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Regional Cooperation in Dealing with
Environmental Protection. E-government
and Sustainable Development in Andean

Countries

Zanna Aniscenkd, Andrés Robalino-LopeZ, Tomas Escobar Rodrigue,

Bernabé Escobar Pére%

University of Seville, Seville-Spajizanna.aniscenko@gmail.com,
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Abstract. E-government for Sustainable Development is one of international cooperation strategy in dealing with
environmental protection and ecological problems through enhanced citizen participation, better access and quality of
services in order to achieve Green Governments. In this context, some countries are supported by international assistance
to achieve this goal with benchmarking and benchlearning approaches. This research contributes to explain the
relationship between improvements in governance influences in economic, social and environmental development and
how such regional cooperation on the development of national information and communication technology (ICT)
strategies and programs is related to E-government and Sustainable Development. This comparative study of Andean
countries takes a Rational Neo-ingtitutionalist perspective to look at longitudinal changes in these developing countries.
Quantitative data such as E-government index is combined with qualitative information from reports and documents in
order to empirically examine effects of e-government on sustainable development in these countries. The findings show
that the strategies adopted by Ecuador have significantly contributed to its location within the references in progress of E-
government and Sustainable Development in the region. The research suggests that E-government development has
positive effects on better governance and sustainable development of Andeans countries. Advancement on E-government
is not only a trait of developed countries but also serves as an enabler for sustainable development of developing
countries.

Keywords: Andean countries, e-government, sustainable development.

I. INTRODUCTION strategies to be included and the applicabilityefach
The United Nations (UN) and the World Bank of nations as good practices to follow.
(WB) conduct studies to identify countries' E-Government comprises one of the important

positioning on a wide range of characteristics, factors of measurement of development of a country,
including factors such as information and for this reason the UN dedicates efforts to cauya
communication technology, governance, economicsurvey of information and have an analysis that
growth, sustainable development, among othersallows to see the improvements developed in each
These studies are carried out taking into accountountry with the purpose of generating a
measurable factors within a comparative analysisstrengthening Cooperation between nations in order
between countries, which allows not to isolate theto benefit the government-citizen relationship tigio
evaluation in a subjective and individual way and technology [1].
obtain results based on the region's environment in Latin America countries promote strategies of
order to channel cooperation strategies amongchange within the public administration in order to
countries. bring the government closer to the citizenry anel th
In order to maximize the acceptability of the efforts undoubtedly mobilize several strategic cext
results to the weights assigned in each studyof the countries such as social assistance, edugati
classifications are based on criteria that areriglea health, production, among others; Improving
understood and supported by regional realities thatnternational standards of service to the citized a
facilitate a comparative measurement and idertiéy t raising the quality of life of people in accordarveeh

ISSN 1691-5402
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the objectives of the so-called Sustainablenations in order to strengthen the sustainable
Development [2]. development of the population [11], [12].

In recent years, proposals for improvement in  E-government Development Index (EGDI)
public management have guided the decisions ofstablished by the United Nations, is a refererfce o
governments towards innovation within platforms for measurement that evaluates the attempts that member
access to information and to facilitate the operatf countries do in their objective to transform and
services to citizens. Some of the meetings betweemevitalize public management leading results toward
representatives of the member countries of the UNgreater efficiency, transparency and accountability
are presented with collaborative approaches with[13], [14].
exchange of experiences that support the innovation Latin-American countries are experiencing stages
of public management at the global level [1], [2]. of transformation product of series of strategies f

E-government for Sustainable Development is oneimproving EGDI showing that there is a trend in the
of international cooperation strategy in dealindhwi region to improve the quality of public administoat
environmental protection and ecological problemsand the adoption of e-government in the institwion
through enhanced citizen participation, better s€ce framework of the State [15].
and quality of services in order to achieve Green Related to the Andean countries economic (GDP
Governments [3], [4], [5]. Governments are finding per capita) and environmental (CO2 emissions)
new ways to effectively create public value through situation, the official figures [16] indicate that
innovative, effective, inclusive, collaborative, e3p  Colombia, Ecuador and Peru show a similar trend,
and citizen oriented service delivery and publitgyo  and the three almost reach the world average of the
decision-making leveraging the potential of modernGDP per capita (13,679 USD-PPP constant 2011
technologies such as: i) Social Sustainability forinternational) in the studied period. In regardthe
example the Cyber Agriculture Wiki of Department emissions these three countries also are under the
of Agriculture in Sri Lanka [6]. Other initiativemre: ~ world average (0.36 kg per 2011 PPP USD of GDP).
E-education, E-health services, Security, At the time, as is known, Venezuela’'s enormous
Transportation, Community planning, Inclusive sbcia wealth of natural resources (petroleum) makes é& on
safety nets, Services to vulnerable groups, Welfareof the major economies in the region, with a GDP pe
networks, Youth engagement, and Silver innovation.capita higher than the world average (16,953 USD-
i) Economic Sustainability for example the Gov.uk PPP constant 2011 international), but also this
of Government Digital Service in United Kingdom country has the highest emission value of the regio
[7]. Other initiatives are: Online integrated bwesa (0,37 kg per 2011 PPP USD of GDP) and, finally,
registration, Easy property registration systeme® Bolivia, which has been historically the least
data licensed for commercial use, Easy tax paymentieveloped country in the region, has a GDP pett&api
systems, Innovative agricultural programmers, andof 5,665 USD-PPP constant 2011 international, which
Employment opportunities portals. iii) Environmdnta is less than half of the world average value ar& th
Sustainability for example the Eco Mileage Programsecond higher emission value of the region (0,30 kg
of Seoul Metropolitan Government [8]. Other per 2011 PPP USD of GDP) [17].
initiatives are: My  Environment, Citizen- This work tries to analyze how e-government is
participating, Greenhouse emissions, Monitor energydeveloped in the Andean countries and its impacts
water consumption for savings, Green procurementpver sustainable development in these countries. Th
Disaster management. studied period is from 2008 to 2015 taking into

Concerning the enhancement of the quality ofaccount the factor of measurement used by the UN
governmental system services globally leads people&eGDI and social, economic and environmental WB
increasingly have greater decision-making and spaceindicator.
where experiences are disclosed and based on the
services or products received and not only in II. MATERIALS AND METHODS
reference to the private sector [9]. This has nexgli The first stage of this study includes a review of
the restructuring of the governmental apparatus andrticles and a research conducted in areas of e-
with it also the implementation of reforms in pabli government international organizations like the
administration and the introduction of an evaluatio United Nations Economic Commission for Latin
scheme of management associated with sustainabl@merica and the Caribbean (ECLAC), studies about
development in most countries worldwide [10]. the Organization of American States (OAS) and

The experience of the implementation of e- various publications concerning e-government in the
government in many developed countries, for Andeans countries in order to arrive at a better
instance, in Korea, United Kingdom, Denmark, understanding of the economic and social conditions
France, Sweden, among other, show that many of thef these countries as well as their environment
strategies implemented by these countries arémpacts. The basis of the study documents
acceptable and can be an example to follow forrothecorresponds to the biennial reports published by

UNDESA [13]. United Nations E-Government
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Survey 2010 [18], United Nations E-Government UN E-Government Survey, and this component in
Survey 2012 [15], Nations E-Government Surveyturn was exchanged for an index of wireless
2014 [19] and Nations E-Government Survey 2016broadband subscriptions in the UN E-Government
[20]. In addition, a review of main Web portals and Survey 2014. The last component is related to the
digital platforms of public institutions in the sty ability to use e-government. Unfortunately, these i
group was made. no worldwide e-awareness index that directly
This study tries to investigate how the measures the ability to use e-government. Instibad,
development of e-government affects the sustainablenost of studies in this field uses adult literaog éhe
development of the Andeans Regions. Therefore, thgross enrollment of primary, secondary, and tertiar
conceptual framework is organized by the following schools as a proxy indicator in line with the UN E-
broad aspects of development: governance (EGDI)Government Survey. In the UN E-Government
economy (GDP per capita), society (CPIA policy and Survey 2014, expected years of education and mean
institutions for environmental sustainability and years of schooling are included in the human chpita
public sector management and institutions clusterindex.
average) and environment sustainability (CO2 B. Measurement of e-government development

emissions). Gross domestic product (GDP) per capita is used
to indicate a country’'s level of economic
R i EconomicSucial & EnvironmentDerclopment—— qeealopment. The data is sourced from the World
‘ 16T Infastucte (1) ‘ oo bendepment (1) Bank [WB]. GDP per capita based on purchasing
ot 1) ‘ R power parity (PPP). PRP GDI_3 is gross domgsuc
. product converted to international dollars using
‘ Eeatelh Envionment Management (] purchasing power parity rates. An internationalatol

has the same purchasing power over GDP as the U.S.
Fig. 1.  Conceptual framework of E-Government Depeient dollar has in the United States. GDP at purchaser's
and Economic, Social and Environmental Development prices is the sum of gross value added by all estid
producers in the economy plus any product taxes and

minus any subsidies not included in the value ef th
roducts. It is calculated without making deduction
or depreciation of fabricated assets or for démtet
And degradation of natural resources. Data are in
constant 2011 international dollars [WB].
C. Measurement of social development

E-government impacts on national development
as shown in Figure 1. First, the development of e-
government has direct effects on the development o
economy, society and environment management of
state.

The second stage of the study included
statistical test of significance among the effaifte- The research approach adopts two World Bank
government on sustainable development of Andea}n B] government indicators: i) the policy and
countries, the. researchers ponducted. Cor.rel.at'oinstitutions for environmental sustainability ragin
analysis, covering the data of five countries (Bali 5, i) the public-sector management and institistio
tCOO'gg‘f;a’ clf)(r:?easdp(gﬁ dFi)r?éut?)nctjh\e/egzil:)?jlsa) ggoorg ggggcluster both bases on CPIA (Country Policy and

' ) nstitutional Assessment) survey. The CPIA exercise

(P1), 2010-2011 (P2), 2012-2013 (P3) and 2014-2013; ytended to capture the quality of a country's
(P4). policies and institutional arrangements, focusimg o
A. Measurement of e-government development key elements that are within the country's control,

The research approach adppts the EGDI .Of therather than on outcomes (such as economic growth
UN E—Qovernment Surveys as independent Va“ablesrates) that are influenced by events beyond the
According to the UN E-Government Surveys, theC untry's control. More specifically, the CPIA

!ev?L of e-government gevglopm.ent c(e)ml_be aSsses_,se easures the extent to which a country's policy and
mS Osree__ alrce:?s_ ?r stu -tm exgs_l;l ) dn_l__neH EVICCinstitutional framework supports sustainable growth
( ) 1) infrastructure (STI) and iii) Human o4 poverty reduction and, consequently, the

Cap;]talb(SHcﬁ){ 'I]:he If'rSt component .IObeIEGDI ba_sed effective use of development assistance. Policy and
on the breadth of online services available oronall institutions for environmental sustainability asstse

W.et?s't?s s]:uch gls gqverrllrréent porFalls anq Wetl);]'tes céfxtent to which environmental policies foster the
:;mnlstnes %r € upauon, a % socia sgrwcm *  protection and sustainable use of natural resources
based on the Interational Telecommunication Union" te management of polution. The public sector
management and institutions cluster includes ptgper
(ITU)s ICT Development Index (IDI). The g bIvp

tel ication infrastruct fact st frights and rule-based governance, quality of
elecommunication Inirastructure factor consists o budgetary and financial management, efficiency of
measures for internet users, main fixed-phone Jlines

. . ) e revenue mobilization, quality of  public
modb|le. SlIJbscrltl))ers(,jbﬂxedd brt())adpand su'liscnpnons, dministration, and transparency, accountabilitd a
and wireless broadband subscriptions. Personaﬁorruption in the public sector. By data availdbili
computer index has been replaced by an index o

fixed internet subscriptions for the 2012 editidrire
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issues was used a Latin-American average on these _ Table 1.
components, except by Bolivia. Correlation Matrix (Pearson) for Ecuador
. . . GDP- CPIA- CPIA- CO2/
D. Measurement of environment sustainability  variabes sos st SHC EGDI pc 1 2 USD
CO2 emissions (kg per 2011 PPP $ of GDP) is
used to indicate a country’s level of environmental °
sustainability. Carbon dioxide emissions are those sTi 0625 1 0689 0603 0439 -0.627 -0.367 0.257
stemming from the burning of fossil fuels and the
manufacture of cement. They include carbon dioxide i
produced during consumption of solid, liquid, arasg  EGDI 0998 0603 0865 1 0940 -0.880 -0.963 -0.608
fuels and gas flaring [WB]. This specific indexds  gpppc 0915 04390917 0940 1 0946 -0.958 -0.738
proxy of how an Economy pollutes in order to
generate a unit of GDP.

SOS 1 0.625 0.841 0.998 0.915 -0.854 -0.951 -0.576

0.841 0.689 1 0.865 0.917 0.996 0.792 0.424

CPIA-1  0.854 0.627 0.996 0.880 0.946 1 0.831 0.504

CPIA-2  0.951 0.367 0.792 0.963 0.958 0.831 1 0.800

lIl. RESULTSAND DISCUSSION CO2/USD 0._576 0.257 0.424 O.(:}OB 0.%38 0.504  0.800 1

1 Values in bold are significantly different from Gtlva significance level
0,9 alpha=0.05
0,8
07 Table 1 shows that Ecuadorian e-government
06 development indices exhibit a strong correlation,
05 whether positive or negative, with economic and
04 social development indices as well as environment
03 development indices. The EGDI show the highest
02 magnitude of correlation with the economic develop
ot indices (GDP-pc =0 .940) and negative correlation
- Y E 8525862586 ¢8586¢%3 with the environmental index (CO2/USD = -0.608).
soive | coombie | eevstor | eers | veneswcla The above is in concordance with the approach of E-
20082009 =20102011 720122013 1120142015 government for Sustainable Development (see Fig. 3
and Fig. 4). Nevertheless the finding show a neggati
Fig. 2. EGDI evolution in Andeans Countries (2CHIBL5) correlation between EGDI and the two social develop

index that has been used. Note that EGDI is a
Colombia is the country with the highest EGDI composite index, so that, the major contributehe t
average value in the region (0.63). However, Ecuadodynamic above is due to SOS correlation with the

is that most developed with a rate grow average ofcorrespondent indicators (GDP-pc = 0.915 and
8.35% (see Fig. 2). Strategies for improving the CO2/USD = -0.576).
technological infrastructure are limited by economi Colombia has begun the implementation phase of

factor in the region, however, regarding to Online technology projects focused on citizens, many ef th

Service Colombia has been the leader in the regiomfforts involving simplifying procedures and

with the highest SOS average value (0.78), butautomation to generate concrete benefits for citze

Ecuador has presented the best improvements by thiarough online services (see Figure 2).

analysis period with a rate grow average of 19.72%.

Ecuador has the highest STI average value in the _ Table 2. _

region (0.32), but Bolivia has presented the best Correlation Matrix (Pearson) for Colombia

. ) X . GDP- CPIA- CPIA-

improvements by the analysis period with a rat&\gro variables sos sTi SHC EGDIpc 1 2  CO2/USD

average of 26.71%. Human Capital has been

important in the implementation of e-governmentS©S 5 0.84¢

strategies, Venezuela has remained in the top 0438 1 0,927 0,018 0,996 -0,914 -0,979 0,999

positions in the process of evaluating this factor - - -

(0.82), note that in the entire region suffere@tack sHe 03050.927 1 0234 0948 0963 0,894 0,943

in this SHC indicator. EGDI 0848 0,018 0,234 1 0,101 -0,022 0,159  -0,040
It is identified that the strategies adopted bYgpp.pc 03720096 0,948 0,101 1 -0917 -0984 0,998

Ecuador have significantly contributed to its leoat - - - -

within the references in progress of e-government i €PA1 ~ 0.544 0.914 0,963 0022 0917 1 0831  -0.928

the region, the momentum that has been given teria-2 0,269 0,979 0,894 0,159 0,984 0,831 1 0976

government portals in this country has allowed a : -
CO2/USD 0,430 0,999 0,943 0,040 0,998 -0,928 -0,976 1

more partidpatory SOCiety in the development OTValues in bold are significantly different from @wa significance level

public policy, making citizens affirm the perceptio alpha=0.05

of transparency and closeness of government to the

citizen (see Figure 2). Table 2 shows that although Colombia historically
leads the EDGI in the region, this country has not
been the highest developed in the studied period.

1 0,438 0,305 0,848 0,372 -0,544 -0,269 0,430
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Therefore, the EGDI does not show significant Table 4.
correlation with the economic develop index (GDP- CORRELATIONMATRIX (PEARS%NgEOF(‘:\;a\'EZé’;;A —
pC = '0101) and with the enVironr-ner:]tal index (002 Variables SOS STI SHC EGDI pc 1 2 usb
USD = -0.004). Besides, the finding show a no - -
correlation between EGDI and the two social developS°® 1 0855 0605 0,344 0874 -0,819 0,375 0,200
indices that have been used. Note that there is aT 0855 1 0,859 0,724 0,968 -0,967 -0,781 0,011
significant and contradictory correlation betwedr S . : :
. A 0,605 0,859 1 0,336 0,704 0,948 0,929 0,519

and SHC with the rest of indices. The above show i .
that in Colombia case the finding not support theEGD! 0,944 0,724 033 1 0825 -0,616 -0,136 0,510
approach  of E-government for  Sustainable gpppc 0874 0,968 0704 0825 1 0875 0644 0241
Development. - - -

Peru has a consolidated organizational structuré-"'A1 0819 0967 0948 0616 0.875 1 0831 0250
that allows articulate directly on issues of goveemt  criA2 0,375 0,781 0,929 0,136 0,644 0,831 1 0,476
policy to implement e-government projects; however,COZIUSD 0.200 0,011 0,519 0,510 0.241 0250 0476 L

the limitations of this country are generated by
citizens’ access to technology tools (see Table. 3)

Table 3.

Correlation Matrix (Pearson) for Peru

GDP- CPIA- CPIA-
Variables SOS STl SHC EGDI pc 1 2 CO2/UsD
SOs 1 0,919 0,993 0,983 0,981 -0,999 -0,860 -0,762
STI 0,919 1 0,947 0,967 0,872 -0,931 -0,691 -0,453
SHC 0,993 0,947 1 0,984 0,982 0,992 0,866 0,714
EGDI 0,983 0,967 0,984 1 0,938 -0,991 -0,767 -0,635
GDP-pc 0,981 0,872 0,982 0,938 1 -0,970 -0,941 -0,822
CPIA-1 0,999 0,931 0,992 0,991 0,970 1 0,831 0,734
CPIA-2 0,860 0,691 0,866 0,767 0,941 0,831 1 0,881
CO2/USD 0,762 0,453 0,714 0,635 0,822 0,734 0,881 1

Values in bold are significantly different from @wa significance level
alpha=0.05

Table 3 shows that Peru's e-government
development indices exhibit a strong correlation,
whether positive or negative, with economic and

Values in bold are significantly different froon@h a
significance level alpha=0.05

Table 4 shows that although Venezuela
historically leads the GDP-pc in the region, thie a
not related with a progress in improvement in
governance, social (negative correlation) neither
environmental (positive correlation) aspects of the
development and its economic develop is due to
Venezuela’s enormous wealth of natural resources
(petroleum). Besides, the finding show that SHC has
high correlation with the economic and social index
that has been used. The above is in concordanbe wit
the approach of E-government for Sustainable
Development (see Fig. 3 and Fig. 4).

Bolivia has worked in the development of the
National Governance Program (PRONAGOB), where
the state is a facilitator and manager of the seaib
society work in partnership and integration in
decision-making; it has not been managed by
government agencies, which has led to limited
progress in this regard (see Fig. 2).

social development indices as well as environment

development indices. The EGDI show the highest
magnitude of correlation with the economic develop

index (GDP-pc =0 .938) and negative correlatiomwit yariapes sos sTi

the environmental index (CO2/USD = -0.635). The

above is in concordance with the approach of E®
government for Sustainable Development (see Fig. 3T

and Fig. 4). Nevertheless the finding show a nggati
correlation between EGDI and the two social develop
indices that has been used. Note that EGDI

composite index, so that, the major contributeh® t gpp.yc

dynamic above is due to SOS correlation with the
correspondent indicators (GDP-pc
CO2/USD = -0.762).

Venezuela has

managed

0.981 and™A!

its governmental | - 0,857 0,957

Table 5.

Correlation Matrix (Pearson) for Bolivia

GDP- CPIA- CPIA-
SHC EGDI pc 1 2 CO2/UsSD
0S 1 0,889 0,906 0,989 0,915 0,914 -0,914 0,857
0,889 1 0,993 0,878 0,750 0,964 -0,964 0,957
0,906 0,993 1 0,879 0,814 -0,989 0,989  -0,983
is &GDI 0,989 0,878 0,879 1 0,851 0,869 -0,869 0,805
0,9150,750 0,814 0,851 1 0,879 -0,879 0,836
0,914 0,964 0,989 0,869 0,879 1 -1,000 0,993
CPIA-2 0,914 0,964 0,989 0,869 0,879 -1,000 1 -0,993

0,983 0,805 0,836 0,993 -0,993 1

structure with reQUIatory mechanisms to irr"p()SingVaIues in bold are significantly different from @wa significance level
thelpha=0.05

enforce implementation strategies, however,
positioning obtained within EGDI assessment is
directly linked to the subscript of Human Capitseé
Figure 2).

Table 5 shows that Bolivia's e-government
development indices exhibit a strong correlation,

whether positive or negative, with economic and
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magnitude of correlation with the economic develop
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index (GDP-pc =0 .851) and with one of the social shows that two countries (Ecuador and Peru) had
index (CPIA-1 = 0.869). The above is in concordancestrong correlation between an e-governance
with the approach of E-government for economic anddeveloped and sustainable develop (social, economic
social development (see Fig. 3 and Fig. 4).and environmental). However, Colombia is the

Nevertheless the finding show a negative corratatio country with the highest EGDI average value in the

between EGDI and the other social develop indicesregion (0.63). But, Ecuador is that most developed
and a positive correlation with the environmental with a rate grow average of 8.35% on the studied

index that has been used. period.
The biggest overall progress by the ranking
CORRELATION provided by the EGDI evidenced by certain countries

MATRIX(PEARSON): by the region is due to the development of differen
actions and strategies by each of the sub-indexes s
" that in the case of online services, Colombia, Houa
and Peru at the end of the studied period wereethos
that optimized the use of electronic channels ffier t
. completion of formalities including more than
obtaining information and services, participation i
w© decision-making in public policy.
’ The results indicate that e-government
, development fosters a more capable and transparent
government and contribute to lead to sustainable
development in terms of economic, social, and
environmental development. This study also
° s o s o s . identified some key factors of successful e-
3 _ oot government development in Andeans countries by a
[ :t‘ I'tm“’:b‘aGDP e Pt VEGI‘DI go1g,  Correlational and comparative analysis.
Slcgz.attelr plgiio(feerch:)> p((;r capita[\)lir Igg%Ia(Z\E)SdS—ZOIngs mar)k§ Among them, the reSUItS. ShO.W th.at ewdepced
correspond to P1, X marks correspond to P2, diammaks ~ Penefits that have been obtained in mainstreaming e
correspond to P3 and circle marks correspond to P4. government strategy in each of the countries of thi
study were: i) the transformation of the obsolete
administration to the efficient and transparent
management; ii) Improved quality of services
provided; iii) Reduction of bureaucracy and
strengthening capacities of the population; iv)
optimization of state resources and improving
response times in the procedures required by nitize
v) a substantial improvement in terms of
e responsiveness and answering the needs of citigens
o public institutions; vi) transparent and streamtine
processes within the government apparatus which
generates trust and cooperation from the citizenry;
- vii) creation and / or improvement of accountabilit
' processes; iix) establishment and strengthening of
oo et Sy spaces and mechanisms for citizen participation in
decision making that directly affect the benefittlod
Fig. 4. Scatter plot of CO2 emissions (kg per 2BPP $ of GDP)

Vs, EGDI (2008-2015). Scatter plot of GDP per aaps. EGDI community. Based on these findings, this study

(2008-2015). Cross marks correspond to P1, X meckespond ~ SU9QEst the following policy recommendations fpr
to P2, diamond marks correspond to P3 and circleksna Sustainable development of Andeans countries

correspond to P4. thorough the advancement of e-government: i)

Continuous political commitment to e-government

. IV. CONCLUSION L development. ii) ICT/E-government infrastructures
Taking as a reference the indicator of e-

devel EGDI d b for sustainable development. i) International
governmer_n eve opment : _ proposed ycooperation and Andean platform of e-government
UNDESA it was attempted to identify and describe development

the progress of the Andean countries and the '

strategies implemented during the period 2008-2015 V. ACKNOWLEDGMENTS

as development policies of government management. This study was partly supported by the Escuela

The aim of this study was to analyze the relatignsh Politécnica Nacional (EPN) of Ecuador. Research
of EGDI with a so called Sustainable DevelopmentprojeCt No P1J-16-10

(social, economic and environmental). The finding
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A Study of Coast Protection Constructions
Built with the use of Recycled Construction
Materials and their Negative | mpact

Balzannikov M.l ., Mikhasek A.A., Galitskova Yu.M.

Samara State Technical University, Institute ofidtecture and Civil Engineering
Address: Molodogvardeyskaya St., 194, Samara, 443R0ssia

Abstract. Different types of materials are used irydraulic structures and coast protection construmts. These
materials can be of natural (e.g. stone) and artifil origin (concrete, metal). The main trends tyail for building
construction now are as follows: cutting a share ofatural materials and reusing waste products of disntling
construction objects.

As a result of recycling it is possible to produceilding materials that look like and have properSecharacteristic of
natural stone materials, gravel, in particular. Wlei gravel is being processed, it is possible todpethat it would obtain
such characteristics as grade, frost resistance astdength. Reuse of recycled construction materi@sa challenge,
because this type of waste can hardly be reducedolume and requires considerable space for burial.

We propose to use gravel produced by processinghydlraulic engineering objects, i.e. in coast proten
constructions. For that, we analyzed waste materialmmcteristics to justify their use in hydraulic stctures. The
research proved that strength of gravel produced fmpcessing was sufficient enough. On the other harit$ frost
resistance and fineness did not satisfy the requmients to materials used in coast protective struets Besides, the
construction of such structures causes water polutias inert materials placed in waterbodies increasater turbidity. As
a large part of the structure is located directly the waterbody, during the period of the construstiinert materials are
supposed to be dumped. In this period the water bisdilled with a significant amount of fine parti@s, which leads to an
increase in turbidity at the construction site.

Thus, we come to the conclusion that it is possitdereuse recycled construction materials in hydraukengineering
structures only on condition of their additional &dr-treatment processing. We offer to mix gravebgduced by processing
with cement mortal. As a result we obtain no-fines coete, which is further processed by hot procedunétkl bituminous
materials).

No-fines concrete can be produced in the form ofpast units of 1,4x1,4x0,5 m. The use of prefabtézhunits will
allow to avoid waterbody pollution and protect itofn fine particles. Further processing by bituminousaterials will
enhance its frost resistance and reliability, whiéh turn will prevent contamination of the water bodwy the period of
coast protection constructions usage.

Keywords: coast protection, waterbody, industrial vesstpollution, gravel, asphalt concrete.

I INTRODUCTION The use of wastes in the form of gravel in
Different kinds of materials can be used whenhydraulic structures is associated with water
erecting waterworks, including coast protection pollution. The reason for that lies in the factttimeert

structures [1, 2]: materials with fine parts enhancing turbidity ased
- of natural origin: stone, in the construction of such waterbodies.
of artificial origin: concrete, metal, etc. Thus, it is actual to undertake a research in this

The most promising trends of construction arefield and find ways to reduce the negative impdct o
aimed at reducing the share of newly developedthe construction of coast protection structuresigisi
natural materials and increasing reuse of suchproducts of recycling building materials.
products from recycled materials as wastes of
construction objects dismantling. II.  MATERIALS AND METHODS

Our studies [3, 4], devoted to the possibility of Reuse of recycled construction materials is a
reusing products of construction structures challenge, because this type of waste can hardly be
dismantling, put forward technologies of these reduced in volume and requires considerable space
structures crushing . As a result of recyclingst i for burial.

possible to produce building materials that lodde li We propose to use gravel produced by processing
and have properties characteristic of natural stoneén hydraulic engineering objects, i.e. in coast
materials, gravel, in particular. protection constructions. For that, we analyzedtevas
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materials characteristics to justify their use in  The loss of samples weighltmAmAmM,%, was
hydraulic structures. Table 1 presents data on theletermined from the formula (1):
composition of the produced gravel.

m_
Am=""" 100 ()
Table | m
The composition of the pmducecdog:z‘éte'&/ where m is the mass of the sample before testing, g
. 0 . . . .
Type of material (no more) my if the weight of sieve residue after a cycle of
Concrete and reinforced 0-95 freezing and thawing, g.
concrete
Brick 0-95 Il RESULTSAND DISCUSSION
I\S/II::aeI g The research results of frost resistance of redycle
Polymers 1 construction materials are shown in Table 2.
Wood 1
Glass 1 Table Il
The research results of frost resistance of cootstn materials

crushed wastes

After reviewing the requirements for materialS [ The number of tes Weidht Weidht loss. %
used in hydraulic structures, the authors tried to cycles et 9 elgnt foss,
reduce negative impact of building coast protection 0 1684 0
structures while using products of recycling ;g 12;‘21 00%519
construction materials and put forward the follogvin 5 1570 6.76
requirements: 75 1530 9.14

- size of material should not be less than 100-400
mm; The data analysis of Table 2 show that the value

- its strength should not be less than 400 Rg/m  of frost resistance is only 30 cycles, with theuieep

- its frost resistance should be of at least 100amount of 100 cycles. Thus, it can be concludet tha
cycles. a structure built of recycling construction matkria

Preliminary screen separation of crushed productswill cause pollution.
makes it possible to reduce the volume of fine  Therefore, it is required to improve properties of
dispersed phase, which in its turn, reduces themwat recycling construction materials. To do this, rdicye
body pollution. construction materials should acquire desired

Low frost resistant properties of the obtained characteristics of size, fineness, frost resistance
gravel lead to the conclusion that as a result ofdurability and strength.
materials destruction there occur materials washing We suggest processing these materials with
out into a water object and its repeated contaniginat cement mortar. As a result, we' Il get a materighw
during the period of operation. In this connectith®  different characteristics (see Figure 1). Its frost
study of frost resistant properties of crushed assf resistance properties are given in Table 3.
building structures seems quite actual.

When performing research, we used:

- freezing chamber, providing and maintaining the
temperature up to minus (18 £ 2) °C;

- drying chamber;

- analytical balances;

- sieves;

- a bath for saturating the water and for thawing;

- a metallic vessel.

An analytical sample of crushed wastes was putfiE=es
into a metal container and covered with water at agj
temperature of +20°C.

After the period of 48 hours, the product was

Fig. 1. Type of coarse-pored concrete

moved into the freezing chamber at a temperature of Table IlI
18°C. The freezing cycIe rate was four hours. Research results of frost resistance of no-finegete obtained
After that, the samples were heated to a from building structures wastes

The number of tes

temperature of +20°C and were matured for at leas} cycles Weight, g. Weight loss, %
two hours. Further the test cycles were repeated. 0 1698 0

After every five cycles, the samples were dried to 15 1684 2.0
their constant weight, screened out through a obntr 30 1674 3.44
sieve and were left there before further testingii ‘7‘;’ 1155624 645'27

the the samples which had a fresh surface of fractu
were considered being of low frost-resistance.
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The data analysis of Table 3 show that the value
of frost resistance increased up to 50 cycles.

We also studied strength characteristics of no-5.

fines concrete [5]. During the tests, samples of no

fines concrete were crushed at a press. Average

strength of 20-40mm gravel with cement

consumption of 150 kg/frequaled 45 kg/cfn 6.

Due to the connection between factions of no-
fines concrete, it possible to use products of fkas
100 mm size in ice and wave conditions.

Besides, no-fines concrete can be made in the

form of precast units of 1,4x1,4x0,5 m (with accoun 7.

of its sustainability to ice loads) [6] in a contere
plant, delivered to a place of stacking and assednbl
on a coast protection site.

The proposed technology eliminates washout or
demolition of fine particles into the water bodydan
its consequent pollution.

However, according to Table 3, it is not enough to
use only no-fines concrete In this regard, we also
propose to process slabs of no-fines concretelimt a

procedure with bituminous materials. [1]

IV.  CONCLUSION
1. Reuse of recycled construction materials is a
challenge, because this type of waste can hardly

be reduced in volume and requires considerabld3]

space for burial.

2. As a result of crushing it is possible to produce [4]

building materials that look like and have
properties characteristic of natural stone matgrial
gravel, in particular.

3. It is not possible to use recycled construction
materials in hydraulic engineering structures

without additional processing as it will lead to a [6.]

waterbody pollution with fine particles contained
on the surface of large grains.

4. To reduce a negative impact of using recycled[7]

construction materials in hydraulic engineering

22

(2]

(5]

structures, it is
materials.

In the course of further wastes processing after
crushing, it is possible to form in them such
improved features as grade, frost resistance and
strength.

To improve the properties of waste products, we
offer to mix them with cement mortal. As a result
we obtain no-fines concrete, which is further
processed by hot procedure (with bituminous
materials).

No-fines concrete can be produced in the form of
precast units of 1,4x1,4x0,5 m. The use of
prefabricated units will allow to avoid waterbody
pollution and protect it from fine particles. Fueth
processing by bituminous materials will enhance
its frost resistance and reliability, which in turn
will prevent contamination of the water body in
the period of coast protection constructions usage.

required to improve these
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Environmental Management in Joint
Streams Regulation by two Hydroelectric
Complexes

Balzannikov M.l., Mikhasek A.A., Yurov V.M.
Samara State Technical University, Institute ofidtecture and Civil Engineering
Address: Molodogvardeyskaya St., 194, Samara, 443R0ssia

Abstract. Lowland river water power developments arsually built to solve complex tasks on the basistbé
requirements of rational use of water resources. Rigf all, operating conditions of hydroelectric cgrfex structures
should provide safety and economic efficiency irethwork. Besides, they are aimed to satisfy variaenands of water
consumers. It is particularly important that behasir of hydroelectric complex structures should st contemporary
requirements of environmental security.

The most important task here is to create favoumlgcological conditions of life for people who liwe settlements
located in the zone of influence of two hydroelactcomplexes located on different rivers. Here,achieve environmental
targets it is necessary to interlink modes of optéra of these water storage control structures.

There are two water power developments built in the R#jg of Bashkortostan, Russia, in the middle flow dfe
Belaya River. Both of them have considerable impacat the formation of level mode and different consursewater
supply. They are Umaguzinskiy and Nugushskiy watemer developments.

Both hydroelectric complexes and their water resergdbgether satisfy the following generally acceptequirements
of water consumers:

— they prevent the lowering of the water level in thear Belaya (during low streamflow period) below thémimum

values required to ensure proper water supply fodurstrial enterprises;

— they generate electric power and provide industrasd cities with electricity. To do that each watereeomic

complex has its own water reservoir and a set o&ieing structures and required culvert installatian

In addition, the following environmental requiremeatare imposed on co-regulation of water runoff:

— protection of waterfronts of the towns Meleuz, Salavishimbay and Sterlitamak from flooding in floodeason;

— protection of the territories of refineries in flabseason (during water rise).

Umaguzinskiy water power development has the follagvimater sluices to control water stream: 1) submesigflood-
discharge outlet; 2) shore flood spillway; 3) aggetgs of powerhouse. General water carrying capacityhpdroelectric
complex structures is 391&%/c. Nugushskiy hydroelectric complex consists ofdngulic engineering structure power
room (1) and left shore spillway (2). Combined waterrying capacity of all hydroelectric complex strtures here is
12503%c.

The authors investigated operation modes of Nugusiisand Umaguzinskiy water power developments wherkdid
into one water-economic complex and came to the dosion that modes of operation of these water stagagpntrol
structures should be adjusted in accordance with tbeerational condition of the main pressure instations and of
downstream flood-control facilities. In particularjt is necessary to take into account the unfinishethte of flood
prevention measures in the middle reaches of theeriBelaya.

