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hydrological variables influencing river discharge and the key water quality
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quality conditions were estimated under each emission scenario, and the
corresponding parameters were subsequently ranked using the TODIM method.
Results: The results indicate noticeable variations in water quality indices across
different scenarios, highlighting the differential influence of individual water
quality parameters.
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Introduction

Rivers, as vital sources of water supply, play a fundamental and undeniable role in human
life. These water resources are not only essential for agricultural purposes, such as irrigating
farmlands and providing food for human populations, but also for drinking and industrial uses.
In recent years, many rivers have become primary destinations for discharging urban
wastewater, industrial pollutants, and agricultural runoff. This shift in perspective regarding
the use of water resources has led to serious problems in river water quality and has
significantly impacted aquatic ecosystems. This study aims to assess the water quality of the
Darband River using a water quality index. Subsequently, the weights of four factors will be
examined and ranked in the water quality index using the TODIM multi-criteria decision-
making method.

Method

In this section, the research process is described. Initially, after collecting baseline data
and information for the study area, the performance of climate models is evaluated based on
the Fifth Assessment Report of the IPCC. Subsequently, the relevant climatic variables for
future periods will be simulated. Following this, the water quality status in both present and
future conditions will be examined using the Water Quality Index, and finally, the influential
qualitative parameters impacting water quality will be ranked, and their weights will be
adjusted.

In this study, the relevant climatic variables were simulated by using the GFDL-ESM2G
model for precipitation and the MIROC ESM-CHEM model for temperature in the baseline
period (1988-2005) and near future (2030-2047) under three scenarios: RCP2.6, RCP4.5, and
RCP8.5. Then, water quality in the baseline and future periods was assessed using the Iran
Water Quality Index (WQIIR), the World Health Organization Water Quality Index
(WQIWHO), and the Schuler classification. Finally, using the TODIM multi-criteria decision-
making method, effective parameters were ranked based on water quality indices.

The entropy-Shannon weighting method was employed for weighting the criteria in this
study. The entropy-Shannon method represents the dispersion of values in decision-making;
the greater the degree of dispersion, the higher the level of deviation. The study area for this
research is the Darband River Basin.

Results

This section presents the results of changes in water quality during the baseline and future
periods, as well as weighting methods and the ranking of options, which represent water quality
indices for the study area.

The relationships between water quality parameters and climatic factors such as
temperature and precipitation were examined during the baseline period. The findings indicate
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an inverse relationship between rainfall and EC, TDS, and SO4. This suggests that an increase
in precipitation leads to a reduction in EC and dissolved solids in surface waters. By
substituting the projected values of minimum and maximum temperatures and precipitation
into the derived relationships, the future values of each water quality parameter can be
estimated.

Based on the regression relationships obtained for each parameter, their values were
calculated under baseline conditions and different scenarios to assess the water quality of the
Darband River using the WQIIR, WQIWHO, and Schuler classification indices. The results
indicate that the water quality under baseline conditions is in a good state, and forecasts suggest
that, for all three climate change scenarios, the water quality will remain in good condition in
both indices. Since the coefficients and relative weights differ between the two indices, the
magnitude of the indices also differs, with WQIWHO having higher values.

A decision matrix was formulated based on two criteria: minimizing WQIWHO and
maximizing WQIIR, along with four options—TDS, EC, pH, and SOs—that each represent the
relative weight of water quality parameters. To determine the weight of the criteria, the entropy
of each criterion, its degree of deviation, and finally, its weight were calculated. The findings
indicate that changes in options have a greater impact on maximizing WQIIR compared to
minimizing WQIWHO.

The results also show that reducing EC has a greater impact on the criteria due to its higher
relative weight compared to other parameters, and its reduction has a more significant effect
on improving water quality.

