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Abstract. Research of watermill and small-scale hydroelectric power plant (HPP) landscapes in Latvia according to ecologi-
cal aspects is a part of a more complex research. The aim of this research is to examine the existing situation of watermill and
small-scale HPP landscapes in Latvia by applying the ecological assessment criteria, and then try to formulate a definition of
common tendencies of the landscape character. This paper provides a landscape inventory matrix for research in the field stu-
dies of landscape identification at the local planning level. The duration of the research was from 2010 to 2012. The research
includes 42 territories starting with the three most densely developed areas in Latvia: in Latgale, Kurzeme and Vidzeme up-
lands distribution ranges. The research results reflect tendencies of the landscape features assessed according to the previously

developed criteria of ecological aspects.
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Introduction

Until the present moment, the quality of previously cultural
and industrial landscapes related to territories of watermills
and small-scale hydroelectric power plants (HPPs) in Latvia
as evaluated by various aspects has not been very clear.
Analyses were carried out by several authors in different
scientific fields: historical review by Teivens (1985), Raitis
and Virsnieks (1944) and Silke (2008); hydrological and en-
vironmental review by Valsts SIA Vides projekti (2004); and
research of historically literary review by Zemdega (2004).

In research of any landscape quality, there is a need
to look at different aspects (e. g., aesthetics, technology,
public use and, as in this particular study, ecology) for
better understanding of landscape structure, functionality,
resources, aesthetical, cultural importance, and to analyse
the tendencies in these landscapes so that proper decisions
can be made in the future according to development strat-
egies in these territories. This research of watermill and
small-scale hydroelectric power plant (HPP) landscapes
in Latvia according to ecological aspects is a part of a
major, more complex research process within the frame-
work of the scientific discipline of landscape architecture.
Several research projects in watermill or small-scale HPP
territories in Latvia, alongside the explorations of their
landscape architecture, were carried out earlier by the au-
thor of this paper (Lazdane 2011; Lazdane 2012b). One
analysis based on aesthetical aspects is already published
(Lazdane 2012a). In relation to ecological aspects within
the scientific discipline of landscape architecture, several

recent research works could be mentioned; for example,
Terauds, Nikodemus, Rasa and Bells (2008); Zigmunde
(20104, 2010b); Dreija (2011); Lakovskis (2011); and Bells
and Nikodemus (2000).

The need for landscape assessment is critical for
future strategic development of landscapes in the afore-
mentioned territories. Thus, the aim of this research is to
examine the existing situation of landscapes in watermill
and small-scale HPP territories in Latvia while also track-
ing their ecological aspects for a definition and establishing
common tendencies of landscape character.

Ecological Aspects of Landscape

In the framework of this research study, the term ‘ecology’
means ‘studying the relationships between human groups
and their physical and social environments’ (The American ...
2006). According to this definition of ecology, the term ‘land-
scape’ is simply ‘an area of land (at any scale) containing an
interesting pattern that affects and is affected by an ecological
process of interest’ (McGarigal 2000). ‘Landscape ecology’
involves the study of interactions between spatial pattern and
ecological process, and interactions among the elements of
this pattern, and how these patterns and interactions change
over time (Turner et al. 2001; McGarigal 2000). Landscape
ecology ‘is the study of landscapes; specifically, the com-
position, structure and function of landscapes’ (McGarigal
2000). The landscape ecology may focus on spatial extents
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that are much larger than those traditionally studied in ecol-
ogy (Turner et al. 2001). The term ‘landscape ecology’ was
introduced by the German bio-geographer Carl Troll (Troll
1939; Turner et al. 2001).

The object of landscape ecology is defined in vari-
ous ways: 1) The spatial relationships among landscape
elements and ecosystems; 2) the flows of energy, mineral
nutrients and species among the elements, and 3) the eco-
logical dynamics of the landscape mosaic through time
(Forman 1983; Turner ef al. 2001).

Until now, a great deal of attention has been paid
to landscape pattern and landscape metrics in the field of
landscape ecology (Opdam et al. 2001; Lakovskis 2011).
According to some researchers (e. g., Botequilha, Ahern
2002; Lakovskis 2011), in the process of planning, not suf-
ficient attention is paid to ecological problems, although
any landscape planning using the principles of ecological
planning in the context of landscape elements, place and
region, will undoubtedly promote the quality of landscape
ecology (Zigmunde 2010a).

