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AsstrRACT. The purpose of this paper is to answer the following two questions: Can one infer the type of human
impact found in the northern Pomorze region from the current state of the Lupawa basin? Did regional water
relationships determine the type of human impact found in the area? A good place to search for an answer to
these two questions is the Lupawa River drainage basin. The entire upper section of the river, upstream from the
Bukowina, is characterized by a lack of substantial changes in the hydrographic network, resulting from man’s
apparent disinterest in the area. The middle section of the river is characterized by human impact in the form
of the use of water resources for energy generation purposes (sawmills, gristmills, power plants). The lower
section of the Lupawa that includes Lake Gardno is characterized by significant changes in water relationships
associated with difficult discharge conditions. Finally, the mouth section of the river, given its location, has been
adapted as a port facility.
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Introduction m (Karczewski 1988, Boréwka 1995). Their lower
course runs across alluvial plains that rise mini-
mally (0.2-0.3 m) above sea level (Drwal et al.

2007). Polish coastal rivers empty into the Baltic

Rivers flowing down the hill slopes of the
northern Pomorze Lake District flow across ar-

eas that differ substantially in terms of water re-
lationships before emptying into Poland’s main
drainage basin, the Baltic Sea.

Coastal rivers in Poland originate in the head-
water areas of acentric hydrographic systems (Dr-
wal 1982). The rivers” upper and middle course
runs down the hill slopes of the Pomorze Lake
District where the terrain gradient can reach 250

Sea, and in some cases, serve as points of entry
for seawater intrusions (Cieslinski & Drwal 2005).
Each section of river plays a specific hydrological
role (function) in the formation of discharge - the
functions being described by a hydrographic sys-
tem cascade model for land-based water (Drwal
& Hryniszak 2003). It can be hypothesized that
it is the rivers’ hydrological functions that deter-
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mine the type of human impact on the water re-
lationships found in the northern Pomorze Lake
District.

The river network in the northern Pomorze re-
gion has been experiencing ongoing natural evo-
lution processes since the end of the Pleistocene.
In more recent times, man has made his impact
strongly felt in the region in a variety of ways,
especially since the second half of the 19* cen-
tury. The river network’s current state found on
large scale maps is a geographic record of some
of these processes.

The purpose of this paper is to answer the fol-
lowing two questions: Can one infer the type of
human impact found in hydrological network in
the Lupawa basin? Did regional water relation-
ships determine the type of human impact found
in the area?
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Research Area

The Lupawa River is 98.7 km long and has
a drainage basin of 964.4 km? (Fig. 1). Along its
course, it is joined by larger tributaries such as
the Bukowina (flowing from Mydlita village), the
Rokitnica, the Rebowa, the Darzyniska Struga,
and the Charstnica. The average terrain gradient
along the fLupawa is 2%o. The river discharges
water into Lake Gardno at an average rate of 8.2-
8.3 m® s (Cyberski & Jedrasik 1992, Choinski &
Kaniecki 2003, Bogdanowicz 2004). The discharge
rate varies from 7.04 m®s™ in August to 9.44 m*s!
in March (Jereczek-Korzeniewska 2005). Floods
take place in February and March (snowmelt)
and in the summer and autumn (rainfall). Low
water states appear in June and July.

It is generally accepted that the course of the
Fupawa can be divided into an upper, middle, and
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Fig. 1. Lupawa River drainage basin
Legend: 1 - drainage divide, 2 - water gate, 3 - streams, 4 - reservoirs, 5 - water level recorder
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lower section. Therefore, it can be said that the up-
per section of the Lupawa formed within a termi-
nal moraine zone, reaching 250 m above sea level.
The river flows out of Lake Jasierr at an elevation
of 202 m and flows down through a former subgla-
cial gully. The river’s middle course runs through
valleys of different origin and age, which tend to
be connected mainly with marginal and proglacial
discharge (Sylwestrzak 1978, Florek 1993, Rotnicki
2001). The lower course of the river runs across flat
terrain featuring peat bogs and swamps. The river
tirst flows into Lake Gardno and then exits the lake
and finally proceeds to the sea. The stretch linking
Lake Gardno and the Baltic Sea is really a canal,
which cuts across a “Gardno Phase” marginal ice
cap zone.

