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Abstract: This study extracted the monthly thermal stratification of the Chahnimeh Reservoir No. 4
(CRN4) from observational data from May 2013 to April 2014. Then, the monthly thermal stratification
was simulated by a one-dimensional numerical model, HEC-5Q, and data-driven models including:
Extreme Learning Machine (ELM) and Support Vector Regression (SVR). The results showed that the
continuous 120-day wind, along with the high evaporation rate, cause the lake to experience top-down
circulation at least twice a year, thereby leading to the recovery of dissolved oxygen and providing an
environment for aquatic life to survive in the hypolimnion, which occurs in autumn and winter.
Furthermore, the results showed that, in general, the Al methods are more robust compared to the
classical model while requiring less data.

Keywords: Lake Stratification; Reservoir No. 4 of Chahnimeh; Extreme Learning Machine; Support Vector
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Introduction: Layering (vertical stratification) means developing layers of different fluid masses, created by the
difference in temperature, soluble and/or suspended compounds (Nandalal 1995, Winton, et al. 2019). Vertical
stratification decreases dissolved oxygen concentration (El¢i 2008) and increases the unpleasant taste and smell of
water (Cheng, et al. 2018; Lee, et al. 2018).

The layering persistence time is contingent upon the degree of the flow turbulence, distribution of flow rate, the
flow profile, energy, and the variations in the cross-section of the stream (Winton, et al. 2019, Townsend 1998).
Layering durability may lasts several years, resulting in anoxic bottom waters (Boehrer, et al. 2009).

Significant progress has been made in large-scale representation and modeling the effects of reservoir water
management on streamflow (Cheng, et al. 2018) and temperature (Miara, et al. 2017, Niemeyer, et al. 2018
(Roozbehani & Saedi 2008) (2008) showed the possibility of the thermal layering phenomenon using the HEC-
5Q model in the reservoir of the Chai Message dam. (Noshadi & Sadeghnejad 2009, Sokoot 2006) indicated the
high performance of HEC-5Q and WASP7 models to estimate the nitrate-nitrogen and orthophosphate in different
depths of the Doroodzan Dam.

The research presents the vertical distribution of water temperature (stratification) for Chanimeh reservoir number
four (CRN4) that may influence the lake’s water quality. CRN4 experiences adverse meteorological conditions,
constructed to supply reliable water for agricultural and, specifically, residential purposes to prevent immigration.
Simulations were then conducted using two artificial intelligence methods, ELM and SVR, and analytical HEC-
5Q models.

Methodology: To reduce the losses caused by drought and floods, four water reservoirs have been built by the
Iranian government at the mouth of the Hirmand River in the Sistan region (Whitney 2006), called Chanimeh
Resevoirs and numbered 1 to 4. They are located in the Sistan Plain (Fig. 1). CRN4 collects excess water from the
capacity of the Chahnimeh reservoirs 1 to 3. Table 1 shows the general characteristics of the reservoir.
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To simulate water stratification in the RN4C area, temperature was measured at a point with coordinates
30°47'01'N and 61°36'02'E in the RN4C area, twice a month from May 2013 to April 2014 (study period).
temperature values were recorded from 1 m below the water surface at 2 m depth intervals. Moreover,
Meteorological data were obtained by the synoptic meteorological stations of Zahak.

The vertical hydrograph of temperature provided and compared with results obtained by HEC-5Q, ELM, and SVR
models. ELM considers a single hidden layer feed-forward neural network (SLFN) with L hidden nodes, Fig. 2.

One of the important features of the Sistan region is the 120-day wind pattern, which begins approximately in
spring and continues until the end of summer (Fig. 3). From May to August, the 120-day wind speed increases to
about ten meters per hour (36 km/h) and even to more than 70 km/h.

ELM obtains the weights of the output layers using the least squares method without iteration (Ding, et al. 2015),
Eqns.(1)-(7). SVR is constructed based on statistical learning theory and the structural risk minimization principle.
SVR applies a linear regression to map the data into an N-dimensional feature space, Eqns.(8)-(11).

Three statistical variables, including mean absolute error (MAE), Eqn. (12), root mean square error (RMSE), Eqn.
(13), and index of agreement (d), Eqn. (14), were used here for the models' evaluation.

Results and Discussion: The sinusoidal changes of vertical profiles, Fig. 4, indicate the temperature
predominantly propagates by convection, which is mainly induced by wind. CRN4’s water temperature
approximately varies around 20-22 °C from top to bottom in May, i.e., the lake is not stratified. May starts about
midseason of the spring in Iran when the 120-day winds begin to blow, Fig. 3. The wind moves inverse temperature
gradients vertically across the thermal profile (Boehrer, et al. 2008).

