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Extended Abstract
Background and Objective

Water quality assessment using quality indices effectively manages aquatic systems and
safeguards water resource quality. Historically, rivers have played a crucial role in supplying drinking
and agricultural water, contributing significantly to the formation of civilizations. Over the past half-
century, the hydrological conditions of the Darband River, Tehran's second-largest river in terms of
discharge, have been impacted by population growth and urban development in Tehran. This study aims
to evaluate the current water quality of the Darband River and forecast its future condition under RCP
scenarios. Monthly data on precipitation, temperature, hardness, TDS, EC, PH, and SO4 from 1988
2005 were analyzed using the Water Quality Index (WQI). To examine the impact of climate change
on river water quality, regression relationships were established between discharge parameters and
water quality indices. Based on predicted discharge during the 2030-2047 period, water quality
conditions under WQI were calculated for three scenarios: RCP2.6, RCP4.5, and RCP8.5. Statistical
analyses revealed that the river's water quality in both the baseline and future periods is expected to
remain in favorable conditions.

Methodology

This section discusses the various stages of the research process. After collecting baseline
information and data for the Darband River basin (located in Tehran), the performance of climate
models from the Fifth Assessment Report of the IPCC is evaluated. To assess the performance of these
climate models, simulated climate variable results for the study area during the 17-year baseline period
(1988-2005) are compared with observed recorded data. For this purpose, statistical error metrics,
including Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Nash-Sutcliffe Efficiency
(NSE), and the correlation coefficient (r), were employed. Subsequently, to utilize the output of
AOGCM models in simulating qualitative climate variables for future periods, their computational grid
cells, which are spatially coarse for the region, need to be downscaled to the station level. In this study,
the Change Factor (CF) method was used for downscaling due to its simplicity, computational
efficiency, and resulting savings in time and cost. The CF method calculates the climate change scenario
based on the ratio of the long-term averages simulated by AOGCMs for the climate change period to
the long-term averages simulated for the baseline period. Finally, variations in water quality for both
the baseline and future periods will be analyzed using the Water Quality Index (WQI). To examine
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changes in water quality using WQI, relevant parameters must first be measured, followed by the
calculation of the WQI using a mathematical formula typically involving weighted contributions from
each parameter. WQI computation will be conducted after collecting data, which includes parameters
such as DO, BOD, turbidity, total suspended solids (TSS), nitrate, phosphate, pH, temperature, and
fecal coliform.

Findings

Based on the results obtained from evaluating the performance of AOGCM models in estimating
precipitation and temperature in the region, the NSE for both climate variables is close to 1, indicating
the successful simulation of climate variables by these models. To calculate future climate change
scenarios for precipitation and temperature during the 2030-2047 period relative to the baseline period
(1988-2005), GFDL-ESM2G and MIROC ESM-CHEM maodels were employed under RCP 2.6, RCP
4.5, and RCP 8.5 scenarios, respectively. The results indicated that all scenarios (except for RCP 2.6)
show a decrease in the long-term annual mean precipitation in future years compared to the baseline
period. The greatest long-term annual mean precipitation reduction is projected under the RCP 8.5
scenario. Similarly, all scenarios suggest an increase in the long-term annual mean temperature in future
years compared to the baseline. The most significant increase in long-term annual mean temperature is
anticipated under the RCP 8.5 scenario. The relationships between water quality parameters and climate
variables, including temperature and precipitation, were examined during the baseline period. The
results revealed an inverse relationship between precipitation and EC, TDS, and SO4. Additionally, the
impact of rising temperatures on water quality is negative. Regarding pH, higher maximum and
minimum temperatures, along with increased evaporation, indicate elevated concentrations of dissolved
solids in surface waters, thereby negatively affecting this parameter. However, precipitation has a
positive relationship, as increased river discharge compensates for the negative impacts of temperature.
Subsequently, water quality parameters during the future period were analyzed. The investigations
revealed that observed changes are directly influenced by variations in climatic factors, particularly
precipitation and, consequently, river discharge. Furthermore, the baseline water quality is in good
condition, and projections indicate that under all three scenarios, water quality will also remain in good
condition. One key reason for this is the anticipated increase in precipitation and the river's self-
purification capacity in future years.