Usually we know by our intuition that a variety of dif-
ferent elements can change the landscape through time and
influence ecological dynamics (Turner et al. 2001). Not
just the natural, but also cultural components of a regional
landscape such as forests, grasslands, scrub-lands, wetlands,
rivers, fields, residential and industrial areas, roads, traf-
fic lines and power lines and their history contribute to the
integral character of the landscape. In addition, the latter
‘comprise their various human, ecological, social, economic,
psychological, spiritual, aesthetic and functional aspects of
experiencing and using the landscapes’ (Palang et al. 2000).
At the same time, it would be too arrogant to suppose today
that any single discipline can provide all the solutions for
protecting and restoring ecological integrity (France 2008).

Presently, the transformations of landscapes in Latvia
are still essential, mainly because of considerable on-going
polarisation and marginalisation processes (Nikodemus
et al. 2005; Peneze 2009; Lakovskis 2011). The transfor-
mations of landscape structures (such as the overgrowth
of agricultural lands and forest fragmentation) have sig-
nificantly affected the biological diversity of Latvian land-
scapes (Bergmanis 1999; Lakovskis 2011).

The landscapes consist of several landscape elements,
which could be used as landscape indicators or characteris-
tic elements. The indicator is a parameter that can provide
information on the characteristics of the event in its global
form (Organization ... 2003; Wascher 2002). Many experts
agree that a good indicator must meet some fundamental
requirements, namely those of representativeness, acces-
sibility, reliability and effectiveness (Bottero 2011).
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Materials and Methods

This research took place between 2010 and 2012. In Latvia,
the data about the total amount of developed watermill and
small-scale HPP territories vary. On the maps produced
at the beginning of the 20t century (Geodézijas...) more
than 450 watermill territories are shown. According to
the research data produced for possible future electric-
ity production at the end of the 20" century by Magelis
(1994), more than 540 objects were researched (including
both watermills and small-scale HPPs) and marked on
the maps accordingly; however, one more map produced
in the 215t century (Latvijas mazas ... 2008) marks out
approximately 150 territories developed with small-scale
HPPs working in proper condition for electricity produc-
tion. Based on the maps analyzed beforehand, three areas
in Latvia were selected for the present research: Latgale,
Vidzeme, and Kurzeme upland areas. These areas contain
the highest density of territories developed with water-
mills and small-scale HPPs (Fig. 1). The territories were
selected randomly, except for one criterion: all three upland
areas had to have at least 14 locations in question. These
territories were also selected for the existence of architec-
tural environment, diversity of functions (private or pub-
lic), types of locations (rural, suburb, or urban), landscape
construction; that is, only these territories were chosen
where the hydro-power production is/was carried out only
by water accumulation in reservoirs. As far as the practical
development of the research method was concerned, the
research was performed by applying the expert approach
(using sensory perception and knowledge) according to
professional practice and knowledge also based on lit-
erature review (Melluma, Leinerte 1992; Unwin 1975;
Gaujas... 2005; Zigmunde 2010b; Nodibinajums... 2007;
Silva et al. 2003; Taylor et al. 1987; Nikodemus 2001).
Based on previous theoretically prepared identifying fea-
tures, several random visits to the territories were made,
and a matrix with identifying features of each landscape
was developed. The same technique for landscape inven-
tory matrix formation had also been used in a previous
research project (Lazdane 2012a). The matrix used in this
research contains 19 identifying features (Table 1). These
researched features characterise the situations in the terri-
tories, tendencies of landscape designs, and help to answer
the question: can any ecological aspects be found in the
existing situations. Each territory was visited and assessed
with the help of the previously prepared landscape inven-
tory matrix, and an expression of its characteristic features
was drawn. The table of the landscape inventory matrix
was prepared for each territory.
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Fig. 1. Locations of researched territories on a schematic map of Latvia. Source: Designed by Lazdane

Table 1. Landscape inventory matrix according to ecological aspects. Source: Compiled by Lazdane (according to literature review based
on Melluma, Leinerte 1992; Unwin 1975; Gaujas... 2005; Zigmunde 2010b; Nodibingjums... 2007; Silva et al. 2003; Taylor et al. 1987,
Nikodemus 2001)