Besides, the air temperature takes off to an amount of more than 40 °C. The water absorbs a large portion of solar
radiation entering the lake, thus providing an internal heating source (Dittko, et al. 2013), evaporating water. The
wind sweeps the vapors along its movement direction and increases the rate of evaporative heat loss (Saber, et al.
2018, leading to a colder epilimnetic layer, which moves vertically down at a low speed. It was continuing during
summer until establishing an inverse stratification in CRN4 in August. The inverse stratification in the last month
of summer could be the stratifying characteristic of CRN4 because the inverse stratification has been reported in
winter or spring (Boehrer, et al. 2008, Bueche & Vetter 2014, Engelhardt & Kirillin 2014).

The lake underwent a regular weak stratification during September. It intuitively reveals that the second
homeothermy (uniform temperature from top to bottom) occurred between August and September. Thus the lake’s
pattern of circulation is best described as discontinuous polymictic (Townsend 1998, Labaj, et al. 2018).

Table 3 represents the statistical parameters applied to provide a quantitative estimate for the ability of models
HEC-5Q, ELM, and SVR to reproduce spatial temperatures at various depths of RN4C. Besides, Fig. 6 shows the
comparison between the monthly thermal stratification of the lake RN4C produced using predicted and observed
temperatures over the deepest point (15 m) in the lake.

ELM simulated the lake stratification somewhat higher than HEC-5Q. However, both estimated the temperature
for some months with very low precision, such as August and October. In contrast to them, SVR can estimate with
a substantial (d is more than 0.6) or perfect (d is more than 0.8) index of agreement for almost all months. Thus, it
is the most capable model.

In general, artificial intelligence methods are superior to the simulation of lake stratification, while they require
fewer data than HEC-5Q.

Conclusion: The research illustrated thermal stratification through field-measured values and what was obtained
by three simulation models, over the reservoir of RN4C, where the wind approximately blows all year.

Results showed a homoeothermic layer formed in May. Although the air temperature rises during spring and
summer, the water temperature of the surface was decreased, and stratification took inversely place during July. It
shows continuous-high-speed (120-days) winds along with high evaporation caused extreme heat loss appeared to
cool surface water, contributing high to set up the thermal structure. The lake turnover takes place two times from
spring to middle autumn.

Furthermore, the values of statistical measures demonstrates SVR reproduces the temperatures and consequently
stratification trends more efficiently than HEC-5Q and ELM in the majority of months. In conclusion, SVR
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provided robust and reliable results for long-term simulations and represented all annual stratifications.

© 2023 University of Zabol, Zabol, Iran.
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Table 2 The mean temperature (°C) and its range for
every month, during the study period.

Measured temperature

Month

Average Range
May 21 20-22
June 23 21-28
July 22.13 18-25
August 22.75 18-30
September 20.63 18-25
October 22 19-27
November 214 18-26
December 22.5 21-27
January 22.13 20-26
February 23.75 21-27
March 20.5 17-28
April 23.75 21-31
Annual 22.13 17-31

Z?’zl(ai—ai*)zojai =20,c<aqa; (14)

Joe 2b3)!

Slalne 5 Sl ) e slalns 5l S 5
&l il oo o b Gllas slas asle 5kl b))
sl Soslul g giluand @i G sla 335 (e
il (g5lel yure an ] (o 0ed eolatll Slae
s lup 5Ske ,i> (MAE) alhas sl
solitul (VAAY Sgolis) (d) 3ol asli 5 (RMSE)
sloiagh sl cdél sanobul okl slo)las o
Frr Kee g SlEgd) Wloads eolaiwl (g5le Joe
Pl (VWA (LSe35 VooV ol en 5 (ool )50
OB 99,0 Ve A (e g 50 Ve oV ] (Sen
Qi o g jlwacds gloosls Jlade Pj ossS 5,8 (Y -4
S ezl il bosls slass n g oadly slaosls )5
355 0l (V0)-0V)) slaabal, L plgs oo | (5L
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MAE = E=2=0i (16)
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Table 3 The magnitudes of statistical variables of the models

