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Extended Abstract

Background: Improving the hydromorphological conditions of a river is a very important issue
in the sustainable management of rivers. In December 2000, the European Union Framework
Directive (WFD) was presented and published in the official journal (OJL327), and the most
appropriate way to achieve this goal has been left to the discretion of the EU member states. A
guideline published in Germany in 2000 by the Water Management Group for small to medium-
sized rivers was developed as the River Structural Quality Classification Method (LAWA-OS) in
the framework of the WFD. A review of previous studies indicates that the LAWA-OS method
in domestic studies has been done in the form of evaluating only one river, but in this research,
two Pehnehkola and Hardau rivers were compared with each other. The mentioned method has
also been investigated on large rivers in Iran with a high width and flow. This research aims to
investigate the "Structural Quality Classification of Rivers in Germany (LAWA-0OS)" method and
to compare the hydromorphological status of the Hardau River in Germany and the Pahnehkola
River in Iran.

Methods: The River Structure Classification Method in Germany (LAWA-OS) examines the
damage and negative changes caused by human factors over time. The evaluation of the
mentioned method consists of four stages. The first stage is data collection and preparation of
basic maps, such as a topography map, a soil science map, and a land use map. The mentioned
information for the Pahnehkola River was obtained from the Sari City Regional Water Company
and the General Directorate of Natural Resources and Watershed Management of Mazandaran
Province. The topographic map of the Hardau River was prepared from the Topografic-Map.Com
website. The second step is to determine the range and its type, which according to the location
of the Pahnehkola River in the mountains and the Hardau River in the plains, the range type was
determined and 1 km from both rivers was selected and divided into 100 m intervals. The third
stage is a field visit. The forms related to the LAWA-OS method are filled by visiting the left and
right banks and river elements. A set of 25 individual parameters is available in six groups from
the main parameter in the mentioned form. The fourth step is to evaluate the results. Determining
the river class is a process to evaluate it, and it is classified into five classes, which are calculated
according to the points assigned to each parameter, and the structural quality class of the river is
determined in the end. The final evaluation includes two evaluation parts based on functional
units (the performance of individual parameters with a specialized evaluation of the water zone
structure by an expert) and index-based evaluation (the performance of individual parameters
based on index values). If the difference in the two evaluations is greater than one structural class,
re-examination to determine the existing errors is on the agenda.

Results: The evaluations showed that the highest negative degradation score in the Hardau River
belonged to individual parameters of flow curvature, special bank cover, special flow structures,
depth changes, the type of river profile, and variety of bed materials. The parameters that are
almost natural in the Hardau River are profile depth, width erosion, and land use, respectively.

Except for the mentioned parameters, there are several parameters in the Hardau River in a
completely natural state. In the studied area of the Hardau River, there was no transverse structure
either in the bed or in its body. In this regard, the individual parameter of water return was not
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observed in any of the studied sections of the Hardau River. Individual parameters related to land
use also have a low destruction score because the boundaries of the river are completely free and
there are no factories, garbage, paved surfaces, or even flood protection structures in the river
floodplain. In the Pahnehkola River, the highest negative degradation score belonged to the
individual parameters of the special bank structure, profile depth, and width erosion, respectively.
The single parameters that received the minimum destruction score in the Pahnehkola River are
the vegetation cover of the river bank, land use, and the border around the river. Moreover, the
individual parameters of the transverse structure, water return, piping, changes in the flow path,
bed materials, bed cover, and specific cases of land use in the Pahnehkola River have not been
affected by human interference.

Conclusion: The results of the present research indicate that the Hardau River with a score of
2.53 has slightly changed in the structural classification, and the Pahnehkola River with a score
of 1.71 is classified structurally without changes. According to the results evaluated in Hardau
and Pahnehkola Rivers, the Pahnehkola River has a more natural hydromorphological condition
than the Hardau River. The reason for the placement of the Hardau River in a slightly changed
structural layer can be the ease of access to the river and the use of nearby agricultural lands,
which have caused human interference in disrupting the natural structure of the river.

Keywords: Human interventions, Hydromorphology, Revival of rivers, River basin management,
Waterbody
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Table 1. The results of measuring river width and river flow speed in Hardau and Pahnehkola rivers (2020-2021)

(River name) &3, b
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(Hardau) gl>,l»

(456 52 y20) Alodg) lir copu (o) Aldgy o0 o3k pb (456 2 o) Alodg) byr cop (i) Aledgy yope ol pb
River flow speed (meters per River widths Range name River flow speed River widths Range name
second) (meter) (meters per second) (meter)
0.17 8 Pl 0.12 4.5 HI
0.16 4 P2 0.12 5 H2
0.15 7 P3 0.13 6.5 H3
0.16 7 P4 0.14 6 H4
0.14 7 P5 0.12 5 HS
0.16 9 P6 0.12 4.5 H6
0.15 7 P7 0.12 4 H7
0.16 7 P8 0.12 4 H8
0.18 8 P9 0.13 4.5 H9
0.16 8 P10 0.12 4 HI0

b5 oo Bl (slodd s iy I litel g 09,
0P 3 Ul B it el (l)la wlE3g) i 4 a2 g8
sk b ol s > 45l 3 ailaie S5 35 b
P S e el Wligy > 08 e S5 Sl
ol ehilial g &Y g 3500 yialil o 5l slaiges ¥ Jgio
ol )by YO Lol daojl olod (gl colad yd cCuwloads 034l
CadS Al g oo JS jlatel g (ol yiel)ly (b 0000
olod g Cuwl odd jastine ¥ gl wluly Lmo] <ol