Keywords: hydroelectric complex, water reservoir, @ry flow regulation, water level, ecological safety.

l. INTRODUCTION important that the behaviour of hydroelectric coaxpl

Thee are many rivers with high hydroelectricstructures should meet modern requirements of
potential in the Russian Federation (see Tabl&His environmental safety [8, 9, 10, 11, 12].
potential is mostly realized in the Central Plaifishe Rules of water resources use are usually developed
country [1, 2]. Lowland river water power for each particular hydroelectric complex and are
developments are usually built to solve complekgas applied to a standard operational period. Thesesrul
on the basis of the requirements of rational use qfovide detailed characteristics of this certain
water resources. First of all, operating conditiafis reservoir and its capabilities, the main watercews
hydroelectric complex structures should providehe river settings, composition and description of
safety and economical efficiency in their work.retaining and culvert constructions of hydro-unit
Besides, they are aimed to satisfy various demahds security requirements in the upper and lower parids
water consumers [3, 4, 5, 6, 7]. It is also veryaterworks, characteristics of water users and wate
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consumption, detailed regulation of runoff andof one reservoir must be linked to conditions armakw

reservoir operation regime for different periodsled of related reservoirs located both upstream and

year as well as different amounts of water in adloa downstream [14, 15].

list of necessary activities during flood seasoit, e Even more challenging is the management of

[13]. water resources which are not consistently located
cascade not one after another, but are waterwariks b

Table | _ _ on different rivers which merge together into oiver
Hydropower resources of the rivers of the RusskheFation [1] downstream

Energy potential, bin.

River KW-h Such reservoirs are replenished from different

The Enisey 158.3 catchment basins, whchi as a rule have different

The Lena 144.0 characteristics. Therefore, when joint management

The Angara 93.9 regimes of reservoirs is used, it is extremely ingoat

The Amur 82.9 to forecast runoff during periods of high water Jj16

122 \ézlga 2‘11:2 Even more important is the task of creating favblea

The Vitim 507 ecological conditions of life of the population tihe

The Nizhnyaya 41.0 settlements which territory is located in the zaie
Tunguska influence of overall joint afterbay of such

The Kolyma 39.8 hydroelectric complexes.

The Indigirka 39.6

e s 32 . MATERIALS AND METHODS

The Vilyuy 22.5 There are two water power developments:

The Podkamennaya 18.0 Umaguzinskiy and Nugushskiy in the Republic of
Tunguska Bashkortostan, Russia, in the middle flow of the

m: igyma 11572 Belaya River. Both hydroelectric complexes as sl

The Bureya 14.6 their water reservoirs are Iocgted on the territdrihe

The Kama 12.7 Bashkir National Park (see Figure 2).

The Pechora 12.3

The Oka 11.0

The Terek 10.9

The Kuban 10.7

The Anadyr 10.2

i - =

Fig. 2. Umaguzinskiy and Nugushskiy water powereliggments
located on the territory of the National Park “Besla” 1 —
Nugushskiy water power development and its reservdi —
—5 Umaguzinskiy water power development and its resgr8 — the
boundary of the National Park

In this context, great importance in determining
the operational mode of hydropower work of meeting
: the objectives of the regulation of the flow is givto
h‘ ensuring environmental safety requirements. The
leading position here lies with the preservation of
acceptable water-levels on the territory of the dow
Fig. 1. Diagram of the Volga-Kama cascade of hyiéaec power  afterhay, which for these units is a joint afterbay
stations Nugushskiy water power development (the first of
Such rules are widely recognized for particuIaFhe two) l\;vas_ bimg bu'l'; flrom 1961 to 196.7' Itfstewa |
hydroelectric complexes that operate independent ;’rage. asin has useful storage capacity of 365 m
from other installations. However, there are adbt Th's water power development consists of the
rivers in the country with a whole cascade Ofollowmg water-retaining strqctures_and _culvemlsae
hydroelectric facilities on them. For example, thest phreatic dam, the h_ydraullc engineering structgre
power room (run-of-river-type with three hydraulic

famous and significant largest cascade in respeits t : . ’
catchment-basin and total capacity of hydroelectrig”bmes‘)’.le‘ct shore concrete_sp|llway (se_e Fegy.
Combined water carrying capacity of all

power plants is the Volga-Kama cascade of HPS (see . .
Figure 1). Here the task of rational distributioh o ydroelectric complex structures here is 125.

water resources is quite complex because contgollin
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hydroelectric complex) the minimal demanded water
discharge to maintain the water-level (required for
water extraction by industrial enterprises and joubl
water supply) in the low streamflow period was not
provided.

Therefore, it was decided to build Umaguzinskiy
water power development. The main task of the
construction of the reservoir was to build a water
reservoir capable to reduce the negative impact of
river flow at the objects of national economy (a¢ t
expense of the annual flow) and increase water
discharge in the after in low-water periods.

F

Fig. 3. Water flow through the supercharger daniNafushskiy 1. RESULTSAND DISCUSSION
water power development [13] Umaguzinskiy water power development was
) ! ) Ibjeing built from 2003 to 2007. It includes a rdik-
The research consisted of field studies Ofjam"\yhich is 63m height and 605 length and which
hydroelectric complexes operating modes, of theestay ncks the river right when it passes the barrows.

of the structures, of coming water discharge in thejg,re 5 shows a general view of the dam. The dam
reservoir and passing water discharge t0 lowgpmeq 4 headwall and it led to a water reservoir
afterbay. The tests also included measurements @t maiion with a useful storage capacity of 435l
water levels in the reservoir and other parame¥s. 114 \water reservoir was located in a narrow dade (s
researchers recorded water levels in the downstreqﬂbure 6). Hence, it was possible to avoid largeaar

near to residential settlements and - industrigl,,ging thus minimizing environmental damage [17,
enterprises. Figure 4 shows examples of changes 48 19].

water level in the reservoir for different
hydroeconomic years (starting in March).

218
216

214
212 / N

210

208 // —
206 I/
204

202 I
200 I \
198 ,
Fig. 4. Variations of water level (m) in Nugushskiater reservoir
during a hydroeconomic year

Obs?rvatlon yleldeq the following results: TheFig. 5. A view of the dam of Umaguzinskiy hydroeteccomplex
reservoir of Nugushskiy water power developmenghoto taken by the author)

was filled in full. During seasonal flood considele
water amount was discharged into the afterbay. This Umaguzinskiy water power development has the
has resulted in the fact that nature protectiofollowing water sluices to control water stream:
requirements were not fully fulfilled. In particujahe 1) submerged flood-discharge outlet; 2) shore flood
coastal area aroundhe cities of Meleuz, Salavat, spillway; 3) hydroelectric power station powerhause
Ishimbay and Sterlitamak was not protected from Hydroelectric power station powerhouse is located
flooding in flood season, as well as the protectién on the left bank of the dam. It contains three hutic
the territories of industrial enterprises in thasmn of turbines have the maximum 13@3/c water flow
higt water during floods. Moreover, the devastatingapacity and provide installed capacity of 45 k\tiw
flood of 1978 and 1990, as well as periods of dwy-I rated head of 40 m. Its maximal water flow capacity
water periods in 1955 and 1975 years caused seriodfs flood-discharge outlet is 13®%c and can be
damage to the national economy of the region. reached only in overflow spring flood-time. The
Before the construction of Umaguzinskiywater flows through three tunnel pressure turbine
hydroelectric complex in the middle flow of thepassages (with 3.2 m diameter).
Belaya River (in the downstream of Nugushskiy
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The task was based on the analysis of conditions
under which water consumers of both downstream and
upstream sides of hydroelectric complexes could
operate in a usual way. The requirements of theebo
mentioned settlements located in the zone of plessib
flooding were taken into account, as well as
requirements of industrial enterprises, populaton
agriculture, electricity consumers and fisheries
enterprises which suffered from water deficit tbe
water period. The facts that Umaguzinskiy water
reservoir is located on the territory of the Na#ibn
Park “Bashkiriya” and longstanding irregularity thie
river flow were also taken into account (see FigQre
The developed method of regulating modes of water
Fig. 6. A view of Umaguzinskiy water reservoir (phdaken by the F€Servoir consisting of two reservoirs control urded
author) the following stages for the period of floods [23)]:

1. Obtaining an official forecast of runoff in tfieod

Into the turbine water passageways, water comggriod. 2. Defining a similar year. For a similar
from submerged flood-discharge outlets. The engangyydroeconomic year the authors calculated water
of the tunnel is designed as a portal and is plated discharge coefficient K, showing run-off excess in
the left bank (see Figure 5). The spillway of tunneumaguzinskiy water reservoir above the drain i lin
submerged flood-discharge outlet goes through roelf discharge gauging station of Nugushskiy
masses and ends as a portal outlet containimgdroelectric complex. Determination of the average
mechanical equipment. This submerged floodfiow rate in the control range of Sterlitamak disae
discharge outlet is used in rare flood periodsoo¥ | gauging station. 4. Using the drains coefficiehe t
water levels. Its maximal water flow capacity offorecast of maximum runoff in the flood period for
flood-discharge outlet reaches 14G%c. Parameters reservoirs was adjusted. 5. Using the table of ttata
of hydraulic structures were substantiated ifhe flood period in the upper and middle reachefhef
accordance with the requirements of generalljnain watercourse the reserchers identified water
accepted methods with account of ensuring thgischarge and water level mark at the highest pafint
reliability of their work [20, 21]. the upper discharge gauging statid®l). 6. With

After Umaguzinskiy water power development hachiccount of the "travelling wavet for the lower
been constructed, river flow control function wag p discharge gouging stationN{2) the researchers
on both reservoirs. Besides, the followingdefined the corresponding water-level. 7. Current
environmental requirements were laid down on thixformation on water levels at gauging stations was
joint use of water resources: taken every day. 8. Water inflow to discharge gaggi

- protection of waterfronts of the towns Meleuz stationNe3 was thoroughly counted. 9. The water level
Salavat, Ishimbay and Sterlitamak fromon discharge gauging statioR3 was measured. 10.

flooding in flood season; With account of the "travelling wave" the researshe
- protection of the territories of refineries inmeasured the afterbay level of Umaguzinskiy
flood season (during water rise). hydroelectric complex Ne3). 11. According to a

In the initial period of Umaguzinskiy water powercertain level of water in the control range of
development operation extra problems in the area @ferlitamak discharge gauging station the persgecti
environmental requirements appeared. The thing igater discharge was defined (for a day ahead). This
that the project involved a comprehensive apprdach discharge rate was compared with a possible
the protection of the coastal territories of theedfay. maximum value allowed by environmental conditions.
The approach included both flow co-regulation bg twif the expected discharge exceeded the allowable
hydroelectric  complexes and flood controlamount, then corresponding corrections were made fo
constructions building around the above-mentioneghe discharged water coming through Umaguzinskiy
cities. These requirements were taken into accouRydroelectric complex outlet. Thus, the methodology
when introducing the rules of Umaguzinskiy reservoiestablished the relationship between the natucay fl
operation. Still, these bank protective structurese of the upper reaches of the watercourse and tbagstr

not put into operation at that time. In this regat flow of the middle reaches of the watercourse i@ th
was required to make corrections in the rules figr t monitoring section.

period of completion of flood prevention measures.

It was decided to develop methods of control for
modes of the water regulating complex, consistifig o
two reservoirs and having shared water area of
influence in the middle reach of the river Belaja,
operating conditions different from the project.
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(6]

(7]

(8]

(9]

[10]

application of this

methodology showed that the difference between

estimated
Umaguzinskiy hydroelectric complex in 2012 did no

and actual flood amount at

tth.]

exceed 4.5%, which demonstrates the high practical
relevance of the developed method.

1.

(1]

(2]
(3]

(4]

(5]

V.
critical

CONCLUSION

A requirement  when

[12]

operating

hydroelectric complexes and their reservoirs i§l3]
ensuring environmental security. It is required to
carefully analyze conditions of creating favourable

environmental
territory is situated in the zone of influence wbt

regimes for settlements whichia]

hydroelectric complexes built on different rivers
with different characteristics of catchment basing*>?
Working modes of transmission facilities of these
hydroelectric complexes should bee mutually

linked.

[16]

For Umaguzinskiy and Nugushskiy water power

developments built in the Republic

of

Bashkortostan, Russia, in the middle flow of th€17.]

Belaya River ecological requirements are

follows: - protection of waterfronts of the towns

i8]

Meleuz, Salavat, Ishimbay and Sterlitamak as well
as industrial enterprises from flooding in flood[19.]
season; With the purpose of rational use of water
resources of the joint regulating complex and

environmental requirements
advanced methodology for

compliance,
the period

amo]
of

incompleteness of all flood prevention measures
has been developed in this research. The use of t[lag]

proposed methodology has proved
practical value.
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Abstract. Periodic evaluation of EU Member States Rubevelopment Programme (RDP) specific policy intentions
is considered crucial in policy development. The imaeasons for the evaluation of specific policyterventions are the
assessment of a programme’s impact, the improvenwntrogramme management and administration, iddittation of
necessary improvements in the delivery of intervens and meeting the accountability. The core questto be answered
in programme evaluation is whether the stated oljees are accomplished by particular interventiosupport or
Jreatment” provided to programme participants). Bimain problem in the process of evaluation is th&sessment of the
counterfactual outcome by modelling the situation efe treatment is absent. The counterfactual outcommas to be
estimated by statistical methods as it is usualtt nbserved. General equilibrium effects occur wheprogramme affects
units other than its participants. The most importapossible impacts are the substitution effect atie displacement
effect. Displacement effects are unplanned and idit. They usually play a more important role inghevaluation at the
programme level than in the evaluation of RDP indiial measures. Displacement effect is the programefiect that
occurs in a programme area at expense of anothegarlt takes place if farms located in one geogragai area, which is
not a subject to RD support, becomes adversely &dfbby a support provided to farms located in armtigeographically
area. The existing study provides an assessmeti@fdisplacement effects on the employment in unseped units at the
programme level after the net effects on the empi@nt calculated at the measure level are aggregatedr the entire
programme.

Keywords: policy evaluation, propensity score matahieounterfactual analysis, displacement effects.

I. INTRODUCTION where treatment is absent. The counterfactual

Periodic evaluation of EU Member States Rural outcome has to be estimated by statistical metheds
Development Programme (RDP) specific policy it is usually not observed.
interventions is considered crucial in policy The core element of the EC evaluation framework
development. The main reasons for the evaluation ohre Common Evaluation Questions (CEQ) pre-
specific policy interventions are the assessmerd of defined by the EC and programme-specific questions
programme’s impact, the improvement of programmedefined by national programme authorities. The
management and administration, identification of evaluation questions focus on a direct effect @& th
necessary improvements in the delivery of RD programme on specific result indicators. The
interventions and meeting the accountability. answer to the crucial evaluation question on the
According to the EU definition, programme contribution of the programme to the growth of the
evaluation is a process that culminates in a judgme whole rural economy has to be provided by the
(assessment) of policy interventions according tomeasuring the net effects of the programme support
their results, impacts and the needs. In the cése @n the Gross Value Added (GVA) in supported units.
rural development (RDP) programmes, EU As mostly the evaluation is focused on the
regulations distinguish between ex-ante, midterxn, e assessment of the direct and planned effects of the
post and ongoing evaluations. The existing study ispolicy interventions, the evaluation can produce
considered a part of an ongoing evaluation whichbiased results. Standard propensity score matching
would provide the grounds for the ex-post evalumatio methods assume that outcomes for non-participants i
of Latvian Rural Development Programme 2007-the control group are not affected by the programme
2013. The core question to be answered in(no general equilibrium effects). If general
programme evaluation is whether the statedequilibrium effects had occurred during the
objectives are accomplished by particular implementation of a given RD programme with
intervention (support or treatment” provided to substantial impact (positive or negative) on farms
programme participants). The main problem in thewhich did not participate in this programme, partia
process of evaluation is the assessment of thequilibrium evaluation techniques such as standard
counterfactual outcome by modelling the situation
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PSM would produce biased estimates of programme e =Y3-Y1, 3)
effects.

General equilibrium effects occur when a
programme affects persons/enterprises other tisan it
participants [15]. The most important possible
impacts are the substitution effect and the
displacement effect [2]. Displacement effects are
unplanned and indirect. They usually play a more
important ro_Ie in the evalu_ation at the programme 4 o itcome without a participation:
level than in the evaluation of RDP individual e = (Y2-YD) - (Y3-Y]) = (Y2-Y3), (4)
measures. Displacement effect is normally defired a ' '
the effect obtained in favour of direct programme _ The real programme effec¥2 — Y3) cannot be
beneficiaries but at the expense of units that oo n directly observed. _ _
qualify or participate in a given interventionotcurs The effectiveness of interventions on out_comes of
if, due to support provided from RDP employment interest can be evaluated by propensity score
shifts at the detriment of non-supported or non-mMatching (PSM). Multiple regression is the most
eligible units usually located in close neighbowtio ¢ommon method for estimating the programme
of units directly supported by a given programme. ~ Support effect. PSM is a rigorous nonexpenme.ntal

The existing study provides an assessment of thén€thod. The data for PSM usually are pooled in a
displacement effects on the employment inPanel both from programme participants and non-
unsupported units at the programme level aftengite  Participants. The non-participating or ,untreated”
effects on the employment calculated at the measur8Nits constitute the ,control” group while partiaipts

Y 3 - value of the outcome variable for the same
unit without a participation.

The unit can only be observed in one of two
possible situations: being supported (participatimg
not-supported (without a participation) which means
that the real programme effect can be expressed as
difference between the outcome with a participation

from control group is used to assess what would be
II. MATERIALS AND METHODS the outcome of interest for participants in theealce

To measure causal effects of programme or policyof the programme. The difference in outcomes for
intervention, a potential outcome model is POth groups is evaluated by comparison of relafivel
appropriate. The model was proposed by Roy [13]Similar units in these groups. To successfully gaite
and further developed by Rubin [14] and Holland [5] the potential bias, unit matching has to be based n
Using the potential outcome model, the causal ffecOn @ single or a few characteristics but on aruige

of a given programme on unit can be expressed wittPf available covariates that have potential impabe
basic evaluation formula: propensity score is then defined as the probalility

Y (D)-Y (0, 1 receiving the treatment by the given unit. Thus the
&=Yd-%0 @) matching is reduced to a single variable, and
matching on entire set of covariates is no longer
necessary. The method was developed by Rosenbaum

where:
Y, (1) - potential outcome for unit i in case of

participation in RDP (programme participants), and Rubin [11]. They introduced balancing scora as
Y, (0) - potential outcome for unit i in case of non function of covariates that provides the same
participation in RDP (counterfactual) distributions of covariates in both groups. Imbgsis
e - the effect of programme participation on unit suggested four step procedure for implementing the
: L L _ PSM:
i, relative to effect of non-participation on thadlis of 1. selection of observational covariates and

a response variabie. estimation of propensity scores,

In evaluation it is relatively easy to obtain for 5 gyrasification of propensity scores and testiig
programme beneficiaries the information abwul) balancing properties in each block
but it is very difficult to estimat¥, (0) which for 3. calculation of the Average Treatment on
Treated (ATT) by matching,

programme beneficiaries is not directly observable. L .
The outcome for a participating unit can be 4. sensitivity test for robustness of estimated ATT

observed directly and it is expressed by formula: effects. . . .
e = (Y2-Y1), @) .If _the.balancmg properties of covariates are not
' satisfied in all strata, the test has to be repkeaith
where: . different number of strata. If the balancing pradiesr
Y1- value of the outcome variable at programme gre not satisfied again, estimation of propensity
starting period for a participating unit, scores has to be repeated with modified list of
Y2—vel_lue of the outcome variable at programme gy ariates by adding higher order (squared)
ending period. o covariates. After getting all covariates balancad i
The outcome for the same unit without the eyery stratum, causal effects can be estimated by

participation can be interpreted as a result okoth agrest neighbor matching (NNM), radius matching
factors which may simultaneously affect observable(RM) or kernel matching (KM).

impact variables and it is expressed by formula:
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NN matching computes the ATT by finding the then ATT can be estimated with one or more of the
unit in the control group whose propensity score isatt* modules. The modules attnd or attnw, attr and
nearest (absolute value of difference is minimaf) f attk assume nearest neighbor, radius and kernel
every unit in treatment group. Larger number of matching, respectively. After the calculation of BT
comparison units from control group decreases thehe module mhbounds developed by Rosenbaum
variance of the estimator. At the same time, tles bi [12]provides sensitivity analysis with Rosenbaum
of the estimator increases. Furthermore, one nieds bounds with Mantel and Haenszel [7] test statistic.
choose between matching with replacement and As the direct planned impact of the programme on
matching without replacement [3]. When there areemployment is measured by the Annual Working
few comparison units, matching without replacementUnits (AWU), this result indicator is used also in
will force us to match treated units to the compami  measuring displacement effects. Michalek [8]
ones that are quite different in propensity scoféss proposes the following steps in the estimation of
enhances the likelihood of bad matches (increase thdisplacement effects:

bias of the estimator), but it could also decrethse « identification of supported units j in the area
variance of the estimator. Thus, matching without with high intensity of support;

replacement decreases the variance of the estimator  « identification of non-supported units k in the
the cost of increasing the estimation bias. In i@stf area with high intensity of support, which
because matching with replacement allows one match with units j;

comparison unit to be matched more than once with + identification of non-supported units m in the
each nearest treatment unit, matching with area with low intensity of support, which
replacement can minimize the distance between the match with units j;

treatment unit and the matched comparison units Thi  « calculation of DID-ATT between units j and
will reduce bias of the estimator but increasearase units k as well as between units j and units m;
of the estimator. The lack of displacement effects would result in

In RM, the units in both groups are matched whensimilar differences in DiD-ATT between units j akd
the propensity scores in control group fall in the compared with j and m.
predefined radius of the units in treatment grolpe The estimation of the indirect effects including
larger the radius is, the more matches can be foundlisplacement effects was effectively carried out
More matches typically increase the likelihood of following the procedure suggested above for
finding bad matches, which raises the bias of theSlovakian SAPARD programme [9] and farm support
estimator but decreases the variance of the estimat measures of programmes in selected countries [10].

In KM, all units in treatment group are matched
with the weighted average of all units in control [ll. RESULTSAND DISCUSSION
group. The weights are determined by distance of The data on participants and non-participants of
propensity scores, bandwidth parameter and a kerndlatvian Rural Development Programme are sourced
function. Choosing an appropriate bandwidth isfrom FADN database (Axis 1 and Axis 2 measures)
crucial because a wider bandwidth will produce aand State Revenue (Axis 3 measures). The Axis 4
smoother function at the cost of tracking data lessmeasures due to their specific support are not
closely. Typically, wider bandwidth increases chanc included in the assessment. The calculations are
of bad matches so that the bias of the estimatbr wi provided in two blocks for FADN data and State
also be high. Yet, more comparison units due toRevenue data as the all relevant information on
wider bandwidth will also decrease the variance ofprogramme  participants and  non-participants
the estimator. regarding their structure and performance from 2007

In general, selection of the matching technique isto 2013 differs depending upon the source.
empirical and it largely depends on the results First, as the information should cover periods
obtained. before and after the implementation of the

The PSM method first has been empirically programme, certain number of relevant units was
applied by Heckman, Ichimura, Smith and Todd [4] selected from both data sets. The employment was
in the estimations of training programmes on futureselected as a dependent variable.
income in the USA labor market. Subsequently, As there were no districts without programme
similar studies on the USA labor market were cdrrie support, breakdown of districts by participatiordan
out by Dehejia and Wahba [3], and a few othernon-participation was based upon the intensity of
researchers. support.

The modules for calculating propensity scores and The most common measure of the intensity of
matching for use in STATA software were developedprogramme support is the average per capita public
by Becker and Ichino [1]. It is common first to run financing allocated to the statistical districts tbg
the pscore module which estimates the propensitycountry.
scores and tests the satisfying of the balancing The assessment of the displacement effects for the
properties. If the balancing properties are saiikfi Axisl and Axis2 measures is based upon the average
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per capita support provided to the districts wittiia The common support option has been selected.
Axisl and Axis2 measures. The 119 districts areThis restriction implies that the test of the balag
divided in two sets based on the 90% thresholth@f t property is performed only on the observations whos
average per capita support. The set of the higtpropensity score belongs to the intersection of the
support intensity consists of 60 districts where th propensity scores in both groups. With the given
intensity exceeds 90% of the average. The seteof thspecification the balancing property was satisfied.

low support intensity consists of 59 districts wer Matching with the radius (R=0.1) method was
the intensity is below the 90% of the average. selected based upon the t-test results.

The principal layout of the algorythm for The results of the matching supported and
assessment of the Axisl and Axis2 displacemenunsupported units in the area with high intensity o
effects is mapped on Fig. 1. support are shown in Table 1.

e T TR ~ - Table 1
| -~ ~ Average changes in employment of supported (T=d)rem-
.| High intensity Low intensity . supported (T=0) units of Axis1 and Axis2 measurethe area of
4 of support £ 't ) \ high programme support
il Pe ) oF suppot Y Employment (AWU)
' supported JUPPORTED \ DiD
| lmi'(S.HgTin UNITS 1 2007 | 2013| (2014-
' 57 districts) N 2007)
» ’ Unmatched supported units in hig
~ "~ L4 -
N ST s I intensity region (P=1) (487) 6.04 1 564} -0.39
Sz ~o Ty .= Unmatched unsupported units in .
R B e high intensity region (P=0) (187) | 586 | 518| 068
= I ~1 f{f- - Total @ (674) 5.99| 551  -0.47
. “Ev S~a T Difference (1-0) 0.18| 0.46 0.28
- 1 [ Difference (1-@) 0.05] 0.13 0.08
‘ unsupporte unsupported N Matched supported units in high
/; units (187 in units (77 in 31 K intensity region (M=1) (487) 6.04 | 564 -0.39
|: 40 districtsUNSUPPORTED  districts) \ Matched unsupported units in high
. UNITS K intensity region (M=0) (187) 277 3051 0.29
N ’ ATT 327 | 259] -0.68
~ ,,
T~ P The ATT effect on the employment of supported
Fig. 1.  Algorythm for ;hg -és_sés_sr;le—nt of the disgraent effects units in the area of hlgh mtensny Of. programme
for the Axis1 and Axis2 measures support evaluated by PSM-DiD method is negative at

0.68 AWU per unit. It means that unsupported units

First, the 487 supported units in 57 districts with in this area are affected positively in terms of
high intensity of support were identified. Secotie ~ €mployment. Using the simple difference-in-
187 unsupported units were identified in 40 dissri  differences estimator without matching would lead t
with high intensity of support. Third, the 77 an erroneous assumption that the effect on sugporte
unsupported units were identified in 31 districighw  Units is positive at 0.28 AWU.
low intensity of support. The second matching was provided for the

The first matching was provided for the supported supported units in the area of high support intgnsi
and unsupported units in the area of high suppor@ind the unsupported units in the area of low suppor
intensity. With respect to propensity score matghin intensity. With respect to propensity score matghin
(PSM-DIiD method), in total, 52 variables related to (PSM-DiD method), in total, 52 variables related to
unit structure which were considered critical for unit structure which were considered critical for
comparability of economic performance were comparability of economic performance were
selected for use in matching process. selected for use in matching process.

Although only 2 and 3 variables proved  Although only 9 and 11 variables proved
statistically significant at 5% and 10% level, statistically significant at 5% and 10% level,
respectively, after Logit regression, dropping therespectively, after Logit regression, dropping the
variables with lower significance levels causedss! Variables with lower significance levels causedss|
of balancing properties in one or more blocks.Of balancing properties in one or more blocks.
Similarly, adding of higher order covariates causedSimilarly, adding of higher order covariates caused
the loss of balancing properties. Therefore, thethe loss of balancing properties. Therefore, the
original specification of Logit function was prefed.  original specification of Logit function was prefed.

For the treated units, control units and total for  For the treated units, control units and total for

each of iterated five blocks the computed z-value€ach of iterated five blocks the computed z-value
does not exceed the critical value for the 5%does not exceed the critical value for the 5%
confidence interval. confidence interval.
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The common support option has been selectedat the axis level (Axisl and Axis2) is positive at
This restriction implies that the test of the balag 2,795 AWU. It means the programme support in
property is performed only on the observations whos regions with high intensity of programme suppors ha
propensity score belongs to the intersection of thepositively affected the employment in non-supported
propensity scores in both groups. With the givenunits in direct neighborhood of supported units.

specification the balancing property was satisfied. The assessment of the displacement effects for the
Matching with the radius (R=0.01) method was Axis3 measures is based upon the average per capita
selected based upon the t-test results. support provided to the districts within the Axis3

The results of the matching supported units in themeasures. The 119 districts are divided in two sets
area of high intensity of support to unsupporteddlsun based on the 90% threshold of the average peracapit

are shown in Table 2. support. The set of the high support intensity tsias
of 60 districts where the intensity exceeds 90%hef
_ Table 2 . average. The set of the low support intensity &t8si
Average changes in employment of supported (T=I imthe of 59 districts where the intensity is below th&/Q6f
area with high level of support and non-supporfeeD]j units in
the area of low level of support of Axis1 and Axis2asures the a_verage. o o .
Employment (AWU) First, the 202 supported units in 45 districts with
DiD high intensity of support were identified. Secoti
2007 | 2013 (2285;1)_ 95 unsupported units were identified in 41 dissric
Unmatched supported units n with high intensity of _support. Thlrd,_ the. 123
high intensity region (P=1) (61) ©-°% 5.64 | -0.39 unsupported units were identified in 43 districtishw
Unmatched non-supported low intensity of support.
units in low intensity region 7.61 5.05 -2.56 The first matching was provided for the supported
(P=0) (23) and unsupported units in the area of high support
Total @ (84) 6.25 5.56 -0.69 intensity. With £ 1 't hi
Difference (1-0) 157 059 516 intensity. With respect to propensity score matghin
Difference (1-0) 021 0.08 0.30 (PSM-DiD method), in total, 12 variables related to
Matched supported units in unit structure which were considered critical for
high intensity region (M=1) 6.04 .64 -0.39 comparability of economic performance were
(,jgt)che d non-supported units 1 selected for use in matching process.
low intensity region (M=0) (23) 222 231 | -0.54 ~ Although only 1 variable proved statistically
ATT 3.19 3.33 0.14 significant at 5% level after Logit regression,

dropping the variables with lower significance lesve
The ATT effect on the employment of supported caused a loss of balancing properties in one oemor
units in the area of high intensity of programme blocks. Similarly, adding of higher order covar@te
support evaluated by PSM-DiD method is positive atcaused the loss of balancing properties. Therefbee,
0.14 AWU per unit. It means that unsupported unitsoriginal specification of Logit function was prefed.
in this area are affected negatively in terms of For the treated units, control units and total for
employment. Using the simple difference-in- each of iterated five blocks the computed z-value
differences estimator without matching would lead t does not exceed the critical value for the 5%
an erroneous assumption that the effect on sugporteconfidence interval.
units is positive at 2.16 AWU. The common support option has been selected.
As it is assumed that the lack of displacementThis restriction implies that the test of the balag
effects would result in similar calculated effefitsm property is performed only on the observations whos
both matchings, the difference in the results oint  propensity score belongs to the intersection of the
considerable displacement effects. The employmenpropensity scores in both groups. With the given
situation in unsupported farms located in the areaspecification the balancing property was satisfied.
with high intensity of support is not deteriorating Matching with the nearest neighbor method was
relative to unsupported farms in the areas with lowselected based upon the t-test results.
intensity of support. The results of the matching supported units and
The estimated displacement effect on theunsupported units in the area of high intensity of
employment of supported units is calculated as asupport are shown in Table 3.
difference between ATT effects for the first and  The ATT effect on the employment of supported
second matching. The estimated effect is positive aunits in the area of high intensity of programme
0.82 AWU. support evaluated by PSM-DIiD method is positive at
The estimated displacement effect at the axis leveD.39 AWU per unit. It means that unsupported units
(Axis1 and Axis2) is calculated by multiplying the in this area are affected negatively in terms of
calculated difference in ATT to the total number of employment. Using the simple difference-in-
unsupported farms in areas with low intensity of differences estimator without matching would lead t
programme support. The number of such farmsan erroneous assumption that the effect on supporte
amount to a 3,409. The calculated displacementteffe units is negative at 0.39 AWU.
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area are affected negatively in terms of employment
Using the simple difference-in-differences estimato

without matching would lead to an erroneous
assumption that the effect on supported units is
positive at 0.23 AWU.

Table 3
Average changes in employment of supported (T=d)reom-
supported (T=0) units of Axis3 measures in the afd¢agh

intensity of support Table 4

Employment (AWU) Average changes in employment of supported (T=It¥ im
DiD the area with high level of support and non-supgeb(T=0) units
2007 2013 | (2014- in the area of low level of support of Axis3 measur
2007) Employment (AWU)
Unmatched supported units in DiD
high intensity region (P=1) 96) 0% | 372 | 068 2007 | 2013 | (2014-
Unmatched unsupported units 2007)
in high intensity region (P=0 0.27 1.34 1.07 Unmatched supported units in
(61)g Y region (°=0) high intensity region (P=1) (61 3.04 3.72 0.68
Total @ (157) 1.96 2.80 0.83 Unmatched non-supported units
Difference (1-0) 2.76 2.37 -0.39 in low intensity region (P=0) 0.32 0.78 0.45
Difference (1-@) 1.07 0.92 -0.15 (23)
Matched supported units in Total @ (84) 2.33 2.95 0.62
high intensity region (M=1) 3.04 3.72 0.68 Difference (1-0) 2.71 2.94 0.23
(96) Difference (1-@) 0.71 0.77 0.06
Matched unsupported units in Matched supported units in high 0.80 1.70 0.90
high intensity region (M=0) 0.98 1.26 0.29 intensity region (M=1) (58) ) ' '
(61) Matched non-supported units ipn
ATT 206 | 245 | 039 low intensity region (M=0) (23)| %44 | 101 | 058
ATT 0.36 0.68 0.32

The second matching was provided for the

supported units in the area of high support intgnsi ~ The estimated displacement effect on AWU of
and the unsupported units in the area of low supporsupported units is calculated as a difference betwe
intensity_ With respect to propensity score matghin ATT effects for the first and second matChing. The
(PSM-DID method), in total, 10 variables related to €stimated effect is negative at 0.07 AWU. The
unit structure which were considered critical for €mployment situation in unsupported farms locared i
comparability of economic performance were the areas with high intensity of support is slight

selected for use in matching process. deteriorating relative to unsupported farms in the

Although only 2 and 4 variables proved areas with low intensity of support.
statistically significant at 5% and 10% level, The estimated displacement effect at the axis level
respectively, after Logit regression, dropping the (AXis3) is calculated by multiplying the calculated
variables with lower significance levels causedss| difference in ATT to the total number of unsuppdrte
of balancing properties in one or more blocks. €nterprises in areas with low intensity of prograenm
Similarly, adding of higher order covariates causedsupport. The number of such enterprises amourds to
the loss of ba]ancing properties_ Therefore, th613’721 The calculated diSpIacement effect at ¥ie a
original specification of Logit function was prefed. ~ level (Axis3) is negative at 968 AWU. It means the

For the treated units, control units and total for Programme support in regions with high intensity of
each of iterated five blocks the computed z-valueProgramme support has negatively affected the

does not exceed the critical value for the 5%employment in non-supported units in direct
confidence interval. neighborhood of supported units.
The common support option has been selected. The estimated displacement effect at the

This restriction implies that the test of the balag ~ Programme level is calculated as the aggregatheof t
property is performed on|y on the observations whos effects calculated ar the axis level. Total netamFDf
propensity score belongs to the intersection of the¢he programme on employment considering the
propensity scores in both groups. With the givenpreviously estimated direct impact at sector level
specification the balancing property was satisfied. ~ (policy intervention focus area) is shown in Table
Matching with the radius (R=0.1) method was

Table 5
selected based upon the t-test results. avie

Total programme net impact on employment (AWU)

The results of the matching supported units in the Direct | Displacement] Net
area of high intensity of support to unsupporteiisun _ impact effects impact
in the area of low intensity of support are shown i Eafm m‘;‘jer”,'za“o” '1217‘?45
Table 4. Forestry enw_ronment 2795 2369

. ood processing 771
~ The ATT effect on employment of supported units supsistency farming 364
in the area of high intensity of programme support| Rural diversification 1055
evaluated by PSM-DIiD method is positive at 0.32| Rural tourism 82 -968 251
AWU per unit. It means that unsupported units is th | Rural communities 82
Total 793 1827 2620

33



Elita Benga, et al./ Environment. Technology. Reses) (2017), Volume |, 28-34

The net programme effects calculated in thelll
previous research on the employment at the national
level amount to 793 AWU. Taking the displacement 2]
effects into account increases the net effectsoup t
2620 AWU.

IV. CONCLUSIONS 3

Use of ,naive” estimators in evaluation of
programme effects on economic variables without
matching can lead to the erroneous overestimation o4l
underestimation of unplanned indirect effects on
changes in employment attributed solely to the
programme. Propensity score matching has to béd5]
considered a more suitable method in establishing a
sound counterfactual. [6]

The previously calculated direct programme
impact on the changes in employment can not be
considered as a correct result without the estonati 7
of displacement effects that are unintended, amd, i
cases, can substantially change the final estimatio

The displacement effects can be either positive or
negative. As the study shows, the indirect and!®]
unintended impacts of the programme support on
non-participants can be rather substantial andoj
comparable to direct intended impacts.