Conclusion

Projections under various RCP scenarios indicate that despite a relative decrease in precipitation
in the future compared to the baseline period, particularly under RCP 8.5, air temperatures are expected
to rise significantly. These climatic changes directly impact river systems, as observed in the Darband
River basin, where variations in precipitation and temperature influence hydrological dynamics and
water quality parameters.

Analyses also point to critical links between climatic variables and water quality. Increased
precipitation leads to reduced concentrations of dissolved solids in surface waters due to enhanced
discharge and dilution capacity. On the other hand, rising temperatures, while triggering snowmelt and
increasing discharge, can degrade water quality through evaporation and increased concentrations of
dissolved solids, as observed in parameters such as EC, TDS, and pH.

Nevertheless, WQI assessments reveal that the water quality of the Darband River remains
categorized as "good" both under baseline conditions and future scenarios. This condition is largely
attributed to the river's natural self-purification capacity and relative increases in precipitation during
certain future periods.
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Table 1. Water quality parameters and parameter weights
based on WQI
Parameter Weight
DO (Percentage) 0.17
Fecal Coliform (Number in 100 0.16
mL)
pH (Standard unit) 0.11
BOD (mgr/L) 0.11
Temperature Variations (°C) 0.10
Phosphate (mgr/L) 0.10
Total Nitrate (mgr/L) 0.1
Turbidity (NTU) 0.08
Total solids (mgr/L) 0.07

OFF)Y ojles o Jol Jlo

b g anliss e s

10390 30 huS soudBl puiio (gjlusdunds Y=Y

¥ AOGEM la oo (29,5 5l 6500 slaiess
Lloday dilaie gl a5 LT Slowlrs by Jsbo b Conl
ooy ARl ulde ;3 el bS5 SIS
Jole Gy 5 00,8 ebdier; slp Ghgh (ol 5o 09l
Azl 40 g Slowle Lsﬁ!b&sﬁs‘;otudgoq))ﬁﬁ
099 30 el 00l ool ((ayje g log o 9z dd e
Oele S 1 @Bl s syl s ele
i 089 ;3 AOGCM  Lawsgs i s jlodends il
by sabsilotnd Saeail Sl 5 ol
S G2yl 09 o0 dmle 4l 0,50 ;5 AOGCM
Tl ctboly il e b lag b b 8
i O)lla Cos g ol a8 o Lawss (RCP)
TR K-SR VRV PN U L s JUUE S il PR
Sl a5 cl SO | Glasgame s bogy L
=l 5l eolaul 5 o8l Sl sy Lol else (605
51 a8l sla Jow a8 wal 81, enldl sla o yo oy
S R OV EI RS
L o2l @ls Sliss g b Sogll ol (glaills
Sz L RCP slogy jliw oolgils aisS oo (g5l
(6 y5kd s 3 Dol ululy 45 ol il Sl
b eanl glacal 5 (golaiil 5 elaal condy
5 G slajl5 Ll e Lagy e ol lons
YV 08 0kl b1y il slacloly mha s o] LG
5 Oly YIE 5 10 & MO oy il maw gz o
Jbo 5 g jlew cnl gl WS oo onaieb (e e
YYeo Jlo b iz ed g oo 4l YV )8 LG B YAG-

iloads g5lw Joe

22- Representative Concentration Pathways

a8l i 5 o lie



WOQI &5)1‘—‘ sy, &5)':5%4:.‘ L %’] CedS Lg""b‘ U‘)*-*-"-‘ 56 @L{)‘)l £

2o ST il (g -Y-Y

0359 3 50 8l s lagy Jlw ale sl

ol YAAA=Y « 0 by 0,90 4 s Yo Yo=Y FY ST
o il glwand glp GFDL-ESM2G  Jow
2 oslewl RCP 8.5 g RCP 4.5 RCP 2.6 slags ,Lews
alsl jo il wldeyy e Jole hgy 4 Jow gl
0,99 g oan ] 3, alale ool (puSiles &l s s
ouls 41,1 ¥ Jguz ;0 GFDL-ESM2G Jow a5 gy e 4l