Identifying features Expressions
Wind (approximately 0—7 m/s) Shelter Breezy In some places In the main part,
draughty windswept
D.0 D.0.1 D.0.2 D.0.3 D.0.4
Value, % | 50 14 26 10
Indication of sudden erosion Not observed Along the riverbank Along the waterside In relief of surrounded
next to weir territory
D.1 D.1.1 D.1.2 D.1.3 D.14
Value, % |71 10 14 5
Waterside coverage with trees Not observed in all Not observed in one Sparse coverage in Dense vegetation
territory, or in several | part of the waterside the most part of the coverage
parts waterside
D.2 D.2.1 D.2.2 D.2.3 D.2.4
Value, % |38 17 21 24
Groups of self-sowing trees Some trees Fragmentarily, mainly | Fragmentarily, in Evenly covered almost
along the waterside almost all territory all territory
D.3 D.3.1 D.3.2 D.3.3 D.34
Value, % | 14 26 24 36
Almost none observed | Overgrowth with Overgrowth with Overgrowth with
Water surface overgrowth with water-plants on the water-plants on the water-plants in almost
water-plants on the upper part of the narrow zone along wide zone along the all territory of the water
sluice the waterside and /or | waterside surface
fragmentarily in the
middle
D.4 D.4.1 D.4.2 D.4.3 D.4.4
Value, % |9 43 38 10
Water surface overgrowth with Almost none observed | Overgrowth with Overgrowth with Overgrowth with
water-plants on the lower part the water-plants on the water-plants on the water-plants in almost
sluice narrow zone along wide zone along the all territory of the water
the waterside and /or | waterside surface
fragmentarily in the
middle
D.5 D.5.1 D.5.2 D.5.3 D.54
Value, % | 14 24 24 38
Water surface filled in with fallen Not observed Several fallen trees or | A lot of fallen trees or | Part of the territory is
trees and branches branches are observed | branches are observed |impossible to observe
because of plenty
of fallen trees and
branches
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Continued Table 1

Identifying features Expressions
D.6 D.6.1 D.6.2 D.6.3 D.6.4
Value, % | 67 17 14 2

Old trees with wide foliage or are
hollow

Not observed

One old tree with wide foliage
or hollow

Several old trees with wide
foliage or hollow

D.7

D.7.1

D.7.2

D.7.3

Value, %

10

0

90

Location of trees in appropriate
place for characteristic dimensions
of the species

In appropriate places, according
to characteristic dimensions of
the species

A few trees are growing in
inappropriate places (too close
to the buildings, etc.)

Territory is overgrown with
trees in inappropriate places
(too close to the buildings, efc.)

D.8 D.8.1 D.8.2 D.8.3
Value, % | 67 24 9
Use of modern, new shapes and Not observed Several plants Several groups of Territory is mainly
species of decorative plants or trees plants and /or trees shaped by decorative
plants and /or trees
D.9 D.9.1 D.9.2 D.9.3 D.94
Value, % | 69 10 21 0

Use of trimmed bushes or trees for
decorative aim

The crowns of trees and bushes
are not shaped

The crowns of trees and bushes

are shaped, natural look is
retained

Several bushes and /or trees
are with crowns trimmed and
shaped for decorative purposes

D.10

D.10.1

D.10.2

D.10.3

Value, %

55

40

5

Feeding places for wildlife (birds,
animals, efc.)

Not observed

There are bird-tables located

There are bird-tables and other
animals feeding places

D.11

D.11.1

D.11.2

D.11.3

Value, %

86

12

2

Fish pass over the dams in rivers

A dam exists, but fish pass is
not observed

A dam exist with a fish pass
observed

Dam does not exist any more,
natural water flow

D.12

D.12.1

D.12.2

D.12.3

Value, %

81

0

19

The building materials, used for
facade decoration

Mainly wood, stone, clay
products, plastering materials

Mix of wood, stone, clay
products, plastering building
materials and plastic, concrete,
silicate bricks, metal materials

Mainly, plastic, concrete,
silicate bricks, metal materials

D.13 D.13.1 D.13.2 D.13.3
Value, % | 55 38 7
Garbage pollution in the territory Not observed Several small pieces One or more Extensive garbage
are observed concentrated spots of | pollution
garbage
D.14 D.14.1 D.14.2 D.14.3 D.144
Value, % | 81 7 12 0

The possibilities for proper garbage
sorting and throwing in garbage
cans

Garbage cans are not located

Garbage cans are located, but
without possibility to sort

Garbage cans are located, with
possibility to sort

D.15 D.15.1 D.15.2 D.15.3

Value, % | 62 38 0
Publicly located information Not located Only written information is Written information and
regarding fisheries regulations in a located explaining symbols, images,
particular territory and information is located
D.16 D.16.1 D.16.2 D.16.3

Value, % | 79 21 0

Publicly located information
regarding nature protection status of
rare trees, species, or nature reserve

Not located or observed

Located, but not explained

Located and explained

D.17 D.17.1 D.17.2 D.17.3
Value, % | 96 2 2
Mechanical noise in territory None detected Noises are low and /or rare Most part of the territory
is noisy
D.18 D.18.1 D.18.2 D.18.3
Value, % | 36 55 9
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In this research, after the inventory matrix was com-
pletely filled out for each territory, the general data were
calculated and shown in percentages. The percentage value
was chosen for clarity in proportions (since data in absolute
numbers might be confusing) for each identifying feature
expression.