Conclusion

The findings regarding climate change in the Darband River Basin indicate that maximum
temperature under future scenarios will experience a significant increase compared to baseline
conditions. Similarly, precipitation levels are also projected to show an upward trend in the
future relative to the baseline period. Consequently, water quality parameters will also change.
The results reveal that the river's water quality was in a favorable condition during the baseline
period, and it is expected to maintain good quality in the future.

In the final stage, using the TODIM multi-criteria decision-making method, four selected
alternatives were ranked under climate change conditions. The results indicate that water
quality indices vary across different alternatives, and these findings can be used to determine
the impact of each quality parameter on improving water quality. However, it is recommended
that, for a more comprehensive assessment, the impact of other pollutants on this river should
also be studied to develop a specific index for it.
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Table 1. Water quality parameters, parameter weights,
and water classification based on the WQIir index

Parameter Unit Weight Index Water
range classification
DO Percentage 0.17 0-25 Very bad
Fecal Count per 0.16 26-50 Bad
. 100 mL
Coliform
pH Standard 0.11 51-70 Medium
unit
BOD mg/L 0.11
Temperature Degrees 0.10
Celsius
Phosphate mg/L 0.10 71-90 Good
Total Nitrate mg/L 0.10
Turbidity NTU 0.08 91-100 Excellent
Total solids mg/L 0.07
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Table 2. Permissible limits and relative weight of water
quality parameters based on the WHO index

N.  Parameter Unit Permissible  Relative

limit weight

(Wi)
1 TDS mg/L 1000 0.139
2 EC Microsiemens
per cm

3 TH mg/L 300 0.115
4 pH mg/L 6585 0.083
5 Cl- mg/L 250 0.139
6 SO, mg/L 500 0.139
7 COs mg/L
8 HCO;3 mg/L 120 0.028
9 Mg mg/L 30 0.083
10 Na mg/L 200 0.111
11 Ca mg/L 300 0.083
12 K mg/L 12 0.056

WQIwHo (el ululy ol cuaS gomaib -V Joox

Table 3. Water quality classification based on the

WQIlwro Index
Quality class Quality index range
Excellent <50
Good 50-100
Poor 100-200
Very poor 200-300
Not drinkable >300

22- Probability Theory
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29- Prospect Theory
30- Portuguese
31- Interactive and Multiple-Attribute Decision-Making
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- Decision-Making Matrix
- Normalization

- Entropy Degree

- Deviation Rate of Degree
- Gomes
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36- Attenuation Factor of Losses

37- Overall Dominance Degree

38- Partial Dominance Degree matrix
°- Overall Value of each Alternative
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32- Positive Criteria
3- Negative Criteria
34- Relative Weight
35- Dominance Degree
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Figure 1. Variation of parameters (a) EC, (b) TDS, (c)
pH, and (d) SO4 during the period 2030-2047
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Table 5. Decision-making matrix

Alternatives Criteria
C1 Cz
A 0.139 0.070
A 0.083 0.110
Az 0.139 0.100
Ay 0.115 0.160

C: = Minimizing WQIlwwo, C2 = Maximizing WQI g
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Table 6. Normalized decision matrix

Alternatives Criteria
Ci C,
A 0.292 0.159
Az 0.174 0.250
As 0.292 0.227
Ay 0.242 0.364
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Table 4. Quality conditions of the Darband River based
on the WQIr and WQIwro indexes in the baseline and
future periods

Time Type of water quality index

period WQIRr WOQlwro
Index  Water quality Index  Water quality
value  classification  value classification

Baseline  77..7 Good 79.4 Good
RCP26 81.2 Good 83.2 Good
RCP45 87.1 Good 84.4 Good
RCP85 813 Good 82.5 Good

||| Schoeller Diagram Of Gorgan Studies Boundary m
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Figure 2. Water quality changes using Schuller
classification
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Table 7. Entropy degree, standard deviation, and criteria
weights
Determining the Criteria
weight of the Cy C
criterion