Liga oo dunlie lB2g; 93 50 byl

Oygods LAWA-OS  5gy 5o ikl pius

v sl o Ny ia ol YD ol eslituny
awlis a)'l.g 2 Lol adlllan J)90 (§0395we y Lb:b)'l.g u.olo}'
5 3,00 |y dslllas 5y50 (g035050 I ol Apd Ak b sulaie
xS s B (g 90 3> Sygeots el (ol G
$B2g)) T, glla B0y, (gly a5 Albogy ol & g L
0> b b)) By Waigg wls-dg) sl g (oo 9 0y WL
slagy p pololp g ol (2uds 5 Ganse g s JSa U
b Olie g Wlg) Cul) g o Jolo JiBLo ) e

(Fiir Okologie, 2008) 1 &libsal g oYl g yius dlge £435 3,850 ol =Y Jgi>
Table 2. The individual parameter of the variety of bed materials, its states, and scores (Fiir Okologie, 2008)
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Extraction of satellite images, the digital elevation model, and required basic maps (including topography, vegetation,
soil, and land use)
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Determining the landscape unit of the river basin, dividing the river basins, and determining the river basin type
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Figure 4. Evaluation of the hydromorphological structure of the river based on the LAWA-OS method
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Table 3. The main and individual parameters in the LAWA-OS method (Gellert et al., 2014)
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Table 4. River structural quality classes based on the LAWA-OS method
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Table 5. Twelve types of rivers under reference conditions (Rasper, 2001)
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Figure 5. The scores of six main parameters in the Hardau River
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Figure 6. The scores of six main parameters in the Pahnehkola River
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Table 6. The scores and overall evaluation results of individual parameters in Pahnehkola and Hardau rivers
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Figure 7- Comparison of individual parameters in Pehnehhkla and Hardau rivers
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Table 7. The status of individual parameters with the highest and lowest negative scores in the Hardau River
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(Description) ©lbxsg Individual Code
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In the past, the lands around the Hardau River were used for agriculture. Therefore, the curvature of the Curvature of

flow and the natural meandering of the river have decreased and the river has become almost elongated flow
with the passage of time.
5 eanbie 08l aliag) )US 3 Slegian 352 5 Sl Jda gyle caliagy ) bl ul 4 bsiye sla Sis 059 o)L Sidey
The features related to this parameter were observed very little in the Hardau River due to erosion and the Special side 5-3
presence of artifacts on the riverside. cover
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The most cases of the special structure of the flow in the Hardau River were pieces of dry wood and fallen Special flow
trees, and other cases were rarely seen in this river. structures
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The depth changes in the Hardau River are minor. Human intervention has disturbed the balance in erosion changes
and sedimentation of the river and this parameter has undergone negative changes.
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The profile is deeply eroded and under engineering measures. Engineering measures have caused the Profile type
protection of the river and destroyed the hydromorphological balance of the river.
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This river has a limited range of sediments. All ranges, except for those that are artificially lined, have been substrate
evaluated as loamy and fine-grained soil. materials
)1 3529 gyl alhag) )3 (b (UL £55 Culord (b)) Gres B lawgie Spgo 4 Gae Jdoy Gas 32
The depth is evaluated as medium to deep. There is natural structural diversity in the Hardau River. Profile depth
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Despite moderate to high erosion in the Hardau River, this parameter is not given a negative score due to Width erosion
the type of the river, the type of fine-grained soil, and the approximate proximity of the river to the sea.
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In 100 meters or closer to the water surface, there are no facilities that directly or indirectly hinder the Land use
development of this parameter. Around the river, there is also enough space for development and natural
curvature.
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Table 8. The status of individual parameters with the highest and lowest negative scores in the Pahnehkola River
B rd 3yt yialily N
Description Individual parameter Code
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Due to washing, retreat of the river bank, and severe erosion, as well as the creation of gabion Special side cover

on the river wall, this parameter gets a high negative score.
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The great depth in this river indicates its abnormal condition. The depth of the profile is Profile depth
abnormally high due to erosion and the steep slope of the river wall.

The most negative scores
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The existence of a disturbance in the ratio of the width to the depth of the river has caused the Width erosion
flow to reach the appropriate depth through erosion or sedimentation.
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The completely free coastal strip without any obstacle for the natural movement of the river Border around the 6-2
causes the morphological development of the river. river
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The lands around the river are in the form of native forests, which act as a flood bed during Land use
floods and also reduce severe damage by calming the waves.

The most positive scores
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Vegetation is diverse in the form of native trees and shrubs, which have the most favorable &8, 5-1
ecological impact on the river. Riverside vegetation
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Figure 8. Status of individual parameters in Hardau and Pahnehkola rivers (Abbaspour, 2021)
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