Research Process

The research process was conducted in sev-
eral stages. The first stage consisted of the identi-
fication of sections of the Lupawa River that are
different in terms of their hydrological function
expressed by the hydrographic structure. The
drainage basin’s elementary hydrographic struc-
ture was adopted as the criterion to be used in the
identification process, as it reflects water relation-
ships in a systematic way (Drwal 1982). An un-
derstanding of the area’s hydrographic structure
allows one to estimate average rates of discharge
(both surface and base) from hydrometrically un-
monitored areas (Drwal 1982). The average total
rate of discharge was estimated using the runoff
reduction method, subtracting the constant R, in
line with decreasing stream order (Drwal 1982).
The next stage consisted of the identification of
the forms of human impact present in the area
(Fac-Beneda 2005a, 2007).

In order to accomplish identification of the
form of human impact, a list of all anthropo-
genic hydrographic entities and river engineer-
ing structures was compiled by way of a query
of primary sources and the associated literature,
the results of which were verified in the field. The
next stage consisted of a plan to divide the valley
of the Lupawa River into an upper, middle, low-
er, and mouth section. The last stage consisted of
a selection of representative sites along each sec-
tion of river.

The Lupawa Valley

The division of the Lupawa River valley into
four sections is based on the elementary hydro-
graphic structure of its drainage basin. The hy-
drographic structure reflects the different drain-
age conditions found in each part of the Lupawa
River drainage basin, thus determining the func-
tion of each particular section of river being fed
by a particular part of the total drainage basin.

The Lupawa River forms an eighth order hy-
drographic system. Up to the gauge cross-section
hydrometric site in Smotdzino (seventh order)
(Fig. 2), located in the upland part of the drain-
age basin, the river’s elementary hydrographic
structure is dominated by permanent tributaries
(24%), absorbent drainage-free areas (22%), and
permanent drainage basins (20%).

Drainage-free evapotranspiration areas and
temporary tributaries each constitute only 14%
of the river’s hydrographic structure, while tem-
porary drainage basins make up only 2%. Areas
that collect water such as the different sections
of the Lupawa Valley as well as the valleys of its
tributaries (fourth order or higher) constitute 4%
of the hydrographic structure (Fig. 3).

The river starts out as a small, partially chan-
nelized, forest stream. Once it reaches fifth order,
it enters a wide valley where it is joined by three
right bank tributaries: the Otnoga (fourth order),
the Rokicianka (fourth order), and the Bukowina
(sixth order). Downstream from the village of
Kozin, the Lupawa River becomes a seventh order
river. At this location, its drainage basin becomes
characteristically narrow (Fig. 4). Up to this point,
the area of the drainage basin is 366 km?* Stream
network density reaches 0.82 km km, although
it is higher in the Bukowina drainage basin with
0.94 km km™ Average total annual discharge is
261,748,800 m® (22.7 dm’ s km).

Drainage-free areas (146.2 km? or 40%) make
up a large portion of the river’s elementary hy-
drographic structure including 106.2 km? of
drainage-free evapotranspiration areas. It has
been estimated that the average annual discharge
from surface-drained areas - permanent and
temporary drainage basins as well as permanent
and temporary tributaries - is 157,315,090 m?
(13.6 dm?s'km=?). This corresponds to a base dis-
charge of 104,433,710 m®. These data suggest that
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Fig. 2. River network hierarchy in the Lupawa drainage basin up to the hydrometric site in Smotdzino
Legend: : 1 - water level recorder, 2 - drainage divide, 3 - the 1st order streams, 4 - the 2" order streams, 5 - the 3™ order streams, 6 - the 4™
order streams, 7 - the 5" order streams, 8 - the 6™ order streams, 9 - the 7t order streams

it is the fragment of Lupawa’s drainage basin up-
stream from the village of Kozin that serves as
its headwater area, while the main receiving area,
which is the Lupawa Valley, could be considered
the river’s upper course.

