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Abstract

The study evaluates the quantitative and qualitative characteristics of the Pinios River, one
of the major river systems in Greece, based on systematic monthly monitoring conducted
by the Soil & Water Resources Institute (SWRI) of the Hellenic Agricultural Organization
“DEMETER”. Accurate discharge estimation is crucial for water resources management,
flood forecasting and hydraulic modeling, particularly in Mediterranean basins with high
variability. A comparative analysis between the Stage-Discharge (H-Q) method and the
Index Velocity method is performed at six stations. Additionally, water quality is assessed
through physicochemical analyses. The integrated approach provides insights supporting
effective river basin management and environmental protection.

Keywords: Pinios River; discharge estimation; Stage-Discharge relationship; index velocity
method; water quality monitoring; Mediterranean river basin

1. Introduction

Rivers are essential components of natural and human systems, providing water
resources, supporting ecosystems and shaping regional development. In Mediterranean
regions, river systems are characterized by strong temporal variability, influenced by
climatic conditions and human activities. The Pinios River, one of the largest rivers in
Greece, plays a crucial role in agricultural production, water supply and flood regulation.
However, increasing pressures from land use changes and climate variability highlight the
need for systematic monitoring and reliable assessment methods.

To address these challenges, the present study combines discharge and water quality
analysis based on systematic monthly observations. Future river discharge is estimated
using both the conventional Stage-Discharge (H-Q) relationship and the Index Velocity
method at selected monitoring stations, allowing for a comparative evaluation of their
performance under varying flow conditions. In parallel, water quality is assessed through
laboratory analysis of key physicochemical parameters, providing an integrated approach
to understanding the river’s behavior and supporting effective management strategies.
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2. Data and Methods

The study is based on data collected from three monitoring stations along the Pin-
ios River, operated by the Soil & Water Resources Institute of the Hellenic Agricultural
Organization “DEMETER” [1]. The analysis covers a study period from 1 July 2024 to
31 December 2025, during which systematic measurements of hydrological and water
quality parameters were conducted.

River discharge was estimated using two different approaches. The conventional
Stage—Discharge (H-Q) method was applied based on established rating curves at each
station. In addition, the Index Velocity method was used, utilizing additional velocity mea-
surements to improve discharge estimation, particularly under unsteady flow conditions.
A comparative analysis of the two methods was performed to assess their accuracy and
reliability across different flow regimes.

Water quality assessment was carried out through monthly sampling and laboratory
analysis of key physicochemical parameters, including temperature, pH, electrical conduc-
tivity, dissolved oxygen and nutrient concentrations. Standard analytical methods were
followed to ensure data quality and comparability.

The integrated analysis of hydrological and water quality data provides a comprehen-
sive framework for assessing the river’s behavior and supports informed water resources
management and environmental protection strategies.

Water samples were collected from the selected monitoring sites from April to December
2025 and analyzed at the ELOT EN ISO 17025:2017 [2] accredited laboratory of the Soil and
Water Resources Institute of the Hellenic Agricultural Organization “DEMETER”, Sindos, Greece.
The analyzed parameters included pH, electrical conductivity, alkalinity, nutrients, major ions,
total hardness, SAR, boron, manganese and iron. Analyses were performed using standard
methods, including conductometry for electrical conductivity, volumetric titration for alkalinity
and chloride, UV /VIS spectrophotometry for nutrients and boron, flame photometry for sodium
and potassium, and atomic absorption spectrometry for calcium, magnesium and trace metals.

3. Study Area

The Pinios River, one of Greece’s largest rivers, originates from the Pindus mountains
at elevations above 2000 m and flows east through the Thessalian plain, covering a basin of
approximately 10,700 km?, before reaching the Aegean Sea. The basin includes Lake Karla,
a significant lowland water body, and features a topography ranging from mountainous
upstream areas to lowland plains near sea level [3]. The Mediterranean climate, with hot,
dry summers and wet winters, leads to pronounced seasonal discharge variability. Intensive
agriculture, water abstractions, and land use changes influence both flow and water quality,
making integrated monitoring essential for sustainable management.