Results and Discussion

All 42 landscapes of watermills and small-scale HPPs were
visited and researched. The results show that landscapes
assessable by ecological aspect are mainly located in a
place surrounded by trees (D.2.2 — 17%, D.2.3 — 21%,
D.2.4 -24%) (Fig. 2), and only 38 percent of the territories
contain several open views in the landscapes surrounded by
trees (Fig. 3). If a dense arrangement of trees and bushes
and other flora gives sufficient space to link various habitat
types, then their percentage is high in the researched ter-
ritories. Diverse ecological systems require connections to
keep them alive and functioning (Landscape ... 1997). In
these territories, there is also a comfortable micro-climate
because of wind shelter (D.0.1 — 50%, D.0.2. — 14%), and
silent neighbourhood (D.18.1 —36%, D.18.2 — 55%). Silent
neighbourhood and wind shelter percentages show that

there are potentials to develop low intensity recreational

Fig. 2. Enclosure of trees (forest) on a small-scale HPP water
reservoir. Source: Lazdane’s private archive, 2012

Fig. 3. Open views to surrounding landscape from a watermill.
Source: Lazdane’s private archive, 2012

features and/or residential housing. As far as noise impacts
are concerned, as researched previously by several other
authors (e. g., Babish et al. 2005; Stansfeld et al. 2005;
Bluhm et al. 2007; Gidlof-Gunnarsson and Ohrstrom 2007),
traffic noise may cause non-auditory stress effects such
as changes in the physiological systems, various cogni-
tive deficits, and sleep disturbances, modifications of so-
cial behaviour, psychosocial stress-related symptoms, and
emotional/motivational effects. Noise can be characterised
by its frequency content, perceived loudness of complex
sounds, different noise types, etc. (Berglund et al. 1999).
The existing condition of low noise intensity has to be
carefully maintained in future developments. For example,
noise may be caused on these sites by different forms of
entertainment (e. g., sports and music events) (Berglund
et al. 1999). However, there is also a need to understand
that different people will respond quite differently to the
same noise stimulus (Job 1988).

Sudden erosion of relief was not detected in most of
the territories (D.1.1 — 71%). Most of the territories fall
within the type of human maintenance, where the fragile
part of vegetation (such as dangerous, broken trees, and
branches) is managed (D.6), and are clean (D.14.1 — 81%).
However, at the same time, in most of the visible landscapes,
old trees are with wide foliage or hollow (D.7.3 — 90%).
Trees are often called the silent protectors of our and plants’
health, they reduce soil erosion, act as sink for atmospheric
carbon dioxide, provide a shelter to countless species of
wildlife, mitigate solar glare (especially in urban areas),
etc., and their foliage, flowers, bark add beauty to their
habitat (Kohli ez al. 2003). The plans for maximum care for
old or wide foliage trees have to be developed, but at the
same time, the safety issues for inhabitants also have to be
prudently considered. In the researched territories, 24 per
cent of (D.8.2) trees are growing in inappropriate places
(too close to buildings, etc.), and nine per cent (D.8.3) in
most of the territories have overgrown in inappropriate
places (Fig. 5), which could indicate that such territories
were abandoned quite a long time ago since uncontrolled
vegetation of trees is growing there. Any disturbance at
ecological level extends beyond the season, year or dec-
ade, and the disturbance in any part will be reflected in
the dynamics of the entire life of landscape ecosystem
(Forman 1987; Bormann 1987; Naveh, Lieberman 1984,
Silva Ecosystem ... 1992).

The researched territories mainly look natural or
wild, because modern, new shapes and species of deco-
rative plants or trees are not widely used (D.9.1 — 69%,
D.10.1 — 55%, D.10.2 — 40%). In describing the existing
situations, it can be said that natural appearance is still



maintained. The tendencies to use new, modern bush,
flower and tree species in these territories have not been
recognised yet, but in the future, with the start of intense
development of the territories the situation may change
quickly. This part of expression is especially important, be-
cause, when cultural or historical territories are developed
as authentic environments, the diversity and modernity of
species has to be supervised closely.