The size and sign of the impact varies dependin
upon the activities enclosed in the measures o
programme axis. As Axisl support mainly focuses
on farm modernization, the employment would shift
to non-supported farms in the close neighborhood o
these supported farms. In turn, Axis3 support it
focus on diversification in the areas other than

10]

hl]

agriculture can provide job opportunities to [12]
neighboring farmers. [13]
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Abstract. The core question to be answered in periodic evaluations of EU Member States Rural Development
Programme (RDP) specific policy interventions is whether the stated objectives are accomplished by particular
intervention (support or .treatment” provided to programme participants). Programme effects should normally be
expressed in “net” terms, which means after subtracting the effects that cannot be attributed to the intervention, and by
taking into account indirect effects (deadweight, leverage, displacement, substitution and multipliers). The level of the
estimation of indirect effects (micro or macro level) depends on the size of the interventions and country specific issues. In
the ex-post evaluation of the Latvian Rural Development programme 2007-2013, deadweight effects, leverage effects and
multipliers are estimated at the individual measure (micro) level, while substitution and displacement effects are
aggregated over the sets of measures. Multiplier effect is a secondary effect resulting from increased income and
consumption generated by the public intervention. Multiplier effects are cumulative and take into account the fact that a
part of the income generated is spent again and generates other income, and so on in several successive cycles. In each
cycle, the multiplier effect diminishes due to purchases outside the territory. The existing study provides an assessment of
the multiplier coefficients (multipliers) for the economic growth in terms of Gross Value Added and for the employment
creation in terms of Annual Working Units. The research results show that total estimated programme secondary
cumulative impacts on economic growth and employment over the entire economy are significant and positive.

Keywords: policy evaluation, input-output analysis, secondary cumulative impact, multipliers, multiplier effects.

I. INTRODUCTION

The core question to be answered in periodic
evaluations of EU Member States Rural Development
Programme (RDP) specific policy interventions is
whether the stated objectives are accomplished by
particular intervention (support or ,treatment”
provided to programme participants). Programme
effects should normally be expressed in “net” terms,
which means after subtracting the effects that cannot
be attributed to the intervention, and by taking into
account indirect effects (deadweight, leverage,
displacement, substitution and multipliers). The level
of the estimation of indirect effects (micro or macro
level) depends on the size of the interventions and
country specific issues. In the ex-post evaluation of
the Latvian Rural Development programme 2007-
2013, deadweight effects, leverage effects and
multipliers are estimated at the individual measure
(micro) level, while substitution and displacement
effects are aggregated over the sets of measures.
Multiplier effect is a secondary effect resulting from
increased income and consumption generated by the
public intervention. Multiplier effects are cumulative
and take into account the fact that a part of the
income generated is spent again and generates other
income, and so on in several successive cycles. In

each cycle, the multiplier effect diminishes due to
purchases outside the territory. Correctly estimating
programme multiplier effects is a rather difficult
issue. The possible methodological approaches
proposed in the evaluation guidelines by European
Evaluation Network for Rural Development [1] are
the following: regional Social Accounting Matrix
(SAM), regional Input - Output models (Input-Output
tables) or general propensity score based models.

The use of Input-Output (I/O) tables in empirical
analyses has notably increased recently. Input-Output
(I/0) multipliers and multiplier effects can be used to
assess the national economic impacts from an
activity, such as investments under the framework of
Rural Development Programmes. Multipliers are
derived from a national I/O table or matrix which is a
representation of national or regional economic
accounting that records the way industries both trade
with one another and produce for consumption and
investments. The flows of products and services are
registered, simultaneously by origin and by
destination. The use of I/O multipliers for impact
assessment of policy interventions rests on the fact
that the direct effects of the investments in a specific
sector of the economy (agriculture, forestry, food
processing or public services) are followed by
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indirect and induced effects. These two types of
effects are observed respectively because purchasing
links with other industries in the national level exist
and employees who work in the value chain spend
their incomes on domestic goods and services.

II. MATERIALS AND METHODS

Input-output (I/0) analysis has been developed by
Leontief who has applied the I/O model on the U.S.
economy [3] - [5]. Two main I/O techniques are
impact analysis and the projection (or imputation) of
primary inputs [9], [6]. Impact analysis, which is the
most traditional I/O technique, studies the impact of a
changing final demand on the production of
economic sectors. The second technique concerns the
projection of primary inputs on final demand.
Although traditionally, only the inputs of labour and
capital were analysed, later other types of inputs were
also taken into account. Both [/O techniques
mentioned require the calculation of so-called
Leontief multipliers. The impact estimates derived
from I/O analysis represent activity within a single
year. Thus, the economic impact assessment is mostly
used as a one shot assessment. The /O multipliers
and multiplier effects are commonly assumed stable
for up to six years after the initial calculation of the
I/O table. If the data are available enabling the
initialization of the impact assessment each year, the
different scenarios can be analyzed. However, usually
I/O tables are available with time gaps 36 months
after the year selected for the analysis. The method
has further limitations. The assessment pertains only
to economic impacts and it does not address the
environmental, social or cultural issues. The errors in
terms of estimation of the direct impacts are added up
and contribute to the uncertainty in the final results.
Even though it cannot be clearly measured,
presenting the results in terms of ranges of values
(rough confidence intervals) rather than a single
figure can help to underline the inherent uncertainty
of an economic impact analysis. A sensitivity analysis
can also help. It might also be interesting to first
present the direct effects in terms of spending or
change in final demand (supposedly highlighted in
the simulation model) and the multipliers; to then
show the broader impact (including the indirect and
induced effects) while explaining the differences and
underlying uncertainties with respect to each step of
the method. This will help shed light on the
importance of broadening the perspective, away from
considering the simple direct impacts of one measure.
At the same time, it will provide a good picture of the
assessment.

Basic principles of Input-Output methodology and
calculation of Input-Output multipliers

The 1I/O methodology has been applied in the
analysis of various industry sectors. Nevertheless,
predominantly research focuses on tourism and
related economy sectors. In Scotland, initially
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suggested approach of Stynes [11] was further
developed by Wilson [13]. In the Scottish Firth of
Clyde tourism case study, the evaluation of the
secondary effects of sailing expenditure in the Firth
was based on output multipliers. Key economic
sectors that are mainly impacted by the recreational
boating activities were identified representing
relevant categories of spending, such as Recreational,
cultural and sporting activities or Tourism (hotels,
catering and pubs), Supporting and auxiliary transport
activities, Retail. The direct effects were then
multiplied up to derive the total economic effects of
spending and thus capture the secondary economic
effects of tourism activity. A similar approach is used
in the analysis of Romanian Hotels and Restaurants
Sector with respect to tourism [11].

An I/0O matrix is a representation of national
economic accounting that records the way industries
trade with one another and produce (flows of
products and services). Those flows are registered in
a matrix, simultaneously by origin and by destination
[8]. The matrix illustrates the relationship between
producers and  consumers as  well as
interdependencies of industries for a given year. The
I/O table is also called transactions matrix. The
transactions matrix is divided into several sections.
The section called the domestic intermediate matrix is
a square matrix where the rows represent the outputs
(suppliers) and the columns the destination of inputs
(users). All the cells of the domestic intermediate
matrix show the flows between sectors. Another
section of the transactions matrix is called domestic
investment matrix. It accounts for the supplies of
goods that are not consumed by domestic industries.
The rows represent sectors and the columns include
such categories as Consumption expenditure, Gross
Fixed Capital Formation, Changes in inventories,
Direct purchases abroad by residents (imports),
Direct purchases by non-residents (exports), Exports
(cross border) and Imports (cross border). The
columns in the third section of the transactions matrix
correspond to the sectors with rows representing
Taxes less subsidies on intermediate and final
products, Total intermediate and final expenditure at
purchasers' prices, Value added, Output, Labour
compensation, Other value added, Taxes less
subsidies on production, Consumption of fixed
capital and Net operating surplus and mixed income.
The initial monetary values in the domestic
intermediate matrix can be converted into ratios by
dividing each cell of the domestic intermediate matrix
by its column total (output at basic prices). The
square matrix obtained is called technical coefficients
matrix (or the A matrix). The technical coefficients
show the rate at which inputs are transformed into
outputs. When the technical coefficients have been
calculated, an identity matrix (or the I matrix) needs
to be constructed. It is a square matrix with the same
dimensions as the direct requirements matrix. The
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type I Leontief inverse matrix shows how much of
each industry’s output is needed, in terms of direct
and indirect requirements to produce one unit of a
given industry’s output. Type I Leontief inverse
matrix is calculated using the formula:
L=(I-A4)", 1)

where

L - Leontief Inverse matrix,

I - Identity matrix,

A - Direct Requirements matrix.

The type II Leontief inverse matrix shows the
induced requirements (in terms of industry’s output)
of a production of one unit of a given industry’s
output. Its purpose is to take into account, besides the
direct and indirect requirements included in the type I
inverse matrix, the flows of money in and out of
households and the effect of these flows on
industries. The type Il inverse matrix is derived in the
same way as the type I inverse matrix. But since it is
necessary to include households in the analysis we
treat them as an additional industry by adding an
extra row and column into the Direct Requirements
matrix for “compensation of employees” and “final
consumption expenditure by households” coefficients
respectively. The formal notation for the Direct
Requirements matrix is modified as follows:

A — |:A11 AIH i| s
AHI AHH
where

(4, )[j_ - square matrix representing the amount of

2

industry i required per unit of industry j (Direct
Requirements matrix in the type I inverse matrix),
( Ay, )[, - vector representing the amount of industry

i required per unit of total household income from all
sources,
(4, )j - vector representing the income paid to

households per unit of output of industry i
(compensation of employees divided by the total
output of the industry),

(4,,,) - single cell representing the household

expenditure per unit of exogenous household income
(this cell is set to zero value).

Previous research shows that the use of the “Total
use at purchasers’ prices” as the denominator when
calculating household expenditure coefficients would
tend to overestimate the induced effects of changes in
the economy by artificially inflating the effect of
earned income in generating further rounds of
household spending as the sum of the household
income vector components would equal 1. Not all
household expenditure results from “Income from
employment” paid to households as certain amount of
household purchases is bought with unearned income
(property income, inheritance, pensions and payments
received from public welfare). A number of studies
suggest the total household income provided by
National Statistics offices should be used as the
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denominator when calculating household expenditure
coefficients. The Type II Direct Requirements matrix
is also called Augmented Direct Requirements
matrix. There are seven types of multipliers and
multiplier effects that can be calculated after the type
I (or type II) inverse matrices have been derived:
output, income, GVA and employment multipliers
and income, GVA and employment multiplier effects.
The multipliers and multiplier effects should be
selected upon the purpose of the research and
availability of input data for the calculations. For
multipliers, the estimation of direct and indirect
impacts on selected variable throughout the whole
economy is generated by multiplying a change in
final demand (direct impact) by Type I output
multiplier. The estimation of direct, indirect and
induced impacts on selected variable throughout the
whole economy is generated by multiplying a change
in final demand (direct impact) by Type II output
multiplier. For effects, direct and indirect impacts are
generated by using Type I Leontief inverse matrix,
while using Type II Leontief inverse matrix also
include induced effects in the economy. The research
objectives suggest type I and type II income, GVA
and employment multipliers should be derived.

Income multiplier

The Type I and II income multipliers for the
industry sector j are calculated as follows:

v.L.
([mult )j =z >

iV

)

where

L - Leontief inverse matrix,

v - vector representing the ratio of Income from
Employment in the sector to total output of the sector.
The Type I and II income multipliers show the
increase in income from employment throughout the
whole economy that results from a change of one
currency unit (€1) of income from employment in the
industry sector j.

GVA multiplier

The Type I and II GVA multipliers are calculated

as follows:

(Gu), =355 @
i 8

where

L - Leontief inverse matrix,

g - vector referring to the ratio of GVA to total
output for the sector.

The GVA multipliers show the increase in GVA
throughout the whole economy that results from a
change of one currency unit (€1) of GVA in the
industry sector j.

Employment multiplier
The employment multiplier is calculated as
follows:
(E,,), =0, 5)
mult Jj — - w.

J
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where

L - Leontief inverse matrix,

w - vector referring to Full Time Employment
(FTE) per one currency unit (€1) of total output for
the industry sector.

The employment multipliers show the total
increases in employment throughout the whole
economy which result from an increase in final
demand which is enough to create one additional FTE
in the industry sector j.

Consistency testing the Leontief tables and multipliers

The consistency of the Leontief tables and
multipliers is tested by calibration, matrix cell value
comparison and ratio of income multipliers. The term
“calibration” is used to describe the process whereby
the Leontief Inverses are checked by calculating the
matrix product of the Leontief and the vector of final
demands. The outcome of this calculation (if the
Leontief’s are correct) is to recreate the base year
gross outputs at basic prices. It should be apparent
that, as the type II Leontief is equivalent to the type I
Leontief but also includes induced (or household
spending) effects, each and every cell in the type II
matrix should be of equal or greater value to its type I
equivalent. An extra check is carried out on the
income multipliers. Dividing the type I income
multiplier for each industry by the corresponding type
IT value should lead to a constant ratio across all
industries.

The method has a few rather important
shortcomings. I/O models assume that technological
or economic relationships are fixed over time and do
not respond to price or cost changes. The method
does not reflect possible changes in regional
productive structure as it always uses the same input-
output table. In cases, it proves to be even more of a
drawback if the available input-output table offers
data corresponding to a year some way back in time.

III. RESULTS AND DISCUSSION

The data necessary for deriving the multipliers for
Latvia were retrieved from the latest set of OECD
harmonised national Input-Output Tables database
which presents matrices of inter-industrial flows of
goods and services either produced domestically or
imported in current prices (USD million), covering
the years 1995 to 2011 [9]. The OECD database of
harmonised national tables takes the industry vs.
industry approach covering all sectors of the
economy. Considering the period of the policy
intervention from 2007 to 2013 the study was based
upon the 2009 tables.

As the period of the policy interventions analyzed
begins in 2007, the use of I/O table for 2009 is
justified by a commonly accepted 6 year period of
stability of multipliers. Use of the latest I/O table
available for the year 2011 would cover only the
ending of the interventions. However, the impact of
the global financial crisis from 2008 on could not be
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reflected in the analysis. Thus, applying the proposed
model, problems with timeliness of the key data
raises questions regarding the validity of the results.
The standardized tables cover 34 industry sectors.
As for the sector “Private households with employed
persons” the corresponding rows and columns in the
tables are set to zero values, only remaining 33
sectors are included in the matrices. First, the
technical coefficients matrix is developed by dividing
every cell in totals table to the corresponding sector’s
labour compensation. Then “I-A” matrix is calculated
by subtracting technical coefficients matrix from an
identity matrix with 33 rows and 33 columns. The
type I Leontief inverse matrix is an inverse matrix of
the “I-A” matrix. Second, the column of share of
sector consumption expenditures in total consumption
expenditures and the row of share of the labour
compensation in total output are added to the totals
table. The cell in the intersection of the 34" row and
34" column is set to zero. The total consumption
expenditures for the Latvia in 2009 are provided by
National Statistics office. Then “I-A” matrix is
calculated by subtracting enlarged technical
coefficients matrix from an identity matrix with 34
rows and 34 columns. The type II Leontief inverse
matrix is an inverse matrix of the “I-A” matrix. Third,
the vectors of coefficients are calculated. The vector v
is calculated by dividing labor compensation to
industry output in every sector. The vector g is
calculated by dividing gross value added to industry
output in every sector. The vector w is calculated by
dividing full time employment to industry output in
every sector. Finally, the income, gross value added
and employment Type I and Type II multipliers are
calculated using formulae 3, 4 and 5. After the
calculation of the Type I and Type II multipliers, the
consistency has been checked. Dividing the type I
income multiplier for each industry by the
corresponding type II value provides a constant ratio
across all industries at 0.2364. As preliminary
research shows, this ratio for developed countries
fluctuates around the value of 0.8, e.g., 0.86 for The
Netherlands in 2001. This points to a rather high
share of unearned (possibly, undeclared and untaxed)
income in Latvian household expenditures, thus
making the use of the type II multipliers unreliable.
The calculating of the matrix product of the Leontief
and the vector of final demand is expected to recreate
the base year gross outputs at basic prices. However,
for some sectors the differences are rather marked.
This can be explained by compiling the information
on final demand variables from various sources. The
final demand is calculated by extracting Imports
(cross border) and Direct purchases abroad by
residents (imports) from sum of Consumption
expenditure, Gross Fixed Capital Formation, Direct
purchases by non-residents (exports), Exports (cross
border). This suggests the calculated values of
multipliers should be treated cautiously. For research
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purposes, only industry sectors and multipliers with
relevance to policy intervention should be considered.
The overall objectives of the Latvian Rural
Development Programme are focused on agriculture,
forestry, food processing, rural tourism and local
communities in terms of economic growth and
employment creation. The indicators calculated
previously for economic growth and employment
creation are gross value added and full time
employment, respectively. Thus, the corresponding
industry sectors from I/O tables should be analyzed
by using gross value added and employment
multipliers. As for the economic growth, the
previously estimated programme direct impacts are
multiplied by respective gross value added multipliers
to calculate the total secondary impact (Table 1). As
some of the programme measures are targeted
towards a number of sectors, the calculation of
multipliers in that case is impossible. The multiplier
value for these sectors is set to one assuming no
secondary cumulative impact. Similarly, multiplier
values are not applicable for the whole economy. The
total estimated programme secondary cumulative
impact on economic growth when accounting for
multipliers exceeds the previously estimated direct
impact more than three times. As all the multipliers
are positive, the secondary respective impacts in all
the sectors are positive, too. With respect to sectoral
level, investments in food processing are the
providing the most marked secondary cumulative
impact on GVA, followed by agriculture and tourism
(hotels and restaurants).

Table 1
Total secondary cumulative impact of the rural development
Programme on economic growth (EUR million)

Direct Total
Industry sector X Multiplier | secondary
impact R
impact
Agriculture, hunting,
forestry& fishing 147.7 2.9091 4283
Food products,
beverages& tobacco 902 4.0954 369.8
Hotels and restaurants 2.4 2.2948 5.5
Other community, social 263 1.9643 526
and personal services
Other sectors 30.5 1.0000 30.5
Total 297.1 n.a 886.8
Table 2

Total secondary cumulative impact of the rural development
programme on employment (AWU)

Direct Total
Industry sector . Multiplier | secondary
impact R
1impact
Agriculture, hunting,
forestry& fishing -1197 1.9910 -2383
Food products,
beverages& tobacco 771 34431 2636
Hotels and restaurants 82 1.4973 123
Other community, social 2 1.0000 2
and personal services
Other sectors 1055 1.0000 1055
Total 793 n.a 1533
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Similarly, the previously estimated programme
direct impacts on employment are multiplied by
respective employment multipliers to calculate the
total secondary impact (Table 2).

The total estimated programme secondary
cumulative impact on employment when accounting
for multipliers exceeds the previously estimated
direct impact almost two times. While the negative
direct impact on employment in agriculture and
forestry has almost doubled over the entire economy
when multipliers are taken into account, the positive
secondary cumulative impact in food processing more
than offsets this.

IV. CONCLUSIONS

The total estimated programme secondary
cumulative impact on economic growth (Gross Value
Added) exceeds the previously estimated direct
impact more than three times.

With respect to sectoral level, investments in food
processing are the providing the most marked
secondary cumulative impact on GVA, followed by
agriculture and tourism (hotels and restaurants). The
total estimated programme secondary cumulative
impact on employment (Annual Working Units)
exceeds the previously estimated direct impact almost
two times. With respect to sectoral level, investments
in food processing are the providing the most marked
secondary cumulative impact on AWU, followed by
agriculture and tourism (hotels and restaurants). In
general, policy interventions of Rural Development
Programme provide significant positive secondary

cumulative impact on economic growth and
employment creation.
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Competitiveness of the Fishery Sector in
Latvia
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Abstract. The aim of the research is to evaluate the competitiveness of Fishery Sector in Latvia. Based on the author
developed Model of the Factors influencing Competitiveness of the Fisheries Sector Cluster and methodology of the Index
of Fishery Sector Competitiveness the authors determined the competitiveness level of Fishery Sector in Latvia and
identified spheres influencing competitiveness: facilitating and promising spheres as well as procrastinatory and
stagnating spheres, moreover the possibilities of further development were established. The author has developed the
evaluation methodology of the Fishery Sector Competitiveness that can be used in any country in the Fishery Sector for
the evaluation of competitiveness. The elaborated methodology for evaluation of competitiveness may assist the
institutions involved in the Fisheries' policy formation to work more successfully and improve the common policy in the

Fisheries sector.
Keywords: competitiveness, fishery, index, model.

I. INTRODUCTION

In the development of Latvia’s economy fishery,
which has been one of the most ancient people’s
activities, has always had a significant importance,
especially in development of the coastal areas of the
Baltic Sea and the Gulf of Riga. In Latvia, fishery has
not only ancient history and traditions, but also an
internal self-development potential. Using the support
opportunities provided by the EU funding instruments
and participating in formation of the Common
Fisheries Policy, wide possibilities of facilitating
competitiveness and growth reveal to the Latvian
fishery sector.

The length of the Latvian border is 1 836 km and
the coastline is 494 km log or 27%, which is 0,7% of
the total EU coastline of 66 000 km [3]. The
territorial waters of the Baltic Sea, up to 12 sea miles
from the coastline, also the economic area and
continental shelf of the area of 28 thousand km? are
under the state jurisdiction [1].

Fishing opportunities and catch quotas in the
Baltic Sea and the Gulf of Riga are available to
Latvia, based on long-term environmental and fish
resource study at the national and international level.
According to the cross-border agreements concluded
by Latvia, there are opportunities of fishing also in
the economic areas of other countries and regions
covered by the international conventions [6].

High-seas fisheries take place in the areas
confirmed by the Northwest Atlantic Fisheries
Organization (NAFO), Northeast Atlantic Fisheries
Commission (NEAFC) and Fishery Committee for
the Eastern Central Atlantic (NEAFC) [3].

In 2015, Latvian fishing fleet consisted of 686
fishing vessels with the total engine power of 43.30

thousand kW and total gross tonnage of 24.68
thousand (GT). The fishing fleet included 7 high-seas
vessels, 68 ships, fishing in the Baltic Sea beyond the
foreshore in the gulf, and coastal small volume
fishing boats. The total catch in 2015 was 81.31
thousand tons. In the national territorial waters mostly
the catch consisted of sprat, Baltic pilchard and cod,
in turn, in high-seas — mostly scad, sardine, round
sardinella and mackerel.

Environmental pollution, inimical spawning
conditions as well as intensive fishing and other
factors have negative impact on the fish stock, as a
result the number of catch quotas and the amount of
fish available in the Baltic Sea reduces, resulting in
negative influence on the operation of fishery and fish
processing companies, simultaneously increasing the
role of the aquaculture sector in acquisition of
alternative fish resources [6].

Several studies show that the Baltic Sea, which
according to the World Wide Fund for Nature is one
of the youngest seas and one of the largest bodies of
brackish waters, is one of the most polluted seas in
the world [13], not only due to the consequences of
fishery activity, but also other factors (such as waste
waters, rubbish, munition lying on the sea floor after
World War II and chemicals it contains, etc.). The
Baltic Sea is almost entirely closed; it is
comparatively shallow (average depth 55 km) and
rarely freezes up. During severe winters mainly the
Gulf of Riga, which is the shallowest of the big gulfs
in the Baltic Sea (its average depth is 26 m), freezes
up and thus limits the fishing activities. Considering
the unique ecosystem of the Baltic Sea determined by
its special geographical and hydromorphological
conditions [3] one must sustainably manage it.
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The Common Fisheries Policy of the EU strives to
ensure ecologically sustainable fisheries activities
over a long term and fisheries management
corresponding to the objective of ensuring benefits in
economic, social and employment spheres,
facilitating availability of food [4]. The overall
objective of the Common Fisheries Policy is to ensure
that fishing and aquaculture activities contribute to
the creation of environmental conditions capable of
being sustained long-term which are necessary for
economic and social development. Moreover, it
should foster increased productivity, a fair standard of
living for the people employed in the fisheries sector
and stable markets, and it should ensure the
availability of resources and that products reach
consumers at reasonable prices [5].

Facilitation of competitiveness has become one of
the major objectives in the development strategy of
companies, branches and countries [12]. Taking into
account the dependence of fishery on the fishing
opportunities, coordinated at the EU Ilevel
corresponding to the principles of sustainability, and
increase in global rivalry in the world markets,
strengthening of fishery’s competitiveness plays a
significant role. Evaluation of competitiveness
provides an opportunity to judge impartially and
allows understanding the need in structural reforms
and choice of priorities better.

Research aim — to evaluate the competitiveness of
the fishery sector in Latvia. To reach the aim, the

Aquaculture

following work tasks were set: 1) to elaborate the
methodology for competitiveness of the fishery
sector; 2) to evaluate the competitiveness of the
fishery sector in Latvia, identifying the spheres
ensuring competitiveness.

The novelty of the research developed
evaluation methodology of the Fishery Sector
Competitiveness that can be may assist the
institutions involved in the fisheries' policy-making to
work more successfully and improve the common
policy in the fisheries sector.

The qualitative and quantitative research methods
were used in the study, including the general
scientific research methods, statistical research
methods, mathematical methods and sociological
research methods. Microsoft Excel was used in the
processing and analysis of the study results.

II. MATERIALS AND METHODS

According to the Model of the Factors Influencing
Competitiveness of the Fisheries Sector Cluster
elaborated by the author one can identify factors
influencing the competitiveness of the fisheries
sector, and they are: various internal and external
social, economic, political, natural and cultural
environmental factors (including random events) and
the ability to adapt them, as well as formation of
mutual interaction and cooperation forms and
relationship among affiliated companies and support
infrastructure institutions (Fig. 1).
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Fig. 1. Model of the Factors Influencing Competitiveness of the Fisheries Sector Cluster [created by the author]
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To evaluate competitiveness of Latvia’s fishery
sector at the level of microeconomics, the author
elaborated the Fishery Sector Competitiveness Index
(Fig. 2).

The development of the Index is based on the
Model of the Factors Influencing Competitiveness of
the Fisheries Sector Cluster elaborated by the author.

Fishery Sector Competitiveness Index

Sub-index of Availability and
Quality of Production Factors

Sub-index of Social and
Economic Environment

Sub-index of Political
Environment

Sub-index of Production
Competitiveness

Sub-index of Natural and
Cultural Environment

Sub-index of Product
Competitiveness

Sub-index of Marketing and
Management Efficiency

Sub-index of Financial
Stability

Sub-index of Cooperation

Microeconomics level Macroeconomics level

.....................................................

Fig. 2. Fishery Sector Competitiveness Index [created by the
author]

.....................................................

Calculation of the Fishery Sector Competitiveness
Index at the level of microeconomics is based on 6

sub-indexes in terms of functions from their relative
proportions and normalized values of indicators of
the factors influencing the competitiveness (1).

ST=alll” + 1" + 1 +..+1")
where: S/ - Sub-indexes, &

)

- relative scales,
1.1 -indicators with the normalized values.

All in all, the author selected 22 indicators [7] and
more than 35 sub-indicators as well as used several
additional indicators, the choice of which was
determined by the main conditions for indicators
selection, elaborated by the author [9], to evaluate
competitiveness. The author performed normalization
of the indicators on the basis of min-max algorithm
values from -5 to 5.

The Index of the Fishery Sector Competitiveness
is a tool for assessing the fishery competitiveness,
which allows identified facilitating and promising
spheres as well as procrastinatory and stagnating
spheres influencing competitiveness.

The Index of the Fishery Sector Competitiveness
can be used as a basis for the development of a
specific strategy and the implementation of a proper
investment policy (Table 1).

Table I
The promotion strategies of the competitiveness [created by the author]
Strategy type
Competitiveness | Penetration | Enlargement | Development | Improvement
strategy strategy strategy strategy

Crco)> Gpog) v - - -
Cco<)s Gpo) - v - -
Cri0)5Gpos) - - 4 -

Ci 200 Gp0) - - - v

where: CL — competitiveness level, GP — growth pace.

Penetration strategy foremostly provides for
implementation of measures to strengthen spheres
procrastinating competitiveness, where cooperation
plays a significant role. Enlargement strategy
foremostly provides for implementation of measures
to strengthen spheres stagnating competitiveness. In
turn, development  strategy  provides for
implementation of measures to strengthen spheres
promising competitiveness. Only improvement
strategy provides for implementation of measures to
strengthen spheres promising competitiveness.

The evaluation methodology of the Fishery Sector
Competitiveness developed by the author can be used
to evaluate competitiveness of the fishery sector of
any country. The elaborated methodology for
evaluation of competitiveness may assist the
institutions involved in the Fisheries' policy formation
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to work more successfully and improve the common
policy in the Fisheries sector.

III. RESULTS AND DISCUSSION

The competitiveness of the fishery sector in
Latvia during the period from 2005 to 2014 is
evaluated as medium-high (1.59) (Fig. 3).

In this period the competitiveness of the fishery
sector in Latvia increased by 108%: from 1.00 in
2005 to 2.07 in 2014.

The fishery sector as any other sector of the
economy has its own spheres that influence
competitiveness — facilitating and procrastinatory
spheres as well as promising and stagnating spheres,
ensuring the competitiveness of the sector and its
further development potential.
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Fig. 3. The competitiveness assessment of Fishery Sector in Latvia
according by the spheres in 2005 and 2014 (value of sub-indexes)
[calculated and create by the author according to 2, 10, 11]

The facilitating spheres of the fishery sector
competitiveness are the financial stability, the
marketing and management efficiency, the
availability and quality of production factors, the
production competitiveness as well as the
cooperation. Although product competitiveness in the
fishery sector may be evaluated as average high,
currently it is in stagnation and a transitional stage
between the facilitating and promising sphere
(Fig. 4).

There was an average high level of
competitiveness also in cooperation, in turn, high
level of competitiveness — in availability and quality
of production factors, production competitiveness,
marketing and management efficiency as well as in
financial stability. Fishery sector has no spheres
procrastinatory and stagnating the competitiveness.

The companies that operate in the fishery sector in
Latvia and the representatives of the institutions
involved in the fisheries sector policy-making and
implementation believe that the growth of the sector
competitiveness can be promoted by the

implementation of a number of interrelated and
subordinated measures (Fig. 5).
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Fig. 4. The ensuring spheres of the competitiveness of Fishery
Sector in Latvia [calculated and create by the author according to 2,
10, 11]

AQPF - Availability and Quality of
PRC -
Competitiveness, PC - Product Competitiveness,

MME - Marketing and Management Efficiency,
FSS - Financial Stability, C — Cooperation.

where:

Production Factors, Production

The competitiveness of the fishery sector in
Latvia can be promoted by an efficient and rational
use of EU financial instruments and support options
provided by the state, making a cost optimization, as
well as manufacturing innovative products of good
quality with a high added value and creating a strong
cooperation (particularly coastal fishery). According
to the opinion of the companies and the
representatives of the institutions involved in the
fisheries sector policy-making and implementation
the competitiveness of the fishery sector in Latvia can
be also promoted by the other measures.

Other  —
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Fig. 5. The promoting measures the competitiveness of Fishery Sector in Latvia (respondents, %) [calculated and create by the author
according to 8]

implementation are focused on promotion the
competitiveness of the fishery sector in Latvia and
they are considered useful, however, the author

Although the measures proposed by the fishery
companies and the representatives of the institutions
involved in the fisheries sector policy-making and
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believes that the promoting measures should be
structured and implemented according to the chosen
development strategy and investment policy. There
are several types of strategies, however, in the opinion
of the author, to facilitate the competitiveness of the
fishery sector in Latvia a strategy of corresponding
approach should be developed.

For Latvia’s fishery sector all the spheres are
spheres facilitating competitiveness (except product
competitiveness), consequently to contribute to the
sector’s competitiveness it is recommended to
implement the improvement strategy. In the
framework of development strategy one should
foremostly implement measures to strengthen spheres
facilitating competitiveness in the fishery sector, and
only then — to strengthen the other its spheres.

IV. CONCLUSION

In the development of the Latvia’s economy
fishery has always had a great importance. It has not
only ancient history and traditions, but also an internal
self-development potential, where using the support
opportunities provided by the EU funding instruments
and participating in formation of the Common
Fisheries Policy of the EU wide opportunities of
enhancing competitiveness open to the Latvia’s
fishery sector.

Currently the competitiveness of Latvia’s fishery
sector may be evaluated as average high, which is to a
great extent ensured by financial stability, marketing
and management efficiency, availability and quality of
production factors, production competitiveness and
cooperation. To facilitate the competitiveness of
Latvia’s fishery sector the author recommends
implementing the improvement strategy.

REFERENCES
Agriculture Ministry, “Ricibas programma zivsaimniecibas
atfistibai 2014. — 2020. gadam (Operational Programme for
Development of Fisheries 2014-2020),” CCI
2014LV14MFOPO001, p. 138, 2014 (In Latvian).

(1]

45

[2] Central Statistical Bureau database, 2017. [Online]. Available:
http://data.csb.gov.lv/pxweb/lv/?rxid=cdcb978¢c-22b0-416a-
aacc-aa650d3e2ce0 [Accesed: January 03, 2017] (restricted
access data).

European Commission, “Eiropas Jirlietu un zivsaimniecibas

fonds Latvija (European Maritime and Fisheries Fund in

Latvia),” p. 4, 2014 (In Latvian).

European Parliament and Council, “European Parliament and

Council Regulation (EU) No. 1380/2013 on the Common

Fisheries Policy, amending Council Regulations (EC)

No 1954/2003 and (EC) No 1224/2009 and repealing Council

Regulations (EC) No 2371/2002 and (EC) No 639/2004 and

Council Decision 2004/585/EC,” Official Journal of the EU, L

354, pp. 22-61, 28.12.2013.

European Parliament and Council, “European Parliament and

Council Regulation (EU) No. 508/2014 on the European

Maritime and Fisheries Fund and repealing Council

Regulations (EC) No 2328/2003, (EC) No 861/2006, (EC) No

1198/2006 and (EC) No 791/2007 and Regulation (EU) No

1255/2011 of the European Parliament and of the Council,”

Official Journal of the EU, L 149, pp. 1-66, 20.05.2014.

[6] Finance Ministry, “Single Programming Document for Latvia.
Objective 1 Programme 2004 — 2006,” p. 365, 2003.

[71 1 Biuk$ane, “Index of the Fisheries Sector Cluster
Competitiveness: Internal factors,” SGEM2016 Conference
Proceedings, Book 1II, vol. 4, pp. 347-354, doi:
10.5593/SGEMSOCIAL2016/B24/S07.046, 2016.

[8] I Biuk$ane, “The results of the Interviews and the

Questionnaire given by the representatives of the institutions

involved in the Latvian fisheries sector policy-making and

implementation and the fishery sector companies’ survey
results (18.03.2016. - 13.04.2016.)” (restricted access data).

1. Biuksane, I. Judrupa, “Evaluation of competitiveness of the

fisheries sector cluster,” International Scientific Conference

“Research for Rural Development 2016 Proceedings, vol. 2,

pp. 238-245, 2016.

Latvian Fisheries integrated control and information system

“LFICIS” database, 2017. [Online]. Auvailable:

https://1zikis.zm.gov.lv/Account/LogOn [Accesed: January 03,

2017] (restricted access data).

Producer organizations, “Latvian producer organizations

data”, 2017 (restricted access data).

R. Skapars, E. Sumilo, Latvijas ekonomikas un sabiedribas

parstrukturizacijas ietekme uz uznéméjdarbibas konkurétspéju

un iedzivotdju dzives kvalitati (Impact of Latvian Economy
and Society Restructuring on the Competitiveness of

Companies and life Quality of the Population). Riga: LU

Akadémiskais apgads, 2006, p. 339 (In Latvian).

World Wide Fund for Nature, “Clean Baltic within Reach?

How can a new chemical policy contribute to the protection of

the Baltic Sea?,” p. 4, 2005.