Statistical parameters for the evaluation of

Month HEC-5Q ELM SVR
MAE d RMSE MAE d RMSE MAE d  RMSE

May 0.97 0.87 1.35 1.1 0.87 1.4 038 098  0.19
June 1.41 0.7 3.66 2.1 0.44 6.5 1.07 085 172
July 1.51 0.73 2.84 1.28 0.8 2.13 143 078 238
Aug. [ 0.13 9.33 222 0.31 7.18 154 0.63  4.00
Sep. 1.76 0.5 5.72 1.51 0.65 4.1 1.05 087 155
Oct. 2.27 0.36 6.7 2.39 0.35 6.92 152 068 339
Nov. 1.36 0.83 1.96 1.28 0.82 2.1 157 073 3.1
Dec. 0.91 0.9 1.2 0.47 0.94 0.73 094 076 276
Jan. 1.42 0.74 3.17 1.39 0.73 3.43 111 077  2.66
Feb. 0.8: 0.94 0.84 0.47 0.98 0.33 143 073 336
Mar. 2.58 0.31 8.49 2.12 0.51 6.87 151 075 327
Apr. 1.54 0.64 4.42 1.7 0.61 4.81 .64 051 5.98

Annual 1.59 0.64 4.14 1.50 0.67 3.88 127 075 286

N
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5- List of symbols

T(C) Temperature
V (m Element volume
t(s) Time
Z (m) Spatial coordinates
0. (m’/s) Element internal flow
Surface area of the element
A: (m2) . L
perpendicular to the flow direction
Dz (m?/s) Effective diffusion coefficient
i (m’/s) Local input current
Ti (°C) Inlet water temperature
H (Kcal/m’/s)  External heat sources and consumers
p (Kg/m?) Density of water
¢ (Kcal/Kg/C)  Specific heat of water
H, Net temperature transfer
Shortwave solar radiation reaching
H;
the water surface
Hy Reflection of shortwave radiation
H., Longwave atmospheric radiation
Reflection of long-wave
Har . . .
atmospheric radiation
He. Heat transfer due to conduction
He Radiation reflected from the water
' surface
H. Heat loss due to evaporation
H The output matrix of the neural
network hidden layer
W The weight vector connecting
i hidden node and the input nodes
B The weight vector connecting the i"
i hidden node and the output nodes
b, The threshold of hidden node
H Moore—Penrose matrix of H

The optimal solution
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”W” The Euclidean 1-norm
¢ A slack variable
Acknowledgments

The authors express their sincere gratitude to the
Sistan and  Baluchestan  Regional = Water
Organization for providing essential data, technical
support, and access to the Chah Nimeh reservoirs
during this research. We also thank the staff who
assisted with field measurements and shared
valuable insights into the hydrological conditions of
the region.

Credit Authorship Contribution Statement

Conceptualization, M.R.M. and J.P.; Methodology,
M.R.M. and J.P.; Software, J.P.; data analysis,
M.RM. and J.P; Writing-Original Draft
Preparation, J.P.; Writing-Review and Editing,
M.R.M. Supervision, M.R.M. and J.P.. All authors
have read and agreed to the published version of the
manuscript.

Funding

This research was supported by the University of
Zabol through research grant number 8861 UOZ-
GR-8861. The authors also acknowledge partial
financial support from the Ministry of Science,
Research and Technology of Iran. The funders had
no role in the study design, data collection, analysis,
interpretation, writing of the paper, or decision to
publish the results.

Data Availability Statement

Data supporting this study are available upon
reasonable request from the corresponding author.
Some restrictions may apply to access certain raw
data due to privacy or ethical considerations. The



.Y )Léfj Al e)Lo.»:: Y 0399

Ol ST (owaige s ing s

processed data used for model validation and the
model codes developed in this study are available in
the institutional repository of the University of
Zabol.

Conflicts of Interest

The authors declare no conflict of interest.

References

Nandalal, K. D. W., 1995: Reservoir management
under consideration of stratification and
hydraulic phenomena. -- Nandalal, Wageningen.