As far as the waters are concerned, the most re-
searched territories have dams, but do not have fish passes
(D.12.1 — 81%), and in 19 per cent (D.12.3) of the ter-
ritories, the dams and sluices are destroyed (Fig. 4). This
may be due to the fact that fish passes are very expensive
to build and maintain (Armstrong et al. 2010). The design
type of the passes (e. g., Pool and Traverse; Denil, efc.)
depends upon a number of factors, such as type and form
of the structure, where it is to be located, local topography,
river characteristics, etc. (Armstrong ef al. 2010). As the
research results show, in order to develop the fish passes
on the rivers, it is important to consider several interests
such as flora and fauna, landscape and sites of historic
or archaeological interest; activities such as boating and

canoeing and access to waterways, maintenance of water
levels in navigable rivers and canals, etc. (Armstrong et al.
2010). The results on the overgrowth of water plants on the

upper part of the sluice (Fig. 6) and lower part of the sluice
(Figs 7 and 8) are different (D.4, D.5). If we look at the re-
sults about the information regarding fishing regulations in

Fig. 6. Water surface overgrowth with water-plants on the upper
part of the sluice: Overgrowth with water-plants on the narrow
zone along the waterside and/or fragmentarily in the middle.
Source: Lazdane’s private archive, 2012

Fig. 4. Ruined sluices of a dam on a watermill reservoir.
Source: Lazdane’s private archive, 2012

Fig. 7. Water surface overgrowth with water-plants on the
lower part of a sluice: Almost none observed.
Source: Lazdane’s private archive, 2012

Fig. 5. Trees inside the ruins of an old watermill building.
Source: Lazdane’s private archive, 2012
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Fig. 8. Water surface overgrowth with water-plants on the lower
part of the sluice: overgrowth with water-plants
in almost all territory of the water surface.
Source: Lazdane’s private archive, 2012



these territories, it is not found in 79 per cent (D.16.1) of the
territories. Also the information regarding nature protection
status is not found in many territories (D.16.1 — 79%), but
this feature may be non-existent in most of the territories,
because they do not have any natural features, which need
special protection.

Based on the research results, it is important to un-
derstand that the future development of infrastructure will
cause changes on natural environment and that it is easy
to destroy or degrade natural environment or ecological
systems (Flink 2002). In each specific territory, landscape
architecture may be further explored in connection to eco-
logical approaches in the future.

Conclusions

Landscapes assessed according to ecological aspects show
the main tendencies on the landscape character. The land-
scapes are mostly naturally shaped with the existing wa-
ter reservoir and different pattern of trees and plantations.
Several landscapes have become more natural after being
in an abandoned state for a long time, but the same environ-
ment does not exist as it once did in the previous qualities. It
seems buildings and infrastructure that existed before have
not been demolished properly; thus, they exist in ruined or
abandoned conditions, together with new natural environ-
ment. These circumstances will bring new challenges, but
questions as how to naturalize the unused territories with
less damage to the environment, less impact on the natural
system, and without danger to the fauna, or who may use
these territories, still remain open.

For the landscape management planning in the future,
it would be critical to use the data from this research. The
results show that choices for any future support for develop-
ment, possibly having different purpose, need to be clearly
explained and weighed out before making any decisions.

Acknowledgement

This research work was supported by European Regional
Development Fund project, “Popularization of LLU Scientific
Activity”, agreement No. 2010/0198/2DP/2.1.1.2.0/10/
APIA/VIAA/020 and by European Social Fund project
“Realization assistance of LLU doctoral studies”, Agreement
No. 2009/0180/1DP/1.1.2.1.2/09/IP1IA/VIAA/017.

References

Armstrong, G. S.; Aprahamian, M. W.; Fewings, G. A.;
Gough, P. J.; Reader, N. A.; Varallo, P. V. 2010. Fish Pass
Manual: Document — GEHO 0910 BTBP-E-E. Almondsbury,
Bristol, UK: Environment Agency. 369 p. Available from
Internet: http://cdn.environment-agency.gov.uk/geho0910b-
tbp-e-e.pdf

272

Babisch, W.; Beule, B.; Schust, M.; Kersten, N.; Ising, H. 2005.
Traffic noise and risk of myocardial infarction, Epidemiology
16: 33-40.
http://dx.doi.org/10.1097/01.ede.0000147104.84424.24

Bells, S.; Nikodemus, O. 2000. Rokasgramata meza ainavas
planosanai un dizainam. Riga: Valsts meza dienests. 75 Ipp.
(in Latvian).

Berglund, B.; Lindvall, T.; Schwela, D. H. 1999. Guidelines
Jfor Community Noise. Geneva: World Health Organization.

Bergmanis, U. 1999. Maza érgla Aquila pomarina C.L. Brehm
taksonomija, izplatiba, skaits un ekologija Latvija. Riga:
Promocijas darba kopsavilkums, Latvijas Universitate (in
Latvian).