E; 0.986 0.969

d; 0.014 0.031

W; 0.315 0.685
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Table 8. Overall value of each alternative and ranking of
the alternatives

The overall value Rank of each
of each alternative
alternative

Alternatives

A 0.808
A, 0.719
As 0.926
Ay 1

PN AW

Vo ans e IS A aze A Jgus o

2 e 53l b aniS g o)l gy A, il F G035
doasy 3551 Soum co nlnly ol 18 Caglsl )5
Sglite a4 axgi b ol Sglie T S asls ke
b als 59, 2 ansS 5l Suym Sl ol a5 o
Jdoas EC als 5b il 4 4595 b el cglicie
b eyl 503 4 S Sl Cnl (oo (339 009 SVL
SISH O el 5 eom St bl sy



\a% s g wlge oo | ... /;,,,...Ls/)‘_..ub/)w)a Ao wilzog, y[ég/.{..o ‘-s_ﬂ‘:\f‘-s_j[fj)/

Cou a4 gl o)l Bai s seles .cuils o)l IS

als B oyS 8 (talesl 0590 5 955 gl adlais

s gy |y L el slos saisasl)|

e a3
)l wdlis oyl alie ol i si sl s L

O olla>de

oMo A Jeel 5 59
Jbo >

Sl (pol> anje S5 ASme iagh o

ol jlasl g el yo 1y (B Jgol (o s

Olisl w890 g9090 (pl g edgas Cale, cole (imgh

sl 05,55 el
6l L ZN P RLA g K0
5 Gl syl &bl bleay o iome o sls sl 0,5 e |, Lol gonl aalSes e g ofie

g0 6wl (ool dee S 31 bl 1) Slewlons g 3l dngs 1 4,k

ol laaiil g 0,8 anl | Llow slabg, eleds
References

[1] Tiyasha T, Tung TM, Yaseen ZM. A survey on river water quality modelling using artificial intelligence
models: 2000-2020. Journal of Hydrology. 2020 Jun; 585: 124670.
https://doi.org/10.1016/j.jhydrol.2020.124670.

[2] Perveen Sh, Ul-Haque A. Drinking water quality monitoring, assessment and management in Pakistan: A
review. Heliyon. 2023 Mar; 9(3): €13872. https://doi.org/10.1016/j.heliyon.2023.e13872.

[3] Jinturkar AM, Deshmukh SS, Agarkar SV, Chavhan GR. Determination of water quality index by fuzzy logic
approach: A case of groundwater in an Indian town. Water Science & Technology. 2010; 61(8): 1987-1994.
https://doi.org/10.2166/wst.2010.095.

[4] Park SS, Lee YS. A water quality modeling study of the Nakdong River, Korea. Ecological Modelling. 2002
Jun; 152(1): 65-75. https://doi.org/10.1016/S0304-3800(01)00489-6.

[5] Singh AP, Dhadse K, Ahalawat J. Managing water quality of a river using an integrated geographically
weighted regression technique with fuzzy decision-making model. Environmental Monitoring and
Assessment. 2019 May; 191 (378). https://doi.org/10.1007/s10661-019-7487-z.

[6] Chapman D. Water quality assessments: A guide to the use of biota, sediments and water in environmental
monitoring. Published by UNESCO/WHO/UNEP; 1996.

[7] Ouyang T, Zhu Z, Kuang Y. River water quality and pollution sources in the Pearl River Delta, China. Journal
of Environmental Monitoring. 2005 Jun; 7: 664-669. https://doi.org/10.1039/B504475H.

[8] Effendi H, Wardianto Y. Water quality status of Ciambulawung River, Banten Province, based on pollution
index and NSF-WQI. Procedia Environmental Sciences. 2015; 24: 228-237.
https://doi.org/10.1016/j.proenv.2015.03.30.