Winton, R. S., Calamita, E. and Wehrli, B., 2019:
Reviews and syntheses: Dams, water quality and
tropical reservoir stratification. Biogeosciences
16: 1657-1671. https://doi.org/10.5194/bg-16-
1657-2019

Elgi, S., 2008: Effects of thermal stratification and
mixing on reservoir water quality. Limnology 9:
135-142. https://doi.org/10.1007/s10201-008-
0240-x

Cheng, Y., Niemeyer, R. J., Mao, Y., Yearsley, J. R.,
Voisin, N. and Nijssen, B., 2018: A thermally-
stratified reservoir module for large scale stream
temperature model with implementation in the
Tennessee River Basin.  https://ui.adsabs
.harvard.edu/abs/2018AGUFM.U12B..11C

Lee, G.S., Cho, H. Y. and An, S. M., 2018: Thermal
stratification modeling in the inner coastal bays.
Journal of Coastal Research 85: 1451-1455.
https://doi.org/10.2112/S185-291.1

Boehrer, B., Fukuyama, R., Chikita, K. and
Kikukawa, H., 2009: Deep water stratification in
deep caldera lakes lkeda, Towada, Tazawa,
Kuttara, Toya and Shikotsu. Limnology 10: 17-
24. https://doi.org/10.1007/s10201-008-0257-1

Zargarpur, H., Qa'ravi, M. and Dahghan, J., 2007:
Thermal Stratification in Tandem Reservoirs
Case Study: Karun 1, Karun 2, and Karun 3
Reservoirs. Iran Water Resources Research 2:
71-717.

Churchill, M. A., 1957: Effects of storage
impoundments on water quality. Journal of the
Sanitary Engineering Division 83: 1-48.
https://doi.org/10.1061/JSEDAI.0000053

Niemeyer, R. J., Cheng, Y., Mao, Y., Yearsley, J. R.
and Nijssen, B., 2018: A Thermally Stratified
Reservoir Module for Large-Scale Distributed
Stream Temperature Models With Application in
the Tennessee River Basin. Water Resources
Research 54: 8103-8119.
https://doi.org/10.1029/2018WR022615

Roozbehani, A. and Saedi, A., 2008: Simulation
Water temperature reservoir to determine the
levels of dewatering and water quality
management. Third International Conference on

58

Water  Resources Tabriz
University, Iran, Tabriz.

Noshadi, M. and Sadeghnejad, M., 2009: Measuring
and Simulating of Nitrate and Orthophosphate in
Doroudzan Dam Reservoir Using HEC-5Q and
WASP7 Models. Iran-Watershed Management
Science & Engineering 3: 43-61.
https://sid.ir/paper/134665/en

Sokoot, M., 2006: Evaluation of status of water
quality and eutrophication in the reservoir dam
and simulation reservoir with model HEC-5Q.
Irrigation and Drainage Master. Shiraz
University, Iran, Shiraz.

Mahere, T., Mtsambiwa, M., Chifamba, P. and
Nhiwatiwa, T., 2014: Climate change impact on
the limnology of Lake Kariba, Zambia—
Zimbabwe. African Journal of Aquatic Science
39: 215-221. https://doi.org/10.2989/16085914.
2014.927350

Mohamed, 1., Othman, F., Ibrahim, A. 1., Alaa-Eldin,
M. and Yunus, R. M., 2015: Assessment of water
quality parameters using multivariate analysis
for Klang River basin, Malaysia. Environmental
Monitoring and Assessment 187: 4182.
https://doi.org/10.1007/s10661-014-4182-y

Tomié, A. N. S., Antanasijevi¢, D. Z., Risti¢, M. .,
Peri¢-Gruji¢, A. A. and Pocajt, V. V., 2016:
Modeling the BOD of Danube River in Serbia
using spatial, temporal, and input variables
optimized artificial neural network models.
Environmental monitoring and assessment 188:
300. https://doi.org/10.1007/s10661-016-5308-1

Nourani, V., Baghanam, A. H., Adamowski, J. and
Kisi, O., 2014: Applications of hybrid wavelet—
artificial intelligence models in hydrology: a
review. Journal of Hydrology 514: 358-377.
http://dx.doi.org/10.1016/j.jhydrol.2014.03.057

Dahmardeh Ghaleno, M. R., Sadoddin, A., Sheikh,
V. and Sabouhi Sabouni, M., 2017: Optimal
utilization of the chahnimeh water reservoirs in
Sistan region of Iran using goal programming
method. Ecopersia 5: 1641-1654.
http://dx.doi.org/10.18869/modares.Ecopersia.5.
1.1641

Hosseini, H., Shakeri, A., Rezaei, M., Dashti
Barmaki, M. and Shahraki, M., 2019:
Application of water quality index (WQI) and
hydro-geochemistry for surface water quality
assessment, Chahnimeh reservoirs in the Sistan
and Baluchestan Province. Iranian Journal of
Health and Environment 11: 575-586.
https://ijhe.tums.ac.ir/article-1-6141-en.pdf