[3]

[4]

[5]

[l

[10]

(1]
[12]

[13]


https://www.zm.gov.lv/public/files/CMS_Static_Page_Doc/00/00/00/49/90/ZRP_2014_2020_1.versijaarLVtekstuvicsaurRP.pdf
https://www.zm.gov.lv/public/files/CMS_Static_Page_Doc/00/00/00/49/90/ZRP_2014_2020_1.versijaarLVtekstuvicsaurRP.pdf
http://data.csb.gov.lv/pxweb/lv/?rxid=cdcb978c-22b0-416a-aacc-aa650d3e2ce0
http://data.csb.gov.lv/pxweb/lv/?rxid=cdcb978c-22b0-416a-aacc-aa650d3e2ce0
https://ec.europa.eu/fisheries/sites/fisheries/files/docs/body/op-latvia-fact-sheet_lv.pdf
https://ec.europa.eu/fisheries/sites/fisheries/files/docs/body/op-latvia-fact-sheet_lv.pdf
http://eur-lex.europa.eu/legal-content/LV/TXT/?uri=CELEX%3A32013R1380
http://eur-lex.europa.eu/legal-content/LV/TXT/?uri=CELEX%3A32014R0508
http://www.esfondi.lv/upload/05-saistosie_dokumenti/spd_en_09112006.pdf
http://www.esfondi.lv/upload/05-saistosie_dokumenti/spd_en_09112006.pdf
https://lzikis.zm.gov.lv/Account/LogOn
http://www.pdf.lv/uploads/dokumenti/balticreport_REACH.pdf
http://www.pdf.lv/uploads/dokumenti/balticreport_REACH.pdf
http://www.pdf.lv/uploads/dokumenti/balticreport_REACH.pdf

Environment. Technology. Resources, Rezekne, Latvia

Proceedings of the 11™ International Scientific and Practical Conference. Volume I, 46-50

Environmental Communication in Latvian
Municipal Newsletters
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Abstract. The present study reviews environment-related articles in official newsletters issued by municipalities in
Latvia. It evaluates the themes and contents associated with environment in order to evaluate the performance of
newsletters as providers of relevant information to the population. Official publications of four Latvian municipalities-
Mazsalaca, Jirmala, Kraslava, and Kandava—were analyzed. Common themes included nature and its protection, history
of the place, social and cultural events, quality of life and performance of the municipality. A widespread approach of
engaging the local population is to hold contests and competitions. However, it is uncertain if the response rate help
raising the civic participation level significantly. The official newsletters are willing to publish environment-related public
relations materials prepared by other institutions of companies, without exhibiting consistent editorial policy of their own.
The implications of the continued publication of these newsletters as competitors to the regional independent newspapers

are also discussed.

Keywords: municipal newsletters, municipal newspapers, journalism, environmental communication, municipal

communication.

I. INTRODUCTION
One of the tasks of an administration is to keep
the stakeholders informed about the topicalities and
policies under its supervision. This principle applies
to municipal governance, too. The local population is
a key stakeholder, and their awareness about their
environment and activities of the municipality is

crucial to the accountable and effective
implementation of these policies.
A communication channel favored by

municipalities in Latvia is official newsletters—a
print outlet, which in most cases is being distributed
for free straight to the mailboxes of all inhabitants
[1]. Recently, such practices of publishing have come
under fire in Latvia. Media experts have pointed out
that these official newsletters attempt to emulate local
newspapers and unfairly compete with them in the
media market without fulfilling the role of a
journalistic outlet. Rather than independently
evaluating the work of the local government, these
official newsletters serve as a public relations
instrument aimed at presenting the municipal council
in a positive light.

A recent initiative to restrict the ability of
municipalities to pass their official newsletters for
mass media in the sense of the “Law on the press and
other mass media” has been struck down by the
parliament of Latvia [2]. This means that in the near
future the Latvian municipalities will continue the
previous endeavors of what has been described as
providing self-approved and uncritical view on the
current events and workings to their voters [3]. As

such, this communication practice invites closer
evaluation of the messages the municipalities
compose and the approaches they take to pass them
down to the local inhabitants.

Since official newsletters are issued by
municipalities, it is to be expected that their contents
reflect the judgement of the municipality regarding
which topics and themes should be covered and how.
In this study, I analyze how the municipalities cover
the environment in their newsletters. The term
“environment” here is understood in a broad sense,
which includes nature, cultural and historical
heritage, safety, and quality of life. The aim of this
paper is to evaluate how the municipalities through
the environment-related topics reflect on the
topicalities of the populated area and how they
present the opportunities to participate in the shaping
of the environment to their audience.

Communication about the environment is one of
the ways in which municipalities can present
themselves as an attractive place to live, work, and
rest. However, the challenge these newsletters face is
to live up to standards—if not to those of independent
media, then at least to those of public relations in the
positive sense of the term. Rather than simply
influencing the perceptions of the municipality
among the population, municipal public relations
denote communication between the local government
and the citizens “in the interest of an informed public
opinion” [4].

Since municipal newsletters compete with the
independent outlets in the media market, it is
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important to evaluate the diversity and thoroughness
of these newsletters. The absence of such qualities
reduces the justification for municipalities to operate
in the media business even further.

II. METHODOLOGY
Newsletters of four municipalities in Latvia—
Mazsalaca, Kraslava, Kandava, and Jarmala—were
reviewed. The municipalities were selected to reflect
the diversity of areas in terms of size of territory and

population, availably of natural and cultural
resources, and location.

This study examines the most common
environment-related themes in the municipal

newsletter. Rather than defining relevant codes based
on the previous theoretical assumptions, the paper
seeks patterns during the review of the data and
presents insights based on them. As such, this
approach is influenced by the core ideas of the
grounded theory [5].

Four municipal newsletters were analyzed.
“Jurmalas pasvaldibas informativais biletens” (The
newsletter of Jirmala municipality), which in 2016
was renamed “Jirmalas avize” (Jurmala newspaper),
contains 16 pages is issued twice a month; “Kandavas
novada véstnesis” (Kandava municipality herald) has
16 pages and is issued once a month; “Kraslavas
vestis” (Kraslava tidings) is issued twice a month and
contains eight pages; and “Mazsalacas novada zinas”
(Mazsalca municipality news) is published once a
month and has eight pages.

In the sample, I included the issues from 2015 and
2016.

II. RESULTS
A number of common environment-related topics
and publishing practices were identified during the
examination of articles. Tis subsection provides and
overview of them.

Nature and the protection of nature

Nature is an important resource that can be linked
to a number of other aspects that describe the
conditions in the particular area and the quality of
life.

While the newsletters do touch upon such themes
from time to time, articles in this category tend to
cover relatively narrow aspects of the protection of
nature and are being published as a reaction to
specific events or behaviors by the population. Little
attention is devoted to raising awareness of the
importance of nature or detailing the current state of
the issue in the area.

Newsletters readily publish articles on the annual
joint work activities “Liela talka,” which take place
each spring in Latvia. The aim of “Liela talka” is to
involve other people in tidying up littered
territories—this non-governmental initiative was
started in 2008 and now has become a steady
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tradition maintained by local coordinators in many
territories in Latvia [6]. The politicians of
municipalities also take part in the work, presumably
as a publicity stunt, and newsletters report on what
has been achieved during the joint work and what the
superiors of the municipality did.

Few articles include a call to action for readers
regarding other activities related to the protection of
the environment. Additionally, newsletters generally
lack proactive attempt to discourage undesirable or
hazardous human behavior, even in cases when such
a behavior is seasonal in nature. An example here is
burning of last year’s grass in spring—a dangerous
and harmful “tradition” of clearing up a territory in
which grass has not been cut the year before.
Municipal newsletters report that incineration is
taking place and that it poses a danger to both nature
and property. However, little attention is being paid
to this practice before it breaks out—although it is to
be expected that at least to some extent the burning
will occur each year and thus it is important to inform
people about the costs and other disadvantages of this
Latvian practice in advance.

All in all, the studied newsletters pay relatively
small attention to provision of information about
nature, its significance and the need to protect it.
Furthermore, little effort is made to address the
readers proactively and ask them to do or abstain
from doing certain things that harm the nature.

Cultural environment, education, and society

All of the reviewed newsletters cover current
events in the territory—news from schools, cultural
or sports events, occasionally feature stories and
interviews with notable people take up a large part of
their pages. Examples of such articles are those that
inform about marine-themed exhibitions in Jirmala
[7], a storytelling evening on love in Mazsalaca
library [8], or the 130" anniversary of Zante primary
school in Kandava municipality [9]. This kind of
information is arguably relatively easy to obtain—
cultural events and various school activities usually
take place regularly, with or without a direct a
participation from the municipality.

Simultaneously such reports are particularly
useful for the image-building of the municipality.
They construct a general perception about the vibrant
social and cultural life of the place, and the readers
will get a sense that their place or residence is not an
isolated and abandoned territory where nothing
happens.

History and the present

History plays a significant role in shaping the
perceptions of an inhabited territory and promoting
the identification of the population with it [10].
Knowing how their town, parish, or district has
developed through the time, may foster the
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development of the sense of belonging and increase
the awareness of the environment.

The reviewed newsletters differ greatly in the way
they cover such themes. “Mazsalacas novada zinas”
publishes a column “Mana nama stasts” (The story of
my house), which extensively and in detailed manner
describes the history of particular buildings in the
municipality. “Kandavas novada v@stnesis” on a
regularly provides local historian Agris Dzenis’
stories on different places and people related to the
municipality.

The other two municipalities take a more passive
approach. They may cover commemorations of
historic events that take place in the territory, but in
many cases, such events simultaneously serve as a
photo opportunity for local politicians. For example,
in 2015, Kraslava newsletter reported on the
commemoration of the liberation of Latgale in 1920
[11]—however, the article seemed to pay more
attention to the fact that among the guests of the event
were the Latvian minister of Defense and
representatives of the Polish embassy than to the
analysis of the historical events. While the presence
of dignitaries does act as a marker of significance, it
is important not to lose focus on other important roles
that commemoration, remembrance, and other
history-related themes have in societies.

The quality of life and the performance of the
municipality

The concept of environment also relates to the
living conditions in the particular municipality. The
newsletters typically put great emphasis on the
positive contributions the municipality councils
provide to the territory, such as various
improvements, renovations, innovations, attraction on
investment, and the like. Examples of the coverage of
such aspects are articles about the successful
implementation of the project for the development of
water management in Jirmala [12]; the column of
the chairman of the Kandava municipality, in which
he explains how the municipality council intends to
solve some of the practical problems, such as
excessive dust on country roads [13]; or plans to
demolish an abandoned and dangerous building in
Kraslava [14].

It was to be expected that the leadership of a
municipality would attempt to present themselves as
attentive to the needs of the population and constantly
making things better. In this regard, somewhat more
telling are reflections on the current situation in the
municipality, including acknowledgement of various
deficiencies—or the lack thereof.

The newsletters usually are reluctant to take such
an approach, and their role as the mouthpieces of
municipal councils prevents them from evaluating
critically the work of the municipality. Articles that
discuss the living conditions, societal problems, or
measure political sentiment among the local
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population are virtually inexistent. However,
sometimes these outlets are able at least mention the
problems and challenges the local population face
and provide useful information that might help the
audience to evaluate the situation in a realistic
manner.

A rare example of this is from Kraslava. One of
the Latvian towns in which SEB bank recently closed
its branch, thus for the time being Kraslava was left
without a single bank office in the town. A number
inhabitants reportedly had taken the news as an
ominous sign—today a bank office is closed,
tomorrow other services might follow, including the
post office and bus terminal. Kraslavas vestis reacted
to these rumors and attempted to counter them [15].

The involvement of audience

Apart from the most prominent environment-
related topics in the newsletters, another theme
became apparent—the way these outlets speak to the
audience and what efforts they put into encouraging
them to take part in shaping of their own environment
and contribute to it. Addressing the population can be
seen as a recognition—a reciprocal relationship that
holds a potential to raise civic engagement [16].

Articles that encourage active participation of the
readers in environmental issues instead or merely
providing information are quite rare. Such an
approach mostly can be observed in articles that
cover the issues of nature and ecology—for example,
it manifests itself through the calls not to burn the last
year’s grass [17], an issue discussed previously, or
appeals not dispose trash outside the designated
places.

However, municipalities do try to involve people,
usually through various contests. Among such
contests announced in the newsletters were an idea
competition for a new environmental object for
newly-weds [18], photo contest in which participants
are urged to present a place dear to them [19], project
tenders for landscaping activities [20], to name a few.
Usually it is not clear how popular such competitions
are and how many submissions the organizers
receive. However, Kraslava municipality reported
that it received six submissions to the idea contest for
the newly-weds’ environmental object [21]. Given
that this town has more than 9000 inhabitants and the
competition was described in a multiple issues of the
newsletter, it is not a large number.

Such contests as a way to invite the civic
involvement involve a considerable risk that they are
appealing mostly to the part of the population that
already is socially engaged—and this segment might
be a minority. To reach out to a wider public, the
municipalities should provide more diverse
opportunities of participation, which does not
necessarily involve submission of competition
materials to the municipality.
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Authors of the publications

Typically, the articles published in the municipal
newsletters are written by authors who work for the
municipality. However, a number of environment-
related articles come from external sources.
Publications on the protection of nature in many cases
have been based on press releases from, for example,
the waste management company “ZAAO,” which
urges people to sort waste for recycling or describes
the achievements of the company [22]; the Latvian
Ministry of Agriculture, which informed about the
hunting of wild animals that cause damage to farms
and forests [23]; or used paper collection competition
held by the waste management society “Piejiira” [24].

Newsletters also publish externally prepared
public relations materials on other topics, such as
cultural events [25], but the difference is that press
releases written by commercial companies or
governmental institutions usually are not uniquely
targeted at the audience of the particular newsletter.
These are published in newsletters of other
municipalities and unrelated media outlets, too.

Such a practice illustrates a pattern of utilizing
information submitted by other organizations and
companies, rather than formulating and executing the
newsletter’s agenda based on its own editorial
principles. Thus, instead of reflecting the conscious
attention the municipality might want to pay towards
environmental issues, such articles frequently are the
result of public relations and publicity efforts by other
parties. Such an approach leaves segments of
environmental communication to drift on its own,
instead of being directed by the environmental policy
of the municipality.

IV. CONCLUSIONS

The newsletters of four municipalities—
Mazsalaca, Kandava, Kraslava, and Jurmala—do
cover numerous environment-related topics. At the
same time, these media outlets generally leave much
to be desired in terms of their ability or willingness to
address the urgent issues that the local population
faces in their diversity. The fact that these newsletters
cover activities of the very same institutions that are
responsible for these outlets means that only issues
and interpretations  favorable towards the
municipality are printed.

Municipal newsletters provide information about
the natural, historical, cultural, and social
environment of the inhabited place, but the
publications do not suggest the existence of
consistent editorial policies that underlie their
selection and execution of themes. Articles on the
protection of nature are published sporadically and
usually retroactively. Many other environment-
related themes gain prominence mostly in case if
something good has happened or is about to
happen—water management system reconstructed,
dangerous building torn down, dust on roads reduced.
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Shortcomings or deficiencies usually are only
acknowledged if the municipality simultaneously is
not able to promise solutions to them. The
newspapers are willing to present successes in
various fields of municipal activities, but the few
articles discuss challenges the municipality faces are
more of exception.

A stable thematic direction is cultural and social
life, though, and some newsletters also pay
considerable attention to history. Nonetheless,
history, as well as the depiction of social and cultural
events is themes through which municipal newsletters
can emulate independent regional newspapers the
closest. These topics are also covered by these
newspapers, which traditionally have played an
important role in shaping the local cultural identity,
while at the same time being part of it [26]. Thus,
municipal newsletters also claim a role in shaping
local identity, albeit in a more restricted way.

The inconsistency of editorial policy toward
environment-related topics is also evident in the
authorship of the articles. Usually publications are
written by the newsletter staff and/or public relations
people of the municipality. However, it is not
uncommon, especially regarding topics related to the
natural protection and safety from various hazards,
that these newsletters publish materials prepared by
other institutions or companies. Such a practice
creates an impression that the newsletter is very open
to outside contributions that allow them to fill the
space of the paper with relatively little effort.

Thus, the findings once again bring into focus the
function of municipal newsletters as public relations
instruments, rather than real journalistic media, which
are bound by such principles as impartiality, editorial
autonomy, immediacy, and providing public service
to the society [27]. The distinction between
independent local newspapers and municipal
newsletters admittedly is not always clear-cut: the
newsletters do also publish valuable and timely
content, and some of the articles referred to in this
paper illustrate this. It is also possible that a
nominally independent media outlet reports on the
activities of a municipality in an uncritical manner
[28]. However, readers of municipal newsletters
should be aware of the limitations this media genre
has so that they do not confuse an imitation of a
journalistic outlet with a genuine one.

Since the Latvian parliament has rejected the
recent proposals to restrict the rules of publication for
these newsletters [2], it is to be expected that the
current practice will continue in the future. Under
such conditions, one can only—naively—hope that
the municipal leaders in Latvia themselves are
capable of redefining the purpose of their official
outlets from that of publicity instrument to providing
the population with more relevant and well-
considered information on their natural, cultural, and
living environment.
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Melting Temperature Behavior of Different
Energy Crop Ashes

Skaidrite Bamane!, Liena Pois&, Aleksandrs Adamovis?, Rasma Plat&e3,

Edgars Cubars*
Latvian Plant Protection Research Centre, Latviatvian University of Agriculture LatvfaLatvian University
of Agriculture Latvid, Rezekne Academy of technologies, Latvia

Abstract. For solid fuels ash melting temperaturerescommended to be higher than 1000°C, so that it ¢denused in
automated furnaces; therefore-promising energy ceogre investigated as renewable energy source. Paiger presents
the results of tests on melting temperature of diffnt energy crop ashebhe field trial was carried out in the study
farm of the Latvia University of Agriculture "Rterlauki’ (56°53'N, 23°71'E) in the sod calcareousoils
characterized by pH KCI 6.7, P 52 mgkgK 128 mg kd, organic matter content from 21 to 25 g %dn the
soil. Energy crops analysed: reed canary grass (Rhia arundinacea L.), birch (Betula pendula Roth.psier
(Salix spp.), grey alder (Alnus incana (L.) Moenchpoplar (Populus tremula L.), hybrid aspen (Popsiu
tremuloides x Populus tremula). Results indicateatlthe ash melting temperature (D, St, Ht, Ft) fthe wood
energy crops were higher than for the studied grassergy crops and their mixture. Ash melting tempeire
in all phases over 1200°C was observed for suchlaopnd hybrid aspen mixture proportions: 3 parts o
wood and 1 part of reed canary grass, or 1 partnafod and 1 part of reed canary grass.

Keywords: ash melting temperature, reed canary grdss;h, osier, grey alder, poplar, hybrid aspen.

I. INTRODUCTION Il. MATERIALS AND METHODS

Biomass ashes have a relatively low ash melting Reed canary gras®lalaris arundinaced..) was
temperature - deformation temperature (Dt) is Ugual used in the study as grass energy crop. Reed canary
in the range of 750 to 1000 ° C, compared with coal grass (RCG) experimental installation conditions:
which Dt exceeds 1000°C, as ash chemical andowing- the third decade of April, place- the study
mineralogical composition is very different [1]. s farm of the Latvia University of Agriculture
melting point of straw is 850 — 1100°C but of coal "P&terlauki” (56°53'N, 23°71'E), soil- in the sod
1150 - 1500 °C [2]. calcareous soils characterized by pH KCI 6.7, P 52

It is important to consider what kind of pellets mg kg-1, K 128 mg ké, organic matter content from
will be used to heat the heating boiler. For wood21 to 25 g kg in the soil, additional fertilizer-
pellets the ash percentage is 0.5 - 1.5%, for stravammonium nitrate, harvest time- October, flowering
pellets it is 5 to 10%. Straw pellets have got ayve phase- mid-June.
low ash melting point; therefore, a slag layer is  From each fertilizer variable three samples, were
formed in the combustion chamber, which, hardenstaken from an area of reed canary grass (B§ m
while cooling down and takes up space. If the mglti which were weighed + 0.01kg. The samples were
point is below 1000°C, theparticles begirto sinter  used to determine the amount of dry matter. The
and the distribution of particles becomes harvested dry matter was established, by drying the
unpredictable. samples in a temperature of 105°C until a constant

Ash melting point, defining all four of its mass remained (ISO 6496). The results were then
standardized values, varies in a very wide rangene calculated for a hectare (t'Ha
within one biomass group; however, on average the The following wood biomass was used for pellet
deformation temperature is about 1200 ° C, whichmixture formation: birch Betula pendulaRoth.) form
allows to use this fuel for the household and naturally recovered birch sapling hylocomiosa forgse
industrial boilers [3]. An important indicator faplid in Baldone district of Zemgale forestry, osieBalix
biofuel is the ash melting point for security, bamm  spp.) - variety 'Thor' from Marupe plantation, gedgter
technology and sediment formation. (Alnus incanaL.) Moench), asperPopulus tremuld..)

Aim of the research: to find out the ash melting and hybrid aspen Pppulus tremuloides x Populus
point of different energy crops and mixtures théreo tremulg, which were provided in the form of dry wood
in support of energy crop breeding efficiency. powder by Latvian State Forest Research Institute

“Silava”.
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Laboratory analysis - the ash melting point wasaspen monoculture plantation is a new way to
determined according to the standards: LVS CEN/TSproduce woody biofuel in Latvia. When compared
15370-1, EN ISO 17225-1. The study compares fiveRCG mixtures with osier and hybrid aspen biomass,
types of pellets, whose composition was as follows:then hybrid aspen biomass is better for mixtures.
100% wood (w), 100% reed canary grass (RCG) 25%0bserving ash Hemispherical temperature HT and the
w / 75% RCG 50% w / 50% RCG 75% w / 25 % flow temperature FT over 1200° C, it is evidentttha
RCG. reed canary grass, birch, osier, grey alder, ppplar

The results were statistically processed usinghybrid aspen and some of RCG mixtures with poplar
descriptive and variable statistics, correlationlgsis  and hybrid aspen, birch, gray alder are suitabig. (F
with Microsoft Excel for windows 2000 and the 3, Fig. 4).

SPSS [4].
1500
[ll. RESULTSAND DISCUSSION 1450 1= x 1
The ash melting point, which determines energy 1400
crop quality, is an important indicator that
characterizes ash. It has four phases: DT - initial 13501
temperature of deformation, ST - melting point, HT o 13007
Hemispherical temperature, FT - the flow |_ 1250 1 _
temperature when the melted ash flows over the o
surface [3]. One of the most important phases is DT~ 12907
because it usually has one of the lowest ash rgeltin 11501
phase temperatures. 11004 L |
Also, this study shows that reed canary grass, 1050
birch, osier, grey alder, poplar, hybrid aspen BT i
over 1200°C (Fig. 1). In contrast, the reed canary 1000 7710000 _IOTOIO 000l _]OkD O
grass mixtures, whose DT is over 1200°C, consist of ECICIRIELIQIQEQCOEOOOZOOO o
. o o he] he] o
poplar and hybrid aspen. The recommended sl
. ! SEEEEEEEEEEEFEEEEEEE
proportions are as follows: 3 parts of wood andaft p P R s e o e P P | e P e
of reed canary grass, or 1 part of wood and 1 gfart Osier | Grey | Aspen | Hybrid| Bich ROG
reed canary grass. alder aspen
1500 Fig. 2. Initial melting temperature (ST) of diféat energy crops
1450 - and their mixtures: w- the particular species 0bdjoRCG — reed
_ canary grass
1400 M M
1600
13501,
1300, 1500
OL) M M -
= 1250 — -
o 1400
1200
4 Q
1150 & 1300 = _
£ - .
1100 =
1050 H I] H 120071 T
10007 101 oo/l Jo/0o] Joo/e]Jooo), 1100 | |
=/0(0|0[2]O|0]0| Z[/O|0I0| 20|00 EOOOO
UIZIUZIZUZIIUIZD{UID{D{I
Sgig@ogigie ogideloggle odge
cEEEEEEEEEEEEEEEEEEEE 1000 A AU H AU E AL E AL AR
Osier Grey | Aspen| Hybrid| Birch RCG o] e e g ] e = == g
e aspen B[22 2B 2 2l =
. . . Osier Grey | Aspen | Hybrid Birch RCG
Fig. 1. Deformation temperature (DT) of variougmy crops and alder aspen

their mixtures: w- the particular species of wo®ICG — reed
canary grass

Fig. 3. Hemispherical temperature (HT) for diffgrenergy crops

. . and their mixtures: w- the particular species 0bdjoRCG — reed
Initial melting temperature of ash ST over 1200 canary grass

°C is observed for reed canary grass, birch, osier,
grey older, hybrid aspen un RCG mixtures with
poplar and hybrid aspen (Fig 2). An osier and td/bri

52



Environment. Technology. Resources, Rezekne, Latvia

Proceedings of the Yinternational Scientific and Practical Conferenalume |, 51-53

1600
1500
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9
- 13001 ({ _
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Fig. 4. The flow temperature (FT) for differenteegy crops and
their mixtures: w- the particular species of woRICG — reed
canary grass

In turn, a lower (< 1300 °C) ash melting

melting temperature; an positive correlation with
carbon, calcium, potassium and sodium in the dry
matter, and with the highest calorific yield; a atge
correlation with ash content, sulphur content ie th
dry matter.

For the sustainable production of biofuel it is
necessary to use local resources, for example ggowi
of perennial grasses. To facilitate the introductmd
to promote environmental protection and energy
conservation programmes it will be necessary to
utilize the fallow farmland which is not not usea f
crops or cattle at present. In 2013 it has beerdot
that Latvia has 342 084.29 ha of utilized farmland
(LI1Z) (312 604.00 ha in 2011) suitable for growiof
energy crops [8].

IV. CONCLUSIONS

Ash melting temperature over 1200°C was
observed for reed canary grass, birch, osier, grey
alder, poplar, and hybrid aspen.

The ash melting temperature in all phases over
1200°C was observed for the following poplar and
hybrid aspen mixture proportions: 3 parts of wood
and 1 part of reed canary grass, as well as faarfl p
of wood and 1 part of reed canary grass.

Further research is needed to find the optimal
energy crop mixture proportion, where the ash
melting temperature would be over 1200° C.

temperature means that during the combustion of
these materials attention should be paid to propefl]
combustion mode to avoid mechanism damage.
Accordingly, the alkali metal, phosphorus, chlorine
silica and calcium presence is a determining factor [2]
for the ash melting temperature [5], [6]. Reductidn
melting temperature is most commonly associated
with  potassium oxide content increase [3]. [3]
Differences in ash melting temperatures within
samples of the same plant species, researchewmexpl
by the chemical composition of plants or individual
elements, which under the influence of high
temperature result in certain chemical reactiohs [7  [4]

To find out potential relationships of chemical 5]
composition of reed canary grass biomass and ash
melting temperatures element analysis of biomass
was performed. For the reed canary grass dry matter
the ash melting deformation temperature forms al®l
negative linear correlation with alkaline and &itk&
earth metals K, Na, Ca (r = -0.59,< 0.00] r = -
0.42;P < 0.05 r = -0.55,P < 0.001, n = 36) buta [7]
positive linear connection is formed with S (r 5D.
n = 36,P < 0.00]) with phytotoxic elements As, Cd,
Pb (r =0.73, r = 0.63, r = 0.55, n = 38,< 0.00).
Similar correlations have been also noted for St, HI[8]
and Ft.

The research on the reed canary grass yield
showed a substantial negative correlation withatsie
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Abstract. We consider advection of floating passive tracer in the White Sea using a hydrodynamical model of sea
circulation JASMINE. Simulations show that the Onezhskiy Bay is a hydrodynamical trap for tracers: concentration
there decrease more slowly. Typical times needed to remove concentrated tracer completely from bays are estimated.

General scheme of tracer advection is described.

Keywords: tracer transport, numerical advection, pollution, hydrodynamical trap, White Sea, JASMINE.

[. INTRODUCTION

The White sea is interesting from a number of
points of view. It completely belongs to Russian
national waters and is an important object for
mariculture, fishery, tourism. Also the White Sea is
the gateway to the Arctic, because here the Northern
Sea Route begins, an important transport system of
Russia that connects Europe and Asia by sea.

The White Sea is a unique hydrodynamical object
due to strong currents with stable pattern, high tides,
high level of available potential energy; also sea
bottom configuration influences significantly on the
sea dynamics because the sea is shallow. The Sea can
be considered as a model of the Arctic [1] and is a
convenient model basin for developing and testing
numerical models, software, equipment, and
algorithms. Small size and depth, high current
velocity, strong level oscillations are a serious
challenge to numerical stability of mathematical
models and algorithms: time step needs to be small
due to the Courant stability condition. Therefore
some models suitable for oceans or the Global Ocean
are hardly useful for the White Sea. On the other
hand, relatively stable pattern of circulation due to
strong tides implies low dependence of the Sea state
on initial distributions: this facilitates modelling
significantly.

The White sea is relatively close to the Atlantic
Ocean, belongs to the Arctic basin, this sea is small
(600 km from the Kanin Nos cape to the river Kem’
mouth), shallow (mean and maximal depth are 67 m
and 340 m, respectively). Tidal motion dominates in
the sea, though wind currents are also important. The
coastline is highly indented. In Summer the Sea is
free of ice. River discharge, which is 4% of the Sea

volume per year, is quite important. This implies
lower salinity of the Sea compared to the neighbour
Barents Sea. Subbasins, coasts, and rivers of the
White Sea are shown in Fig. 1.
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Fig 1. The White Sea. Coasts, subbasins, rivers

Although a large amount of data has been
accumulated [2], the distribution is highly
heterogeneous both in space and in time; this makes
choosing precise boundary conditions and model
verification serious challenges.

In this paper we pretend to answer the following
questions:

1. How does initially concentrated in a single

grid node tracer propagates?
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2. Does a pollution in some region of the Sea
disappear from the Sea after some time? What
are typical times needed for that?

3. What regions are cleared faster than others, for
given initial concentration of pollutant? Are
there regions that are cleared faster than others
for wide range of initial conditions?

4. Are there hydrodynamical traps in the White
Sea, i.e., regions that need more time to be
cleared from tracers compared to other
regions?

5. What are the roles of wind and tidal motions
in tracer advection?

To answer these questions we use numerical
modelling. Experiments in this area hardly can be
performed and amount of data on this subject is low
[3, 4]. One more aim of this article is to offer some
observable phenomena that can be proved to exist in
future expeditions.

II. MATERIALS AND METHODS

Numerical software complex JASMINE is based
on the Finite-Element Model of the Arctic Ocean [5].
It allows to evaluate state of the Sea, including sea
ice. The early version of the model participated in
model intercomparison projects (AOMIP, now the
Forum for Arctic Ocean Modeling and Observational
Synthesis (FAMOS), http://web.whoi.edu/famos) and
was adapted for the White Sea [6]. The model is
described in detail in [7]. External forcing includes
atmospheric data from open sources (NCEP), run-off
of five main rivers (Northern Dvina, Onega, Kem’,
Kovda, and Mezen’), M, tide induced from the
Barents Sea. Tide and wind are the most important
for our purposes. Boundary values for temperature
and salinity on liquid boundaries are monthly mean,
provided by expeditions of Northern Water Problems
Institute. Horizontal distribution was either 50x50 or
80x80 equidistant points which is equivalent to § or 5
km step. Vertical grid consists of 16 levels with
smaller step near the surface. Time step is 6 minutes.
Tide is described as harmonic oscillation of the outer
sea level with phase delay from East to West taken
into account. Only the most important M, tide is
taken into account.

Boundary conditions for scalars in straits
(including rivers) are of radiation type if the water
goes out and of the third kind if it goes in [8].
Therefore boundary values for all scalar fields,
including water temperature, salinity, and all
biogeochemical tracers, are necessary. We implicitly
assume that the matter disappear in the Barents Sea
so that clean water is coming in. This assumption is
valid because the Barents Sea is much bigger so that
concentration indeed quickly dissipates. However, if
we study tracer advection near the sea boundary, the
assumption leads to too quick reduction of
concentration. For other distributions it works well
enough. Boundary condition answers question 2,
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because any concentration would reduce to arbitrary
low values after sufficiently long time. However,
typical time of this process is still unknown.

The transport scheme of scalars is based on the
Taylor-Galerkin two-layer method [9], with the flux
correction transport (FCT) according to [10]. This
scheme guarantees non-negative solution in a case of
the right choice of the “mass diffusivity” parameter in
low-order time scheme [10]. Being computationally
expensive, the F'CT approach nevertheless conserves
the second order of spatial approximation for smooth
solutions and dumps nonphysical oscillations in high-
gradient regions.

The open boundary condition for velocity and sea
level is the generalized Flather condition [11], with
specified M2 tidal component for level (assuming
relatively low tidal currents in the Barents Sea), and
quazi-geostrophic low-frequency velocities,
calculated using observed monthly temperature,
salinity, wind stress and sea level. The open boundary
is located in the Gorlo. At solid boundaries and at the
bottom there are zero fluxes for scalars and quadratic
drag for momentum.

Advection is the most time-consuming numerical
procedure; therefore it is done in parallel using the
MPI paradigm on the cluster of the Karelian Research
Centre (http://cluster.krc.karelia.ru).

III. RESULTS AND DISCUSSION

Transport of floating and three-dimensional
tracers

Wind, tidal, and other currents are able to transfer
tracers. Tracer can be two-dimensional: matter of
positive buoyancy distributed over the sea surface;
three-dimensional: zero-buoyancy matter distributed
in the bulk of the sea; sinking tracer: matter heavier
than water; variable-buoyancy tracer with density
similar to that of water so thermohaline density
fluctuations yield vertical accelerations of either sign.
In this article we consider, mostly, two-dimensional
tracers. An example is sea-ice (only the drift velocity
field can differ from the current surface velocity). By
density of a tracer we mean that of dry matter which
influences only on buoyancy; concentration is amount
of matter of mass per unit water volume.
Mathematical description of transport deals only with
concentration. A source/sink is any process that
increases/decreases concentration in a volume
provided that there is no flux through its boundary.
River mouths can be considered as sources or sinks
(e.g., of salinity), propagation or death of planktonic
organisms, chemical reactions, flux of matter from
atmosphere to the sea surface of from the sea bottom
into the water, different physical sources.

By floating tracer here we understand a two-
dimensional scalar field of an abstract matter that
does not influence on other fields, such as velocity,
temperature or salinity, etc, and is influenced only by
two-dimensional field of horizontal current velocity.
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So the sea state is independent on the tracer which
changes only due to transport and sources or sinks. Of
course, these assumptions simplify the real situation;
however, they look reasonable provided that
concentrations are not too high and time span of
numerical experiment is not too big. Later we are
planning to take into account tracer capture and
transport by floating sea-ice, interchange with
atmosphere, change of sea water transparency
because of the tracer, and so on.

An important example of a tracer is oil films on
sea surface. A large class of pseudo-two-dimensional
tracers is phytoplankton that lives in the relatively
thin euphotic layer. Ichthyoplankton also can be
considered as a tracer in areas with strong currents
where larvae are not able to resist currents.

Transport of floating tracers differs from that of
three-dimensional ones, mostly by dynamism.

Transport in the White sea

Typical pattern of currents in the White Sea was
described by Timonov [12] and Derugin [13] and
later was improved in [14, 15, 16]. This pattern is
formed by tidal quazi-geostrophical circulation.
Dominating M2 tidal wave comes from the Barents
sea creating high-energy motion in the Voronka,
quick currents of changing direction in narrow
shallow Gorlo, and quazi-geostrophical circulation in
the Bassein and bays of the White sea. Semenov [6]
showed that period of this circulation is close to that
of the tidal wave, which makes this pattern quazi-
geostrophical.

Wind currents are also important. As the Sea is
small and shallow, wind is able to create level
gradient and change the circulation pattern
significantly. Influence of wind currents on transport
of the floating tracers is more important compared to
three-dimensional ones.

Main components of stable surface circulation
pattern of the White Sea is:

e Dbi-directional current in the Gorlo, which is
closer to the right (with respect to current
velocity) coast;
cyclonic rotation in the Bassein;
eddies in bays;
chaotic motion in the Voronka;
currents along Onezhskiy, Letniy, and Zimniy
coasts. It is reasonable to guess that these
currents are able to take matter from the
Onezhskiy Bay to the Dvinskiy Bay and then
to Gorlo and to the Barents Sea.

