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Abstract: The Improvement of the spatial struc-
ture and quality of rural communication system
in loess upland watershed. In strongly eroded ter-
rains, a considerable part of agricultural roads are
transformed into ravines, as a result of their inap-
propriate location in the terrain relief. Hence the
arrangement and hardening of rural roads remains
an essential component of formation of arable
areas on eroded terrains. Correct derivation of the
roads, which need the protective measures or even
re-projecting improves the state of the road net-
work in economically effective way, as it allocates
the available resources to the most threatened
areas. The article presents a study on the actual state
of the net of rural roads on loess upland terrain of
Mielnica watershed. The analysis, performed on
digital spatial data within GIS software, revealed
considerable needs for improvements of rural
roads on investigated area. Basing on the results,
the map of improvement measures has been de-
veloped, presenting a spatial base for a decision
support system for future land improvements and
allocation of economical resources for the mana-
gement of rural surface communication network
in rural-environmental plans.

Key words: soil erosion, loess watershed, rural
communication system, improvement measures.

INTRODUCTION

The arrangement and hardening of rural
roads is an essential component of for-
mation of arable areas on eroded terrains

[5, 7, 8, 11, 12, 16]. Correctly traced
and hardened roads facilitate not only
husbandry, but also fulfill the role of
anti-erosion meliorations, distracting su-
perficial flows or discharging the excess
of waters. The literature recommends
locating the rural roads transversely to
the slope of a terrain [10, 11, 12]. This
is correct from the anti-erosion point
of view, although such roads are less
functional than those led obliquely to the
slope. In practice, however, the diagonal
roads, slope-along roads and roads on
bottoms of valleculaes are the most
strongly eroded ones, since the intensity
of superficial flow is much higher than
on adjacent slopes, reaching intensities
high enough to cause rilling and in con-
sequence development of various forms
of gullies [9, 12]. The dynamics of the
deepening of rural roads on loess terrains
reach 4.5 cm to 9.0 cm per annum [9].
The agricultural roads remain the main
source of debris reaching river valleys
[1, 13].

The article presents a study on the
actual state of the net of rural roads on
loess upland terrain of Mielnica water-
shed. The analysis, performed on digital
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spatial data within GIS software, revealed
considerable needs for improvements
into rural roads on investigated area.
The results present a spatial base for
a decision support system for future land
improvements and allocation of eco-
nomical resources for the management
of rural surface communication network
in rural-environmental plans.

MATERIALS AND METHODS

Area of investigations

The investigations were conducted
in years 2003—-2005 on an area of the
rural upland watershed of the Mielnica
stream, lying on Wzgoérza Trzebnickie,
located about 50 km NNE from Wroclaw
in dolno$laskie district. The area of the
watershed equaling to 6.7 km? is charac-
terized with relatively homogenous silty
and loess soil cover and rich terrain’s
relief. The natural conditions, especially
long, steep slopes favor various form of
water erosion; rills, gullies. Existing net
of agricultural roads (ca 20 km) undergo
intensive deepening and degradation in
the seasons of snow melting and summer
storms.

Source of data

The basis of performed spatial analyses
was the digital model of Mielnica wa-
tershed, consisting of different groups of
spatial layers created through digitaliza-
tion and digital processing of analog data
[14], such as:
e topographical map in scale of 1:10 000;
e soil-agricultural map in scale of 1:5000;
e acrial ortho-photo map from a target run
in May 1996, with scale 1:26 000 and
digital resolution of 1 m;

The analog data were transformed into

a digital form through:

¢ Digitalisation “on screen” of the network
of public and rural roads from topo-
graphical map in scale 1:10 000 within
the ArcView © 3.1 programme;

e “On- screen” digitalization of soil poly-
gons from soil-agricultural map.

e “On- screen” digitalisation of contour
lines

e Interpolation of contour lines to DEM
with spatial resolution of 10m, with use
of the TOPOGRID method [3].

Method of investigations

The study bases on two main indicators,
which describe the state of the existing
network of rural roads: TARRR [15]
indicator and UHRR [14] indicator.

The TARRR [15] method of tracing
agricultural roads in a terrain relief bases
on comparison between azimuths of inter-
nodal road sections and terrain aspect.
The aspect is understood as the steepest
downward direction from each cell to
its neighbors [2, 15]. The values of the
aspect grid represent the compass direc-
tion of the aspect; 0 is true north, 90
degree aspect is east, and so forth. For
purposes of the analysis of arrangement
of agricultural roads in the relief, a semi-
automatic digital implementation was
worked out and adopted to the ArcView
GIS 3.2 system. Vectorized agricultu-
ral roads with the ground surface were
divided initially into sections through
overlay cutting in points of intersection
with elevation contour lines, between
which the terrain slope is assumed to be
constant. Next, the azimuth [2] has been
calculated for every internodal section of
the agricultural road. The road sections



have then been covered with an aspect
grid layer, assigning values of the terrain
aspect to the road database. Values of
azimuths of agricultural roads and terrain
aspect were transformed to range from 90
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to 90 degrees, with 0 for the N direction.
In the next step, the difference between
the road azimuths and terrain aspect in
the central point of individual sections
of roads was calculated. The resulting

TABLE 1. Decision rule for estimating UHRR indicator [14]

Longitudal
inclination
of road’s
surface

Kinds of soils underlying road’s surface

UHRR
indicator

%

<4

Non-expandable soils: sandy gravel, loose sand, calcarous soils, crystal rock,
aqueous rock,solid rock, rocky debris.