Bluhm, G.; Berglind, N.; Nordling, E.; Rosenlund, M. 2007.
Road traffic noise and hypertension, Occupational and
Environmental Medicine 64: 122—126.
http://dx.doi.org/10.1136/0em.2005.025866

Bormann, F. H. 1987. Landscape ecology and air pollution,
Landscape heterogeneity and disturbance. Chapter 3. NY:
Springer-Verlag.

Botequilha, L. A.; Ahern, J. 2002. Applying Landscape Ecological
Concepts and Metrics in Sustainable Land Planning,
Landscape and Urban Planning 59: 65-93.
http://dx.doi.org/10.1016/S0169-2046(02)00005-1

Bottero, M. 2011. Chapter 2 Indicators Assessment Systems,
in Cassatella, C.; Peano, A. (Eds.). Landscape indicators.
Assessing and Monitoring Landscape Quality. Dordrecht et al.:
Springer, 105-140.

Dreija, K. 2011. The meaning of historical parks in the settle-
ment landscape ecology, in Research for Rural Development
2011. Annual 17th International Scientific Conference
Proceedings 2: 193—-199. Latvia, Jelgava: Latvia University
of Agriculture. Available from Internet: http://www.llu.lv/
getfile.php?id=44019

Flink, C. A. 2002. Greenways as green infrastructure in the
new millennium, in France, L. (Eds.). Handbook of Water
Sensitive Planning and Design. United States of America:
Lewis Publishers, 395-406.
http://dx.doi.org/10.1201/9781420032420.ch2.3

Forman, R. T. T. 1983. Corridors in a landscape: their ecological
structure and function, Fkologia 2: 375-387. Czechoslovakia
CSSR.

Forman, R. T. T. 1987. The ethics of isolation, the spread of
disturbance, and landscape ecology, in Turner, M. G. (Ed.).
Landscape Heterogeneity and Disturbance. New York:
Springer-Verlag. Chapter 12.
http://dx.doi.org/10.1007/978-1-4612-4742-5 12

France, R. L. 2008. Handbook of Regenerative Landscape
Design. United States of America, New York: Taylor and
Francis Group, et al. 488 p.

Gaujas nacionalais parks 2005. Nacionala parka ainavu estétiskais
vertejums. Riga. 77 lpp. (in Latvian).

Geodezijas topografijas dala. Latvijas topografiska karte (Latvijas
topografisko karSu méroga 1 : 75 000 komplekts, izgatavotas
peéc 1911.-1927. gadu uzp€mumiem un rekonstrukcijas).
Riga, Armijas $taba Geodgézijas-Topografijas dala.

Gidlof-Gunnarsson, A.; Ohrstrom, E. 2007. Noise and well-
being in urban residential environments: The potential role


http://dx.doi.org/10.1097/01.ede.0000147104.84424.24
http://dx.doi.org/10.1136/oem.2005.025866
http://dx.doi.org/10.1016/S0169-2046%2802%2900005-1
http://dx.doi.org/10.1201/9781420032420.ch2.3

of perceived availability to nearby green areas, Landscape
and Urban Planning 83: 115-126.
http://dx.doi.org/10.1016/j.landurbplan.2007.03.003

Job, R. F. S. 1988. Community response to noise: A review of
factors influencing the relationship between noise exposure
and reaction, Journal of the Acoustical Society of America
83: 991-1001. http://dx.doi.org/10.1121/1.396524

Kohli, R. K.; Batish, D. R.; Singh, H. P. 2003. Important
Tree Species: Forests and Forest Plants, in Owens, J. N.;
Lund, H. G. (Ed.). Encyclopedia of Life Support system
(EOLSS) developed by UNESCO. Oxford, UK: EOLSS Pub.
Vol. 2: 12 p. Available from Internet: http://www.eolss.net/
Sample-Chapters/C10/E5-03-02.pdf

Lakovskis, P. 2011. Landscape Ecological Planning and its
Solutions in Latvia, RTU zindatniskie raksti. Illgtspéjiga
telpiska attistiba. Riga: 14. ser., 3. sgj.: 82—88. Available from
Internet: https://ortus.rtu.lv/science/lv/publications/12602/
fulltext.pdf

Landscape Ecology and Connectivity. 1997. Available from
Internet: http://www.for.gov.bc.ca/hfd/pubs/docs/en/enl5.pdf

Latvijas mazas hidroenergétikas asociacija 2008. Maza
hidroenergetika Latvija. Riga: SIA Adverts.