Tracer advection paths agree with typical patterns
of sea currents, though it is much disturbed by wind.
Tracer initially concentrated in a grid node at the
surface spread over the sea up to relatively
homogeneous distribution (with less concentration in
tops of bays). 3D tracer is dispersed more
propagating also to the sea bulk and is less influenced
by wind.
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Fig 3. Pure tracer dynamics: wind only and tide only

Let us define sea clean-up by reducing of the
concentration 100 times compared to the initial field.
Then the Sea is cleaned up of a homogeneous slick
covering all surface after 42 months. With no wind
(with only tidal circulation) this time is still less than
48 months. With no tide wind currents also clean up
the Sea by 42 months. It is interesting that most area
of the Sea is cleaned up after 24 months; the rest of
the time is needed to clean up the Onezhskiy Bay.
Slick on the surface of this bay needs the same
amount of time than the whole Sea to be cleaned up.
This and other numerical experiments show that the
top of the Onezhskiy Bay is a hydrodynamical trap:
concentration of matter (both floating and three-
dimensional) there reduces much more slowly
compared to any other region. Tracer concentrated in
one grid node in the top of the Bay needs 6 months to
be cleaned up; on the other hand, not more than 3
months are needed to clean up similar tracers from
other regions (top of the Kandalakshskiy Bay), while
for the Dvinskiy and Mezenskiy Bays, the Gorlo, and
the Bassein this time is at most 2 months or less, see
Fig. 2. In this figure we show surface concentration of
four tracers initially concentrated in a single grid cell
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in tops of Bays. Left to right, time passed is 1,2,3
weeks and 3 months. Trapped matter is clearly seen.

Matter can enter the Dvinskiy Bay but is not able
to leave it: so the term “trap” is valid. There have
been no (up to our knowledge) observations that
confirm or reject this phenomenon. A consequence of
matter caption is pollution of water of the top part of
the Bay, because floating litter can be considered a
tracer. The Bay indeed is quite polluted; however,
this can be also explained by function of Onega and
Belomorsk harbours. The mouth of the Onega River
can capture pollutants due to shallowness and kennels
[17]. Another supporting fact 1is results of
ichthyological observations of larvae of the White
Sea herring: in the summer of 2016 they concentrated
near the Uhta Bay and were almost absent to the
north of it (data of the joint expedition of Oceanology
Institute and Northern Water Problems Institute).

Numerical experiments also show that tidal
currents take tracers from to the top of the Mezenskiy
Bay. Even with no wind, tracer initially concentrated
in the Onezhskiy or Dvinskiy Bay concentrates in the
Mezenskiy Bay. If a tracer was initially concentrated
in this Bay, it leaves it after about 2 months; however,
this is rather long because the Bay is near the inter-
sea boundary and matter disappears after crossing it.
Such behaviour agrees with typical pattern of the
White Sea currents, though there are no direct
observations of matter transport to the Mezenskiy
Bay. Permanently high concentration of dissolved
matter in the Bay (optics.ocean.ru) implicitly supports
this conclusion.

General pattern of tracer transport is as follows.
First the concentrated tracer distributes over the sea
surface; then concentration decreases in the
Kandalakshskiy and Dvinskiy Bays. The matter is
dissipated and carried out of the Sea; however,
concentration in the Onezhskiy and the Mezenskiy
Bays, as well as near the Terskiy Coast, remains
rather high (in these bays it remains higher than in the
neighbour parts of the Sea up to complete
dissipation). Wind is able to carry the spot into the
Kandalakshskiy or Dvinskiy Bay for a short time.

We compared tracer transport in realistic
conditions (tide and wind) and that with one of the
factors absent (Fig. 3). This figure compares no-wind
and no-tide dynamics, while realistic dynamics is in
Fig. 2. Wind is very important for floating tracers and
is able to change the pattern significantly; however, it
is also important for 3D tracers (influence of wind
and tide are comparable). For example, evolution of
3D tracer initially concentrated in a single grid node
in the Dvinskiy Bay is similar for a long time (up to
rather uniform distribution)for these three types of
dynamics: realistic, pure wind, or pure tidal. General
pattern of floating tracer transport described above
changes little if there is no tide, though pure tidal
transport preserves pattern in general.
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Tracers are diluted by river discharge, more if
wind is absent.

IV. CONCLUSION

We considered advection of passive tracers
(focusing on floating ones) due to tidal and wind
currents by numerical simulations. The Onezhskiy
and Mezenskiy Bays are shown to be hydrodynamical
traps: they take more time to clear from tracers
compared to neighbour regions. They capture matter
just due to special circulation patterns and
bathymetry. Typical times needed to clear up the Sea
and different bays were estimated and shown to be
tightly dependent on that for the traps. These times
are less than half a year for the Sea in total and the
Onezhskiy Bay and less than a few months for other
regions. The Kandalakshskiy and Dvinskiy Bays are
cleared up more quickly (though the top of the
Kandalakshskiy Bay need 3 months to clear up,
which is more than that for other Bays excluding the
Onezhskiy). This is also true for both purely wind and
purely tidal dynamics. Wind was shown to be more
important for floating tracers than tide, though
qualitative pattern is provided by both mechanisms.
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Abstract. Extraction and primary processing of natural minerals have a direct human impact on the lithospherein the
following way: the area of excavation and the area covered by rock dumps of overburden and substandard rocksincrease;
the landscape also changes. This problem occurs on all operated deposits and exists in out-of-operation deposits. This
paper performs a critical analysis of environmental implications of anthropogenic impacts as a result of Syzran shale-
processing refinery work Rock dumps parameters Az 1 of Mine 3 and A2 2 of Mine 5/6 of ZAO " Kashpirskaya Mine" are
investigated. Rock dumps depth and surface ares, conservation volume and utilization capacity are considered to be
landscape modifying parametres. The research demonstrates rock dumps parameters change in the period from 1950 to
2002. The paper evaluates the degree of anthropogenic impact of dumps territories and burnt rocks burials which were
formed during the extraction of oil shale at Syzran shale-processing refinery. Those rock dumps resulted in the following
transformation and change of the natural system and landscape: curvature of the slopes altered, soil and vegetation cover
was dislocated. The only industry capable of reducing ecological tension in theregion is building industry.

Keywords: resource output, anthropologic impact, burnt rock dump, construction industry, landscape change.

I. INTRODUCTION II. EXPERIMENTALMETHODS

Samara region has various natural minerals When the extraction and processing of natural
reserves for the production of building materidle.  mineral raw materials, human influence directly on
begin with, such materials are brick and tile, andthe lithosphere. The degree of human influence is
expanded-clay and argillous raw materials, thaléiel difficult enough to estimate, but there are indicat
of which distributed on the whole region. Besides, that can be measured, estimated, trace the dynamic.
there are other mineral resources in the regionTetnor A.N. [1] It says that anthropogenic impacts
Among the major fields with a long history of include all types of oppressive nature effect pomdu
exploitation: deposits of carbonate rocks - Sokskoeby the technology and the human directly.
and Troekurovo-Guben; Balasheevskie molding The anthropogenic impacts on the biosphere in the
sands; Kashpirskoe oil shale. Among the major $ield past decade came on the same level with the natural
with a long history of exploitation may be: Sokskoe influences, become a guiding force further evohutio
and Troekurovo-Gubernskoe, Balasheesvkiyeof ecosystems. This is due not only population
molding sand; Kashpirskoye oil shale field. The growth, but a quantum leap in the development of
extraction of natural resources in most casesiiggbe science and technology.
done with surface mining. As the location produttio An analysis of the ecological effects of
the pit area is increased and the pit has muclanthropologic impacts allows them to divide alldgp
overburden dumps and non-standard raw materialspn positive and negative. The positive human effect
which leads to an influential change in the langsca on the biosphere may be the restoration of natural
These effects are manifested in all producing §eld resources, groundwater recharge, and land

and stayed in the unexploited fields. remediation on the land development of mineral
Due to the scale of the Russian Federation, theesources.
Samara Region, in particular, the task was momi¢pri Negative human effects on the biosphere are

the area occupied by pits and dumps. The area hasraanifested in the most different and extensive
lot of vacant land, but landscape changing barritsv p actions: deforestation over large areas, salirinati
and accumulated dumps, has ecological effect ofand desertification, depletion of fresh water, the
anthropogenic impacts. A typical example is theaare destruction of natural landscapes.

of oil extraction shale OOO "Shahti Kashpirskaya” Many human effects are made on purpose; there is
Syzran petrochemical company based in Shale. the technical transformation and destruction of
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natural systems and landscapes, to achieve the goal Oil shale extraction was carried out by
In the process of natural resources extractiontigy  underground method, first of all, from pits andtadi
nature, the depth and distribution areas, theand futher- in closed mines by drilling and blagtin
anthropogenic impacts time actions [2-5] may bemethod.

different. The MineNe 1 was founded in 1932 to provide
When extraction of mineral resources with surfaceraw materials and fuel for Syzran Shale company
mining first of all, there is an infringement ofetlsoil ~ which was built in the same year, which specialines

cover in the developed area of the field due tothermal processing of oil shale. As the report show
remove, pollution, bury and destruction of soil.eTh [6], the company was built next to the Kashpirskim
area of disturbed soil with the further developmeit shale field.
deposits is increasing. A similar situation may be  The mineNe 5/6 put out the operation in 1950 and
with the construction (drifting of building pits, the mineNe 3 is in 1959. In 1967, after working
trenches for communications, road construction). reserves, min@de 1 was closed, and in 1991 the mine
The next stage is extraction of mineral resourceshe Ne5/6 was closed as well.
where overburden removes, and they are also stored Oil shale extraction in the Kashpirskoe field laste
around the pit. As the development of pits - themore than 80 years until 2003 and was accompanied
number of pits is increasing while they are produce by the accumulation of waste rock and rock
The negative consequences at this stage includeontaining not removed during the extraction and
reducing the area of fertile land, and subsequeéhdy subsequent sorting shale. The presence of organic
landscape changes. substances in dumps promoted mixed spontaneous
In the future, sub-standard difference of mineral combustion [7], which led to the formation of burnt
raw materials may be added to the overburden. Eachock.
field has its own situation, which depends on many

factors: geological features, square pits, producti lll. EXPERIMENT
capacity (availability of access roads and appreach On the instructions of the Ministry of Natural
to the development of new lands). Resources in the Samara region in 2003 - 2004 ®n th

Technogetic impact in this case is a change intheme "Creating a local source of raw materialetas
structure of the complex geodynamic its componentson the construction industry waste dumps and burial
or linkages between them. This may be a change iraudit exploited and unexploited fields of Samara
any of geological factors or process conditions ofregion” was estimated man-made dumps and burial
flow. Besides the terrain disturbance there may bdormation of waste shale Syzran company. Published
changing the slope of the curvature, the compasitio dumps Kashpirskyi fields date was manipulated for
and the build of massive rocks. analysis since 1950.

In the future, there will be a violation of the According to published data, all waste dumps are
hydrological, hydrogeological and hydrodynamic not burning, waste dumple 1 andNe 2 are plat,
conditions, which led to the modification or deformation was off.
destruction of the biochemical cycles. Survey dumps conducted in 2004 showed [6] that

There are a lot of negative impacts in extractionstheir form in certain areas characterized by a plat
of mineral resources by underground method. A(Fig. 1 and 2), there is altitude. Waste dump nNne
typical example of shale extraction is Syzran1 has the shape of the pit (Fig. 3). The central isa
petrochemical company based in Shale. developed and there are the pit heap remains, which

Oil shales are common minerals. The structure oflook like indiscrete mass of weathering products
combustible organic substances (up to 70%) in(Fig. 4).
limestone or mud mineral mass is a part of them.
Shales can be used as fuel, and the most valuabl
direction is a chemical feedstock.

One of the largest oil shale fields in the Volga is
Kashpirskoe near Syzran. Value Volga shale is theit
shallow occurrence, facilitates the production, and
particular the composition of the organic part.

For the first time, Kashpirskoye oil shale fietd i
the scientific papers referred to the XVIII century
During the nineteenth century, geologists have§
repeatedly offered to expand extraction of oil efial B8
the village Kashpir. But in practice, these propf®sa
have been implemented since 1917. At this time, thg
question of building a shale company near Syzra
Shale was opened.

Fig.1. Rock dump\el
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Fig.2. Rock dump\e2 Fig.4. Rock dump of minael

As follows from the data, presented in Fig. 5, the
done supply of rocks in the dumpel, changed
widely. It amounted to 55 thousanef in 1950, it
changed from 179 to 260.8 thousamtn the period
of stable work (1977-1989). The exception was in
1981, when the supply was 130 thousafd

The decline in production was since 1990. The
extraction peak was in 1991. The decay period was
from 1992 to 2002.

Fig3. Rock dump of mindlel
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The volume of use of the breed in the published The dump volume\ell was uniformly increased
data has come to represent in 1988. There is afrom 1950 to 1989. As we can see from Fig. 6, its
important development in the use (more than 10}fold volume increased during this period by more than 5
from 1990 to 1992 and reached 450 thousahdo times. The dump volume began to decrease since
1992. The period from 1992 to 1998 can be 1987, due to the start of the planned overburden us
characterized as a period of smooth development th&rom 1988 to 1994 the volume of the dump varies
volume of use. In the period from 1999 to 2003 slightly from 1988 to 1994. The dump area built up
volume was using the maximum and stable in thefrom 1984 to 1987, and since 1990 it does not chang
period from 1999 to 2003. and amounts to 155,946.
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When the dump was forming, its height has  The annual flow in the rock dump, as it follows
increased on 20 m., but it has not changed for thdrom the data presented in Fig. 7, was varied aver
period from 1950 to 1959. The height of 40 m. wide range of 9 to 139.6 thousand
appears in the published data since 1990. The dynamic increase in production is typical for

The actual height for the dunif1 mineNe5/6 is 1997-2001. The nature of the accumulation can be
35 m. The dump is filled to 94%. The use of wastecharacterized as unstable.
rock is 7.4wm% which corresponds to 0.9% of the
accumulated volume.
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Water state pool is also improved, due to a
decrease in the level of industrial and household
waste pollution, which, in turn, is related to the
termination of the mines, agloporite company and
thermal insulation products company and the
reduction of shale production company.

The reducing negative impact of dumps on
resources land is due, primarily, to the minesuwies
and the lack of income in spontaneously combustible
pit waste heaps.

At the same time burned rocks are mineral raw
materials [6] akumineironsilicate calcium [8]
composition. When resource-saving method approach
to the construction resource base industry [7-9]
technological education and natural raw materieds a
the single source of raw materials. The human
structures use in the production of various bugdin
materials [10-12] solves environmental problems.
Outlined transition in the production of building
materials to multi-natural and human compounds [13]
is possible with computer design of charges. With 10]
this approach, burnt rocks become raw material bas[e
[6] for the production of a wide range of building
materials from the burden.

V.CONSLUSION

1. The squares and volumes of human structures
dumps and Syzran petrochemical company basedi1]
in shale burial was estimated (ZAO "Mine
Kashpirskaya").

2. It was found that the mine dumps Kashpirskaya,
accumulated over more than 50 years, on-
currently dumps do not burn, but they occupy 12]
large areas, have changed the landscape, reduée
the area of fertile land and have a negative impact
on the surrounding area.

3. Using rocks heaps in the construction industry
will reduce environmental stress.

REFERENCES [13] Chudin  A.N. Razrabotka metoda  komputernogo
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meropriyatiy | ozenki aconomicheskogo uscherba, p. 220.
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Study on the Adsor ption Characteristics of
Congo Red by Sycamore Bark Activated
Carbon
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Province, Hefei University, Address:Hefei, Anhud231, China
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Abstract. The activated carbon was prepared from sycamore bark by activation of zinc chloride. The absorbing effect
of activated carbon on Congo red wastewater is studied. The characteristics of sycamore bark activated carbon were
characterized by SEM and BET. The effects of adsorbent dosage, time, and shaking speed on the adsorption properties of
Congo red by sycamore bark activated carbon were studied. The isotherm, kinetics, and thermodynamics of adsorption
were explored. The results revealed that the activated carbon contain a large apparent mesopores. Adsorption efficiency
was increased with enhancing the adsorption dosage and time. The removal rate of Conge red reached to 98.2% under
room temperature with adsorbent dosage of 3.0 g/L, adsorption time of 120 min, shaking speed of 60r/min. The adsorption
of Congo red on sycamore bark activated carbon was followed Langmuir isotherm model and Lagergren pseudo-second
order kinetics model. The adsorption was spontaneous, endothermic, and the entropy was increasing in the adsorption
process.

Keywords: sycamore bark activated carbon, Congo red, adsorption kinetics, thermodynamics.

. INTRODUCTION cause a certain degree of atmospheric pollution. At

Dye wastewater mainly comes from the present, there are few reports on the preparation o
production of dyes and dye intermediates industsy, activated carbon adsorption materials from the
deep  color, complex  composition, poor sycamore bark. Sycamore bark raw materials are rich
biodegradability and difficult degradation[1,2]. &h in sources, renewable, inexpensive  and
actual use of the azo dye is the most common and thenvironmentally friendly, as a raw material for the
most frequently applied, approximately 50%. The preparation of activated carbon adsorbent for the
precursors and intermediates of azo dyes ardreatment of dye wastewater can reduce polluti@h an
carcinogenic, mutagenic and toxicity[3,4,5].Congo waste utilization, which provides a reference foe t
red is a typical benzidine azo dye in dyeing andtreatment of dye wastewater by other activatedararb
printing industry, mainly for cotton, viscose dygin adsorption. In this study, sycamore bark as raw
and paper industry production [2,3,4,5].Currently materials, sycamore bark activated carbon was
Congo red dye wastewater treatment methods arerepared with zinc chloride, adsorption of Congd re
commonly used in adsorption, membrane separationfrom wastewater, the adsorption properties and
chemical coagulation, oxidation, biological method mechanism of activated carbon from the
[6,7,8].Adsorption method is an effective means of sycamorebark to Congo red were studied by means of
dyeing wastewater treatment, because of itsstructural characterization, adsorption conditians
convenient operation, simple process, low cost andadsorption model.
good treatment effect have attracted much attention
[9,10,11,12]. II. EXPERIMENT

The preparation of new activated carbon  Materials and Reagents
adsorbent with biomass waste as raw material has Sycamore bark from the suburbs of Hefei City,
become a hotspot in recent years[13,14,15,16,17]wash drying, crushing and sieving standby. The
Sycamore tree is a common ornamental tree speciagagents used are ZnMlaOH, HCI and Congo red
and garden green road, each year a large number aihd soon. The reagents used in the experimentlare a
sycamore bark by the sanitation sector landfill oranalytically pure. Deionized water is used in the
burning treatment, caused by a huge waste ofxperiment.
resources, the combustion of harmful gases can also
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© Rezekne Academy of Technologies, Rezekne 2017
http://dx.doi.org/10.17770/etr2017vol1.2600



Li Cong, et al./ Environment. Technology. Resoyr(%17), Volume |, 64-69

Experimental equipment and analytical Ill. RESULTSAND DISCUSSIONS
instruments The characterization of sycamore bark activated

FW100 universal grinder, OTF-1200X tube carbon
furnace, CP214 analytical balance, UV6000 The adsorption generally occurred in the surface
ultraviolet visible spectrophotometer, of adsorbent, the specific surface area and pore
DKZz-2thermostat, NAVO2200 nitrogen adsorption structure of adsorbent are one of the importartbfac
specific surface area determinator, SU8000 scanningffecting the adsorption performance [20].The pore
electron microscope. structure of activated carbon was characterized by

Experimental methods nitrogen adsorption, the nitrogen adsorption

Preparation of sycamore bark activated carbon  desorption isotherms under 77K are shown in Figure

Following the method employed in the literature 1(a).lt can be seen from the figure that the nérog
[18,19], take 25 g sycamore bark powder in beakeradsorption isotherms belong to the I type in thed@J
adding 50% ZnGl solution for 100 mL after mixing classification [19]. At the beginning of adsorption
evenly impregnated with 12 h, drying at°@0for 12 nitrogen adsorption reached 200 cm3/g, the results
h, stiring irregularly. After drying the sycamorark indicated that the activated carbon had a certaie p
and zinc chloride mixture in the quartz boat, theh  diameter less than 1 nm[21].In the relative pressur
in a tube furnace. Activation for 50 min under the near 0.1, adsorption isotherms rise rapidly, the
condition of heating rate of 10r/min, nitrogen relative pressure is greater than 0.3, the adsorpti
atmosphere and temperature of 800The sample to  isotherm increased slowly, showed that a large
be removed after cooling, successively washed withnumber of porous structure exist in activated carbo
3% hydrochloric acid, pure water, 0.5% of NaOH The adsorption desorption isotherms have fine
solution each for 30min. Waterwashing to neutral, desorption hysteresis loop, may be due to nitragen
then filtering and drying to obtain the sycamorekba the capillary condensation in the hole, the results
active carbon samples. showed that the activated carbon has a certain eumb

Adsorption experiment and shape of mesopores.

Take a certain amount of sycamore bark activated According to the BET formula, the total specific
carbon adsorbent in 250 mL Erlenmeyer flask, addingsurface area of sycamore bark activated carbon was
100 mL concentration of 100 mg/L Congo red 1393 m2/g. BJH method was used to calculate the
solution, packed in sealed bottles in the constanpore size distribution, the results are shown guFé
temperature bath, adsorption in a certain time andl(b). From the map it can be seen that the most hol
temperature, the filtered solution was measured bydiameter below 10 nm. The pore diameter of 2~5 nm
UV VIS spectrophotometer at 497 nm. The removalis the main hole. The pore volume is 0.623 m3/g by
rate of Et (%) and adsorption capacity Qt (mg/gjeve BJH method, among which the micropores are 7.2%

calculated. and the mesopores are 91.6%. It can be seen that th
E, =(C, -C,)/C,x100% 1) distribution of activated carbon pore diameter is
t o Tt/ concentrated in the mesopore.
Q = (Co -Ct)V/W @) The morphology and structure of activated carbon

In the formula, G is the initial concentration of Were studied by scanning electron microscofiéie
Congo red (mg/L),Cis the residual concentration of esults as shown in Figure 2.It can be seen that
Congo red adsorption (mg/L) after t time, W is the Sycamore bark activated carbon in various shapes an
quality of sycamore bark activated carbon (g),i€Q ~ SiZ€s, uneven surface, structure of fluffy, sparadi
the adsorption amount of t time (mg/g), V is the bumps, irregular porous structure faults.
solution volume (L).

Isothermal adsorption experiment

Preparation of different initial concentrations 500
(150~350 mg/L) of the Congo red solution of 100 mL, . )
adding 0.3 g of sycamore bark activated carbon, 400 - .../"’
oscillation adsorption for 4h respectively at 2983 I
and 313 K in constant temperature water bathyditte
the residual red Congo concentration was measured.

Kinetics of adsorption experiments

In a series of 250mL conical flask were added to a
concentration of 100 mg/L Congo red solution 100 L e
mL and 0.3 g of sycamore bark activated carbon, at 0.0 0.2 0.4 0.6 0.8 1.0
different temperatures (283, 293 and 303 K) in the Relative pressure (p/p,)
constant temperature water bath, with 60r/min
oscillating adsorption for a certain period of time @)
filtered, the residual red Congo concentration was
measured.
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Congo red was 49.5%, 85.1%, 94.1%respectively,

=05, @ the removal rate of sycamore barkactive carbon with
& 04 . dosage increasingThis may be due to the increase in
E o3l L the total amount of adsorbent, the adsorption ef th
o . | | . .

o . total surface area and functional groups increabed,

5 02p = removal rate of Congo red increased.

% 0.1} When the dosage was 3 g/L, the removal rate of
S oo L - Congo red was up to 98.6%, and the removal rate was

not increased. The results showed that the solation

L L L L L
0 10 20 30 40 50 60 70 80 90 Congo red was completely removed by adsorption.

Pore diameter (nm)

(b) 100 o .
Fig.1. Nitrogen adsorptiemesorption isotherms and pore r o
distribution of sycamore bark activated carbon S 80
@ L
S 60
[ L
>
e 40
2w/
® 200 /
7I
O L 1 L 1 L 1 L 1 L 1
0 2 4 6 8 10

Dosage (g/L)
Fig.3. Effect of amount of adsorbent on removata@igo red

Effect of adsorption time on removal rate of
Congo red

Take 100 mg/L Congo red solution of 100 mL,
adding 3 g/L of sycamore bark activated carbon,
adsorption of certain time at room temperature &hd
r/min, the removal effect of Congo red is shown in
Figure 4.
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Fig.4. Effect of adsorption time on removal of Corrgd

It can be seen from the figure that the first 4@ mi
adsorption is very fast, belonging to the rapid
Fig.2. SEM images of sycamore bark activated carbon adsorption phase, may the sycamore bark activated

carbon adsorbent surface contains a large number of

Effect of dosage on the removal rgte of Congo red.gctive sites. It can quickly adsorb Congo red itera

Take 100 mg/L Congo red solution of 100 ML, ang the concentration of Congo red is higher at the

plus different dc_)ses of the sycamore bark activatedoeginning of adsorption, also increased the adorpt
carbon, Adsorption of 180 min at room temperature .1« transfer force Congo red removal rate

and 60 r/min, figure_3 is different dosage effekctie increasing rapidly. With the increase of adsorption
sycamore park activated carbon on the removal O{time, a large number of Congored was adsorbed on
Congo red in water. From the map it can be seen thay,g g rface ofadsorbent, active sites can be pedvid
the dosage of 1, 2, 2.5 g/LThe removal rate of gecrease gradually, at the same time, Congo red
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solution concentration decreased, the mass transfdfreundlich adsorption isotherm equation were fitted
driving force is reduced, the adsorption rate desed, to sycamore bark of activated carbon on Conge red
removal rate tends to be slow, enter the slowthe results are shown in Figure 6 and table 1.

adsorption stage. After 120 min of adsorption
adsorption gradually reached equilibrium, the
removal rate tended to be stable. The equilibrium
time of adsorption is 120 min.

Effect of oscillation intensity on removal rate of
Congo red

Take 100 mg/L Congo red solution of 100 mL,
adding 3 g/L of sycamore bark activated carbon,
adsorption of 60 and 120 min at room temperature
under different oscillation intensities. The effeadt
oscillation intensity on the removal rate of Congd
is shown in Figure 5. From the map it can be seen
that as the oscillation intensity increases, thmaoal
rate of Congo red rise. The adsorption time is 120
min, the oscillation intensity 60 r/min removal gat
reached 98.4%, continue to increase the intengity o
oscillation, the removal rate of Congo red remains
unchanged, at this time may have reached the
adsorption equilibrium. Under the same oscillation
intensity, the removal efficiency of Congo red at
adsorption of 60 min was significantly less thai® 12
min.
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F Adsorption time (min)
70 |- —=— 60

Removal rate (%)
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Fig.6. Adsorption of Congo red with sycamore backivated by
Langmuir and Freundlich isotherm equation

—e— 120 As can be seen from Figure 6 and table 1, the
60; adsorption of Congo red by the sycamore
I barkactivated carbon at different temperaturesnis i
sl o+ accordance with the Langmuir equation. The
0 20 40 60 80 100 120 correlation coefficients R2were greater than 0.983,
Shaking speed (r/min) The linear fitting is better. When the temperature
rises from 293 K to 313 K, the maximum adsorption
Fig.5. Effect of shaking speed on the removal afi@ored capacity Qax of sycamore bark activated carbon of
Congo red rose from 34.30 mg/g to 56.43 mgthe
Analysis of isothermal adsorption model results showed that the increase of temperature was

The most commonly used two adsorption favorable to the adsorption of Congo red by the
isotherm models are Langmuir isotherm equation andsycamore barkactivated carbon. The adsorption is an
Freundlich isotherm adsorption equation [22,23]. endothermic process.

Langmuir Mode}
C:e/(?e: Ce/Qmax +1/QmaxK L (3)
Freundlich Model
INQ, =InC./n+InK; @)

In the formula, @ is the adsorption equilibrium
concentration (mg/L) of Congo red solutionyLis
the maximum adsorption capacity(mg/g)e ©@ the
equilibrium adsorption capacity(mg/g), LKis the
Langmuir equilibrium constantN is a dimensionless
factor related to adsorption strengths kK the
Freundlich adsorption equilibrium constant.

Langmuir adsorption isotherm equation and
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Table 1
Isotherm model parameters of Congo red adsorption o
sycamore bark activated carbon

Temper Langmuir equation Freundlich equation
P KU Qu{ RZ K(m nt R
ature(K

) mg)  mglg 9/9)

)
293 0986 3430 09 215 0.0 053
83 6 97
303 0.871 4044 09 232 0.11 054
90 1 6
313 0499 56.43 09 234 01 0.76
97 2 92
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The Freundlich model coefficientsn™ <0.5, [ASO,kJ/((moK)] [23]. The thermodynamic
showed that the adsorption ofsycamore barkactivategharameters of the adsorption of Congo red by the
carbon of Congo red is easy adsorption process[4]sycamore bark activated carbon can be calculated by
Sycamore barkactivated carbon has good adsorptiothe following equation [4,28]:

properties and can be used as adsorbents for rémova AG. = AH -TAAO @)
of Congo red. 0 0
Analysis of the adsorption kinetics model IN(Q./C,) = AS,/R-AH/RT (8)

The adsorption kinetics can be used to describe |n the formula, T is the temperature, R is the idea
the adsorption rate of solid adsorbentgvealing the  gas constant [8.314 J/(mi)].
adsorption mechanismthe relationship between the The adsorption data of Congo red by the
structure of the adsorbent and the adsorptiorsycamore barkactivated carbon were plotted with 293
performance can also be analyzed based on th803 and 313 Kby In (Qe/Ce) to obtaki®and AS,
kinetic model and the adsorption process [24,25,26] and the results are shown in Table 3. From thestabl

The adsorption kinetics process was simulated bywe can see that sycamore bark activated carbon
Lagergren pseudo first order kinetics model andadsorption enthalpy of adsorption of Congo red

pseudo two order kinetics model[27]. variable DeltaAH® is positive, indicated that the
Lagergren pseudo first order kinetic model: adsorption process is endothermic reaction,
In(Q, -Q,) =InQ, - K, (5) Increasing temperature is favorable to the

reaction[23]. The adsorption energy free energy
change AG® at different temperatures is negative,

t/Q, :1/(K2Qez)+t/Qe (6) indicating that the adsorption was a spontaneous
In the formula, K is the first order rate Process. The\S of adsorption process of sycamore
bark activated carbon on Congo red is greater €han
indicating that the adsorption is a entropy prouunct
process, the adsorption spontaneous is increasbd wi
temperature [28].

Quasi two level kinetic model of Lagergren:

constant(mirt) , K, is a quasi two order rate
constant[g/(mgnin)].

As can be seen from table 2, the equilibrium
adsorption capacity Qca calculated by the pseudo

first order kinetic model is different from the Table 3

measured adsorption capacity & The quasi two Thermodynamic parameters for congo red adsorptitn w
level dynamic model of £0.987, The calculated sycamore bark activated carbon

value of eqwhbnum adsorpt!on & is close to the Temperal AGYKY  AFKIT ASTON ~
measur_ed adsorp_t|0n capgcny,@,showed that the ure(K) mol) mol) molK)]
adsorption data fit well with the pseudo two order 293 -6.40

kinetics model, the relevance of better.K2 incrdase 303 ~7.75 33.16 0.135 0.998

with the increasing of temperature, showed that the 313 —9.10

increase of temperature was beneficial to the
adsorption of Congo red by thesycamore bark

IV. CONCLUSION

activated carbon The activated carbon from the sycamore bark was
Table 2 prepared by the activation of zinc chloride, the
Kinetics modeling parameters of Congo red adsanpiiith adsorption of Congo red was studied, the concligsion
sycamore bark activated carbon as following:
Secdo oo Pesudosecordorder _ (1_) the content of sycamore bark_ activated carbon
Temper Qe kinetic model kinetic model is high, the shape of the pore is various, thecgira
ature(k  (mg/  Ky( Qal R Ky Qeul Ro of the void is developed, and the specific surfaea
) s S [ e is up to 1393 #g.
D) min)] .
5 5 (2) Increasing the amount of adsorbent can
283 21.77 o.é)o 2432 94 0079 2251 98 enhance the adsorption of Congo red. The adsorption
61 g reached equilibrium within 120 min. The removal
. . 0,
293 329 002 4o oi 0095 2097 98 rate .c_)f Congo red was up to 98.2% under the
4 7 8 condition of room temperature, dosage of 3 g/L,
001 0. 0. adsorption time of 120 min and oscillation inteysit
303 331 . 4044 94 0113 3513 99 of 60 r/min
6 8 '

(3) The adsorption of Congo red on sycamore bark
activated carbon was followed Langmuir isotherm
Analysis of adsorption thermodynamics model model and Lagergren pseudo-second order kinetics
The thermodynamic properties of the adsorptionmodel. The adsorption was spontaneous, endothermic,
process can be characterized by thermodynami@nd the entropy were increasing in the adsorption
parameters, standard Gibbs free energy chawGé,(  process.
kJ/mol), standard reaction enthalpy changeH(,
kJ/mol) and standard reaction entropy
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Creation of Reed Cadastres

Edgars Cubars
Rezekne Academy of Technologies, Geo technologyEmadndustry Research center, AttmSanas aleja
115/k-4, Rezekne, Latvia, LV 4600, email: edgatsaca@inbox.lv

Abstract. In Latvia the total renewable energy rescarvolume has not been fully evaluated. Reed exptmn for
energy output has not been developed on a largdesdane of the factors for this is the lack of infmation about to reed
resource spread and characteristics. Therefore,rtharises the need for a united inventory systerthe formation of a
reed cadaster. The study contains information orsiaprinciples of reed cadastre creation and resgamethodologies.

The reed cadaster is a list of the reed researclvbgch contains information about the reed areas iratvia, the volume
and locations, the legal status, possibilities fexploitation, as well as the biomass qualities, iach specific water
reservoir. For each water reservoir, which is includiéen the reed cadaster, a certificate and chart lealveen produced.
Information about the reed locations in each specifake have been shown on the cadaster chart; tloeifdaries of the
water reservoir, the boundaries of the reed plantsdaareas, the natural habitat protected area bouniéa, the district
boundaries, as well as the access roads. The dataded characteristics and accessible volumesaompiled in the water
reservoir cadaster passport. Development for reggl@tation in the conditions of Latvia is dependeon the location,
accessible volumes and existing infrastructure. Reede a long term renewable energy resource, with $pecad of reeds
increasing every year.

Keywords: common reed, reed biomass, renewable en@ggurce, common reed cadaster.