The study area contains six (6) measurement locations (sites) (Figure 1), in this study,
three (3) sites were used to obtain monthly stage and discharge data, P145_F, P223_F and
P370_F because they are the most representative, concerning Pinios River discharge.

o Site P145_F

The measurements take place at the Giannouli-Larissa bridge, on the new channel of
the Pinios River, in Larissa. It is a wide bridge, offering good safety conditions for personnel.
From a hydrological perspective, the site presents problems due to flow regulation by a
dam located approximately 1.2 km upstream of the measurement point, a second dam
downstream, the slow flow under normal conditions, and the accumulation of sediment at
the measurement cross-section.

Usually, during summer months, the flow is significantly affected by the operation of
the upstream dam and possibly also by the Girtoni dam, located about 5 km downstream of
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the measurement site, which is used for irrigation purposes. Immediately upstream of the
site, and across roughly two-thirds of the riverbed, deposits of coarse material have formed,
causing the flow to be directed toward the southern part of the cross-section, between the
last two bridge piers.

Figure 1. Measurement locations (sites) by SWRI in the drainage basin of the Pinios River.

In many cases, particularly after flood flows, parts of the wetted cross-section are
occupied by branches, logs, and other debris that become trapped on the bridge piers,
resulting in irregular changes in the wetted cross-section and hindering measurements. All
discharge measurements at the site are carried out using suspended equipment.

e Site P223_F

The measurement is carried out at a bridge on the Larissa—Trikala national road. This
location has good hydraulic conditions, as the channel boundaries are defined by vertical
concrete blocks and there are no intermediate supports within the cross-section.

However, it is difficult to perform discharge measurements due to road traffic (a
high-speed road, a bend in the road axis, and insufficient width of the shoulder lane).

Measurements are always carried out using suspended equipment from the gap
between the two traffic directions of the road.

e  Site P370_F

The site is representative of the upper course of the Pinios River, about 185 km from
its mouth. It is a newly constructed bridge, approximately 10 m high, safe and suitable for
conducting measurements using a propeller velocity meter with suspension. At the site,
there is also a second, older bridge with a cross-section also suitable for measurements,
while there is the possibility of conducting in-channel measurements during low flows.

During 20242025, twenty-four (24) discharge measurements were carried out using
suspended equipment, while in the period from mid-June to early November, no flow
was observed during site visits, as illustrated in Figure 2d, except for the measurement on
3 October 2025, when a small discharge was recorded.

Figure 2. Cont.
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() (d)

Figure 2. (a) Hydrometric measurement at site P145, at the Giannouli bridge, (b) view of the upstream
riverbed at site P145, at the Giannouli bridge, (c) hydrometric measurement at site P145, at the
Giannouli bridge, (d) dry riverbed and view of the new bridge at site P370_F on the Pinios River.

4. Physicochemical Characteristics of the Selected Monitoring Sites

In addjition to the hydrometric characteristics, the selected monitoring sites were also
described in terms of their main physicochemical water quality parameters. Water quality
sampling was conducted from April to December 2025, and summary statistics, including
average, median, minimum and maximum values, were calculated for each site in order to
provide an overview of the spatial variability of water quality conditions along the studied
part of the Pinios River. The parameters considered include pH, electrical conductivity,
alkalinity, nutrients, major ions, hardness, SAR, sulphates, boron, manganese and iron [2].

Overall, the three sites showed slightly alkaline conditions and moderate electrical
conductivity (Tables 1-3). P145_F presented the highest average electrical conductivity, sug-
gesting relatively higher dissolved ion content, while P370_F showed lower concentrations
of chloride, sodium, potassium and SAR, consistent with its upstream character. Nutrient
concentrations varied among sites, with nitrate values being higher at P223_F and P145_F
compared to P370_F. Ammonium and nitrite showed relatively high maximum values at
some sites, indicating temporal variability and possible episodic inputs, low-flow effects,
or, to a considerable extent, fertilizer leaching from agricultural areas. These differences
indicate that the selected monitoring sites differ not only in their hydraulic behavior but
also in their physicochemical profile.

Table 1. Summary statistics of physicochemical parameters at site P145.

P145_Parameter AVERAGE MEDIAN MIN MAX
pH 8.10 8.02 7.75 8.50
EC (uS/cm) 519 552 376 599

Carbonate alkalinity

o e e, 258 0.000 0.000 12.8
(Eégi)?;‘i:‘;jlﬁ‘g‘gtoys 291 302 216 344
NO; (mg/L) 432 5.07 0.638 9.22
NH; (mg/L) 153 0.561 0.035 6.69
NO; (mg/L) 0.307 0.105 0.014 139
Cl (mg/L) 186 16.4 6.62 31.7
Na (mg/L) 185 17.1 9.75 2.7
K (mg/L) 376 2.90 2.60 6.10
Mg (mg/L) 738 711 546 111
Ca (mg/L) 32,0 308 163 50.0
SAR 0.450 0.403 0.297 0.623
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Table 1. Cont.