0)50 L§|)" Q"’)L’ alale u\.\.m.\.,.l; wi:la.n ulj.u..’.: —f Jj“\>
arly 0,50 5 oasy]

Table 4. Long-term average monthly precipitation
changes for the future and the baseline periods

Month Long-term average precipitation (mm)
Baseline Future (2030-2047)
RCP2.6 | RCP45 | RCP8.5
Jan 63.05 44.08 50.22 41.01
Feb 65.66 45.34 36.23 39.54
Mar 83.34 56.38 69.64 63.80
Apr 49.14 44.37 45.50 52.54
May 25.79 58.48 51.58 47.02
Jun 4.04 1.24 17.23 8.96
Jul 4.25 9.03 5.49 7.09
Aug 3.22 1.05 0.96 1.55
Sep 3.41 1.06 1.48 1.09
Oct 16.53 8.44 5.76 7.04
Nov 41.35 76.94 54.13 59.90
Dec 66.26 83.92 78.62 86.57
Long-term 35.50 36.78 34.74 34.68

average annual
changes (mm)

Long-term - 3.59 -2.15 -2.33
average annual
change in
future
precipitation
relative to
baseline (%)

Difference - 1.28 -0.77 -0.83
between long-
term annual
average future
and baseline
precipitation
(mm)
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Table 2. Water classification based on WQI

Range of index Water
variations classification
0-25 Very bad
26-50 Bad
51-70 Moderate
51-70 Moderate
51-70 Moderate
71-90 Good
71-90 Good
91-100 Excellent
91-100 Excellent
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Table 3. Error indicators and correlation coefficient for
evaluating GCMs

Precipitation RMSE MAE NSE r
estimation (mm) | (mm) | (Dimensionless) (%)
model
GFDL- 2179 | 1852 0.41 65.7
ESM2G
Temperature RMSE MAE NSE r
estimation (°C) (°C) | (Dimensionless) (%)
model
MIROC 2.33 1.92 0.94 99.01
ESM-CHEM
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Table 5. Long-term average monthly temperature
changes for the future and the baseline periods

Month Long-term average temperature (°C)
Baseline Future (2030-2047)
RCP2.6 | RCP45 RCP 8.5
Jan 1.90 331 2.84 2.81
Feb 3.72 5.02 4.63 5.36
Mar 8.28 10.10 9.72 10.14
Apr 14.73 17.22 16.33 17.44
May 19.56 22.76 22.16 23.17
Jun 25.63 28.82 28.41 28.23
Jul 28.31 31.55 32.77 31.61
Aug 27.62 30.44 31.43 31.05
Sep 23.20 26.12 26.66 26.18
Oct 16.55 19.08 18.89 19.79
Nov 9.34 11.73 10.68 11.73
Dec 4.34 5.85 5.37 5.62
Long-term 15.26 17.67 17.49 17.76

average annual
changes (°C)
Long-term - 15.74 14.58 16.35
average annual
change in future
temperature
relative to
baseline (%)
Difference - 2.40 2.23 2.50
between long-
term annual
average future
and baseline
temperature
(°C)
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Table 6. Multivariate equations between water quality
parameters and climatic variables in the baseline period

B Water quality Multivariate equations
parameter
EC EC=2636-70.7Tmax+45.9Tmin-2.64P
TDS TDS=517-5.2Tmax+10.9Tmin-0.66P
gogdgzgdoBgaiziizigiz pH pH=6.61+0.0367Tmax-
o e r('a)“ o momen 0.0092Tmin+0.00305P
SO, S0,=8.56-0.223Tmax+0.064Tmin-0.0138P
20 where, P = Precipitation; Tmax = Maximum temperature;
EEmRCP26 EEARCP4S [CIRCPSS —e—Bascline Pgriod Tmin = Minimum temperature
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