which
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is higher than the values recorded by all stations
throughout the research period. According to Fig.
1, in the entire period, the drought duration is
70% less than the threshold level, which is due to
the lower discharge values at the 90% threshold
level. According to Fig. 1b, the Bitun station

ol owiigen 5 S jlane

Vol. 9, No. 4, 2023

&

EWE

\f"‘ QLMMA) £ o)Lo...:: A 0)3.)


SAMSUNG
Typewritten text
468


54

Dynamic Analysis of Hydrological Drought

recorded the longest drought duration in the 90%
threshold with 123 dry days in 2012. This is
because of the lower amount of flow passing
through this station compared to other stations in
the region.

The highest drought volume values at the 70%
level were recorded in the 1999-2002 and 2012-
2015 periods. In 2014, Tire experienced a 198-
day drought with the highest recorded drought
volume of 21.320 (MCM). The highest drought
volume values at the 90% level were recorded in
Tire followed by the Rahim Abad station. The
discharge showed smaller volumes in about 60%
periods in Tire station, which affects the slope of
this station's flow duration curve. Therefore, the
70 and 90% thresholds show higher figures than
those in periods with lower and similar discharge
trends throughout the whole period. As a result,
droughts will occur with a higher volume and in
shorter periods. The same can be seen in Rahim
Abad and Mohammad Haji stations, respectively,
with the same trend and less intensity. Regarding
the Bitun station, the lowest and highest
discharge were being repeated with fewer
fluctuations throughout the period. Therefore, the
discharge figures of the 70 and 90% threshold
levels are closer to those of the entire period with
higher duration and less drought volume.

The results of the frequency analysis showed that
the highest drought duration at the 70 and 90%
levels belonged to the Bitun and Rahim Abad
stations, respectively, with 151 and 116 days.
The return period of these drought events is 9
and 5 years, respectively. Regarding the drought
volume, the highest deficiency at the 70 and 90%
levels belonged to the flow of the Tire station at
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198.3 (m%/s) and 44.53 (m’/s), respectively. At
these levels, the return period of these drought
events is 12 and 4 years.

Conclusions

In most of the years, short but continued
droughts have occurred in the Dorud-Borujerd
basin. The highest duration values were recorded
at the Bitun station, indicating the greatest
drought duration. Therefore, in similar climates
within the Dorud-Borujerd basin, shallow rivers
experience droughts with higher duration and
smaller volumes. Tire station showed the highest
drought volume. The drought duration and
volume cannot be the same simultaneously
considering the changes in the slope of the flow
duration curve due to different fluctuations in
each station. This region has completely different
climates susceptible to drought. Therefore, the
drought volume (magnitude) will involve short
periods in high-discharge tributaries
experiencing hydrological drought in basins with
different climates. The return period of the
maximum drought duration and volume in
Dorud-Borujerd basin was at least one year. In
addition, the high-discharge river of Tire will
show signs of hydrological drought through
reduced volume at least once every four years.

Data Availability
The data used in this research are presented in
the paper.
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Table 1 Specifications of the hydrometric stations of Dorud-Borujerd basin

Station River Height (m) Latitude Longitude
Biatun Biatun 1620 33°42' 00" 48° 58" 47"
Tire Tire 1450 33228 11" 49° 03' 36"
Mohamad Haji Absardeh 1570 33°43' 47" 48°45' 00"
Rahim Abad Silakhor 1490 33° 46' 48" 48° 47" 59"
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Table 5 Frequency analysis results at the threshold of 707. and 907 flow duration curve

Longest Drought Most Severe Drought
Station Max & Min’s Max & Min’s Max and Min’s Max & Min’s
Drought Volume Return Period Drought Duration Return Period
(m%/s) (Years) (Days) (Years)
707. flow duration curve
Bitun 7.10-9.43 1-9 1-151 1-9
Tire 0.39-198.63 1-12 1-134 1-19
Mohamad Haji 2.00-42.66 1-13 1-123 1-25
Rahim Abad 2.32-153.63 1-14 8-148 1-21
907 flow duration curve
Bitun 0.002-0.97 1-4 1-98 1-2
Tire 0.089-44.53 1-4 1-111 1-5
Mohamad Haji 0.013-6.82 1-6 1-86 1-8
Rahim Abad 0.42-20.93 1-4 1-116 1-5
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