P145_Parameter AVERAGE MEDIAN MIN MAX

Total Hardness (mg CaCO3/L) 316 324 203 441
SOy (mg/L) 324 31.0 15.2 49.6

B (mg/L) 0.092 0.068 0.045 0.183

Mn (ug/L) 6.49 6.43 0.686 18.2

Fe (ug/L) 43.9 25.3 5.19 198

Table 2. Summary statistics of physicochemical parameters at site P223.

P145_Parameter AVERAGE MEDIAN MIN MAX
pH 7.96 7.88 7.70 8.36

EC (uS/cm) 478 476 338 620
(ggg*;?‘;jj;jfaclggg?) 0.514 0.000 0.000 462
(Elég};’?;‘?;f;lﬁ‘?:ggs 262 265 160 354
NO; (mg/L) 5.59 5.79 0.780 8.98

NH, (mg/L) 222 0.586 0.047 841

NO; (mg/L) 0.152 0.101 0.017 0.601

Cl (mg/L) 15.0 135 6.48 235

Na (mg/L) 16.3 15.8 9.96 217

K (mg/L) 3.70 3.20 2.60 6.30

Mg (mg/L) 68.7 70.1 37 945

Ca (mg/L) 27.1 247 14.1 412

SAR 0.422 0.420 0.285 0.550

Total Hardness (mg CaCOj3/L) 283 264 167 406
SO (mg/L) 255 314 9.22 39.2

B (mg/L) 0.112 0.092 0.057 0.325

Mn (ug/L) 8.06 444 0.743 36.6

Fe (ug/L) 913 441 6.48 294

Table 3. Summary statistics of physicochemical parameters at site P370.

P370_Parameter AVERAGE MEDIAN MIN MAX
pH 7.95 7.94 7.83 8.09

EC (1S/cm) 447 459 403 468
(chzg?r;fl‘;faclg‘égs 0.000 0.000 0.000 0.000
(I]?Ilégz’i’;‘i:;jlﬁeg:ggs 268 273 250 276
NO; (mg/L) 2.37 2.59 0473 3.81
NH, (mg/L) 247 0.378 0.151 8.99
NO; (mg/L) 0.264 0.157 0.033 0.711

Cl (mg/L) 9.47 9.40 6.41 127

Na (mg/L) 10.1 10.1 6.60 133

K (mg/L) 143 1.35 1.30 1.70

Mg (mg/L) 66.5 68.6 443 84.4

Ca (mg/L) 32.6 31.2 21.7 46.2

SAR 0.251 0.246 0.200 0312
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Table 3. Cont.

P370_Parameter AVERAGE MEDIAN MIN MAX
Total Hardness (mg CaCO3/L) 300 297 204 401
SOy (mg/L) 229 229 20.1 254
B (mg/L) 0.072 0.074 0.053 0.086
Mn (ug/L) 3.23 344 0.929 5.12
Fe (ug/L) 24.6 17.0 13.7 50.8

5. Discharge Estimation Methods
5.1. Introduction in Discharge Estimation Methods

This study investigates for each Pinios site mentioned above, the relationship between
water level and discharge (Stage-Discharge Method) or water level and velocity both
and discharge (Stage—Velocity—Discharge method or Index Velocity Method) (SD and
IV, respectively). For the Index Velocity (IV) method, curves were examined based on
the maximum vertical velocity (Vmax), to compare the application of the Index Velocity
method using a parameter available in every discharge measurement (the maximum
vertical velocity). The use of maximum vertical velocity is applied as a test in cases where
velocity measurements at a fixed point are not available.

Depending on the equation that best expresses the relationship between water level
and discharge or both water level and index velocity with discharge for each site, these
equations can be used in combination with instrument installations (level or level and
velocity) to provide a continuous estimate of discharge.

Below, the methods for creating water level-discharge or water level and index velocity-
discharge curves applied in this study are presented.

5.1.1. 1st Method: Stage-Discharge Method

In the Stage-Discharge Method [4], using an empirical formula, the following equation
was applied:
Q=C-(h-a) (1)

where
Q = predicted discharge,
(h — a) = water head or depth,
h = water surface level,
a = stage at zero flow,
C = discharge when the head equals 1.0 m,
n = slope of the stage—discharge curve.