Lazdane, L. 2011. The Historical Development of Watermills and
small-scale Hydroelectric Power Plants Landscape in Latvia, in
Research for Rural Development 2011. Annual 17th International
Scientific Conference Proceedings. Vol. 2: 200-206. Latvia,
Jelgava: Latvia University of Agriculture.

Lazdane, L. 2012a. Landscape Aesthetics of Watermills and
Small-scale Hydroelectric Power Plants, in Proceedings of
the Latvia University of Agriculture 2(2): 68—76. Latvia,
Jelgava: Latvia University of Agriculture.

Lazdane, L. 2012b. Public Perception about Landscapes of Watermills
and Small-Scale Hydroelectric Power Plants in Latvia, in Research
for Rural Development 2012. Annual 18th International
Scientific Conference Proceedings. Vol. 2: 141-147. Latvia,
Jelgava: Latvia University of Agriculture.

Magelis, L. 1994. Mazo HES ierikosanas iespéjas Latvija. Riga. 67 p.
(in Latvian).

McGarigal, K. 2000. Introduction to Landscape Ecology. Duke
University. Available from Internet: http://www.umass.edu/
landeco/about/landeco.pdf

Melluma, A.; Leinerte, M. 1992. dinava un cilveks. Riga: Avots.
175 lpp. (in Latvian).

Naveh, Z.; Lieberman, A. S. 1984. Landscape ecology: theory
and application. NY: Springer-Verlag.

Nikodemus, O. 2001. Ainavu planosana, apsaimniekosana un
aizsardziba lauku pasvaldibas. Metodisks materials. Vides
aizsardzibas un regionalas attistibas ministrija. Riga. 18 Ipp. (in
Latvian).

Nikodemus, O.; Bell, S.; Grine, I.; Liepins, I. 2005. The impact
of economic, social, and political factors on the landscape
structure of the Vidzeme uplands in Latvia, Landscape and
Urban Planning 70: 57 — 67.
http://dx.doi.org/10.1016/j.landurbplan.2003.10.005

Nodibinajums Vidzemes attistibas agentiira 2007. Vidzemes aina-
vas, to novertéjums un izmantoSanas raksturojums. Vidzemes
plano$anas regiona teritorijas planojums 2007-2027. 88 Ipp.
(in Latvian).

273

Opdam, P.; Foppen, R.; Vos, C. 2001. Bridging the gap be-
tween ecology and spatial planning in landscape ecology,
Landscape Ecology 16(8): 767-779.
http://dx.doi.org/10.1023/A:1014475908949

Organization for Economic Co-operation and Development 2003.
OECD environmental indicators. Development, measurement
and use. Available from Internet: http://www.oecd.org/datao-
ecd/7/47/24993546.pdf/.

Palang, H.; Mander, U.; Naveh, Z. 2000. Holistic landscape
ecology in action, Landscape and Urban Planning 50: 1-6.
http://dx.doi.org/10.1016/S0169-2046(00)00076-1

Peneze, Z. 2009. Transformations of the Latvian Rural landscape
in the 20" and 21st Centuries. PhD Thesis. Latvia, Riga:
University of Latvia.

Raitis, J.; Virsnieks, R. 1944. Lauku dzirnavas. Otrais iespie-
dums. Riga. 10 Ipp. (in Latvian).

Silke, K. 2008. Udens energijas izmantoSanas vésture Latvija,
in Latvijas mazas hidroenergétikas asociacija: Maza
hidroenergétika Latvija. Riga: SIA Adverts, 1 p. 6-11
(in Latvian).

Silva Ecosystem Consultants 1992. Landscape Ecology Literature
Review. Available from Internet: http://www.silvafor.org/as-
sets/silva/PDF/Literature/LandscapeEcologyOver.pdf

Silva, J.; Saraiva, G.; Ramos, I.; Bernardo, F.; Monteiro, F. 2003.
Urban River Basin Enhancement Methods. Available from
Internet: http://www.urbem.net/project-outputs.html

Stansfeld, S.; Berglund, B.; Clark, C.; Lopez-Barrio, 1.;
Fisher, P.; Ohrstrom, E.; Haines, M. M.; Head, J.; Hygge, S.;
van Kamp, [.; Berry, B. F.; RANCH study team 2005. Aircraft
and road traffic noise and children’s cognition and health:
a cross-natio,nal study, Lancet 365(9475): 1942-1949.

Taylor, J. G.; Zube, E. H.; Sell, J. L. 1987. Landscape, assess-
ment and perception research methods, in Bechtel, R. B.;
Marans, R. W.; Michelson, W. (Eds.). Methods in environmen-
tal and behavioral research. Available from Internet: http://
www.ideal.forestry.ubc.ca/frst524/02 TaylorZubeSell.pdf

Teivens, A. 1985. Latvijas dzirnavas. Stockholm: Daugava.
298 Ipp. (in Latvian).