Downstream from the village Kozin, the
Lupawa is joined by several tributaries includ-
ing the Stupinka, the Charstnica, the Brodniczka,
a stream from Podole, a stream from Potegowa,
a stream from Grabkéw, and a stream from Wiel-
ka Wies. The streams do not alter the order of
the Lupawa, which the river had reached down-
stream from the village of Kozin (270 m down-
stream from the Kozin water level recorder on the
Bukowina), as each stream is either order four or
order five. The area drained by this section of the

Lupawa is 438.9 km? The stream network den-
sity is the same as earlier: 0.85 km km™.

The average total recorded discharge is also
261,748,800 m®. This portion of the drainage basin
is characterized by a smaller drainage-free area
of 142.5 km?(32.5%), including 73.9 km? of evapo-
transpiration drainage-free areas. This fragment
of the Lupawa drainage basin can be thought of
as the middle drainage basin. The section of river
that drains this part of the basin and transports
water from upstream sections can be thought of
as the middle course (Fig. 5).

The Lupawa is an eighth order river between
the of village Smotdzino and the point where it
exits Lake Gardno. This part of the drainage ba-
sin only rises 20-30 m above sea level. The ab-
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Fig. 3. Elementary hydrographic structure of the Lupawa up to the Smotdzino hydrometric site
Legend: 1 - water level recorder, 2 - drainage divide, 3 - temporary drainage basin, 4 - drainage-free evapotranspiration areas, 5 - absorbent
drainage-free areas, 6 - temporary tributaries, 7 - collection area, 8 - permanent tributaries, 9 - permanent drainage basin

sence of large terrain gradients makes discharge
difficult. The river cuts into an adjacent upland,
which may help it attract groundwater from dis-
tant circulation horizons, analogously to the case
of the Reda-teba proglacial valley (Drwal 1982).
Excess water is channeled away via a well-devel-
oped canal network. There are also five polders
around Lake Gardno.

According to the classification system pro-
posed for the Wista River Delta by Fac-Beneda
(2005b), this type of area can be classified as an
anthropogenic hydrographic entity, which has
one polder exit and two polder inlets, includ-
ing one with gravitational influx. This part of the
drainage basin has an area of 117.6 km* Stream
network density reaches 2.1 km km The specif-

ic discharge in this particular area is comparable
to that provided in other publications including
Bogdanowicz (2004) and Marszelewski (2007).
The former lists a specific discharge of 10.3 dm®s!
km (for 1989-1998) while the latter lists a value
of 10.6 dm® s km (for 1971-1990). We propose
that this part of the Lupawa drainage basin be
considered the river’s lower drainage basin. We
further propose that the section of the Lupawa
including Lake Gardno, which drains the river’s
lower basin and channels water from its upper
and middle basin, be considered the river’s lower
course (Fig. 6).

Finally, we propose that the section of river
that links Lake Gardno with the Baltic Sea be con-
sidered a mouth section. This section is 1.2 km
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Fig. 4. Drainage basin of the upper Lupawa up to the town of Kozin and downstream from the Bukowina River
Legend: 1 - drainage divide, 2 - streams, 3 - lakes, 4 - hydrometric site

Smoldzino

long, 36 m wide, and at most 2.5 m deep, with
depth varying a mere 70 cm. It is de facto a NW-
SE canal, which often suffers from excess mud
content and becomes nearly impassable at low
water states.