I. INTRODUCTION use of reed resources is becoming more topical.

Up to this point in time the energy potential In Latvia the total renewable energy resource
resource of the biomass of water plants has nat beevolume has not been fully evaluated, the potemtfal
taken into account in Latvia. The exploitationloése  each energy source and accessability for the long —
plants as an energy resource would create new jobserm in the respective regions. To exploit any o t
reduce the use of fossil energy resources, asagell resources in the long — term in an efficient and
solving a variety of environmental protection justifiable way, it is necessary to evaluate the
problems. One of the plants, which could be madeaccessible volumes and qualitative parameters [9].
use of in the Latvian conditions for energy pur@se Thus far, there have not been complex studies on
is the reed plan{Phragmites australis (Cav.) Trin. reeds in Latvia, there have only been some stuafies
Ex. Steud. growing in natural and artificial water specific reed samples to examine their charadierist
reservoirs. [1,2,3]. features and possibilities of biomass pre-treatment

Studies carried out by foreign scientists also Using reeds for generation of thermal energy igdar
indicate that reeds can be used as a raw material f volume is not a well-developed practice. One of
fuel generation. [4,5]. Basing on information from factors causing this problem is lack of informatam
the Database of Latvian Lakes, there are 17 lakds a distribution of reed resources and their
artificial bodies in Latvia whose surface exceedscharacteristics. Therefore, there is a need toteraa
1000 ha. [6]. Overall, reeds from more than 2000unified reed recording system, i.e. reed cadastre.
Latvian lakes can be used to generate energy. [7]JReed cadastre is a list of reed resources including
Latvian lakes have to face eutrophication that &#as information on reed-covered areas in Latvia, their
negative impact on lake biotopes and decreasesolumes and locations, legal status, possibilités
biological diversity in these lakes; besides, res&gl use, as well as characteristics of the biomassh e
of decaying water plants promote emission of gasespecific water body. Data included in reed cadastre
causing the greenhouse effect. Lake eutrophicédion would allow planning works necessary for reed
also well-known in other parts of the world. [8e@&  extraction and forecasting the quantity and quadity
is one of the most common water plants growing inthe respective raw material. The aim of the reseerc
almost all water bodies in Latvia. Currently, treg to study reed distribution and characteristic
being used in small amounts for construction needsparameters of this plant, establish criteria foe th
but, due to the increase in prices of fossil energycadastre of reed resources and create a cadastre of
resources and to the pollution caused by the use dKkvapanu Ponds, as well as to give recommendations
fossil resources, the interest in using local bissnm  for further development of the reed cadastre.
energy supply is growing. Thus, the issue of ration
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[I. MATERIALS AND METHODS Long-term changes in the total areas of reed

Cadastre contains the main data related to the usgrowths are shown by dynamics studies. In the
of reed growths. Each water body included in tlelre respective water body, reed-covered area is being
cadastre has its own passport and reed cadastpal madetected in each of the reference year, which allow
The following aspects are shown in the reed caalastr assessment of reed growth changes. In order to
map: borders of the water body, borders and artas aquantify the reed growth changes over time, the
reed growths, borders of SACSpecial Areas of following values were introduced: lake overgrowth
Conservatiol, borders of administrative areas, and intensity bvergrowtn@nd increase in reed growths in the
access roads. Reed cadastral passport contains theater body lp.
main parameters and features characterising the Reed growth increase in the water reservoirvs
respective reed growth. This study analyses then maiis expressed ha *yearwhich shows by how many ha
parameters characterising each reed growth to bé the time period the reed spread has changedion a
included into the reed cadastre and provides msthodannual basis in each specific water reservoir:
to establish them. S.—- S,

Level of the lake’s overgrowthAae in %, shows o =———
the size of the part of the total area of the retpe
water body overgrown with reeds:

, ha *year?! 2

Where, $— Calculated reed area at the year end;
S— Calculated reed area at the year start;

S
Ajge = s:::: [%6], ) n — The number of years in the period analyzed.
where S.eqis the total area of reeds in each lake; Intensity of the lake overgrowing I overgrowtn,
Sake iS the lake surface area. express changes in the reed area, which happen

To detect the reed-covered areaedp it is during the course of time in the water reservoire T

possible to use GPS devices [10], by measuring allake overgrowing intensity shows by what percentage
reed growths, however it is possible in cases whernnual the reed spread expands or contracts oger th
only small areas are to be measured with hightotal area of the water reservorr.

precision, because this process is very labour- | _ (Sg —Sg) *100 %e*vear-1 3)
intensive. Within this study, the reed-covered area owergrowth™ Siake Y

was detected using distance-based pro_blng method in Where, $— Calculated reed area at the year end:
the computer program Arc Map 9.2. This method can S,— Calculated reed area at the year start;

be also recommended for further creation and ' +he number of years in the period analyzed:
development of the reed cadastre. The measuring Sure— the lake surface area '
ake = .

method is bgsed on analysis of orthop_hoto images; Characterisation of field studies. In each of the
orthq?hoft_ﬁ |maogetﬁ V\r/]erte anallysedf wgh?utt_ l;]Smglakes examined, the author chose four reed growths
SFei' Ic T erj. rthophoto ?nags(? orh ee(i o b that, in respect to their characteristic parameters
plant-covered areas in water bodies has also ee{7isually corresponded to the average level in the

used by other researchers [11; 4;5/12; 13; 14]'res ective water body. Two samplin lots were
Borders of reed growths are being digitalised aed a exarinined in each grgwth. For ea?chgofpthem, the

of the Zufrface_ OLe_ach reledlg{O:jAHS in the ?ﬁetziﬁe following parameters showing reed productivity were

or pond farm 1S being calculated by using the poiyg determined: reed density, average diameter of stems
dr?‘W'”g t(_)o_l n th_e computer program Arc Map 9.2. and amount of biomass to be gathered. Each year,
(Fig.1.), digitalisation scale is 1:500. The sunredd reed sampling plots were created within the same

growth areas in each Iak_e constitutes the amount O&rowth, which allows comparing parameter changes
reeds that can be potentially gathered. Reed-cdvereover years. Winter harvesting of reeds on the ice

areas were detected using orthophotos taken fronghOWS a biomass result. With a direct weighing

2005 to 2010. method in situ the amount of reed biomass was
established, which can be extracted from lakes and
fishfarms from a 1m square reed growth. In the
calculations, the reed sections above ice durirg th
winter are included. Reed harvesting and sample
weighing were done in 8 sampling plots (four
different plant areas with 2 sampling plots in §ach
each of the lakes surveyed Sampling plot area 25m
square (figure 2). The obtained results were
recalculated to the dry condition. Plots were ledat

in places corresponding to the average overgrowth
density, and overgrowth density was determined by
monitoring the reed bed. This methodology is also
recommended for future maintenance and

Fig. 1. Reed growths in the Southern of KvapanudBon development of the cadastre.
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95 degrees C over 2hours. The cooled sample was
filtered, the filter having been washed with 0,5%
HNOs; and diluted with deionized water up to 65ml.
The metal content in the solution was established
with an optical plasma spectrometer Perkin Elmer
optima 2100 DV.

Concentration (C) of heavy metals per 1 kg of
reed ashes is calculated using equation 4:

Cel* 1000
C — el Vsj:p|€ \ mg*kg_]_ (4)
where G is concentration of the element, nié*|
Vsample iS volume of the sample after

mineralisation, [;
my is ash weighting, g.

Fig. 2. Sampling plot for reed biomass measuremintsubana Content of heavy metals in ash is used to
Lake determine maximum five-year doses of ash
incorporation into the soil. Maximum acceptable

Characterisation of laboratory studies. doses of reed ash to be incorporated into oneafinit

For each of these samples the following heatspil area were assessed taking into account sewage
technology parameters were established — carboRjudge incorporation into the soil. Limiting doses
content in the biomaSS, the relative moisture qunte were established in line with the requirements of
the lowest combustion temperature, the lignin cointe Cabinet Regulation No. 362 of November 1, 2008
in the biomass, evaporable matter in the biomass, a “On Utilisation, Monitoring and Control of Sewage
content, as well as the metal content in the bismas sjudge and the Compost thereof” (Table 1).
for the following — Copper (Cu), Cadmium (Cd),

Nickel (Ni), and Lead (Pb). Table 1

Samples for the laboratory experiments were Limit Values Of Annual Heavy Metal Emission Intoamitural

prepared according to the standard method CEN/TS Soils

14780. " Limiting Aver:E\é;’:ah ;%r F;e\e]:vi-gre)zar period
i in the reed biomass was element
'kaJ(I)-IS;urde ContegF in t h dard h sand, loamy sang loam, clay
established according to the standard methof— Cadmium (Cd M =
CEN/TS 14774 - 2. . . 2 Cooper (Cu) 1000 1200
Ash content was determined by applying the 3 Nickel (N) 550 300
standard method CEN/TS 14775. 2 Lead (Pb) 300 350

Carbon content in the biomass was established
with the carbon/sulphur analyzer ELTRA CS — 2000

Wh'(l:h _wor_:_<rs1 on tr:je g)_rlnmplesthof ch:omatog_rtapmc respective error calculations were also carried out
analysis. e ree lomass Ihermal capacity Wag,o efore these values are indicated in the reed

established with a colorimetric thermometer Paarpassport data as an interval. Descriptive stesigtnd

677L2" f(_)rana;tur?l_ rrlcr)llsturedcgntent of 1(2[_bll'2:1/()ab dispersion analysis methods were used for data
h C':?n'n con e?h ":1 1% reed biomass establisne yprocessing [16; 17]. Images were used to visualise
e Classon method [15]. data and correlations.

foll Evgporabtlﬁ (;nziltter. (I::(?n'E[ent .esl.qtatllfalllshed.tgy 'fdr;e The amount of the mass obtained was determined
oflowing methodology: FIrst weig & cruciblee at a natural moisture content. Reeds were cut above

the sample for analysis with a mass of 1 0,1g, th he ice using a scythe. Reeds, after being cute wer

;:rumbles '?hr? coverfatg with atlt'd and tplacegslgo agathered, tied and weighted. The amount of the
urrffct;e V;' _orlgsm a pr_(te)lse empera uredo a1 ftbiomass obtained from the respective sampling plot
er f minutes the crucivles are removed and 1€l o< recalculated to t*Ha For studies of

to C%(I)l In Ithe dal_r. The l'dsl ?re rehmovtiﬂ and thlecharacteristic features, the results obtained were
crucibles placed in an escalator where the samp ejecalculated to a dry stakary.
cool to room temperature, the crucibles are weighe

d th bl ind d Th Reed height Heed was established with a tape
an € non — evaporable remainder removed. fheasure in situ. In each of the water reservoir
relevant calculations are made.

: . sampling plots the harvested reeds were measured
. To determme_ theh_ea\(y metal content in the and the mean height established for a 1m squage are
biomass the mineralization of the samples was

ied out using th | t methodol Thel Reed diameter D niesru Was established with a
carried out using the relevant methodology. "€ slide gauge in situ. In each sampling plot the reed
biomass was reduced in size by a milling process

. . . . diameter was measured for a 1m square area, when
which produced bits .<150 um, which were weighed harvested for the biomass result. The diameter was
as a 1,59 dry biomass sample. Then 15ml

measured 10 cm above the ice. The results were
concentrated HNPwas added, the sample heated to

All laboratory studies were repeated thrice, the
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analyzed to calculate the mean reed diameter ih eac  Areas overgrown with bushes were not added to

sampling plot. the total reed areas, while areas covered with cane
Reed density was established in each water were taken into account.
reservoir sampling plot with a count of reed stdtks Studies carried out by other authors have shown

a 1m square area, which were harvested to establisthat it is not recommended to cut 100% of all reed-
the biomass result. From each sampling plot aboutovered areas each year, because it causes changes
1kg of reed biomass was taken, which was used tdhe structure of reed growths and may affect
establish the parameters of reed heat engineeringegatively populations of organisms living therein
under laboratory conditions. [5;19]. Therefore, the amount of reed biomass to be
Previous studies have revealed that reed stems arattually obtained is lower than the potential antoun
leaves have different features and different capaci of reed biomass that could be theoretically obthine
to accumulate heavy metals. [18]. In our researchBesides, to avoid any adverse impact on reed gowth
reed stems were not separated from leaves, becausand organisms living therein, the maximum amount
when gathering reeds for fuel generation, suchto be obtained should not exceed 50% of the total
separation is complicated and energy intensivechivhi amount. [2]. Thus, the biomass amount to be agtuall
would make reed procession more expensive. Reedbtained was calculated as 50% of the reed amount
samples gathered from eight sampling plots in eacHound in each water body. Total amount of reed
lake were joined together to create the averagediomass to be actually obtained was calculated by
sample. Reed samples were placed in a shelter fomultiplying the area covered with reed to be atyual
storage, no additional drying was performed. Reedsised by the amount of biomass obtained from one
were shredded, and 1 kg of the shredded averagesurface unit in each specific water body.
sample was taken for laboratory studies.

Ill. RESULTS AND DISCUSSION

The reed cadastre was created as a summary (
results of the main researches related to reedthspw
which allows using it in further management and
studies of reed growths. Each water body included i |/
the reed cadastre needs to have a passport and re
cadastral map. The study resulted in a reed cadast
for 11 biggest reed gathering sites in Latgaleaegi
Studies of reed growths were carried out in Lubana
Lake, Gumelis Lake, Raznas lake, Feimanu Lake,
Sivera Lake, Luknas Lake, Kvapanu Ponds and [
Naglu Ponds, as well as in Rusonas Lake, Birzkalne | ..
Lake and Cirisa Lake. ¢

Information on reed locations in each specific lake |
is shown in the reed cadastral map where
visualisation of borders of the water body, borders
and areas of reed growths, borders of the spe@al a
of conservation, borders of regions and accesssroac
(Fig. 3), can help in finding solutions for better
logistics of reed use.

Data to be included into the reed cadastral
passport were divided into two parts: geographical OOO — e
data of the water body and characteristic parameter k= o e
of reeds. Geographical data of the water bodylae t  Fig. 3. Cadastral map of reed growths in Kvapanudgo
following: CWMD (Classifier of Water Management
Districts) code and surface area of the water body, as
well as average depth and legal status of the water
body defined basing on data from the Database of
Latvian Lakes. [6]

Characteristic parameters of reeds include
calculated reed-covered area, average amount of ree
cut above ice in wintertime, potential amount of
biomass and amount of biomass actually harvested.

(Fig.4).

- LEGEND

Roads
SACs
Administrative area

| REED beds
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Kvapanu Ponds
Geographical data of the water body

CWMD (Classifier of Water Management Distrigtde No

Surface are&iae, [ha] 610

Average depth of the lakkljae [M] 0.5

Legal status Private

Area of conservation Nature reserve “Wetland of Lubana Lake”,

territory of Natura 2000.
Characteristic parameters of reeds

Calculated reed are.q[ha] (in 2008) 160

Distribution of reed areas by administrative teris, % 100 % Rezekne region

Reed-covered area located in Special Areas of Qaaisen, [ha] 16

Average amount of reeds cut above ice in wintertihg.qs [t*ha] (in 2010-2012) 8.16-8.66

Potential amount biomass (when cutting reed aboeeiri wintertime),M ), [t] (in 1305-1385
2010-2012)

Amount of biomass actually harvested (when cuttiegd above ice in wintertime}, 650-690
M rea, [t] (in 2010-2012)

Overgrowth level in the water body.4, [ %], (in 2008) 26.2

Increase in reed growths in the water bagyfha* year'], (in 1997-2008) 7.8

Overgrowth intensity in the water bodyyelgrown [%0*year?], (in 1997-2008) 1.3

Average heigh of reeds,dd, [m] (in 2010-2012) 2.18-2.28

Average diameter of reeds;k, [mm]; (in 2010-2012) 7.84-8.24

Average density of reeds,c8, [stems * n]; (in 2010-2012) 55-60

Average ash content,4A%]; (in 2010-2012) 4.3

Average relative humidity, M,[%]  (in 2010-2012) 15.6-17.0

Average lowest heat of combustion, [MJ*®g(in circumstances of natural moistufe 14.11-14.39
content) (in 2010-2012)

Average carbon content, [%)] (in 2010-2012) 40.6-42.8

Average lignin content in biomass, [%] (in 2010-2p1 25-25.67

Average content of volatile substances in biomf&sk(in 2010-2012) 68.1-68.8

Maximum acceptable five-year dose of reed ashilligton t*ha®. Sand, loamy sand — 10.4

Sandy loam, clay — 12.5

Fig.4. Cadastral passport of reeds in Kvapanu Ponds

In Latvia, there is no system performing reed of reeds, average diameter of reed stems and reed
growth monitoring, therefore there are no data ondensity, which allows conclusions to be drawn as to
long-term availability of reed resources. Cadastralthe overall state of the respective reed growth and
passport also contains information on the overgnowt which is also necessary in the process of reed
level in the water body and increase in reed grewth harvesting and when choosing and designing
in the water body. The latter shows intensity afdre technical equipment for primary-processing.
invasion. These values allow assessing the amounts Research results show that average height of reed
of reeds as renewable energy sources and theigrowths on sampling plots varied between 1.55 and
development trends, which helps us foresee thei2.35 m. Average height of reed growths in Kvapanu
amounts in future. Studies of reed dynamics revealPonds amounted to 2.18-2.28 m. Average diameter
that every year reed-covered areas in Latvian lake®f reed stems in growths varied from 5.25 to 8.35mm
increase. Thus, it can be concluded that reed is ahile in Kvapanu Ponds the average diameter was
sustainable resource. To quantify this increase, th 7.84-8.24 mm, which is above the average level.
cadastral passport contains information onAverage density of reed growths amounted to 55-60
overgrowth intensity in the water body expressed asstems per one fiof reed growth.

%*year®. It can be seen from the Figure 4 that in Reed suitability for energy production is
Kvapanu Ponds this increase amounts to 1.3%*/ear characterised by their thermal features. Reed
from the total surface area of the water body. cadastral passport contains the following features:

Furthermore, passport data include information onlowest heat of combustion, carbon content in the
characteristic features of reed growths: averaigghhe biomass, ash content in the reed biomass, relative
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moisture content, content of volatile substancethién Using reeds as a fuel, reed combustion results in
biomass and lignin content in the biomass. The mairash that can be considered to be a hazardous waste
indicator to be included into the reed cadastralbecause it contains heavy metals. Studies on
passport is heat of combustion. For the analysegossibilities of reed ash utilisation by incorpargtit
samples of reed biomass, the lowest heat ofinto the soil have helped to determine the maximum
combustion varied from 13.57 to 14.70 MJ*%dror  acceptable five-year dispersion doses #hizat have
reeds growing in Kvapanu Ponds, this value wasbeen included into the cadastral passport data. For
14.11-14.39 MJ*kg. reeds obtained from the Kvapanu Ponds, this value
Main factors that can affect the heat of was 10.4 t*h& of ash in sand and in loamy sand
combustion are the content of combustible elementsoils, and 12.5 t*h& of ash in sandy loam and clay
and content of moisture and ash in the biomass. Aslsoils. Although a high level of ash content is tgbi
content in the respective samples varies from&#to  for reeds, which often causes problems during
On the average, reeds contain approximately 5% otombustion in wood combustion devices, adapting
ash, which is five times more than in wood and isfurnaces to reed combustion would allow successful
equal to the ash content in straw or canary sesl. A converting them into energy. Reeds should be used a
content depends on individual reed growing an additional energy resource, by using it in uasio
conditions in each water body. Ash content in reedtechnological processes of fuel procession andggner
biomass is stable within one water body. Main facto generation, which, in case of necessity, would terea
affecting the ash content might be the content ofa possibility to replace the reed by other types of
various elements in water and silt absorbed byseed biomass, e.g. wood, because there are several high
Relative moisture content in the respective risk factors related to the use of reeds: floods in
samples varied from 14.5 to 19.2%. Average moisturewinter, storms and freezing of water bodies during
content in samples of reed biomass wasfloods, as well as blizzards may seriously danthge
approximately 16.8%, which shows that reeds may beeed growths, or, in case of untypically warm wigte
successfully combusted without previous drying.ice layer may not be sufficiently thick to ensure
Almost the same moisture content was found byindustrial harvesting of reeds.
Estonian researchers: reeds with moisture content n  Reeds in the water bodies of Latgale region
exceeding 20% may be harvested in spring-wintershould be harvested in winter time, by cutting them
period[5]. above ice, because permanent provision of this raw
Lignin content in plants varies depending upon material, by cutting it in summer period, is not
their type. For wood, it is 19-30%, in fibres ohet possible.
plants 8-22 %. Lignin content was established usin¢  Harvesting of reeds in winter time, i.e. from the
Klasons method [20]. Our study revealed that lignin beginning of December to the end of April, is thesth
content was equal to the wood biomass and watime to use them for fuel generation, because then
higher than in fibres of other plants, which shadinat reeds have the best qualities as fuels. During this
reeds are suitable for granulation and briquettincperiod, reeds contain the lowest level of chlowmel
without adding additional binding agents, thereforealkali metals undesirable in combustion devices.
this parameter should be included into the reecBesides, harvesting reeds in winter time reduces
growth passport. emission of CH into the atmosphere. Cutting
Content of volatile substances characterisesprevents reed-covered areas from overgrowing, saise
combustion capacity. In the respective samples thireed viability and capacity to absorb nutrientsiryr
content of such substances was high and varied frorthe next season. Reeds cut in the winter are edsy t
64.4-72.8%, which may indicate that reed biomass ic<converted into energy and they regrow by the next

a highly flammable fuel. harvesting season [22].
Studies on canary seed reveal that the time o
harvest also affects significantly  thermal IV. CONCLUSION

characteristics of the biomass [21], however hdrves Reeds may be used for fuel generation. In Latvia
time for reeds is limited. Taking into account emtr  there are more than 2000 lakes and pond farms that
technical harvesting equipment, industrial reedcan be used to obtain reeds.

gathering requires a thick layer of ice. In order t Criteria have been drawn up and a cadastre has
avoid causing significant changes in reed growiths, been created containing information on reed
is usually possible to harvest reeds only starftiog resources in the most important reed harvestirgs sit
the beginning of February to the end of March, Whic in Latgale region. A cadastral map and reed growth
is also the time when reeds have the best thermgbassport have been created for each water body.
characteristics. Therefore, the impact of the tiofie Cadastral map visualises borders of reed growths,
harvesting on reed characteristics was not analysetlorders of water bodies, areas of growths, borders
and the recommended time of harvesting was notdministrative territories, access roads and berdér
included into the cadastral passport as an indicato  special areas of conservation.
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Reed cadastral passport contains geographical
data of the water body and characteristic parameter
of reeds. Geographical data included in the reeo[]
cadastral passport are the following: CWMD
(Classifier of Water Management Distrigt€ode,
name of the water body, surface area of the wateF 0]
body, average depth and legal status.

Characteristic parameters of reeds are the
following: reed-covered area, distribution by [11]
administrative territories, amount of reeds cut\ebo
ice in winter, potential and actual amount of biesa
to be obtained, overgrowth level of the water body,
reed height, density and average diameter. Besides,
reed thermal features were also included: moistur%m
and ash content, heat of combustion, content ofrlig
and volatile substances, as well as maximum five-

(12]

year doses of reed ash distribution. (14]
Reed cadastre should be developed and
maintained, it can serve as a basis for creation of

enterprises related to reed harvesting and prowgssi  [15]
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Abstract. A task of water supply systems is to provide safe drinking water to every customer, which is a basic human
need. Aging of water supply networks and increased precaution of terrorism risks led to re-evaluation of drinking water
supply system reliability and vulnerability to accidental and intentional contamination. Contamination of drinking water
can cause health, social, psychological and economic issues. During the last decade, early warning systems (EWS) were
often used to ensure the safety of drinking water. EWS are driven by conventional sets of drinking water quality sensors,
and the collected data are analyzed in real time. For detection of contamination events, numbers of algorithms have been
developed. Most of the algorithms are based on statistical analysis or machine learning. The aim of this study was to
compare existing methods and to identify the method, which is suitable for contamination detection in drinking water
firom non-compound specific sensors and requires relatively low computational resource.

A detailed review of 11 different algorithms was presented in the current study with the primary focus on detection
probability. Cluster analysis in combination with Mahalanobis distances of feature vectors and Canonical correlation
analysis (CCA) approach were selected as the most promising methods for application in a new generation of EWS to
detect and classify possible contamination events and agents. While canonical correlation analysis method was the most
accurate for detection of contamination events, an advantage of Mahalanobis distances was that it not only detects the
contamination events but also could identify the type of contaminant. In this study, we conclude that CCA and
Mahalanobis distance methods might be applied for detection of contamination events with relatively high and reliable

precision.

Keywords: drinking water quality, early warning systems, online monitoring.

I. INTRODUCTION

Drinking water supply systems (DWSS) are
vulnerable to deliberate and accidental contamination
events. Contamination events might cause health,
social, psychological and economic issues to
consumers [1]-[4]. There are numerous drinking
water deterioration cases reported in different
scientific and technological papers during the past
decades. For example, more than 1900 drinking water
contamination accidents annually have been recorded
in China between 1992 and 2006 [5]. A chemical
spill in Elk River West Virginia, the United States in
2014 has influenced more than 300 000 residents by
the interruption of drinking water service because of
deterioration of drinking water quality [6]. To
increase the safety and reliability of drinking water
supply system the early warning systems (EWS) have
been developed [5]-[7]. The tasks of EWS systems
include detection of contamination events during
drinking water monitoring and following notification
to the responsible institutions. EWS consists of a
drinking water quality sensors set, data collection and
analysis system and alarm triggering algorithm.
Measurements, data collection, analysis and possible
alarm triggering is aimed to be done on-line [5]. EWS
provide not only the real-time detection of possible

contamination event but also could classify the type
of contaminant occurred in drinking water supply
system.

There are two types of sensors used for drinking
water quality monitoring. The first type is non-
compound specific sensors or conventional type of
sensors (pH, temperature, electrical conductivity,
etc.) which are used for routine testing in most of the
developed countries. These sensors are relatively
straightforward and cheap, easy to maintain and
install. The other type of sensors is compound
specific sensors which are capable of measuring
specific drinking water quality parameters with very
high precision and amplitude [8]-[10].

Since EWS should be inexpensive, reliable, easy
to maintain and integrate into the network [11], in
most of the cases exactly non-compound specific
sensors are used in such systems. Usually, there are
sets of five to eight sensors installed at each
monitoring  point.  Besides the  appropriate
combination of the sensors, a key factor for properly
working EWS is the detection algorithm [5].
Therefore, mathematical algorithms have been
developed through the decades to recognize the
contamination events between normal periodic
fluctuations of drinking water quality. There are
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various emerging algorithms, which differs in
precision, reliability and requirement of computing
resources. It is important to choose the most
advantageous algorithm regarding these parameters
for application in a real scale DWSS. However, no
comprehensive studies on the comparison of various
proposed algorithms and methods were made to
evaluate the applicability for EWS.

The aim of this study was to compare and
evaluate available and open code algorithms for
detection and classification of contamination events
with experimental or artificial data acquired by
conventional drinking water quality sensors. To do
that a cognitive literature study has been done.

II. CONTAMINATION DETECTION
ALGORITHMS

The main part of the EWS is the contamination
detection algorithm. Numerous studies have been
done to develop and select the most precise event
detection algorithm. The accuracy of the event
detection method is defined by its ability to place the
current measurement of water quality parameters into
one of two classes: background — clear and safe
water, event — contaminated water [12]. The detection
methods during last decades have evolved and
expanded from single factor correlation analysis to
generic algorithms and artificial neural network
analysis. A summary of these methods that were
developed and tested in last decades and described in
scientific papers is shown in Table 1. However, it
should be noted that the methods, based only on the
theoretical probability of detection of a potential
contamination event, e.g. without any specific sensor
installed in DWSS and actual measurements, were
not studied in the present review.

Usually, the evaluation of event detection
methods was done by assessing the trade-offs
between false positive (FP) and false negative (FN)
decisions as a function of the detection methods. The
adopted received operating characteristic (ROC)
curve has been chosen as an evaluation tool [13]. This
curve has been used in all evaluated studies. The
ROC curve defines the probability of detection (PD)
that can be obtained as a function of the
corresponding false alarm rate (FAR). FAR is equal
to the number of FPs divided by the total number of
values that are actually below the detection threshold
as in equation (1). The PD is defined as the number of
true positives divided by all events that exceed the
detection threshold equation (2) [12]. TP represents a
true positive detection, TN — true negative. A greater
PD means the method is more capable of detecting a
real event, while a smaller FPR implies the method is
less likely to classify a routine operation as an event.
FAR and PD values varies between 0 and 1 [5].

TP

D=———— (1)
TP+FN
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FP

AR=——— 2
FP+TN

This approach was applied in all observed studies
in this paper. Comparison of PD and FAR results,
reported in the reviewed papers, is shown in Table 1.
The higher is PD, the higher is the probability that the
event would be detected in a real contamination
situation. Thus responsible organizations could take
preventive actions. In contrast, high FAR represent a
likelihood of the cases, when the alarm would be
triggered wrong. A false alarm could lead to a
financial loss and decrease of society confidence in
the organization. Thus, an ideal algorithm should
have PD value close to 1 and low FAR values.
Overall these parameters should be considered by
water utilities for integration of EWS into the online
monitoring system of drinking water quality.

The type and number of drinking water quality
parameters and contamination agents could also
affect the results, as shown in the reviewed studies
(Table 1). A good example of the impact of the
sensor set of detection results is reported for PE
method where PD values of 0,76 and 1,00 for nickel
and atrazine respectively as contamination agents was
reported [5]. Although experimental data sets and real
scale data were reported in several studies, some
works were based on the artificial data sets with
simulated contamination events. It is related to the
fact that it is not always feasible to simulate a
contamination event experimentally since it requires
special facilities and could be unsafe. Therefore, the
overall knowledge about the contamination event
influence on drinking water quality parameters is
limited and actual disturbances to the measurements
are unknown [14]. For example, the results of
experimental and real scale studies might be affected
by sensor calibration, signal noises, signal processing
and intensity of data collection [2].

To gain more reliable comparison, PD and FAR
values for each method were acquired from multiple
studies and data sets and summarized in Table 1. It
demonstrates a high variety on contamination
detection  probability, obtained by different
algorithms (Table 1). First generation methods were
developed earlier, and have mostly simple algorithms.
The highest detection probability (PD) were 0,89,
0,92, 0,587 and FAR of 0,88, 0,82, 0,093 for MED,
LPF and ANN (Multivariate time series) methods
respectively. Thus high PD values correspond with
high FAR, and vice versa, which indicates that either
normal signal fluctuations would be assumed for
contamination events, or missed. It is explicable with
relatively simple algorithms used in MED and LPF
methods. Although ANN (Multivariate time series)
method is based on artificial neuron network and
showed very low FAR, it was not effective for
detection contamination events. At this stage, it is
unsuitable for drinking water monitoring. However,
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there is a great potential for improvement of the
approach.

Second generation methods that contain more
complicated algorithms shows higher PD, in some
cases (CCA, MVE, Canary, SVM, DSM, PE)
reaching even 1,00 that means 100% of
contamination events will be detected. Though the
FAR values of 0,34 and 0,1 for Canary and SVM
methods raises doubts on reliability and detection
capabilities, PE method has been applied for different
types of contamination, and the overall results were
ambiguous PD and FAR varied a lot, and were
between 0,69 — 1,00 and 0 — 0,87 respectively. PE
method can be suggested as an applicable tool in
certain conditions. However, the overall usability
should be considered. Moreover, the detection of the
real scale event was not accurate, resulting with PD =
0,83 and FAR = 0,33. CCA, MVE and DSM methods
demonstrated very low FAR values of 0, 0,008 and
0,032 that shows a high potential to be implemented
in EWS. It should be emphasized that for methods
PE, CCA, DSM experimental data sets have been
used leading that those methods have shown a high
potential for real scale events. DSM is the only
method with relatively high results that has been
analyzed for real contaminants.

The results for MD shows not only accurate
detection of contamination events but also the correct

classification of certain contamination agents. For
example, PD of 0,73 - 0,79 means that in the case of
DWSS  contamination  with  four  different
contaminants, three would be identified correctly.

SVM, PE, CCA, MD, and MVE methods
approaches allow not only detection of the
contamination event, but also the classification of
contamination types, detected in a certain event. Still,
the studies of classification are only in preliminary
phase and numerous experiments with different
contaminants, concentrations, flows should be
accomplished to develop a working algorithm for this
issue.

The methods, which were applied for
experimental studies, shows modest results in
comparison to methods with artificial data. This could
be explained by the diversity of data generated in
artificial data sets and additional data distortion in
experiments sensors and its properties [6], [15].

Based on PD and FAR values, Canonical
correlation analysis (CCA) method provides the most
accurate contamination detection. Thus it has a
potential to be applied for real DWSS monitoring.
Although FAR data are not available for Mahalanobis
distance (MD) method, relatively high PD values and
its ability to categorize the contamination agents also
make this method very promising for EWS.

Table I
Evaluation of Contamination Detection Algorithms
Method PD FAR Data | - Contamination Parameters Ref.
source agent
Multivariate Euclidean distance (MED) 0,52-0,89 | 0,22-0,88 exp | Cadmium nitrate [16]
Linear prediction filters (LPF) 0,38-0,92 | 0,24-0,82 | exp | Cadmium nitrate [16]
0,97 0,025 exp | Cadmium nitrate [16]
0,83 0,33 r Phenol T, pH, NTU, [12]
Herbicides, EC, ORP, UV-
. . . pesticides, lead 254, nitrate,
Pearson correlation Euclidean distance (PE) 0.76 - 1,00 0-0.1 exp nitrate, nickel phosphate 5]
nitrate, trivalent
chromium
0,69-0,74 | 0,78 —0,87 art [6]
Canonical correlation analysis (CCA) 0,90 - 1 0 exp Acrylamide [17]
Minimum ellipsoid classification (MVE) 0,66 - 1 0,05 - 0,08 art - [14]
értlﬁcw.l Neural Networks (ANN) Multivariate 0,085 - 0,587 0,001 - art ) [18]
time series 0,093
Artificial Neural Networks (ANN) Dynamic T, pH, NTU,
thresholds scheme 0,38-0.99 1 0,04-0,15 | art ] EC, TOC, [15]
chlorine [2],
Canary default algorithm 0,63 -1 0,17 -0,34 art - [14],
[19]
Support vector machine (SVM) 0,75-1 0,02 -0,1 art - [2]
Herbicides, heavy EE P (;[}’Q}T)\I FI;JU\’/_
Mahalanobis distances (MD) 0,73 - 0,79 - exp | metals, inorganic ) [7]
254, nitrate,
salts
phosphate
EC, pH, free
Potassium chlorine, total
0,006 - ferricyanide, chlorine,
Extended Dempster-Shafer method (DSM) 0,27 -1 0,032 eXP | furric ammonium nitrate, [20]
sulfate sulphate, TOC,
COD

Legend: PD — probability of detection, FAR — false alarm rate, T — temperature, NTU — turbidity, EC — electrical conductivity, ORP —
oxidation-reduction potential, UV-245 — ultraviolet light sensor, TOC — Total Organic Carbon, COD — Chemical Oxygen Demand, exp —
data acquired in experiments, r — data acquired in real contamination event, art — artificial data sets used
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The present review demonstrates the overall
comparison between different approaches and
algorithms for contamination detection. However, it
should be noted that the observed studies were
performed within various conditions, used different
data sets, types of contaminants and detection
sensors, which should be taken into account for
selection of contamination detection approach.
However, each of studies analyzed in this paper has
been aimed to find the best mathematical approach
and compare it to previously used algorithms that
mean a reliable data and methods comparison in data
analysis done by previous authors [7], [12]

III. DISCUSSION

11 algorithms for detection of contamination
event of drinking water were compared in this paper.
Although the probability of contamination detection
varied between different studies, generally all
algorithms could reach 0,5 probability coefficient
under certain conditions. While PD lower limits
below this value were mostly obtained with first
generation approaches, PD could even reach 1 with
the second generation algorithms. The recent methods
showed more precise results than older algorithms,
which shows a positive tendency in methods
development. Although the methods were capable of
detecting the contamination events, some shortages
and drawbacks were found.

The methods, based on artificial neural networks,
require simultaneous data collection from all sensors
that could lead to technical issues in real DWSS
conditions [18].

Most of the reviewed studies in the present work
concluded that the methods proposed by authors are
capable of detecting certain contamination events[2],
[51-[7], [12], [14]-[18], [20]. However, further
research is needed to test these methods for
conditions, which could influence the accuracy of the
methods. For example, it would be important to know
how these methods would respond in the real or
laboratory scale conditions, with the presence of
different types of contaminants, different or changing
spreading velocities and contaminant concentrations.
Moreover, detection limits for each method should be
found in experimental sessions and setups. Detection
limits are essential for detection methods because the
even low concentration of contamination agents could
significantly affect consumers in long term
perspective if continuously or periodically appear in
the DWSS [17]. Also, the thresholds used in each
method should be verified experimentally.

From the reviewed methods, only MD and CCA
could classify contamination agents detected in
DWSS. Identification of contamination agent is of
particular importance for the development of actions
and scenarios that should be applied by water utilities
during and after the contamination event to ensure the
quality of drinking water at consumption point.

None of the methods proposed in the previous
studies have addressed the potential contamination of
DWSS with biological agents (Escherichia coli,
Pseudomonas aeruginosin, Clostridium perfringens).
It is surprising since biological contamination could
affect the health of drinking water consumers even
more than chemical contamination. Moreover,
biological water quality monitoring is obligatory for
drinking water and is regulated by the European
Union legislation [21]. Furthermore, no investigation
on possible correlations between microbiological and
physical-chemical parameters of drinking water
quality have been done. It clearly shows a need of
methods’ evaluation for microbiological parameters
detection.

Although the results of the second generation
detection methods are rather high and precise, the
computing resource of running them must be taken
into account. Detection and classification of
contamination events by using proposed MD and PE
methods can reach up to 4 and 9 minutes delay
respectively [5], [7] for a single monitoring point
with a set of 9 surrogate sensors. For a real scale
network, the time and resource needed for
compilation of algorithms might increase rapidly. The
relation of detection precision, costs of sensors sets
and computational resources should be taken into
account while developing each of proposed methods
for integration in EWS for real DWSS. The methods
used for detection of contamination events should be
robust, simple and relatively computing resource
friendly to ensure the functionality and possibility to
implement them in an EWS for real scale system and
hydraulic conditions by using fewer sensors. Linking
detection tools with a hydraulic modeling would
provide a unique next generation monitoring tool for
drinking water quality, which could predict possible
contaminant distribution in DWSS and identify the
contamination point. Within the given situation only
Canary default algorithm was tested and implemented
in a real scale DWSS by linking it with a real scale
hydraulic DWSS models [19].

IV. CONCLUSIONS

During the last decade, many studies on
contamination event detection methods for the
drinking water supply system were carried out.
Numerous methods, based on different approaches
including statistical analysis, clustering, and artificial
neural networks have been proposed. High detection
probability and low false alarm rate are the main
parameters to select the algorithms. The ability of
classification of different contamination types should
also be taken into account. Therefore, CCA and MD
methods have been chosen as the most promising
methods.

Although the methods have shown good results of
detection probability in the reported studies, more
tests and experiments in the pilot and real scale
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should be done to ensure the stability and
functionality in real scale conditions. Additionally,
detection of biological contamination should be
evaluated.