Questionable soils: silty loose Sand, weak loamy Sand, silty weak loamy
sand, light loamy sand, silty light loamy sand, loamy gravel.

Less expandable soils: sandy loam, silty sandy loam, light loam, light silty loam,
middle loam, loess soils, clayey loess soils, silty clay, clay, all rendzinas.

Very expandable soils: strong loamy sand, strong silty loamy sand, silty middle
loam, heavy loam, heavy silty loam, sandy silt, oridinary silt, loamy silt, clayey
silt, all muds.

4-8

Non-expandable soils: sandy gravel, loose sand, calcarous soils, crystal rock,
aqueous rock, solid rock, rocky debris.

Questionable soils: silty loose Sand, weak loamy Sand, silty weak loamy
sand, light loamy sand, silty light loamy sand, loamy gravel.

Less expandable soils: sandy loam, silty sandy loam, light loam, light silty loam,
middle loam, loess soils, clayey loess soils, silty clay, clay, all rendzinas.

Very expandable soils: strong loamy sand, strong silty loamy sand, silty middle
loam, heavy loam, heavy silty loam, sandy silt, oridinary silt, loamy silt, clayey
silt, all muds.

Non-expandable soils: sandy gravel, loose sand, calcarous soils, crystal rock,
aqueous rock, solid rock, rocky debris.

Questionable soils: silty loose Sand, weak loamy Sand, silty weak loamy
sand, light loamy sand, silty light loamy sand, loamy gravel.

Less expandable soils: sandy loam, silty sandy loam, light loam, light silty loam,
middle loam, loess soils, clayey loess soils, silty clay, clay, all rendzinas.

Very expandable soils: strong loamy sand, strong silty loamy sand, silty mid-
dle loam, heavy loam, heavy silty loam, sandy silt, oridinary silt, loamy silt,
clayey silt, all muds.

>12

Non-expandable soils: sandy gravel, loose sand, calcarous soils, crystal rock,
aqueous rock, solid rock, rocky debris.

Questionable soils: silty loose Sand, weak loamy Sand, silty weak loamy
sand, light loamy sand, silty light loamy sand, loamy gravel.

Less expandable soils: sandy loam, silty sandy loam, light loam, light silty loam,
middle loam, loess soils, clayey loess soils, silty clay, clay, all rendzinas.

Very expandable soils: strong loamy sand, strong silty loamy sand, silty middle
loam, heavy loam, heavy silty loam, sandy silt, oridinary silt, loamy silt, clayey
silt, all muds.
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difference represents a flat horizontal
angle between a segment of the road
and terrain aspect, i.e. the line with the
highest slope, which can be considered
as the line lying ideally with the slope.
Through transposition it is possible to
import this value to an angle between the
road section and line ideally perpendicu-
lar to slope, representing simultaneously
the zero slope. The resulting angle rep-
resents the Indicator of Arrangement of
Rural Roads in Relief (IARRR) [15].

The UHRR [14] method derives clas-
ses of the Urgency of Hardening Rural
Roads and strengthening their draining
infrastructure. Considering longitudal
inclinations of road’s surface and the
class of soil expandability, derived from
the soil kind, the method distinguishes
four grades of the urgency of hardening
roads’ surface and strengthening superfi-
cial draining devices:

e grade 1: very urgent,

e grade 2: urgent,

e grade 3: moderately urgent,

e grade 4: advisable locally.

The complete decision rule is shown in
Table 1 [14].

The spatial layer containing the road
network has been cut with elevation
contours, derived form 10m resolution
DEM. The herewith created road sections

have been then cut and overlaid with the
layer of soil expandability, derived form
soil-agricultural map. Then the longi-
tudal slopes have been calculated with
help of ArcView GIS extension “Surface
Tool for Points, Polylines and Polygons”
[4]. Using database operations the deci-
sion rule of estimating UHRR has been
executed, revealing the final map of the
urgency of road hardening and strengthe-
ning of roads’ draining devices derived
into 4 classes.