Its longitudinal slope is small - on the order of
0.3%o. It is different from all the other sections of
the river because of the seawater intrusions that
take place therein. Such intrusions can reach as
far as Lake Gardno and have formed a reverse
delta in the lake. The intrusions also limit potam-
ic influx. Normal (sea bound) flow rates ranged
from 10 to 20 m® s in 2002-2008. Reverse flow

Fig. 5. Middle drainage basin of the Lupawa River, stretch-
ing from the hydrometric site 270 m downstream from

Kozin to Smotdzino
Legend: 1 - drainage divide, 2 - streams, 3 - hydrometric sites



GEOGRAPHIC RECORD OF HUMAN IMPACT CONFORMANCE TO DIFFERENT WATER RELATIONSHIPS ALONG A COASTAL RIVER.. 25

-
~.o

Jez. Gardno

-

\/{ / Smotdzino
<
S
"’
4
§'l
\
’
\
1
’I
_
’
‘\
'I
14
\
R —
P
2
R
v 4
2 4km

Fig. 6. Lower Lupawa drainage basin (Smotdzino - Rowy)
Legend: 1 - drainage divide, 2 - streams, 3 - lakes, 4 - hydrometric sites

(lake bound) rates reached as much as 30 m® s™
during the same time period.

Conformance of human impact to water rela-
tionships in selected valley sections

The entire upper stretch of the Lupawa River
is characterized by an absence of any meaning-
ful manmade changes. The only forms of human
impact on water relationships in the area are ag-
riculture and the release of wastewater.

The middle section of the Lupawa Valley was
first used for building mills and later for build-
ing power plants. Six hydroelectric plants were
built along a 59 km long stretch of the river. The
power plants’ total generating capacity is 0.94
MW. All six plants operate without reservoirs us-

ing a flow-through system. The plants’ turbines
discharge water at about the same rate. Only the
turbines located in the upper section of the mid-
dle course of the Lupawa River produce larger
discharge rates.

The Smotdzino hydroelectric plant is the sec-
ond largest power plant along the Lupawa River.
A sawmill and a gristmill were built here at the
end of the 16" century. The gristmill was shut
down in the 1950s and later adapted to irriga-
tion purposes. The power plant has two turbines
that discharge water at 4.0 m*® s™ and 8.25 m? s™.
The largest power plant along the Lupawa is the
Zelkowo plant located along kilometer 31.0 of
the river. The plant was built in 1907-1909 and
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equipped with two turbines, each with a dis-
charge rate of 5.3 m? s™.

The Drzezewo hydroelectric power plant is
located along kilometer 36.0 of the Lupawa Riv-
er and has been around since 1925. At first, the
dam was used to run a mill and produce electric
power. The power plant is equipped with a 175
kW turbine that discharges water at a rate of 6.70
m’ s

The Lebiert hydroelectric power plant is locat-
ed along kilometer 52.0 of the Lupawa River. The
dam has been around since 1933 and was initially
used to generate electric power as well as to run
a mill that burned down during World War IL
The power plant is equipped with a 50 kW tur-
bine that discharges water at a rate of 5.74 m? s™.

The Poganice hydroelectric power plant is lo-
cated along kilometer 54.4 of the Lupawa River. It
also uses a dam originally built for a mill that no
longer exists. The power plant is equipped with
a turbine that discharges water at a rate of 4.64
m’ s

The Lupawa hydroelectric power plant is locat-
ed along kilometer 58.8 of the Lupawa River. It uses
a dam originally built for a watermill. The former
mill’s turbine chamber and machinery room were
adapted for power generation purposes in 1982.
The power plant is equipped with a turbine that
discharges water at a rate of 4.25 m? s,

The lower section of the Lupawa River has
been channelized since the 17" century. The
outcome of the channelization efforts can be

seen in cartographic materials dating back to

Vs Bukow

L]
B ©
e .Jcn"nv = Siker
< Lankewite Stecfow T
Mbn‘vm % B, ;‘ ) L‘-"n”.
L] f’v‘-
gen Brest Swetzow —  clishey

Fig. 7. Lake Gardno on the Pomeranian Principality map of
Eilhard Lubinus from 1618

the 17" century. A map produced by the Po-
meranian Principality of Eilhard Lubinus (scale:
1:235,000) shows the Lupawa River flowing into
Lake Gardno from the east (Fig. 7). The absence
of other hydrographic entities indicates that the
area was subjected to engineering efforts at the
time. The Generalstabskarten von Pommerellen
map (scale: 1:100,000) from 1836 shows the first
ditches and canals, especially those constructed
near the mouth of the river.