As the most promising methods CCA and MD
were selected.

There is a lack of measurement data and
information about real contamination events reported
all over the world. More accurate and detailed reports
on each event should be done to improve the
capabilities of proposed methods.
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Assessment of Ecological State of
the Velikaya River Delta Based on
Hydrochemical Indicators and Structure of
Phytoplankton
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Abstract. The basis of the existence of freshwateosstems is phytoplankton, which produces most @& gnimary
biological production, participates in repair prosses and provides a wide range of ecosystem servitesshort life cycle
and high speed metabolism of microalgae make thideal objects for ecological monitoring.

The aim of the present study is to research thelegal state of the Velikaya river delta based dmetspecies
composition of phytoplankton community and some hychemical parameters.

The sample collection for phytoplankton study andysicochemical measurements was carried out in suma®L6 at
five stations representing different ecological ltns of the Velikaya river delta.

One hundred sixty five species taxa of microalgaeldnging to 8 phylums were identified during the essch:
Bacillariophyta (37%), Chlorophyta (33.9%), Cyanophi@yanobacteria (9.7%), Chrysophyta (6.1%), Euglenoghyt
(6.1%), Cryptophyta (3%), Dinophyta (3%), XanthophytL.2%).

The values of Shannon index indicate the averagengexity of the microalgae communities structure. Mas of
Margalef index characterize the Velikaya river deltas an area of high species richness. Compared te fnevious
studies, a significant increase in the level of axfmation diversity is observed, indicating an inawe in the number of
possible flows of substance and energy in the ecmsys Dynamics of biogen substances in the water shawslight
increase of their concentrations.

Ecological and geographical analysis proves that alge dominance of cosmopolitan freshwater formstypical for
the algoflora of the Velikaya river delta. In relain to the pH-reaction inhabitants of neutral andightly alkaline water
dominate. Pantle—-Buck saprobity index is applied feater quality assessment, which shows beta-mesagzprwater
quality in the ecosystem. Thus, the water of the ¥alia river delta could be referred to the categarfy moderately
polluted water (class Il of water quality). This monfirmed by the data of hydrochemical analysis.

Keywords: phytoplankton, species diversity, ecolobmanitoring, algae, ecological assessment, Veliaawer delta.

| INTRODUCTION functional organization aquatic ecosystems are
Nowadays it is difficult to monitor of the sensitive to urbanization and climate change [3, 4]
structural changes in natural ecosystems, which are Microalgae communities are vital for aquatic
the most important providers of ecosystem servicescosystems. Phytoplankton organisms are important
and essential elements of existence of humarcomponents of aquatic communities because they
civilization. Nowadays conservation of natural make the primary ecological production.
ecosystems is possible only if there is an effectiv Phytoplankton communities are first to respond to
environmental governance program based onnitial changes in aquatic ecosystems by changing
integrated ecological monitoring [1, 2]. Local and structural and energetic components. That makes
regional ecosystems play a key role in the intésact them the key objects for studying the energy badanc
with anthropogenic objects as they neutralize wexio of ecosystems and water quality biomonitoring [5, 6
pollutants by natural biochemical processes. Aguati I.The Velikaya river delta located 8 km north-
ecosystems play an essential role providing a widevest from Pskov is chosen as a model ecosystam. It
range of ecosystem services, such as food, cleaa unique natural complex where water masses of the
water, waste treatment, nutrient cycling, carbonVelikaya river and its catchment area (before iihgo
accumulation and recreational resources. Due th higin the Lake Peipus) mix and transform. The shape of
metabolism rate and complex structural andthe delta is almost trianglular, its median lenigtd.2
km and width is about 4 km. Its total area is 20%.k
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Delta is represented by a complex of low, marshysimultaneously. Phytoplankton samples were fixed
islands separated by bayous [5]. with a 40% formalin solution and treated by the
Border position of Velikaya river delta determines standard procedure [15-17]. If possible, all algaee
some features of its climate regime. The studied ar identified to species level using the Carl Zeisd0Ax
differs from neighboring territories and has better Lab microscope. Al. It was done with help of

conditions for vegetation due to its milder andrédnio  domestic and foreign references [18-22].

winter and longer and sunnier summer seasons as Determination of the number of phytoplankton in
well as to a favorable balance of heat and moisturel liter of water was carried out by standard meshod
The combination of these factors enables the patent [23].

the Velikaya river delta to form aquatic ecosystems

primary production. It should be noted that thisaar

is constantly exposed to local antropogenic

impacts [5].
The purpose of the study was to research the
ecological state of the Velikaya river delta based Lake Pskoy
hydrochemical parameters and structure of
phytoplankton.
The tasks:

1. To investigate the hydrochemical parameters
of the Velikaya river delta;

2. to study the taxonomic composition of
phytoplankton Velikaya river delta in the
summer period;

3. to give the ecological and geographical 1 @
characteristics of phytoplankton organisms; 5 @
4. to conduct a saprobiological analysis of the 5@
Velikaya river delta for indicator organisms;
5. to study the parameters of the alpha and betze l@
diversity of phytoplankton communities in the 1@ | Ve
sampling points 2 - Bolshaya Listovka
{ km 3 - Sredmma
Il MATERIALS AND METHODS — S
Sampling points Kopnk: CTArne: e

Collection of hydrochemical and hydrobiological Fig. 1. Sampling points in the Velikaya river delt
materials was carried out in summer period 2016 in

the Velikaya river delta at five sampling pointsg(F Data from a number of researches and

1.): monographs were used to select ecological groups of
1 — Vaymenka,; microalgae and determining their ecological and
2 — Bolshaya Listovka; geographical characteristics were used data from a
3 — Srednyaya; number of monographs [24, 25]. Saprobic index was
4 — Gorki: calculated by the method Pantle and Bukk in
5 — Murovitsy. Sladechek modification [26].

Water sampling is made according to GOST  For studying alpha-diversity of microalgae
31861-2012 (Water ... 2014). Hydrochemical studycommunity were calculated Shannon index, Simpson
included quantitative determination of nitrite,rate,  index, Margalef index and Pielou's evenness index.
ammonium, phosphate ions, hydrogen carbonate an&imilarity of algae taxonomic composition in
carbonate ions, biochemical oxygen demand withinsampling points were analyzed using by Sgrensen
five days (BOR), total phosphorus concentrations index [27]. A procedure of cluster analysis poiness
(Pota), total nitrogen (Miw), total iron (Feta). used to compare species structure of algae
Analysis were performed using titration and communities in different samples [28]. All stagds o
spectrophotometric methods in an accreditedthe statistical data processing were conducted by
laboratory (accreditation certificate FSA (Federal Statistica 8.0 and MO Excel programs.

Service for accreditationNe RA.RU.21AH24 by

22.10.2015) according to methods of series PND F Il RESULTSAND DISCUSSION
(Environmental normative documents Federal) Hydrochemical analysis was conducted in summer
[7-14]. period 2016 on at all five sampling points. During

Hydrobiological and hydrochemical samples werethe analysis were determined following indicatofs o
collected with a plastic sampler (volume 0.5 litat) ~ water quality were determined (Tab. 1).
the depth of 0,3-0.5m. Samples of water were taken
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' Table 1 ) _ The values of iron concwntration were exceeded
Hydrochemical Analysis Results of Velikaya Riveglia at sampling points "Vaymenka" and "Murovitsy".

E‘g Sampling points These _sampling points are Ioc_ateq th_g closestdo th
@3, urban infrastructure and contain significant ameunt
cE of iron pumped into the water by municipal
©° ! 2 3 4 5 wastewater.
The most essential condition for the life of
NO: 0.043 [ 0087 0044 0048 0.03p  grganisms in the aquatic environment is the
concentration of dissolved oxygen. Results of
NH,* 1110 | 0930| 1..100( 1.049 054p chemical analysis showed that the level of disswlv
oxygen was satisfactory for the existence of aquati
NOgz 0.675 0.776 0.588 0.620 0.67p Organism - 85-9.0 mg/cﬁn
Chemical monitoring data are consistent with
Nogu 1036 | 0931) 1006) 0965 058  hydrobiological studies and demonstrate the ability
. 0061 | o0063| o00sol o058  0.06k Delta for natural self-purificati_on. This is occug in
¢ ) ' ' ' ' the first place by vegetation, including phytoplaork
Posu 0.020 | 0.021| o0.017 o0.018 0.020 OrganismS.h av of th I f
During the study of the qualitative composition o
bIIKs 0855 | 0.624 ] _ 1984 summer phytoplankton of the Velikaya river 165 taxa
Fe oo 0170 | o0.140| o110 0119 o0.16p below the rank of genus, belonging to 8 phylums, 11
classes, 18 orders, 43 families, 90 genera (Tab. 2)
HCO3 14152 | 150.67| 12323 103.0p 128f1 (alia were identified.
COs> 1.2 1.2 1.2 1.2 19.2
Table 2
. . Taxonomic Composition of Phytoplankton of Velikegaver Delta
The concentration of HCO at the sampling (Summer, 2016)
points “Vaymenka”, "B. Listovka" and "Murovitsy" Phylum Class| Order | Family [ Genus| Taxa
somewhat higher than at the other sampling points.
The decrease in concentration of bicarbonateshi@rot  [Bacillariophyta 2 5 15 29 61
points from 140-150 mg / dito 103-120 mg / dinis Chiorophyta 3 5 = 7 1 55
due to the high concentration of humic acids formed
in the process of swamping in middle and loweradelt | Cyanophyta 1 3 6 11 | 16
In general, the comparative analysis of the mineral|Chrysophyta 1 1 1 7 10
composition of the Velikaya river delta from 1992 t Euglenophyta 1 1 1 5 )
2016 indicates to its slight change. By major-ion
. . . Cryptophyta 1 1 1 2 5
waters of the Velikaya river delta were charactatiz
as bicarbonate-calcium. The concentration of | Dinophyta 1 1 1 2 5
carbonates was 16 times higher at the point|Xanthophyta 1 1 1 1 2
"Murovitsy" than at the other sampling points. éinc Totl 11 18 13 50 | 165
be explained by Devonian limestone deposits and

change of river current in this area: the rivereher
flows slower, thereby increasing the concentratbn o
W W y g Bacillariophyta - 61 (37.0 %), Chlorophyta - 56

the mineral components of streamflow. _
Assessment of nitrogen compounds affecting the(33'9 %),Cyanobacteria 16 (9.7 %) Chrysophyta
. - 10 (6.1 %),Euglenophyta 10 (6.1 %).Cryptophyta-
trophic level of the waterbody revealed mcreased5 3.0 %) Dinobhvia- 5 (3.0 %) Xanthobhvta -2
concentration of ammonium at the Velikaya river (3.0 %), Dinophyta - 5 (3.0 %), Xanthophyta
. 0 .
(1.2 %) taxa. Xanthophyceae algae were represented

delta. In all sampling points except "Murovitsy" %8 . ;
mg / dm3), the level of ammonium-ions is almost by only two species of the same genuBribonema

same and exceeds the threshold limit value (TLV)?f;igfh(G' S.West) G. S. WesH Tribonema vulgare

twice. The presence of ammonium-ions in .
concentrations above background values, indicates ﬁ]elt Wterllsre?undprg?/ﬁ}n’?s fa”glr']?jro(gﬁ;:?) b(e?)lgg% /Ot)(?

high organic content in the water. The concentratio I _

- . . : . Bacillariophyta (34.9%) and Cyanobacteria (14.0%)
f nitrate- Il tigated f thetad .
of nirate-ions in &' Investgaled areas o © and includes the 133 (80.6%) of taxon. The

was almost the same - 0.6-0.7 mgidwith a slight _ : )
dominance of these phylums is typical for

increase in the "B. Listovka" point. Also in "B. terbodi t the North-West . ¢ RUSS
Listovka" area exceeds admitted standards inghtIy[V;%eéo? Ies ot the North-Vvestern region of Russia

Nitrites, in addition to ammonium are indicators of . .
Analysis of phytoplankton composition at all

processes of organic  decomposition and . . .
mineralization. sampling points shows (Fig. 2.) that the greatest
number of taxa observed in the "Vaymenka" - 131

The distribution by phylums were as follows:
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taxa (79.4% of the total number of species), amd th By the nature of the geographical distribution for
smallest - in the "Murovitsy" - 65 (39.4% ). algal flora of Velikaya river delta was charactgcis

In all the study areas of the delta diatomaceous-absolute dominance of cosmopolitan forms (86.3% of
green algalflora complex dominated. At the studythe number of taxa that had data). By habitat rabst
point "Murovitsy", unlike the others points, whehe  the taxa belonged to plankton (43.6%) and
third place was taken by the Cyanobacteria,planktonic-benthic (34.6%) forms. Benthos (17.6%)
Chrysophyta dominated. No representatives ofand fouling (4.2%) algae represented significantly
Euglenophyta were found at the point "Srednaya".less.

Euglenophyta and Xanthophyta were not detected at _ Table 3 o
" e Ecological and Geographical Characteristics of biginkton
Murovitsy". X .
. . Velikaya River Delta
The results of ecological and geographical (1 — xenosaprobiontsy — oligosaprobionts} — beta-
analysis of phytoplankton are presented in Tab. 3. mezosaprobionts; - alpha- mezosaprobionts-
polysaprobionts)
180 Parameter Number of % of the total
species number
Distribution:
Cosmopolitans 107 86.3
160 ] Boreal 9 7.3
S Holarctic 6 48
Circumboreal 1 0.8
1 M Arctic 1 0.8
10 k|- Total: 124 100
Habitat:
Planktonic 72 43.6
Planktonic-benthos 57 34.6
120 5 Benthos 29 17.6
Fouling 7 4.2
Total: 165 100
Halobility:
100 Indifferent 88 76.5
8 Halophyles 16 13.9
é‘ Halophobs 6 5.3
E 20 Oligogalobs 5 4.3
g Total: 115 100
g_ Related to pi:
£ Indifferent 47 47.9
g 60 Acidophile 5 5.1
Alkaliphile 42 42.9
Alcalibionts 4 4.1
Total: 98 100
40 —
Saprobity:
x-o- saprobionts 1 0.8
¥-B- mezosaprobionts 2 1.6
oligosaprobionts 8 6.6
0-B, B-o-saprobionts 20 16.4
B- mezosaprobionts 54 44.3
o0-a- mezosaprobionts 15 12.3
a-B, B-a- mezosaprobionts 13 10.7
a - mezosaprobionts 7 5.7
a-p, p-a - mezosaprobionts 2 1.6
Total species indicators 122 100
Mean Pantle-Bukk index 2,1
Phylum

B Vaymenka B B. Listovka @ Srednyaya

All taxa in relation to water mineralization were
oligohalobs. Of those prevailed indifferent - 7,5
Fig. 2. Comparison of the taxonomic compositioplaftoplankton while the share of halophiles and halofobs
in different sampling points in Delta represented up to 13.9% and 5.3% respectively.

B Gorki O Murovitsy
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A comparison of the taxonomic composition of "Srednaya" (2.0). Generally, the index value at the
phytoplankton of the Velikaya river delta with atli sampling points did not differ significantly, which
of algae-indicators of organic pollution [22] relexh  characterizes the delta area as relatively
the predominance of beta- mezosaprobionts (44.3%homogeneous territory by content organic pollutants
which are indicators of moderate water pollution. For the analysis of the alpha-diversity of
25.4% of total algae are inhabitants of clean waterphytoplankton Velikaya river delta were used
One of detected species is xenooligosaprob -Shannon index, Simpson index, Margalef index and
Sellaphora bacillum (Ehr.) 18% of the total humber Pielou evenness index. The results of calculatfons
of indicator species are Mann. Microalgae, whichthe sampling points are presented in Tab. 5.
preferred contaminated water including 2 species - The greatest value of Shannon index is

inhabitants of polluted water - euglenophytes characterized by a microalgae community of point
Colacium cyclopicola (Gickl.) Woronich. et Popova "Vaymenka" (H = 3.36), which indicate maximum
andEuglena proxima P.A.Dangeard number of its species and absence among them

Water quality assessment by Pantle - Bukk indexexpressed dominants. The smallest information
in  Sladecheka modifications identified B- diversity was typical for point "Srednaya» (H =2)9
mesosaprobic nature of waters in the Velikaya riverin general, the values of Shannon indices indittate
delta, which allowed to attribute them to a catggdfr  average complexity structure of microalgae
moderately polluted water. The calculated saprobitycommunities in Velikaya river delta.
indexes ranged from 2.0 to 2.2. The highest vatilies

Pantel - Bukk index are noted at sampling points "B Table 5

Values of Biological Diversity Indices (H — Shanniowlex; E —

Listovka" and "Gorki" (2-2)- pielou’s evenness index; C — simpson index; d -galaf index)
The comparison of floristic composition of the Sampling H E C d

Velikaya river delta with the studies of past yeiis points

shows that 57 and 33 taxa of phytoplankton werg Yaymenka 3.36 0.78 0.06 5.96

found in summer periods from 1992 to 2000 in delta,[ B. Listovka 3.11 0.78 0.07 4.60

while in 2016 165 taxa were identified. This may

. . Srednaya
result from a number of factors. Firstly, in 1992 ‘ Y 2.92 0.71 0.11 540
difficult economic situation led to termination of | Gorki 2.98 0.70 0.11 6.01
work at Pskov enterprises, which consequently| Murovici 204 0.73 0.12 505
artially affected the cleanliness of water in tiadta
P y Average 3.06 0.74 0.09 5.41

and as a result promoted an increase of biodiyersit
of phytoplankton. Secondly, in recent years thexg h
been acceleration of eutrophication processesén th ~ Margalef index reflects the density of species, or
Peipus lake, leading to the "algal bloom" in the Species richness, in a certain area, i.e. theehigh
waterbody, starting from the beginning of summer. | index value the even larger species richness
reveals itself by an increase of nutrients in watet ~ characterized this territory. The largest value of
cause the intensification of microalgae growth. Margalef index was observed at the study point
Nowadays, in comparison with previous years, there’'Vaymenka» (d =5.96), and the least was in pd#t "
is a significant overgrowth of the Delta by Listovka» (d = 4.60). Overall, values of Margalef
macrophytes therefore samples show a lot foulinty an index characterized Velikaya river delta as an afea
benthic forms in addition plankton forms (Tab. 2).  high species richness.
In general, the observation of the area during the Simpson index indicates the dominance of certain
studied period proves that the basis of phytoptamkt species in community. All investigated delta arawaes
is diatomaceous-green algaecomplex. characterized by extremely low values of Simpson
Saprobiological analysis revealed no significantindex, which characterizes them as a communities
changes of values saprobity index since 1992with unexpressed dominant species.
(Tab. 4). The waters of Velikaya river delta can be  Values of Pielou index were almost identical and

characterized as moderately polluted. had quite high values and as in case of Simpsaxind
indicates high evenness of communities structure.
Table 4 In the analysis of similarity of species
Comparison of Values Saprobity Index in Differsfears composition algal communities of different sampling
v (Summer Season) : points of delta using Sgrensen index the highest
ears Value of Pantle-Bukk index S f
1992 19-22 degree of similarity was found between points
2000 17-22 "Gorki" and "Murovitsy» (Ics = 0.82), the lowest -
2001 23-35 between points "Vaymenka" and "B. Listovka» (lcs =
2016 20-22 0.57). In general, the degree of similarity between

compared areas was high. Common to all five points
studied were 30 species, most of which belonged to
green algae and diatoms.

The maximum values of Pantle-Bukk index have
been observed in points "B. Listovka" and "Gorki"
(2.2). The lowest value of index marked for point
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For comparison communities microalgae of

Velikaya river delta by species composition wasduse
procedure of cluster analysis was used. As a jginin 4.
method was applied Ward method, This method is
minimum variance criterion minimizes the total

within-cluster variance.,

i.e. it creates the most

compact cluster on degree of similarity betweenb5.
group members. The material for cluster analysis
were the samples obtained from the delta's areas.

By peculiarities of species structure all sampling

points of the delta is clearly divided into two sfers,
one of which is represented by points "Vaymenka"
and "Srednaya", and the other - points "Murovitsy",

"Gorki" and "B. Listovka".

The singularity of the

species structure indicates that despite relatively
small square of ecosystem of Velikaya river ddilta,
is different certain structural heterogeneity dae t
nature of currents, hydrochemical and hydrophysical
characteristics, and the heterogeneity of input and

migration

of allochthonous substances of

antropogenic origin (Fig. 3).

(1]

07

06

05

04

03

02

01

00

Murovitsy Gorki B.Listovka  Srednaya Vaymenka

1.

Fig. 3. Dendrogram similarities of species structure of
phytoplankton communities of the Velikaya riveitde

IV CONCLUSION
Hydrochemical analysis showed that waters of
Velikaya river delta are carbonate-calcium , with
a high content of nitrogen-ions group, indicating
that active processes of organic matter
mineralization.
The phytoplankton of the Velikaya river delta in

11]
summer period 2016, was represented by 16&

species of taxa below rank of genus, belonging to
8 phylums, 11 classes, 18 orders, 43 families, 90
genera.

Ecological and geographical analysis of
phytoplankton demonstrates that the Velikaya
River Delta is dominated by freshwater,
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(20]

(12]

widespread, planktonic
alkalescent water.

Data of saprobiological analysis shows moderate
pollution of studied areas of the Velikaya river
delta, which can be attributed to Il water quality
class.

The ecosystem of the Velikaya River Delta is
characterized by relatively high species richness,
average complexity of structure of its constituent
algae communities, and high evenness of species,
indicating relative stability of ecosystem.
Comparison of species composition of
phytoplankton communities in different parts of
the Delta shows a fairly high degree of similarity
(Ilcs = 0,57 - 0,82). Identification of differencies
structure of communities of species proves the
existence of ecological differentiation in
microalgae complexes resulting from
heterogeneity of delta.

species  preferring
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Abstract. Phosphorus (P) is among the most important nutrients required for bacterial growth. It has a great influence
on microbial activity even at very small concentrations. Existing chemical methods are not able to determine P at low
enough concentrations and to quantify biologically available phosphorus fractions. Therefore, a method of microbially
available phosphorus (MAP) determination is used to quantify the amount of P at concentrations below 20 ug/l.
Additionally, this method determines the amount of P that can be directly used by microorganisms.

Originally it was determined by inoculating sample by Pseudomonas fluorescens (now Ps. brenneri) P17 strain and
spread-plated on R2A agar for enumeration. Further, a more rapid method was developed by replacing heterotrophic
plate count (HPC) by flow cytometry (FCM).

In this paper the use of FCM for MAP determination is validated and compared with HPC method. The results of
calibration are presented. The original pure P17 strain was used as inoculum and standards with different PO 4P
concentrations were inoculated at 30°C. The gained yield factor by FCM was 1.59x10%. FCM results showed strong
correlation (R*=0.99) with HPC results, as pure culture was used. Therefore, flow cytometry is a rapid alternative to

heterotrophic plate count method for microbially available phosphorus determination.

Keywords: microbially available phosphorus, flow cytometry, drinking water.

I. INTRODUCTION

Phosphorus (P) compounds are among the most
important microbial nutrients. The lack of P in the
water to be transported or raw water may hinder the
growth of microorganisms, thus preventing the
formation of biofilm. P is considered to be the
limiting nutrient in waters with high humic content or
in boreal regions, e.g., northern Europe, Russia, and
North America [1], as natural waters in these regions
have high organic carbon content. Previous research
has shown that by decreasing P concentrations water
may become more microbiologically stable, as it
limits bacterial growth [2], [3], [4].

Original MAP determination assay for drinking
water relies on the growth potential of Pseudomonas
fluorescens P17 strain [5] by means of heterotrophic
plate count (HPC) method. However, in its original
form it is regarded as time-consuming and labour-
intensive enumeration. To overcome such problems,
modifications have been made with natural microbial
consortia and rapid enumeration tools, such as flow
cytometer [6]. Here we used an originally suggested
Pseudomonas fluorescens P17 (now Ps.brenneri)
strain and approbated flow cytometer (FCM) as an
alternative to classical cell cultivation. To ensure
result compatibility, a thorough method comparison

and calibration was performed. The approbation on
artificially recharged groundwater station's effluent
was implemented.

II. MATERIALS AND METHODS

The method was adapted according to the one
described by Lehtola etal in 1999 [5]. Similar
bacterial culture and stock solutions were used. The
measurements were performed by means of flow
cytometry, implementing optimized MAP
determination method as recently described by Wen
et al. in 2016 [6].

A. Preparation of glassware

All glassware and plastic caps were washed in the
dishwasher ~ with ~ phosphate-free ~ detergents,
additionally rinsed several times with deionized water
and left to dry. Then everything was sealed with
aluminium folium. Glassware was placed into the
oven for three hours at 500°C. Bottles' plastic caps
were autoclaved at 121°C for 20min.

B. Inoculum

Freshly cultivated pure microbial culture
Pseudomonas brenneri P17 (ATCC 49642) was used,
as suggested by Lehtola et al., as this strain has
phosphatase activity [5]. At first cells were grown in
liquid R2A medium. Afterwards they were washed
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and inoculated into 0.1um filtered Evian (Danone,
France) water with added CH3COONa as a carbon
source to achieve the concentration of 1mg C I
Incubation was performed at 30°C using orbital
shaker at 150RPM for 24hours.

C. Preparation of standards and samples for
MAP determination

Salts and acetate stock solutions were added to
standards and samples in excess to ensure that P
would be the only limiting nutrient. Salts stock
consisted of NH4NOs;, MgSO4 x 7H,0, CaCl, x
2H,0, KCI and NaCl suspension in deionized water,
resulting in final concentrations of 250ug N 1!, 10ug
Mg I, 27ug Ca I, 53ug K I'! and 40ug Na 1! in
samples and 15,000pg N 1!, 600pg Mg I, 1,600ug
Cal', 3,200pg K 1" and 2,400ug Na I'!' in standards.
As additional carbon source, acetate (CH3COONa)
stock solution was added to reach a concentration of
2,000ug C I'! in the standard or sample.

Disodium hydrogen phosphate (Na,HPOs) was
added to standard in different concentrations as
phosphorus reference with values in the range 0-
12.6pug P 1L,

Afterwards water samples were pasteurized in a
heated water bath at 60°C for 50min. After cooling
till the room temperature, Ps.brenneri cells were
added to achieve the concentration of 103TCC ml™.
Prepared samples were kept in a shaker-incubator at
30°C and 150RPM until steady state of bacterial
growth was reached. All samples were prepared in
triplicates to ensure greater precision.

D. Measurements

Total cell count was measured using flow
cytometer PartecCyFlow® SL (Partec, Germany) by
method described previously in recent studies [7], [8].
Briefly, 1ml of sample was heated for at least 3min at
35°C. Further, 10pul of SYBR Green I (Invitrogen,
Switzerland) and 10ul of EDTA was added and left to
stain for 10min at 35°C in the dark before
measurement. Prior to measurements samples were
optionally diluted in 0.1um filtered Evian in order not
to exceed instrumental detection limit.
PartecCyFlow® SL has a blue 25mW solid state laser

emitting light at a fixed wavelength of 488nm.
Green fluorescence was collected at 520+10nm, red
fluorescence above 630nm, and high angle sideward
scatter (SSC) at 488nm. The instrument was set on
parameters described by Nescerecka et al. [9], i.e., the
trigger was set on the green fluorescence channel and
data were acquired on two-parameter density plots
while no compensation was used for any of the
measurements. Results were expressed as total cell
count (TCC) in microbial cells per ml of water
sample.

For classical cultivation, heterotrophic plate count
method was used by spread-plating sample on R2A
agar medium [10] and incubated for 2 days at 30°C in
the dark before enumeration. Results were expressed

in colony forming units (CFU) per ml of water
sample.
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Fig. 1 Comparison between maximum growth of Ps.brenneri cells
by FCM (a) and HPC method (b) in standards with different
phosphorus concentrations
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Fig. 3 Relationship between total cell count (TCC) on the day of
steady state reached, measured by FCM, and colony forming units
(CFU) on the day of maximum cell growth, measured by HPC
method

III. RESULTS AND DISCUSSION

A. Method comparison between MAP
determination by flow cytometry and heterotrophic
plate count methods

The comparison was made for four phosphorus
concentrations in the range of 0-10ug P 1. To
compare the methods, the day of maximum growth
(Fig. 1) and the day of steady state reached (Fig. 2)
was determined. Both, cultivation and flow cytometry
enumeration methods, showed that the maximum
growth of Ps.brenneri in standard sample was
reached on the third day and steady state was reached
on the third or fourth day, depending on the sample.
A very strong correlation was achieved between FCM
and HPC (Fig. 3) results, displaying R? of 0.99.

In case of HPC, the day of maximum growth of
bacteria in a water sample is used for conversion into
MAP. For Lehtola et al. [5] it was day four to six.
The time required to reach the maximum growth was
longer due to a lower temperature, as they incubated
samples at 15°C in contrary to 30°C used in this
study.
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Fig. 4 Relation between the growth of Pseudomonas brenneri

cells, measured with FCM, and phosphorus concentration in MAP
standardization

B. Calibration curve

The MAP concentration for calibration was
measured at the day, when steady state of bacterial
growth was reached, i.e., when the maximum amount
of TCC was registered, on contrary to HPC method,

91

when the day of maximum growth was used, i.e., the
day, when the greatest increase of CFU was registred.
That is due to different appearance of result curves
directly gained by each method. Additionally, at the
point of steady state the maximum possible bacterial
growth would be reached and no further growth
would be possible due to P limitation. In this study
the fourth day was used for further determination of
yield factor.

The calibration was made for seven phosphorus
concentrations in the range of 0-12.6pg P I'\. The
point of 12.6ug 1'' was not used in calibration as it
was more away from linear correlation. That
corresponds to observations by Lehtola et al. [5], who
also amended standards with 2,000ug C I'' in form of
CH3COONa and found no linear correlation with P
concentrations above 10ug 1!, Therefore, this range
might be applied as MAP detection limit within this
study.

Nevertheless, Wen et al. [6] found that linear
range was 0-5pg I'!, 0-10pg I'! and 0-20pg 1! if the
amount of acetate spiked was 0.5mg 1!, Img I'' and
2mg 1!, respectively. However, in this study the
amount of carbon spiked to reach final concentration
of 2mg I'! did not show linear correlation for the point
of 12.6 pg 1'%,

The calibration curve (Fig. 4) displayed strong
linear correlation with R?=0.98. The transformation
of TCC into MAP was made using following
equation (1):

TCC = 159494 x MAP. €))

It gives a yield factor of 1.59x108, which means
that 1ug of PO4-P corresponds to 1.59x10% cells of
Ps.brenneri.

Lehtola et al. gained a yield factor of 3.7x108 [5],
Polanska et al.— 3.2x10% [3], Jiang et al.— 1.1x10° [11]
by spread-plating method and using Pseudomonas
fluorescens as inoculum.

Wen et al. [6] compared P17 strain and natural
microbial consortium of Evian water as inoculum and
gained slopes of 1.8x10% and 9.4x10%, respectively,
using flow cytometry. They explained lower yield
factor as a result of lower phosphatase activity, when
comparing pure culture with natural microbial
consortium. The value gained in this study is
comparable to the value gained by Wen et al. by
FCM [6]. Although, there is a lower phosphotase
activity of P17 if compared to natural microbial
consortium, the method is still applicable for MAP
determination.

IV. APPROBATION IN LATVIAN CONDITIONS

The gained equation (1) was applied to determine
the amount of MAP in artificially recharged
groundwater effluent from the station (Riga, Latvia).
A three weeks long study with three days per week
sampling gave an average MAP concentration of
18.242.9ug P I'' for groundwater samples. Such
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concentration is out of calibration range and is nearly
twice as high as data obtained in 2007 at the same
station by HPC method (10.2+1.9ug P 1I'") [12] and
the difference is even greater if compared to the
amount presented in 2004 (3.4+2.4ug P 1) [2]. That
might be attributed to increased pollution level or
seasonal variations. To note, the consumption of
drinking water in Riga has decreased almost threefold
since 1995 [13] and in the last years infiltration
basins for artificial recharge are used only to insure
their serviceability.

Furthermore, as calibration limit is out of range,
an increased acetate concentration needs to be
applied, as suggested by Wen et al. [6]. However, a
precise amount of carbon dose needs to be specified
to fit the necessary conditions.

V.CONCLUSIONS

Flow cytometry is more advantageous method for
MAP determination if compared to heterotrophic
plate count due to its rapidness, ease of operation and
safer sample measurement backup, as any doubtful
cases can be detected immediately and remeasured.

The gained yield of this study by using FCM is
1.59x108 cells pg of PO4-P!. At last, it is useful to
provide wider MAP determination range by increased
sodium acetate concentration.
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Abstract. Industrial structures, residential buildgs and other objects of infrastructure are beingr=tructed in many
Russian cities now. In addition to new constructiongconstruction and rebuilding of existing buildings also being
performed. Meanwhile, such construction objects amiéuated not only in open suburban areas but alsourban districts
and city zones. Often it is necessary to dismarttedemolish old run-down buildings or distressed wttures before
constructing new buildings. Such works always cauaggke amounts of construction waste.

To accommodate constructive materials for new stures and to store elements of disassembled buildimgnd
construction wastes special storage grounds aredudeing of temporal nature, these storage grounds aot capable to
ensure full protection of the environment from paliion.

The team of employees of Samara State TechnicalMdrsity investigated several districts of the aifySamara. This
investigation revealed that in all temporary dumpjrsites construction wastes amount to 8% and dumpsitgs of a mixed
type containing construction wastes — to 35%.

The majority of temporary dumping sites are removieda short time. Mostly, it is done by collecti@nd removal of
construction waste to special waste landfills. Aeteame time, the investigation demonstrated thatudph these dumping
sites are temporal, their existence causes envirental pollution of underlying open ground as repugnt substance
penetrates the ground with rains and pollution ofrspace as light pollutants are dispersed by windofdover, even after
these temporary dumping sites are removed, alrepdijuted soil layers continue to pollute soils assacondary pollutant
source.

The authors offer a technical solution which allowe tcarry out rehabilitation of polluted urban areasore effectively.
In particular, it is recommended to remove wasterfrahe temporary dumping sites stage by stage. Affitst stage, off-
site areas should be inspected and the extent diugion (pollution depth) of underground layers shid be estimated. At
the next stage, a protective barrier in the grouadound the dumping site and on the surface should built. Only after
that we recommend that wastes should be removed serd to a waste recycling plant or to a speciallyuiggped waste
landfill. Then, it is required to cut off all pollted soils and to remove them to a special wastelfifirfor storage.

Thus, this solution makes it possible to reduce tigk of secondary environmental pollution.

Keywords: wastes, shell and core dumps, liquidati@mnd improvement.

I. INTRODUCTION Infil construction leads to the urgent rise of

Change of urban development is marked as auestion of emergence of such dumps, where the
result of acceleration of development of residéntia building site is located closely to private or ctiyn
locations. At the same time more modern andsector.
comfortable buildings, serving and auxiliary The general view of a shell and core dump is
facilities, such as shopping centers, parking ases  provided in Fig. 1.
others are often constructed on the place of old
dilapidated and obsolete buildings.

Renovation of real estate development is
inseparably linked with release of the built-up
territories and demolition of buildings that
complicates the direct process of building and
carrying out construction works in the restrictedaa

The main method of collection and utilization of
the buildings waste which is left after dismantle o
buildings and constructions is warehousing directly
on the building site within a certain yard territdf. -

3].

The organization of collection and centralized
export of construction waste in the restricted dsea ;
difficult, that leads to emerging shell and corenghs - :
in the yards of residential quarters. Fig. 1.  Shell and core dump of construction waste
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It should be noted that on the territory of they cit
there are not only dumps of construction waste, but
also shell and core dumps of household waste whicl
are quite often located near construction wastes.

3
)

Il. MATERIALS AND METHODS

Construction Sites

Staff of higher education institution together with
a group of students made inspections of severa
districts of the city of Samara. During the resharc
about 50 shell and core dumps were recorded an..
analysed.

Morphological structure shows the diversity of the
studied dumps: dumps only with household waste
constitute 57%, building wastes — 8% and 35% of
shell and core dumps are of the mixed type.