Mir, A., Piri, J. and Kisi, O., 2017: Spatial
monitoring and zoning water quality of Sistan
River in the wet and dry years using GIS and
geostatistics. Computers and Electronics in
Agriculture 135: 38-50. https://doi.org/10.10

Management.



https://doi.org/10.5194/bg-16-1657-2019
https://doi.org/10.5194/bg-16-1657-2019
https://doi.org/10.1007/s10201-008-0240-x
https://doi.org/10.1007/s10201-008-0240-x
https://ui.adsabs.harvard.edu/abs/2018AGUFM.U12B..11C
https://ui.adsabs.harvard.edu/abs/2018AGUFM.U12B..11C
https://doi.org/10.2112/SI85-291.1
https://doi.org/10.1007/s10201-008-0257-1
https://doi.org/10.1061/JSEDAI.0000053
https://doi.org/10.1029/2018WR022615
https://sid.ir/paper/134665/en
https://doi.org/10.2989/16085914.%202014.927350
https://doi.org/10.2989/16085914.%202014.927350
https://doi.org/10.1007/s10661-014-4182-y
https://doi.org/10.1007/s10661-016-5308-1
http://dx.doi.org/10.1016/j.jhydrol.2014.03.057
http://dx.doi.org/10.18869/modares.Ecopersia.5.1.1641
http://dx.doi.org/10.18869/modares.Ecopersia.5.1.1641
https://ijhe.tums.ac.ir/article-1-6141-en.pdf
https://doi.org/10.10%2016/j.compag.2017.01.022

S 9 W

aomiolr (y3lke Iyl guway b))

16/j.compag.2017.01.022

Sayadi, M. and Ghaleno, O. R., 2016: Study of water
quality using the NSFWQI in the year 2014 case
study: Chahnimeh reservoir of Sistan. Int. J.
Chem. Stud 4: 35-37.
https://www.researchgate.net/publication/30467
5442

Bazrafshan, E., Mostafapour, F. K., Esmaelnejad,
M., Ebrahimzadeh, G. R. and Mahvi, A. H.,
2016: Concentration of heavy metals in surface
water and sediments of Chah Nimeh water
reservoir in Sistan and Baluchestan province,
Iran. Desalination and Water Treatment 57:
9332-9342.  https://doi.org/10.1080/19443994
.2015.1027958

Akbarzadeh, M., Haghighatjou, P. and Bagheri, M.,
2015: Estimates of Evaporation from Surface
Water Bodies with Sebal Algorithm Using
Remote Sensing Techniques (Case Study:
Chahnimeh’s Fresh Water Reservoirs of Sistan).
Iranian Journal of Irrigation and Dranage 9: 510-
521.

Piri, J., Mollaeinia, M., & Mostafaie, A. (2023).
Assessment of response surface method and
hybrid models to predict evaporation (case study:
Chahnimeh and Pishein reservoirs in Sistan and
Baluchestan Province of Iran). Arabian Journal
of Geosciences, 16(5), 346. https://doi.org/
10.1007/s12517-023-11330-3

Piri, J., Amin, S., Moghaddamnia, A., Keshavarz,
A., Han, D. and Remesan, R., 2009: Daily pan
evaporation modeling in a hot and dry climate.
Journal of Hydrologic Engineering 14: 803-811.
https://doi.org/10.1061/(ASCE)HE.1943-5584.
0000056

Mosannen Mozaffari, M., 2014: Development of the
Water Resources Management Model in Sistan
Region. Department of Agricultural Economic
D.Ph of T Ph.D. University of Zabol, Iran.

Shahraki, J., Sardar, S. A. and Nouri, S., 2019:
Application of met heuristic algorithm of ant
Colony optimization in optimal allocation of
water resources of Chah-Nime of Sistan under
managerial scenarios. Iranian Journal of
Ecohydrology 5: 1063-1078.

Huang, G.-B., Zhu, Q.-Y. and Siew, C.-K., 2006:
Extreme learning machine: theory and
applications. Neurocomputing 70: 489-501.
http://doi.org/10.1016/j.neucom.2005.12.126

Yaseen, Z. M., Sulaiman, S. O., Deo, R. C. and
Chau, K.-W., 2019: An enhanced extreme
learning machine model for river flow
forecasting: State-of-the-art, practical
applications in water resource engineering area

and future research direction. Journal of
Hydrology 569: 387-408. https://doi.org/