They were most likely designed to relieve
the Lupawa River (Fig. 8). Moreover, the map
shows single canals running through the town
of Smotdzino, connecting the Lupawa River with
the rest of the hydrographic network of the direct
drainage basin of Lake Gardno.

Yet another map - the Messtischblatter map of
1891 (scale - 1:25,000) - shows even more ditches
and canals. The map also shows the rivers flow-
ing into the lake: the Grabownica, the Bagienica,
and the Brodnica (Fig. 9).

An increasingly more dense canal network
can be seen on the Karte des Deutschen Reiches
from 1892 (scale - 1:100,000). However, one can
also see that some of the ditches visible in 1891
no longer exist (Fig. 10). Modern maps (scale -
1:25,000 and 1:50,000) from 1977 as well as a new
hydrographic map (scale - 1:50,000) from 2006
show the current state of the hydrographic net-
work. Between 1977 (Fig. 11) and 2006 (Fig. 12),
the density of the ditch and canal network in-
creased once again. The network is particularly
dense in the Gardno Meadows area and near the

Fig. 8. Lake Gardno on Generalstabskarten von Pommerel-
len map from 1836
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Fig. 11. Lake Gardno on the topographic map from 1977

Fig. 10. Lake Gardno on the Karte des Deutschen Reiches
map from 1892

Gardno-tebsko Canal, which exits the lake to
the east, near the point where the Lupawa River
flows into the lake.

The lower section of the river has been sub-
stantially altered by man, with the construction
of quays that serve as port facilities. There is no
breakwater on the Baltic Sea that would protect
the mouth of the river, and indirectly Lake Gard-
no, from maritime influence. The mouth section
has to be dredged following storm events in or-
der to remain passable.

Conclusions

The valley of the Lupawa River, as seen on
modern large scale maps, is characterized by

Fig. 12. Lake Gardno on the hydrographic map from 2006

a diverse hydrographic network, which makes it
possible to connect its appearance to the differ-
ent forms of human impact brought about by the
unique water relationships found in each section
of the valley.

The entire upper section of the river, upstream
from the Bukowina, is characterized by a lack of
substantial changes in the hydrographic network,
resulting from man’s apparent disinterest in the
area. This section features a specific discharge
rate of 10.2 dm’s? km?and an average annual
discharge rate of 1.6 m® s”’. The middle section
of the river is characterized by human impact in
the form of the use of water resources for energy
generation purposes (sawmills, gristmills, power
plants) and occasionally irrigation purposes. This
section features an average annual discharge rate
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of 3.8 m* s, withq = 10.4 dm®s'km, and a hy-
draulic gradient of 2%o.

The lower section of the Lupawa that includes
Lake Gardno is characterized by significant
changes in water relationships associated with
difficult discharge conditions. This section func-
tions as a receiving area for water coming in from
all parts of the river’s drainage basin including
surface waters and groundwater. This stretch of
the river features an elevated rate of discharge of
83 m’s! and q = 12.8 dm®s™ km=. In addition,
it is sporadically affected by seawater intrusions.
Finally, the mouth section of the river, given its
location, has been adapted as a port facility.

In the end answering questions asked the
work at the beginning if can one infer the type
of human impact found in the northern Pomorze
region from the current state of the Lupawa basin
we can say that by the type of man’s activities in
the catchment river Lupawa it is not possible to
file about it. The completely different influence
of the man is watching each other in the entire
region and other in the bottom part of the catch-
ment river Lupawa (Smotdzino-Rowy). Similar
observations were taken note in the Vistula delta
(Fac-Beneda 2005b, Fac-Beneda et al. 2005). An-
swering the second question did regional water
relationships determine the type of human im-
pact found in the area we can say that water rela-
tionships are conditioning antropopresion, rather
than inversely.
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