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INTRODUCTION

In recent years, many efforts in the field of water management have been oriented towards defining the stream natural state.
Stream reference conditions are the basis for assessing the degree of stream alteration caused by any of the anthropogenic
pressures. Furthermore, reference conditions are one of the crucial starting-points for estimation of ecological status of water
bodies, as defined 1n the Directive 2000/60/EC (heremafter called WFD).

In order to get an overview of the reference conditions of Slovenian streams a study on hydromorphological (hereinafter called
HM) reference conditions and the subsequent HM typification of selected Slovenian streams has been performed.

MATERIALSAND METHODS
Inventory

As about 40% of the Slovenian streams 1s antrophogenically undisturbed or minimally disturbed in terms of ecosystem physical
disruption, the survey data are one of the most straightforward methods for a detailed delineation of HM reference conditions.
For that very reason a field study was carried out on 92 pre-selected Slovenian stream sections having a catchment area of the
order 10 to 100 km" (Figure 1). These sections were chosen according to the morphological and hydrological criteria for
selecting such reference sites. The level of direct morphological alteration has to be equivalent to unmodified, natural water
bodies and the level of abstraction or flow regulation has no more then very minor effects on the quality elements. The length of
suchlike section was 500 m, meaning that 46 km of stream sections were studied.

The field gathering of HM variables required the preparation of a HM reference record sheet. It included 65 HM variables (Table
1), 45 on- and 20 off-site work variables. The emphasis of the record sheet 1s on the morphological conditions that are defined in
the WFD (river depth and width variation, structure and substrate of the river bed, structure of the riparian zone).
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Table 1: HM variables included in HM reference record sheet

Figure 2: The transect data gathering technique — stream section and 6 transects

The field inventory was performed using the transect data gathering technique (Bizjak, 2003) that anticipate an inventory in 6
transects for every HM reference stream section (Figure 2). All the HM variables were observed, measured, counted or
estimated for each transect. The final section values, which were the input data for the HM typification, were acquired as the
average of 6 transect values (/).
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Typification

As the starting point for the HM typification general characteristics of the stream section were used — basin relief, channel
slope and valley type. Three types of relief were differentiated — very high and high relief (mountainous and hilly surface),
moderately high relief (hummocky surface) and low relief (flat surface). Further delineation criteria were based on the first
two levels of the Rosgen typification of streams. Channel patterns, sinuosity, channel shape, width/depth ratio, substrate

composition and bedform features were included in the typification. Other observed HM variables were used for further

detailed definition of the stream type.

By considering 9 primary geomorphic and morphological variables (Rosgen, 1996) the combinations of different section
values were acquired. Several illogical combinations such as low relief and channel slope greater than 4 % were preliminary
eliminated from further co-appearance analysis. The analysis was carried out with the geographic information system using
software package ArcGISv 9.

On Figure 3 the determination of the 2 stream types in very high and high relief 1s shown. The binary numeral system that
represents numeric values “0” and 17 was used. Some combinations are illogical or they were not observed and were
assigned “0”. On the other hand the observed combinations have “1” and are determined as a stream type on condition that
the substrate composition and bedform features have the same values within the section. (Figure 4, 5, 6).

o
2 o ¢
o0
%6 o
o 9
L N a
L¥] % {E’
Q
u]
o @
oR o
[=) o . tﬁ'gﬂ-
e un . B )
| . g
T iy TR e g ,
]
8 o
o o
a
Figure 3: Determination of the 2 stream types in Figure 4: Co-appearance analysis — stream sections 1n
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Figure 6: Co-appearance analysis — stream sections 1n

Figure 5: Co-appearance analysis — stream sections n ‘ ‘ e )
b - ) [y
mountainous-hilly relief, channel slope > 4%, V-shaped valley type

mountamous-hilly relief, channel slope > 4%

RESULTS

With the co-appearance analysis of the selected HM variables 9 HM types of Slovenian streams were 1dentified (Figure 7-
1|7, Table 2). 3 of them are typical for mountainous-hilly relief (GH1, GH2, GH3), 2 for hilly-hummocky relief (HG1, HG2)
and 4 for hummocky-plane relief (GR1, GR2, GR3, GR4). Types mostly differentiate at valley type, channel slope,
sinuosity, channel shape, substrate composition and presence of bedform features.

Figure 7: Typification key for selected stream sections Figure 8: Co-appearance analysis - stream types

STREAM TYPE GHI1
Fable 2a: GHI - section characteristics
RELIEF Mountainous

VALLEY TYPE

Veshpped

CHANNEL SLOPE (%)

E

CHANNEL PATTERN

single Thread

SINUOSITY

Straweht, nuldly s

CHANNEL SHAPE

Veshaped

AVERAGE CHANNEL WIDTH (1) G,
ENTRENMCHMENT RATIO 203
WIDTH/DEPTH RATIO 3.42

BANK MATERIAL

Boulder

BAMNK HEIGHT (m)

3,26

SUBSTRATE COMPOSITION

Boulder, cobble

Figure 9a: GHI1 stream type

STREAM TYPE

[GH2

R

Tahle 2h: GHI - section characteristics

RELIEF

Mountatous, Tully

VALLEY TYPE

U-shaped

CHANNEL SLOPE (%)