10.1016/j.jhydrol.2018.11.069

57

Yaseen, Z. M., Jaafar, O., Deo, R. C., Kisi, O.,
Adamowski, J., Quilty, J. and El-Shafie, A.,
2016: Stream-flow forecasting using extreme
learning machines: a case study in a semi-arid
region in Iraq. Journal of Hydrology 542: 603-
614. http://dx.doi.org/10.1016/j.jhydrol.2016.09.
035

Taormina, R. and Chau, K.-W., 2015: Data-driven
input variable selection for rainfall-runoff
modeling using binary-coded particle swarm
optimization and extreme learning machines.
Journal of hydrology 529: 1617-1632.
http://dx.doi.org/10.1016/j.jhydrol.2015.08.022

Atiquzzaman, M. and Kandasamy, J., 2016:
Prediction of hydrological time-series using
extreme learning machine. Journal of
Hydroinformatics 18: 345-353. https://doi.org/
10.2166/hydro.2015.020

Ding, S., Zhao, H., Zhang, Y., Xu, X. and Nie, R.,
2015: Extreme learning machine: algorithm,
theory, and applications. Artificial Intelligence
Review  44: 103-115.  https://doi.org/10.
1007/s10462-013-9405-z

Vapnik, V., 2013: The nature of statistical learning
theory.  Springer-VerlagBerlin, Heidelberg,
Jermany.

Deo, R. C. and Samui, P., 2017: Forecasting
evaporative loss by least-square support-vector
regression and evaluation with  genetic
programming, Gaussian process, and minimax
probability machine regression: case study of
Brisbane City. Journal of Hydrologic
Engineering 22: 05017003:1-15.

Ghumman, A. R., Ahmad, S. and Hashmi, H. N.,
2018: Performance assessment of artificial
neural networks and support vector regression
models  for stream flow  predictions.
Environmental Monitoring and Assessment 190:
704. https://doi.org/10.1007/S10661-018-7012-9

Koue, J., Shimadera, H., Matsuo, T. and Kondo, A.,
2018: Evaluation of thermal stratification and
flow field reproduced by a three-dimensional
hydrodynamic model in Lake Biwa, Japan.
Water 10: 47. https://doi.org/10.3390/w1001
0047

Boehrer, B., Fukuyama, R. and Chikita, K., 2008:
Stratification of very deep, thermally stratified
lakes. Geophysical Research Letters 35: 5.
https://doi.org/10.1029/2008GL034519

Dittko, K. A., Kirkpatrick, M. P. and Armfield, S.
W., 2013: Large eddy simulation of complex
sidearms subject to solar radiation and surface
cooling. Water Research 47: 4918-4927.
https://doi.org/10.1016/j.watres.2013.05.045

Saber, A., James, D. E. and Hayes, D. F., 2018:
Effects of seasonal fluctuations of surface heat
flux and wind stress on mixing and vertical



https://doi.org/10.10%2016/j.compag.2017.01.022
https://www.researchgate.net/publication/304675442
https://www.researchgate.net/publication/304675442
https://doi.org/10.1080/19443994%20.2015.1027958
https://doi.org/10.1080/19443994%20.2015.1027958
https://doi.org/%2010.1007/s12517-023-11330-3
https://doi.org/%2010.1007/s12517-023-11330-3
https://doi.org/10.1061/(ASCE)HE.1943-5584.%200000056
https://doi.org/10.1061/(ASCE)HE.1943-5584.%200000056
http://doi.org/10.1016/j.neucom.2005.12.126
https://doi.org/%2010.1016/j.jhydrol.2018.11.069
https://doi.org/%2010.1016/j.jhydrol.2018.11.069
http://dx.doi.org/10.1016/j.jhydrol.2016.09.%20035
http://dx.doi.org/10.1016/j.jhydrol.2016.09.%20035
http://dx.doi.org/10.1016/j.jhydrol.2015.08.022
https://doi.org/%2010.2166/hydro.2015.020
https://doi.org/%2010.2166/hydro.2015.020
https://doi.org/10.%201007/s10462-013-9405-z
https://doi.org/10.%201007/s10462-013-9405-z
https://doi.org/10.1007/S10661-018-7012-9
https://doi.org/10.3390/w1001%200047
https://doi.org/10.3390/w1001%200047
https://doi.org/10.1029/2008GL034519
https://doi.org/10.1016/j.watres.2013.05.045