RESULTS
TARRR indicator

The results show unfavorable structure of
rural roads in terrain’s relief (Tab. 2). The
length of roads with slope-along location
exceeds 3 km (3033 m), with the share
of ideal slope-along roads (IARRR = 90
deg) equals to 205 m. The share of slope-
perpendicular roads amounts to 1873 m
with just 81 m of ideal slope-perpendicu-
lar location (IARRR = 0). The detailed
results are shown on Figure 1 and their
spatial representation on Figure 2.

UHRR indicator

The results (Tab. 3) show very high share
of road sections requiring urgent protection

TABLE 2. The location of rural roads in relief according to IARRR indicator for Mielnica watershed

) ) Road length
IARRR Road arrangement in relief o
m %

0 Ideally perpendicular to slope 81 0.4
0-10 Perpendicular to slope 1873 9.5
11-80 Diagonal to slope 14 746 74.8
81-90 Along to slope 3033 15.6
90 Ideally along to slope 205 1.0
Total 19 702 100.0
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FIGURE 1. Histogram of IARRR indicator values for existing road network in the area of Mielnica
watershed
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FIGURE 2. Map of IARR indicator in Mielnica watershed
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TABLE 3. The location of rural roads in relief according to IARRR indicator for Mielnica watershed

UHRR Hardening of roads’ surface and strengthening Road length
of draining devices m %
1 Very urgent 2757.6 14.0
2 Urgent 7033.8 35.7
3 Moderately urgent 0.0 0.0
4 Advisable locally 9910.1 50.3
Total 19 702.0 100.0
LEGEND
A0 seaspon  Fwal roads - Urgency of herdening
— 1 - very urpent
—_— . urgent
4 - nof necessary
waeon 5683500 = =  Pybiic roads
D Warershed border
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FIGURE 3. UHRR indicator values for existing network of agricultural roads within Mielnica water-

shed

measures in form of surface hardening
and establishing infrastructure for drain-
ing superficial waters. Almost 50% of
roads located within the watershed need
urgent and very urgent measures. Basing
on the UHRR indicator it is possible to
spatially derive the most endangered
road sections, which should be managed

in the first place, which is shown on
Figure 3.

DISCUSSION

The values of TARRR indicator characte-
rizing the existing network of rural roads
within the Mielnica watershed show rela-



tively unfavorable arrangement of rural
roads in terrain’s relief, since the share of
good (slope-perpendicular) allocated road
sections presents only 15.6%. In case of
future land improvements and reparcelling
projects, this structure should be rebuilt to
liquidate slope-along road sections and
diminish the share of slope-perpendicular
ones [10, 11].

Comparing the results obtained in
Mielnica watershed with the ones from
former investigations on Grodarz water-
shed [15] on Lublin Upland, roads in
Mielnica have a bit better JARRR values,
since the share of slope-perpendicular
roads is 2.2% higher. However the share
of slope-along roads remains very simi-
lar. Both watersheds have similar charac-
teristics of terrain relief with long steep
slopes, gullies and a wide valley [6]. The
high share of unfavorable arrangement
of rural roads may be explained by the
high slope gradients between plateaus
and the bottom of the valley, on which
there is a tendency to use the shortest
— slope-along way.

The values of UHRR indicator show
also incorrect actual state of the network
of rural roads within the watershed.
Almost 50% of road sections need urgent
measures of surface hardening and estab-
lishing draining infrastructure. 14% of
all road sections require immediate inter-
vention. The same analysis, performed
for the area of Grodarz watershed [14]
revealed respectively 27% and 13%.
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Streszczenie: Poprawa struktury przestrzennej
i jakosci sieci drog rolniczych w wyzynnej zlewni
lessowej. Na terenach silnie erodowanych znacz-
na czg$¢ drog rolniczych, w szczegdlnosci tych
o wadliwej lokalizacji w rzezbie terenu, prze-
ksztalca si¢ w wawozy. Dlatego tez wlasciwa
lokalizacja i utwardzanie nawierzchni drég rol-
niczych sa waznym elementem ksztattowania
przestrzeni rolniczej. Wlasciwe wyznaczenie

odcinkow drog, wymagajacych zabiegéw ochron-
nych badZz w skrajnych przypadkach — przepro-
jektowania; pozwala na ekonomicznie efektywna
poprawg stanu sieci drég rolniczych, kierujac
$rodki na odcinki najbardziej zagrozone. Opraco-
wanie przedstawia studium aktualnego stanu sie-
ci drog rolniczych na obszarze wyzynnej zlewni
rolniczej potoku Mielnica, potozonej na podat-
nych na erozj¢ wodna glebach lessowych. Ana-
lizy przeprowadzone na przestrzennych danych
cyfrowych w systemach GIS wykazaly znaczna
potrzebg wprowadzenia dziatan ochronnych. Na
podstawie wynikow analiz wyznaczono mapg od-
cinkow drog o rdznej pilnosci ochrony, stanowia
podstawe do przysztych scalen, decyzji admini-
stracyjnych i zarzadzania siecia drég rolniczych
na badanym obszarze.
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