-4

CHANNMNEL PATTLERN

Siele Thread

SINUOSETY

Strateht, mildly s

CHANNEL SHAP'E

Flat U-shaped

AVERAGE CHANNEL WIDTEH (m)

ENTRENCHMENT RATIO

247

WIDTH/DEPTH RATIO

8,75

BANK MATERIAL

Boulder, cobble, hines

BANK HEIGHT (m)

2.6

SUBSTRATE COMPOSIETION

Boulder, cobble, gruvel
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Figure 10a: GH2 stream type

STREAM TYPE

|GH3

Tuble 2e: GHI - section characteristics

RELIEF

Mountanous. lully

VALLEY TYPE

V-shaped

CHANNEL SLOPE (")

T
I-=

CHANNEL PATTERN

Sinele Thread

SINUOSIETY

Straieht, mildly s

CHANNEL SHAPE

Flat U-shiaped

AVERAGE CHANNEL WIDTH (m) 157
ENTRENCHMENT RATIO 2
WIDTH/DEPTH RATHO 746

BANK MATERIAL

Boulder. cobible, ines

BANK HEGHT (m)

2,03

SUBSTRATE COMPOSITION

Boulder, cobble
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Figure 11b: GH3 stream type
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Figure 9¢: GH1 stream type
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Figure 10c: GH2 stream type
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Figure 11c: GH3 stream type
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Fable 2§: GHRI - section characteristics

RELIEF Plane

VALLEY TYPE Broad valles
CHANNEL SLOPE (%) |

CHANNEL PATTERN Single Thread
SINUOSITY Regular meanders
CHANNEL SHAPE U-shuped
AWERAGE CHANNEL WIDTH (m) L0).H
ENTRENCHMENT RATIO 2.07
WIDTH/DEPTH RATIO 11.6]

BANK MATERIAL Fines

BANK HEIGHT (m) |35
SUBSTRATE COMPOSITION aand, clay, gravel
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Figure 14a: GR1 stream type

STREAM TYPE |Li]{l

Fable 2eg: GRI - section characteristics

RELIEF Hummaocky, plane
VALLEY TYPL Broad valles
CHANNEL SLOPE (%) < ]

CHANNEL PATTERN Sinole Thread
SINUOSITY Irregular
CHANNEL SHAPE Deepened U-shaped
AWERAGE CHANNEL WIDTH (m) 4.7
ENTRENCHMENT RATIO 2,22
WIDTH/DEPTH RATIO 3,35

BANK MATERIAL Fines

BANK HEIGHT (m) 2.69

SUBSTRATE COMPOSETION

Clay, gravel, sand
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Figure 15a: GR2 stream type
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Figure 15b: GR2 stream type
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Tuble 2h: GRI1 - section characteristics

RELIEY Plane, hummocky
VALLEY TYPE Broad valley
CHANNEL SLOPE (%) <]

CHANNEL PATTERN Single Thread
SINUOSITY [rreoular
CHANNEL SHAPE Flat U-shaped
AVERAGE CHANNEL WIDTH {(m) 7.1
ENTRENCHMENT RATIO [ &8
WIDTH/DEPTH RATLIO 8,24

BANK MATERIAL Fines

BANK HEIGHT (m}) 145
SUBSTRATE COMPOSITION Gravel, sand, clay
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CASCADL (number) ()

Figure 16b: GR3 stream type
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Figure 11a: GH3 stream type
STREAM TYPE HGI
Fabte 2d: (GHI - section choracteristics
RELIEF Hilly, hunumocky
VALLEY TYPE Voand Ul-shaped
CHANNMEL SLOPE (%) 14
CHANNEL PATTERN single Thread
SINUOSETY Strateht, muildly s
CHANMNEL SHAPE Flar U-shaped
AVERAGE CHANNEL WIDTH (m) s,
ENTRENCHMENT RATIO K,
WIDTH/DEPTH RATIO ERR
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BANK HEIGHT (m) .62
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Tabte 2¢: GGHI - section characteristics
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Figure 12b: HGI stream type
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Figure 16a: GR3 stream type
STREAMTYPE Il'..;]{-l-

Table 2i: GRI - section charncteristics

RELIEF Plane
VALLEY TYPE Broad valley
CHANNEL SLOPE (") < |
CHANNEL PATTERN single Thread
SINUOSITY Irregular
CHANNEL SHAT'E U-shaped
AVERAGE CHANNEL WIDTH (m) 32
ENTRENCHMENT RATIO | .66
WIDTIVDEPTH RATIO 49K

BANK MATERIAL Fines
BANK HEIGHT {m) | .38
SUBSTRATE COMPOSITION Clay, sand
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Figure 13a: HG2 stream type
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Figure 12¢: HG1 stream type
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Figure 14¢: GR1 stream type
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Figure 17a: GR4 stream type

CONCLUSIONS

Figure 17b: GR4

stream type

F

The study has shown that the stream types, 1dentified on the basis of the differences between the primary geomorphic and
morphological variables, typically differ also on the level of more detailed “stream state” HM variables. That means that the
first two levels of the Rosgen stream classification are appropriate as a starting point of hydromorphological stream

typification that should be further developed for the purposes of the stream typification process in Slovenia.
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