.Y )LQ-) Al O)Lovji Y 0399

Ol O (waige s igs

diffusivity of water column in deep lakes.
Advances in Water Resources 119: 150-163.
https://doi.org/10.1016/j.advwatres.2018.07.006
Najafi, A. and Vatanfada, J., 2011: Environmental
challenges in trans-boundary waters, case study:
Hamoon Hirmand Wetland (Iran and
Afghanistan). International Journal of Water
Resources and Arid Environments 1: 16-24.
Hosseini, H., Shakeri, A., Rezaei, M., Barmaki, M.
D. and Mehr, M. R., 2020: Water chemistry and
water quality pollution indices of heavy metals:
a case study of Chahnimeh Water Reservoirs,
Southeast of Iran. International Journal of
Energy and Water Resources 4: 63-79.
https://doi.org/10.1007/s42108-019-00051-7
Bueche, T. and Vetter, M., 2014: Simulating water
temperatures and stratification of a pre-alpine
lake with a hydrodynamic model: calibration and
sensitivity analysis of climatic input parameters.
Hydrological =~ Processes 28:  1450-1464.

58

https://doi.org/10.1002/hyp.9687

Engelhardt, C. and Kirillin, G., 2014: Criteria for the
onset and breakup of summer lake stratification
based on routine temperature measurements.
Fundamental and Applied Limnology/Archiv fiir
Hydrobiologie 184: 183-194. https://doi.org/
10.1127/1863-9135/2014/0582

Labaj, A. L., Michelutti, N. and Smol, J. P., 2018:
Annual stratification patterns in tropical
mountain lakes reflect altered thermal regimes in
response to climate change. Fundamental and
Applied Limnology/Archiv fiir Hydrobiologie
191: 267-275. https://doi.org/10.1127/fal/2018/
1151

Desai, A. R., Austin, J. A., Bennington, V. and
McKinley, G. A., 2009: Stronger winds over a
large lake in response to weakening air-to-lake
temperature gradient. Nature Geoscience 2: 855-
858. https://doi.org/10.1038/nge0693



https://doi.org/10.1016/j.advwatres.2018.07.006
https://doi.org/10.1007/s42108-019-00051-7
https://doi.org/10.1002/hyp.9687
https://doi.org/%2010.1127/1863-9135/2014/0582
https://doi.org/%2010.1127/1863-9135/2014/0582
https://doi.org/10.1127/fal/2018/%201151
https://doi.org/10.1127/fal/2018/%201151
https://doi.org/10.1038/ngeo693

	1- مقدمه
	2- روششناسی
	2-‏‏1-‏‏ منطقه مورد مطالعه
	2-‏‏2-‏‏ شبیهسازی
	Fig. 1 Location of the Reservoir No. 4 of Chahnimeh in Sistan Plain.
	شکل 1 موقعیت مخزن شماره 4 چاه‌نیمه در دشت سیستان
	Fig. 2 The flowchart of the research work
	شکل 2 نمودار گردش کار پژوهش
	Fig. 3 The variograms of wind speed and temperature
	شکل 3 واریوگرام‌های سرعت باد و دما، میانگین دما (℃) و دامنه آن برای هر ماه، در طول دوره مطالعه
	(1)   𝑉,𝜕𝑇-𝜕𝑡.=,,∆𝑧,𝑄-𝑧.,𝜕𝑇-𝜕𝑇.-+∆𝑧,𝑄-𝑧.,𝐷-𝑧.,,𝜕-2.𝑇-,𝜕𝑧-2..-+,𝑄-𝑖.,𝑇-𝑖.-,−𝑄-0.𝑇𝑀-−𝑇,𝜕𝑉-𝜕𝑡...
	(2)   ,𝐻-𝑛.=,,,𝐻-𝑠.−,𝐻-𝑠𝑟.+,𝐻-𝑎.−,𝐻-𝑎𝑟.-∓,𝐻-𝑐.−,𝐻-𝑏𝑟.−,𝐻-𝑒...
	(3)  (,𝒙-𝑖.,,𝒚-𝑖.)∈,𝑹-𝑛.×,𝑹-𝑚.  (𝑖=1, 2, 3, ..., 𝑁)
	(4)   𝑯𝜷=𝒀