5.1.2. 2nd Method: Index Velocity Method

In the Index Velocity Method or Stage—Velocity—Discharge method, the following
equation was applied:

Q= (a-L") k- Vindex @

where

a, b, k = unknown coefficients,

L = water level calculated relative to the reference level defined for each site,

Vindex = “index” velocity at a fixed point in the cross-section (in this study, curves
were created by using the maximum vertical velocity (Vmax) as recorded during
discharge measurements) [5].
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The coefficients of both equations and both methods were determined using nonlinear
regression to minimize the error between measured discharge and the discharge computed

from the proposed equation in each case.
One way to evaluate these methods is the coefficient of determination, R?. Table 1

presents the R? values for each site, using the Stage-Discharge Method (SD) and the Index
Velocity method (IV).

5.2. Comparing Discharge Prediction Methods for Each Pinios Monitoring Site Application
5.2.1. Equations and Diagrams

The graphs for each position (Figure 3) for both methods, generated using the
methodology described in the previous section, are presented below, including the

corresponding equation.

5 PRl4T‘;_FC P145_F
ow Rating Curve Flow Rating Curve

Q=0.23*L**"%0.56* V., Q=0.45*(h-0.58)"

- R*=0.96 R*=0.24
2 4 )
S 30 g Pe - N
5 20 -] -~
g s -
3 10 E:
N 39 4.1 43 45 4.7
Stage (m) Sta
DATA_SWRI —@— INDEX VELOCITY EQUATION ——
P223_F P223_F
Flow Rating Curve Flow Rating Curve

-38.91%(h-3.94)'*
Q=1.16*L*%*1.45* V... Qeea.1%n-3.84)
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sec)
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8

A
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Flow Rating Curve P370_F

Flow Rating Curve

Q=1.28*L7%9%1.54*V,,,,, Q=0.69*(h-0.09)**"

R*=0.88|
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Discharge , Q (m3/sec)

o ?T

Stage (m)

DATASWRI  —@— INDEX VELOCITY EQUATION

Figure 3. Stage-Discharge and Stage—Velocity-Discharge flow rating curves, for sites P145_F, P223_F
and P370_F.

5.2.2. Which Method Is Indicated for Each Pinios Monitoring Site

e  For site P145_F, the Index Velocity Method is the most suitable approach and is highly
recommended, as the Stage-Discharge Method fails to accurately represent the river’s
discharge (Figure 3 and Table 4).

https:/ /doi.org/10.3390/eesp2026044041
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e  Atsite P223_F, although both methods demonstrate high correlation based on R?
criterion, the Index Velocity equation provides a significantly better fit to the observed
data curve (Figure 3 and Table 4).

e  Regarding site P370_F, the Index Velocity Method is highly recommended; however,
the Stage-Discharge Method’s rating curve may also serve as a viable alternative in
case velocity data is unavailable (Figure 3 and Table 4).

Maintaining the reliability of rating curves requires ongoing surveillance and potential
adjustment whenever hydraulic conditions change.

Table 4. Comparing coefficient of determination, R? for rating curve valuation.

Pinios Site Index Velocity Stage-Discharge
P145_F 0.96 0.24
P223_F 0.98 0.95
P370_F 0.96 0.88

6. Conclusions

This study highlights the importance of integrating hydrometric measurements with
water quality monitoring for the assessment of the Pinios River. The comparison between
the Stage-Discharge and Index Velocity Methods showed that the Index Velocity approach
generally provided a better fit to the observed discharge data, particularly at hydraulically
complex sites such as P145_F, where the conventional Stage-Discharge Method was not
sufficient to accurately represent flow conditions. The physicochemical analysis indicated
slightly alkaline waters with moderate electrical conductivity, while spatial differences
among the monitoring sites reflected both the upstream—downstream characteristics of the
river and the influence of local hydrological and anthropogenic factors. Elevated maximum
values of ammonium and nitrite at some sites suggest temporal variability, possibly related
to episodic inputs, low-flow conditions and fertilizer leaching from agricultural areas.

The findings demonstrate that continuous and integrated monitoring is essential
for improving discharge estimation, identifying potential water quality pressures and
supporting sustainable water resources management in the Pinios River basin.
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