[9] Nourbakhsh Z, Mehrdadi N, Moharamnejad N, Hassani AH, Yousefi H. Evaluating the suitability of different
parameters for qualitative analysis of groundwater based on analytical hierarchy process. Desalination and
Water Treatment. 2016 Jun; 57 (28): 13175-13182. https://doi.org/10.1080/19443994.2015.1056837.

[10] Ahmadianfar 1, Jamei M, Chu X. A novel hybrid wavelet-locally weighted linear regression (W-LWLR)
model for electrical conductivity (EC) prediction in surface water. Journal of Contaminant Hydrology. 2020
Jun; 232: 103641. https://doi.org/10.1016/j.jconhyd.2020.103641.


https://doi.org/10.1016/j.jhydrol.2020.124670
https://doi.org/10.1016/j.heliyon.2023.e13872
https://doi.org/10.1016/S0304-3800(01)00489-6
https://doi.org/10.1039/B504475H
https://doi.org/10.1080/19443994.2015.1056837
https://doi.org/10.1016/j.jconhyd.2020.103641

\f’f Y o)Lo.i“\ ojjé‘m@/)wju/’é_v[‘.a f/\

[11] Khalili R, Montaseri H, Mottaghi H, Jalili M. Evaluation of water quality in the Chalus River using the
statistical analysis and water quality index (WQI). Water and Soil Management and Modeling. 2021 Aug;
1(3): 38-52. https://doi.org/10.22098/MMWS.2021.9300.1031 [In Persian].

[12] Mishra AP, Singh S, Jani M, Singh KA, Pande ChB, Varade AM. Assessment of water quality index using
Analytic Hierarchy Process (AHP) and GIS: a case study of a struggling Asan River. International Journal
of Environmental Analytical Chemistry. 2022 Jan; 104(5): 1159-1171.
https://doi.org/10.1080/03067319.2022.2032015.

[13] Aldrees A, Javed MF, Taha ATB, Mohamed AM, Jasinski M, Gono M. Evolutionary and ensemble machine
learning predictive models for evaluation of water quality. Journal of Hydrology: Regional Studies. 2023
Apr; 46: 101331. https://doi.org/10.1016/j.ejrh.2023.101331.

[14] Patel DD, Mehta DJ, Azamathulla HM, Shaikh MM, Jha Sh, and Rathnayake U. Application of the weighted
arithmetic water quality index in assessing groundwater quality: A case study of the South Gujarat region.
Water. 2023 Oct; 15(19): 3512. https://doi.org/10.3390/w15193512.

[15] Das A. Water pollution and water quality assessment and application of criterion impact loss (CILOS),
geographical information system (GIS), artificial neural network (ANN) and decision-learning technique in
river water quality management: An experiment on the Mahanadi catchment, Odisha, India. Desalination and
Water Treatment. 2025 Jan; 321: 100969. https://doi.org/10.1016/j.dwt.2024.100969.

[16] Das A. Surface water quality evaluation, apportionment of pollution sources and aptness testing for drinking
using water quality indices and multivariate modelling in Baitarani River basin, Odisha. HydroResearch.
2025 Jan; 8: 244-264. https://doi.org/10.1016/j.hydres.2024.12.002.

[17] Shannon CE. A Mathematical Theory of Communication. The Bell System Technical Journal. 1948 Jul; 27
(3), 379-423. https://doi.org/10.1002/j.1538-7305.1948.th01338.x.

[18] Gomes LFAM, Lima MMPP. TODIM: Basics and application to multicriteria ranking of projects with
environmental impacts. Foundations of Computing and Decision Sciences. 1992 Jan; 16, 113-127.

[19] Kahneman D, Tversky A. Prospect theory: An analysis of decision under risk. Econometrica. 1979 Mar; 47
(2): 263-291. https://doi.org/10.2307/1914185.


https://doi.org/10.1080/03067319.2022.2032015
https://doi.org/10.1016/j.ejrh.2023.101331
https://doi.org/10.3390/w15193512
https://doi.org/10.1016/j.hydres.2024.12.002
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x