	Fig. 4 The structure of the ELM model.Atiquzzaman and Kandasamy, 2016
	شکل 4 ساختار مدل ELM، Atiquzzaman and Kandasamy, 2016 )
	جدول 1 مشخصات کلی مخزن CRN4 و سد کنترل آن
	Table 1 The general specifications of the CRN4 and its control dam
	(5) ,,𝑯=,,,&𝑓(,𝒘-𝟏. . ,𝒙-𝟏.+,𝑏-1.)…𝑓(,𝒘-𝑳. . ,𝒙-𝟏.+,𝑏-𝐿.)-&⋮… ⋮-&𝑓(,𝒘-𝟏. . ,𝒙-𝑵.+,𝑏-1.)…𝑓(,𝒘-𝑳.. ,𝒙-𝑵.+,𝑏-𝐿.)..-𝑁×𝐿.-, 𝛃=,,,&,𝜷-𝟏-𝑻.-& ⋮-&,𝜷-𝑳-𝑻...-𝐿×𝑚. ,𝐘=,,,&,𝒚-𝟏-𝑻.-& ⋮-&,𝒚-𝑳-𝑻...-𝑁×𝑚...
	(6)   ,𝒘-𝑖.=,,,𝑤-𝑖1., ,𝑤-𝑖2., ..., ,𝑤-𝑖𝑛..-𝑇.
	(7)   ,𝜷-𝑖.=,,,𝛽-𝑖1., ,𝛽-𝑖2., ..., ,𝛽-𝑖𝑚..-𝑇.
	(8)   ,𝜷.=,𝑯-†.𝒀
	(9)   ,𝑓-𝑟𝑎𝑑𝑏𝑎𝑠.(𝑎,𝑏,𝑥)=,𝑒𝑥𝑝-(.−(𝑎𝑥+𝑏,)-2.)
	(10)  𝑓(𝑥)=,𝑖=1-𝑁-,𝒘-𝑖. . ,𝒙-𝑖.+𝑏.
	(11)  ,𝑚𝑖𝑛-𝑤,𝑏,𝜉,,𝜉-∗.. ,1-2.,,𝒘.-2.+𝐶,𝑖=1-𝑁-,𝜉-𝑖.+,𝜉-𝑖-∗..
	(12)  𝑠.𝑡.,,&,𝑦-𝑖.−,𝑤-𝑖. . ,𝑥-𝑖.−𝑏≤𝜀+,𝜉-𝑖.-&,𝑤-𝑖. . ,𝑥-𝑖.−,𝑦-𝑖.+𝑏≤𝜀+,𝜉-𝑖.-&,𝜉-𝑖.≥0, ,𝜉-𝑖-∗.≥0, 𝑖=1, 2, ..., 𝑁..
	(13) 𝑓,𝑥,𝛼,,𝛼-∗..=,𝑖=1-𝐷-,,𝛼-𝑖.−,𝛼-𝑖-∗..𝐾,,𝑥-𝑖. . y..
	(14)  ,𝑖=1-𝑁-,,𝛼-𝑖.−,𝛼-𝑖-∗..=0., ,𝛼-𝑖.≥0, C≤,𝛼-𝑖-∗.
	(15)  𝑅𝑀𝑆𝐸=,,,𝑖=1-𝑛-(,𝑃-𝑖.−,𝑂-𝑖.,)-2..-𝑛..
	(16)  𝑀𝐴𝐸=,,𝑖=1-𝑛-,,𝑃-𝑖.−,𝑂-𝑖...-𝑛.
	(17)   𝑑=1−,,𝑖=1-𝑛-(,𝑃-𝑖.−,𝑂-𝑖.,)-2..-,𝑖=1-𝑛-(,,𝑃-𝑖.−,𝑂..+,,𝑂-𝑖.−,𝑂..,)-2...


	3- نتایج و بحث
	3-‏‏1-‏‏ لایهبندی حرارتی دریاچه
	جدول 2 میانگین دما (℃) و دامنه آن برای هر ماه، در طول دوره مطالعه
	Table 2 The mean temperature (℃) and its range for every month, during the study period.
	Fig. 5 The vertical profile of the temperature measured at PT in RN4C in 2014 for each month
	شکل 5 نیمرخ عمودی دمای آب اندازه‌گیریشده در نقطه PT در RN4C در سال ۲۰۱۴ برای هر ماه

	3-‏‏2-‏‏ ارزیابی مدلها
	جدول 3 مقادیر متغیرهای آماری مدل‌ها
	Table 3 The magnitudes of statistical variables of the models
	Fig. 6 The depths profile of temperature measured and simulated by HEC-5Q, ELM, and SVR in RN4C, monthly in 2014.
	شکل 6 پروفیل عمقي دما به صورت ماهانه در سال ۲۰۱۴ توسط HEC-5Q، ELM و SVR در RN4C اندازه‌گیری و شبیه‌سازی‌شده


	4- نتیجه‏گیری
	5- List of symbols
	References