Terauds, A.; Nikodemus, O.; Rasa, I.; Bells, S. 2008. Landscape
Ecological Structure in the Eastern Part of the North Vidzeme
Biosphere Reserve, Latvia, in Proceedings of the Latvian
Academy of Sciences, Section B. Natural, Exact, and Applied
Sciences. Volume 62(1-2): 63-70.

The American Heritage Dictionary of the English Language
2006. Fourth Edition. United States of America: Houghton
Mifflin Harcourt. 2076 p.

Troll, C. 1939. Luftbildplan and okologische Bodenforschung,
Zeitschrift der Gesellschaft fur Erdkunde zu Berlin: 241-298
(in German).

Turner, M. G.; Gardner, R. H.; O’Neill, R. V. 2001. Landscape
Ecology in Theory and Practice: Pattern and Process. New
York: Springer. 404 p.

Unwin, K. 1. 1975. The relationship of observer and landscape in
landscape evaluation, Transactions of the Institute of British
Geographers 66: 130-133. http://dx.doi.org/10.2307/621627

Valsts SIA Vides projekti 2004. Mazo hidroelektrostaciju
darbibas izvértejums. Riga: 2004.gada decembris - 2005.
gada janvaris. (in Latvian).


http://dx.doi.org/10.1016/j.landurbplan.2007.03.003
http://dx.doi.org/10.1121/1.396524
https://ortus.rtu.lv/science/lv/
http://dx.doi.org/10.1016/j.landurbplan.2003.10.005
http://dx.doi.org/10.1023/A:1014475908949
http://dx.doi.org/10.1016/S0169-2046%2800%2900076-1
http://dx.doi.org/10.2307/621627

Wascher, D. M. 2002. Landscape-indicator development: steps
towards a European approach, in Proceedings of the Frontis
workshop on the future of the European cultural landscape
Wageningen. The Netherlands. Chapter 16.

Zemdega, A. 2004. Toreiz Lubes dzirnavas. Riga: Karogs.
200 lpp. (in Latvian).

Zigmunde, D. 2010a. Estétiskas un ekologiskas saskanas sintéze
ilgtsp&jigas ainavas planoSanas konteksta. Harmonization
of Landscape Aesthetics and Ecology in the Context of
Sustainable Planning, ligtspéjiga telpiska attistiba, RTU
Zinatniskie raksti. Riga. s€j. 1: 94-98. Available from
Internet: https://ortus.rtu.lv/science/lv/publications/8945/
fulltext.pdf

Zigmunde, D. 2010b. Latvijas urbands un lauku ainavas estétiska
un ekologiska mijiedarbe. Promocijas darba kopsavilkums
arhitektiras doktora (Dr. arch.) zinatniska grada iegusanai
ainavu arhitektiras apaksnozaré [The aesthetic and eco-
logical interaction of the Latvian urban and rural landscape.
Summary of the Doctoral thesis for the scientific degree
Dr. arch. in landscape architecture]. Jelgava: 78 p.

VANDENS MALUNU IR MAZUJU HIDROELEKTRINIU
KRASTOVAIZDZIO VERTINIMAS EKOLOGINIAIS
ASPEKTAIS

L. Lazdane

Santrauka

Latvijos vandens mal@iny ir mazyjy hidroelektriniy krastovaizdzio
vertinimo ekologiniais aspektais tyrimas yra kompleksinio ty-
rimo dalis. Tyrimo tikslas yra jvertinti esamag vandens maliiny
ir mazyjy hidroelektriniy kraStovaizdzio situacija ekologiniais
aspektais ir iSrySkinti bendrasias krastovaizdzio charakterio
tendencijas. Straipsnyje atspindéta krastovaizdzio inventoriza-
vimo matrica krastovaizdziui identifikuoti planavimo lygmeniu.
Tyrimas atliktas 2010-2012 metais. Tyrimas apima 42 teritorijas,
i$sidéscCiusias trijose tankiausiai apgyvendintose Latvijos dalyse:
Latgaloje, Kurzeméje ir Vidzeméje. Remiantis anks¢iau sufor-
muluotais kriterijais krastovaizdziui tirti ekologiSkumo aspektais,
tyrimo rezultatai atskleidzia tam tikras tendencijas.

ReikS$miniai ZodZiai: kraStovaizdzio planavimo lygmuo, identi-
fikavimo poZzymiai, krastovaizdis, Latvija.
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