Construction dumps are formed, as a rule, nearb
or directly to the construction site. Shell and ecor
dumps with household waste are often located near
private sector or in the yards of multi-storied bes, —
where there are no equipped platforms in the yard: ™ \ \ \
for accumulating household waste or the schedule o 0N XN 4 N 0w
export of waste by the municipa' Companies_ Fig. 3. Research results of soil pO”UtiOI’] witrpper

Shell and core dumps of the mixed type are of

special interest. Their formation usually beginshwi Research results of pollution of the soil by one of
lack of the built-up platform for building waste substances — cadmium are reflected in Fig. 2. The

collection and its untimely export from the Vertical axis shows amount of pollutant in mg/kg, a
construction site territory. Then, eventually, horizontal axis — depth of penetration of substance
construction waste begins "to mix" with the into soil. Apparently, the maximum quantity of

household waste made by inhabitants of adjacenPollutant was revealed on the soil surface.
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Fig. 2. Research results of soil pollution witldicaum
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residential buildings [4-6]. Fig. 3 presents the results of copper penetration o
into soil. It should be noted that for this substathe
Territory Pollution maximum sizes correspond to 10-15 cm depth.

Emergence of shell and core dumps leads to ©One of the most dangerous pollutants is lead, by
littering of the urban area, loss of appeal of dstice results of researches,_concentrates ata depth-201
sites, change of esthetic perception. Besides,ewastc™, at the same time the maximum depth of
leads to various ongoing processes. For examplePenetration of lead into soil is 35-40 cm.
such household waste as food can undergo the The_analy5|s o_f o_ther studied pollutants has_sh_own
process of oxidation and filtrate formation. The @pproximately —similar changes of quantitative
filtrate, concentrated on the surfaces of the soil,characteristics with increase of depth of penetrati
pollutes it, getting to the top layers. The filgas also  into soil.

a source of an unpleasant smell near a dump and at

the adjacent territory. Ill. RESULTSAND DISCUSSION
Research has shown that the greatest pollution is
Research concentrated on the top layer of earth which ddesn’

Research of process of penetration of pollutants€Xceed, as a rule, 40-45 cm. The amount of the
has been conducted in order to define the area ofoncentrated pollutants depends not only on
influence of a shell and core dump on the soil.component structure of waste of a shell and core
Research was conducted on twelve substances. Tes#imp, but also on duration of a dump existence.

and quantitative characteristics were determined byemergence and development of shell and core dumps
the chosen substances. on the territory of the city, the stage-by-stageesoe

of liquidation of the most shell and core dump .(fig
4), and also the polluted soil [7] has been dewedop

94



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the Yinternational Scientific and Practical Conferenalume |, 93-96

dump within the established barrier is recommended
for prevention of further pollution distribution.

After liquidation of a dump and polluted soil,
improvement of the territory (fig. 5) is made: ifil
of formed cut by uncontaminated soil, and also, if
necessary, arrangement of the stationary constant
platform for household waste [8].

5

4

Fig. 5. Method of dump liquidation with further movement
1 — dump, 2 — contaminated soil area, 3 — approaatiways,
4 — temporary special lands, 5 — temporary containfer
Fig. 4. The method of shell and core dump liquafat household waste, 6 — stationary asphalted area, sfationary

1 - dump, 2 — dump territory, 3 — motor driveway,— containers for household waste
protection barrier, 5 — the barrier's door open

Also, it is possible to make implantation of green

As the origin of a dump is not always defined andyqeg to provide parking facilities, children quosts
depth of filtrate penetration is not calculated,isit ground in order to improve the territory.

necessary to conduct a territory research prior to
dump liquidation. The natural research of the aafjac IV. CONCLUSION

terr_itqu, and also chemi<_:a| .analysis of _soil for Timely export of waste, prevention of its long
definition of extent of pollution is conducted inder storage at construction sites or at the domestic

to start dump liquidation. In case of a possiblghhi  (arritories is necessary for prevention of origifi o
bedding of ground waters, it is also necessanatyC  ghe|| and core dumps of construction wastes after
out chemical research of waters. dismantling of buildings and constructions, ancals

It is rational to install a protective barrier t0 ixed and household waste. The organization of
prevent further penetration of pollutants. The iearr platforms for building wastes storage within the
needs to be established both under, and over thgynsiryction site territory combined with nature

Earth's surface. In soil — for restriction of disttion  rotection actions for minimization of negative
of pollution in soil, and also penetration of paifttn  jmpact of waste on the environment is also
into adjacent massifs. For this purpose the barsier .o.ommended.

arranged deep into to a confining bed. The barrier |; g necessary to liquidate already formed and

over the Earth's surface prevents pollutants’ feins  gyisting dumps and carry out events for improvement

on the soil surface as a result of rain or aniritls of the cluttered-up territories, using the desatibe
After installation of a barrier it is necessary t0 method in this paper.

start liquidation of the dump. Waste is loaded on @ Tne method of shell and core dump liquidation
specialized transport and taken out to the test?®@  \j|| allow making the territory of the city more
for further utilization. _ . comfortable and attractive for living. Such apptoac
During the full removal of a waste layer, it iS of ghell and core dumps liquidation of household
necessary to carry out removal of the polluted asil a5t will provide the slightest polluting impaat o
well. Power of the liquidated layer is determingd b ¢ adjacent territory. Application of the methad i

results of the research conducted earlier. possible not only in megalopolises and large cities
Besides cleaning of a surface of soil there happens, ;t aiso in other populated areas.

its ‘baring’. The pollutants concentrated on a aoef
especially after rainy weather, have an opportututy
extend deeply. Installation of a tent that covers a
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Mathematical Tasks as a Means of
Improving the Ecological Culture of the
Future Teachers

Tatiana Gavaza, Svetlana Lebedeva, Natalia Perkova
Pskov state University, Physic and Mathematics faculty
Address: Russia, Pskov. Lenin Square, 2

Abstract. With the development of civilization, the environment takes an increasing place in our lives. Analysis of the
current state of environmental education of students in the University allows to make a conclusion about the need for a
comprehensive approach to the problems of formation of ecological culture of future teachers. One of the directions is the
integration of mathematics and ecology. Environmental knowledge can be generated when the study of mathematics
through the solution of tasks with environmental content. This article presents mathematical tasks with environmental
contents of the different sections of mathematics. Jobs can be used in the process of teaching mathematics students of a

direction "Pedagogical education".

Keywords: ecological culture, environmental education, mathematical tasks with environmental content.

L. INTRODUCTION

With the rapid development of technology, the
growth of world population, its economic activity is
increasingly important for humanity to become
environmental problems and their solutions.

Tough conditions of a global ecological crisis lead
to the necessity of the formation and development of
ecological culture of the population in the course of
continuous ecological education.

Ecological culture is a combination of various
qualities, such as environmental knowledge
humanistic in nature, the assimilation of wvalues,
cultural traditions, rules and norms of behavior in the
environment are the cultural achievements of the
society [13].

Environmental education is a purposefully
organized, planned and systematically carried out the
acquisition of ecological knowledge, abilities and
skills [9].

The main goal of ecological education in Russia is
the formation of socially active personality with high
environmental culture is able to adapt to the rapidly
changing socio-environmental conditions, aware of
the consequences of their actions with a sense of
responsibility contemporaries to our descendants for
their environmental behavior, focused on continuous
self-development [9]. In addressing the objectives is a
role for higher education, especially teaching.

The modern teacher, which forms the ecological
culture of the personality through various educational
processes, needs to be very ecological-active person.
The objective condition for this is to ensure that

future teachers of integrated system of ecological
knowledge, including the study of mathematics.

The analysis of the current status of
environmental education and training of future
teachers in mathematics leads to the conclusion about
inadequate capacity assessment of the relationship of
such disciplines as "ecology" and "mathematics".
Meanwhile, these Sciences are closely intertwined.

Whole branches of mathematics are created for
the analysis of natural phenomena and to solve
engineering problems. A universal language suitable
for the description of processes of different nature
and capabilities based on many factors, is the
mathematical  apparatus.  Mathematics  creates
conditions for the development of skills among
students to quantify the state of natural objects and
phenomena, both positive and negative consequences
of human activities in the natural and social
environment.

In the process of learning mathematics by the
students of direction of preparation "Pedagogical
education" it is possible to find a material that will
present an element of environmental education and
illustrate the practical importance of the material
being studied, contributing to the development of
professional qualities of the teacher. In this
connection, you need to define the multidisciplinary
context of ecology and mathematics based on the
analysis of their role and importance in the process of
forming modern scientific picture of the world at the
pedagogical University, to develop methods and
means of formation of ecological culture of future
teachers [6].
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1L MATERIALS AND METHODS

Because of the importance of environmental
issues essential principles of the methodology of
environmental education should become the principle
of its continuity.

The formation of ecological culture at all stages of
learning should be a gradual process, in the process of
learning different branches of mathematics.

One means of formation of ecological culture of
students in the study of mathematics can be tasks
with environmental content. Under objective
environmental content understand the challenges
associated  with  quantitative  assessment of
environmental problems — a model of situations
occurring in nature and society, the task — prediction
of environmental phenomena, the tasks associated
with production labor and management [16].

In the study of mathematics can be used to set the
next types:

— information (the content of the job gives an
idea about the objects and phenomena related
to the environment);
research (purpose of the job -
mathematical  regularities in
phenomena, processes);
demo (the content of the job descriptions of
monuments, of the laws of structure of natural
objects) [16].

Consider the examples of tasks that teachers use
the physics and mathematics faculty of the Pskov
state University in the study of the disciplines of
basic and elective units for students of a direction
"Pedagogical education".

Discipline base unit "Fundamentals of
mathematical analysis", "Differential
equations”

The analysis of the fundamental concepts of
mathematical analysis from the point of view of
continuity of the high school and University we have
found that most of the concepts, which are formed in
school at different levels of rigor in College courses
are treated with the same positions, only deepened,
and expanded the range of their application.

The object of study of mathematical analysis are
functional dependencies. As is known, the function
came into mathematics in connection with the study
of the phenomena of nature, and, in particular,
physical phenomena and processes. Therefore, in the
University in the "Function" it is advisable to include
tasks with an environmental content, to show the
changes in the environment resulting from production
and economic activities of people.

Based on the knowledge of the properties and
graphs of basic elementary functions can be offered
to students using literature to construct the tasks of
environmental issues. They can be made on the issue
of soil contamination or air, waste disposal, plant
ecology, etc.

identify
natural
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With the aim of strengthening the environmental
aspect in the initial phase, students can be offered the
combined job of the following type.

Task 1: I. Pick up the material on the problem of
air pollution and answer the following questions:
what are the main sources of air pollution on
the planet?
which industries are the most dirty?
what are the main pollutants today, you know?
what industries are in your area and how they
affect the environment?
what is the "greenhouse effect"?

II. Make a chart that reflects the percentage of
industries that pollute the atmosphere. Make
conclusions.

III. Construct a text task with environmental
content in which the relationship between the
concentration of carbon dioxide and drought on the
planet is determined by the linear law.

IV. Decide your objective, plot.

Task 2. Set the dependencies between the
variables (environmental indicators) and the
construct:
tasks on the problem of air pollution;
tasks on the problem of water pollution;
tasks on the problem of purification of used
water;
task of environmental management;
the task of feeding ecology;
the task of ecology and energy resources.

With this organization of learning activities, the
student plays the role of the researcher, i.e., collects
the facts, analyzes, compares, establishes
interdisciplinary connections, builds a mathematical
model that translates the problem into natural
language. [5]

If the function describes the process of change of
one quantity depending on another change, the rate of
change function describes the derivative. The huge
value of the derivative is that the study of all
processes and phenomena of nature with its help it is
possible to estimate the rate of change of related
quantities.

Task 3. The decay of radium according to the law
where the quantity of radium in the initial time t=0,
and R is the number neraspavshemsya of radium at
time t. Determine the law of dependence of the rate of
decay of radium with time. Show that the decay rate
is proportional to the cash amount of radium.

Senior students are offered tasks with
environmental content, which can be solved using
differential equations. Many of the processes and
phenomena occurring in nature, quantitatively
described by ordinary differential equations. They
can be used to create a mathematical model of the
studied physical, chemical or biological process. The
solution of these equations allows to predict the
properties of the phenomenon under study and to
predict the final result.
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Task 4. The rate of multiplication of certain
bacteria is proportional to their number at a given
moment of time t. The number of bacteria has tripled
within 5 hours. To find the dependence of the number
of bacteria with time.

The solution of problem 4 shows that under
favorable conditions the increase of bacteria over
time is exponential. This law is of interest not only
from theoretical but also from a practical point of
view. He says that creating a useful population for
favorable conditions, it is possible to quickly obtain a
population with greater numbers. The exponential
law of reproduction is subject to the so-called
"ecological explosion", when one or the other species,
once in favorable conditions, in a short time reaches
large numbers. For example, you can point to the
disastrous invasion of hordes of insects (locust,
silkworm, etc.).

Discipline base unit "Foundations of
mathematical processing of information»

The purpose of discipline: to form at students the
system of mathematical knowledge, abilities, skills,
competences necessary for work with information.
The studied sections of the discipline: statistical
methods for collecting experimental data, methods of
primary processing of statistical information the main
statistical ~indicators, statistical indicators and
relationships indicators. Official statistical
information on the state of the environment can be
used as:

— examples of the theoretical concepts;

— content design assignments;

— job statistical research on a particular topic.

Consider the theme of "Series. Performance
indicators". The necessary theoretical material used in
the solution of problems: determination of a number
of speakers, types of time series a graphical
representation of the series dynamics, the parameters
of intensity development, medium intensity
development, development trends, and methods of
smoothing of time series.

As an example, an interval of a number of
speakers at the lecture provides information on waste
production and consumption in the processing of
wood and manufacture of wood products in Russia
from 2010 to 2015.

Tab.1
5 2010 2011 2012 2013 2014 2015
year
Yi,
million 9,6 3,9 3,7 53 50 | 4,5
tonnes

In the formation of knowledge and skills to carry
out statistical processing of information at practical
classes is given the following task: create a series of
speakers, to determine its type, to graph, to find
analytical indicators, average dynamics, smoothing of
time series method, moving average, and draw
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conclusions. For the job are used statistical data on
emissions of air pollutants, which are produced by
stationary and mobile sources in Russia from 2009 to
2015y.: 2006 y. — 35510 thousand tonnes; 2007 y. —
35532 thousand tonnes; 2008 y. — thousand tonnes;
2009 y. — 32754 thousand tonnes; 2010 y. — 32353
thousand tonnes; 2011 y. — 32628 thousand tonnes;
2012 y. — 32469 thousand tonnes; 2013 y. — 32063
thousand tonnes; 2014 y. — 31228 thousand tonnes.;
2015 y. — 31269 thousand tonnes.

This task, which uses real statistical data, is
information. When executed, the problem is not only
mathematical, but also ecological education of future
teachers. The above task can be supplemented by
research done by the student independently.
Additional task: a) find information about the most
common types of substances that pollute the
atmosphere, their impact on the environment; b) to
find statistical information on emissions of most
common air pollutants produced by stationary and
mobile sources; C) to carry out statistical processing
of information; g) draw up the results into a concise
report. This work can be performed by a group of
students. The grouping happens in the mind of air
pollutants. Self-employment can be organized in the
form of an environmental conference. Fulfillment of
additional tasks contributes to the formation of
professional qualities of a teacher, development of his
ability and willingness to ecological and pedagogical
activities.

Discipline of choice "Mathematics and the
harmony of the surrounding world"

The goal of the course is to expand students
ideas about the concepts of symmetry and proportion,
as well as building skills to identify the principle of
symmetry (and different types) and the Golden
proportion in the phenomena of the surrounding
reality, in particular, in ancient architecture.

Teaching about symmetry and the Golden ratio
has made significant changes in the scientific picture
of the world, has formed a new way of scientific
thinking. These concepts have a very broad meaning.
They are associated with medicine, biology,
chemistry, crystallography, physics, mathematics,
philosophy. The proportionality of the Golden section
and its related Fibonacci series manifest in the human
body at all levels of the organization and functioning
of all systems, including the geometry of molecules
and cells; the proportions of liquids; dynamics of the
heart; the brain biorhythms. The principles of
symmetry and the Golden ratio is inherent in nature:
in the structure of plants, insects, animals, gems,
Earth. The same mathematical patterns that permeate
all life. The study of these concepts shows that the
world is not random and chaotic, but by the same
laws. Therefore, these fundamental knowledge
expand opportunities in the field of nature protection
as such, and, in particular, of its resources. Moreover,
in the future, this knowledge may not only be an
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additional factor in the awareness of the importance
of conservation, but also to predict its development
and influence on it. So, some studies show that in
nature there is a balance that obeys the Golden ratio.
If there is a violation of this balance, the natural
habitat can be lost [17].

The course content integrate knowledge from
different subject areas based on the mathematical
concepts of symmetry and the Golden ratio.

By the end of the course students are encouraged
to submit a project based on real objects — Pskov
churches that dot the city. The aim of the project is to
realize the uniqueness of the architecture of ancient
Pskov, the importance of saving this cultural heritage,
the importance of environmental protection of the
city.

Today in the city there are about 40 churches,
which require your savings. Pskov is very ancient
architecture in harmony with nature, as it is based on
the laws of nature — dissymmetry and the Golden
ratio. This suggests that Pskov masters knew very
well the nature and its laws, and very kind to her, in a
world largely lost. One of the reasons for the loss of
the harmony of architectural structures the
introduction of measurement standards, in particular
the meter.

At the same time, the ancient masters were the
units that went from the size of the person — fathoms,
cubits, spans, etc. As well as the size of the man laid
the Golden proportion, the laws passed and the size of
the buildings. Therefore, the architectural features of
ancient temples is unique, which in turn requires
careful conservation.

For successful completion of the project students
are offered the following plan.

1. My goals.

Specify the priority goal, towards which you will
strive in carrying out the work.

2. A work plan.

Make a real plan that you follow when it is
executed.

3. My first impression.

Describe your first impression about selected
objects, their mathematical features. Formulate
questions (if any) that you would like to get answers.

4. The facts of history.

Try to collect all possible information about the
objects. The result of this work you can collect the
following material: the name of the object (and its
explanation); if this religious building, information
about the Saint in whose honour it was erected;
erection time, in honor of the event; alterations (dates,
pictures, description of the previous species); the
modern form, its function; architecture description;
photographs of a modern view of the building from
different angles, photos of the modern buildings (if
any), plan of the building.

5. Photo gallery.
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Make a selection of photos (sketches, images)
required for your job. You can view photos of the
modern look of the building and its parts from
different angles, photographs of the building up to
modern construction, building layout, etc.

6. Symmetry and proportionality (mathematical
work)

Main directions of the analysis:
analyze the symmetry of the plan, the
individual parts and building as a whole
(consider the presence of different types of
symmetry elements of symmetry), see how
accurately observed symmetry in various parts
of the building;
isolate the building geometric shapes, flat and
spatial, and explore their symmetry, scroll
shape, having the same symmetry;
if the architectural elements borders and
ornaments, will study their symmetry;
analyze the building to the presence in its
composition of classic types of symmetry (as
in the whole building and its separate parts);
what breaks the overall symmetry of the
building and how it affects the harmony of the
building?
analyze the building to the presence in its
composition of non-conventional types of
symmetry, try to find the cause of a broken
symmetry. Is it possible to find the angle from
which the building (or any part of it) will look
symmetrical?
try to relate the symmetry of the temple with
its history, alterations, functionality of its
individual parts.
look at the numerical patterns in the size
structure and its parts, particularly the Golden
ratio.

7. Analysis of the state of the environment on the
rate of destruction of the temple.

Prepare  summary  information on  the
environmental impact of the selected object. Try to
talk to the temple workers, museums, architects and
restorers on the state of the temple and the
environmental impact of its destruction. Analyze the
statistics of the state of the climate and the number of
anomalies and man-made disasters over the past 10
years and previous 10 years, the change in the
chemical state of the air and the impact of these
changes on the state of the Church.

8. Areas of concern.

Highlight those issues and problems (if any) that
have arisen in the course of work.

9. The results of the study and conclusions.

Analyze your research and make the major your
own conclusions on the work done.

10. Interesting information.

Include the material (if any) that seem most
interesting in the work.

11. Versions of the reports.
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Prepare the message text for 5-7 minutes about
the work done.

12. Bibliography.

Include in this category a list of information
sources.

13. The introspection work.

Analyze all the work done.

1. RESULTS AND DISCUSSION

The experience of teaching mathematical
disciplines for students of the Pskov State University
in the direction of "Pedagogical Education" training
using assignments of different types allows us to
draw the following conclusions:

1. Mathematical tasks of informational type can
form the following representations in future teachers:
about environmental problems;
on the environmental situation in a particular
region;
on the directions of environmental research;
on the impact of human activities on the
environment;
on the relationship between the state of
ecology and the preservation of monuments of
the cultural heritage, the environment.

2. With the help of mathematical tasks of the
research type, the formation of representations takes
place:

on the connection between ecology and
mathematics;

on the possible causes of environmental
problems and their solutions;

that the world is organized according to single
laws, the violation of which can lead to
irreparable consequences.

3. Demonstration tasks allow us to visualize not
only the mathematical concepts that are being
studied, but also how different spheres of human
activity influence the ecological situation, what
consequences may have in the "ecological crisis".

4. The use of different types of tasks with
environmental content contributes to the formation of
beliefs about the need to preserve the environment,
cultural traditions, the need to comply with rules and
norms of behavior in the environment, the wise use of
natural resources, which is an integral part of the
environmental culture of the future teacher.

V. CONCLUSION

At present, modern research scientists and
educators focused on the study of various aspects of
environmental education and, in particular, of
ecological culture of future teachers.

One of the areas of research can be integration of
disciplines "mathematics" and "ecology" through
inclusion in educational process of mathematics with
environmental content.

101

is recommended for teachers of
disciplines at higher education

The article
mathematical
institutions.
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Innovative Solutions for Building Envelopes
of Bioclimatical High-rise Buildings
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Abstract. The paper examines innovative and promising trends in in the design of high-rise buildings that challenge
traditional typologies and are adapted for specific climatic conditions. The purpose of the study is to investigate modern
methods of designing building envelopes for bioclimatic skyscrapers taking into account heat impact of climate on the
thermal balance of buildings.

The research methodology is based on a systematic analysis of advanced world experience in constructing innovative
buildings, "conquering' climate. The paper provides the basic principles of bioclimatic architecture. The issues of
buildings’ forms and modes are considered. The authors analyze the efficiency of using double facades in different
climatic conditions with account of their interaction with other technological, constructive and planning elements, such as
"solar chimney", passive and active solar control systems, landscaping, intelligence control systems of temperature and
humidity conditions in premises and buildings, etc.

The paper highlights that unique objects of bioclimatic skyscrapers are moving now into new typologies of buildings
and help form dense, comfortable and convenient urban environment using natural resources effectively. The research
shows how prospects and relevance of a systemic approach to introducing the related and interdependent projects for
energy saving activities at all levels, starting from town-planning and architectural models, and ending with engineering

and constructive solutions.

Keywords: bioclimatic architecture; double skin facade; high-rise buildings; natural ventilation.

I. INTRODUCTION

It is recognized globally that under intensive
urbanization the traditional systems of forming the
urban environment cause environmental, regional,
social, economic, demographic and other problems.
The urgent need to modify the existing approaches to
designing buildings is becoming evident. That is why
the bioclimatic trend is getting greater relevance in
contemporary architecture and is actively used in
high-rise construction. There are a lot of studies and
published works trying to give the definition of the
bioclimatic architecture and formulate its basic
principles [1-12].

Summing up various definitions it can be said that
in the framework of this concept nature does not
perform as a passive backdrop for architecture
anymore and is used as the inexhaustible source of
energy opportunities. At that the ideas of creating
harmony between architecture and nature are being
developed. It means that consumer’s attitude to the
natural environment should be avoided. Buildings are
designed in accordance with the unique regional,
historical, cultural, environmental, infrastructural,
social and economic features of a particular site
development without causing any environmental
damage. In this regard a building is considered as a
unified energy system based on energy dependent

principles. It effectively uses the potential of nature
as a renewable energy source.

II. MATERIALS AND METHODS

It should be emphasized that high-rise
construction is at the forefront of research. Huge
energy consumption of traditional skyscrapers makes
architects and engineers search for new, constructive
systems, technologies and building materials. So a
great number of scientific developments have been
introduced in high-rise buildings in recent years. It
allows extending the use of renewable energy and the
efficient use of resources. More recently, the energy
consumption of buildings has not been a defining
quality factor of a design. Nowadays it is the
dominant criterion in choosing the method for
designing the thermal protection of building
envelopes.

A key feature of bioclimatic high-rise buildings is
their adaptability to the natural environment. It should
be noted that despite the relevance of the topic, there
are no researches systemizing various methods of
buildings’ adaptation to different climatic conditions.
To study the building envelopes in high-rise buildings
constructed in the regions with different climate is of
special interest. It is necessary to keep in mind the
importance of a systemic approach to the scientific
research based on understanding an object as an
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integrated system consisting of a number of
interrelated elements. Being a great energy consumer,
a high-rise building is developed as a unified
architectural engineering project. Therefore, it is
impossible to examine the building envelope without
analyzing its constructional and architectural
planning features. It is very important to analyze
engineering, heating, hot water, ventilation and air
conditioning systems as well. Their optimal choice
and combination depend on the external climatic
conditions.

It is known that there are four main climatic zones
in each hemisphere on our planet: equatorial, tropical,
temperate and polar. There are transitional zones
between main climatic zones: sub-equatorial,
subtropical and subpolar. The following concepts
related to climate features are used in climatology as
well, i.e. mountain climate; arid climate of deserts
and semi-deserts; humid subtropical climate; nival
climate where not all the amount of solid
precipitation can melt and evaporate. Climatic
characteristics depend on a complex of astronomical
and geographical factors. Major climatic factors are
solar radiation, atmospheric circulation and
topography. It should be noted that while designing
high-rise buildings some special data should be taken
into consideration. The values of outdoor temperature
and outdoor barometric pressure are used in the
calculations. These values are taken not only on the
ground level, their changes height along are taken
into account as well.

III. RESULTS AND DISCUSSION

In order to consider different climatic conditions
the following high-rise buildings in equatorial,
tropical, sub-tropical and temperate zones were taken
for analyzing. While designing these unique buildings
the experimental component was of great importance.
At the experimental level they searched for the shape
of buildings, the type of the whole building envelope
and its elements, selection of building and finishing
materials, etc. The analytical survey of the results
obtained through introducing the principles of
bioclimatic architecture is presented.

A. Experiments in designing facade systems of high-
rise buildings under the conditions of equatorial climate.

Equatorial climate is characterized by very little
temperature and humidity changes throughout the
year. Average annual temperature ranges from +25°
C to +31° C. So it is always wet and hot, annual
rainfall is about 2300 mm. The concept of “a tropical
skyscraper” in Singapore was created in such climatic
conditions. The efforts of architects and engineers
were focused on searching for the ways of using
natural ventilation, double skin facades for protecting
buildings from overheating by vertical landscaping as
well. Systems for collecting rainwater are introduced,
etc.
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Fig. 1. «CapitaGreen», Singapore, Toyo Ito & Associates [13].

The skyscraper '"CapitaGreen" (242 m, 40
floors, completed in 2014) has a unique double skin
fagade system made from low-e glass, consisting of
three main elements: 1-fragment monolithic
frameless glazing of outer layer; 2- glazing unit of
inner layer; 3-vegetation integrated in the interlayer
space covers 55% of the fagade (Fig. 1). The double
skin fagade is equipped with a wind scoop. It is an
unusual element of the building's HVAC system
made in the form of giant petals on top of the tower
that reaches the height of 245 m. At this height wind
speed is higher while air temperature is lower. The
wind scoop captures the wind flows and guides them
into the cool void, located in the core of the building.
It runs through all floors and delivers cool and fresh
air there. The expected annual energy saving is
4563420 kWh [13].

The hotel “Oasia Downtown” (206.6 m, 27 floors,
completed in 2016) is another unique "green"
skyscraper in Singapore. The basis of the bioclimatic
concept is green facade that turns the high-rise
building into an oasis, a tropical “living tower” in the
dense urban environment. The task of constructing a
great number of open end-to-end spaces in the form
of green terraces in the tower was solved. For this
purpose a non-standard construction system was
developed. The system includes four stiffening cores
located at the corners instead of one central core. This
solution is directed not only at achieving visual
transmission, but provides excellent natural cross
ventilation. Thus, all public open spaces are provided
with comfortable conditions, optimal microclimate,
natural lightning and fresh air. As in the previous
example the building envelope represents an unusual
double skin facade. The outer layer is a red aluminum
mesh. Tropical plants sprout through it (Fig. 2).
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Fig.2. «Oasia Downtowny, Singapore, WOHA Architects.

B.  Experiments in designing facade systems of high-
rise buildings under the conditions of tropical desert
climate

In the United Arab Emirates high-rise
construction is developed under the conditions of
very hot and dry climate that can be called tropical
desert climate. This kind of climate has the following
characteristics: sand storms; the average summer
temperature in the shade is from +40 to +50° c;
daytime winter temperature is from +20 to +23°C; it
is cooler at night; rainfall is irregular, annual rainfall
is about 100 mm. The environmental strategy is to
minimize the negative climatic effects of high
temperature on the building by reducing greatly the

105

use of air conditioners for creating comfortable
conditions inside the building.

"The Index" (326 m, 80 floors, completed in
2011) is one of the first bioclimatic skyscrapers in the
Middle East (Fig. 3a). The structure has four
powerful A-concrete frames that in addition to
bearing functions form the selfshading plastic of the
fagade. The basis of the unique system of air-
conditioning is the position of the skyscraper exactly
to east-west. The east and the west facades are
exposed to low and deeply penetrating rays of the
morning and afternoon sun. Therefore, in the office
block staircase and elevator units are located on the
east and west facades blocking the sunlight. The
residential block in the west and in the east is
protected by impressive bulging concrete pylons that
create a shading effect, preventing overheating of the
premises. The southern glass fagade of the office
block is protected from the noon sun rays that have
low penetrating power by fixed sunshade shelters
with a large console eave. Deep loggias are added on
the southern facade in the residential part of the
building. Orientation, planning structure and plastic
of the tower fagade is performed so that the
temperature does not exceed 28°C in the premises at
the height of summer without any air conditioners.

The high-rise complex “Sowwah Square” in
Abu Dhabi (131, 155 m; 31, 37 floors, completed in
2012) can be taken as an example of designing
building envelopes as a combined system. The
facades represent the integration of three
technologies: ventilated double skin fagade, passive
shading and active shading. Active shading is
presented by movable shutters, reacting to the
sunlight intensity. Thanks to these efforts, the
average temperature in the air gap of the double skin
fagade does not exceed +32°C while temperature
outside reaches +46°C. The calculations showed that
the double skin facade in "Sowwah Square» saves
kWh/7200 of electric power a day and provides more
comfortable temperature environment close to the
wall perimeter [14] (Fig. 3b).
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In this climatic zone in bioclimatic buildings
movable shutters are actively used to keep the
sunlight out. A high-rise complex "Al Bahar
Tower” (145 m, 29 floors, completed in 2012) in
Abu Dhabi, consisting of two office towers is another
example of the building designed to withstand
aggressive hot climate with sand storms. A
distinguishing feature of the towers is a responsive
dynamic facade, built of triangular screens which are
combined in arrays much like umbrellas. Each array
opens and closes in direct reaction to the sun’s
position, allowing indirect sunlight to enter the
building while blocking the strongest rays. Each
tower has an innovative external shading shell located
at the distance of two meters from the main fagade
and consisting of approximately 1000 "screen
umbrellas" covered with fiberglass. The screens are
operated by a smart control system. In the evening all
the screens are open. The shape of the tower was
optimized to improve the shading system. The
innovative facade of the skyscraper allows reducing
the intensity of solar radiation by 50% (Fig. 3c¢).

C. Experiments in designing the facade systems of
high-rise buildings in subtropical climate

Nowadays China is the world leader in high-rise
construction. China is located in different climatic
zones from subequatorial to temperate. Shanghai, one
of China's largest cities, has humid subtropical
climate with monsoon features. The seasons are
distinct -winter, spring, summer and autumn. The
lowest temperature in winter is -10° C. It often
snows. The average temperature in summer is +
32°C. Annual rainfall is 1149 mm.

architect-Goettsch Partners; c-Al Bahar Tower, Abu Dhabi, architect-Aedas UK.
F
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Fig.4. «Shanghai Tower», China, Shanghai, architect — Gensler
(Photo: © Gensler via CTBUH)

"Shanghai Tower” (632 m, 121 floors,
completed in 2015) is one of the most advanced high-
rise buildings in the world (Fig.4). The concept of
environmental sustainability and energy efficiency of
the tower is based on the integrated approach and
meets the requirements of "green" standards. The
greening degree of this megatall building is estimated
at  33%. Numerous innovations concerning
constructive,  space-planning and  engineering
characteristics were introduced. To reduce wind loads
the tower is twisted in a spiral, making a turn of 120°.
Wind turbines with vertical axis of rotation located in
the top of the tower can generate up to 350000 kWh
of extra electrical power annually. Geothermal energy
is used. At that the key element of the bio-climatic
concept that allows reducing the need for heating and
air conditioning is an innovative transparent double
skin facade. The envelope structure consists of two
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independent glass layers. The outer layer determines
the curved shape of the design while the inner layer
has the correct round shape. The space between the
layers forms ventilated landscaped atriums that
improve air quality, create visual links between the
city and the tower’s interior. The atriums represent
multi-functional public spaces- the "urban areas" for
this vertical city. Energy-saving low-e glass is used.
The issue of sunlight reflection on neighboring
buildings by curved glass facades was carefully
considered. This kind of facade reflects much less
light than the smooth one [15].

D. Experiments in designing facade systems of high-
rise buildings in temperate continental climate

The construction of high-rise buildings in
temperate continental climate has some peculiar
features as this kind of climate is characterized by hot
summers and frosty winters. The temperature
fluctuation during the year is from -35°C to +34°C. A
striking example of a responsible environmental
approach and reasonable use of combined air-
conditioning system is an office building "Manitoba
Hydro Place" (114.9 m; 22 floors; completed in
2008), located in the center of Winnipeg in Canada.
The introduction of double skin fagade technology
refutes the skepticism referring to its efficiency under
such climatic conditions.

The key innovative solution is a double envelope
of the building. The inner layer with single glazing is
separated from the glazed unit of the outer layer by a
buffer zone of one meter width. In winter, when the
fagade is sealed, it acts as a solar collector. Without
using active heating the temperature in the space
between the facades reaches +20°C even if the
temperature outdoors is below -25°C. “Solar
ventilation” is used for effective air circulation in the
system of natural ventilation of the building. Solar
chimney is introduced in the building. It represents a
shaft of 115 m height (Fig.5). The exhaust air is
removed from the building through this "solar vent”
through solar radiation heating. Heating and cooling
system is based on using the geothermal heat of the
earth. Three atrium recreation zones of 24m height
are constructed in the building. They are a part of the
natural ventilation system. The atriums have artificial
"waterfalls" that regulate the humidity indoors. A
systemic design approach to this object makes it
possible to minimize and even abandon the use of air
conditioning systems and save 70% of energy in
comparison with a typical large office tower [16, 17].

107

Fig.5. «Manitoba Hydro Place», Canada, Winnipeg, Kuwabara
Payne McKenna Blumberg Architects.

IV. CONCLUSION
1. The basis of designing a new generation of
innovative modern high-rise buildings is a system
analysis of climatic factors that link the town-
planning, space-planning, construction,
engineering and technological solutions into a
single urban concept.
Despite comprehensive design solution and the
combination of climatic elements the envelop
fagade system acts as a key element of climate
adaptation and energy saving in bioclimatic high-
rise buildings.
The most promising trend is the use of multilayer
ventilated facade systems, ie. double skin
facades adapted to different climatic conditions.
Experiments on adapting double skin facades to
the climatic conditions are conducted in the
following areas: 1-selecting the type of outer and
inner layers (single glazing, glazed unit, fragment
glazing, perforation, dynamic structure, etc.); 2-
introduction of passive shading in the building
envelopes or in the space between them, active
shading, landscaping, etc.; 3-the introduction of a
unique system for natural ventilation, for
example, a wind scoop or a solar chimney acting
along with the double skin fagade.
Huge power consumption of traditional
skyscrapers makes architects and engineers search
for new constructive systems, technologies and
building materials. Being unique the objects
described in this study are not single innovative
projects. They represent the new typology of
high-rise buildings for sustainable development of
urban environment being formed on the compact,
adaptive, energy efficient and ecological
principles. .
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Abstract. In this paper non-deterministic motion of urban traffic is studied under certain assumptions. Based on those
assumptions discrete and continuous mathematical models are developed: continuous model is written as the Cauchy
initial-value problem for the integro-differential equation, whence among other things it is obtained the Fokker-Planck
equation. Besides, the sufficient condition ensuring the mathematical legitimacy of the developed continuous model is
formulated.

Keywords: traffic flow, mathematical model, Cauchy initial-value problem.

I. INTRODUCTION drivers in the general traffic flow. Therefore, time

The main classical question of the traffic flows model there should be introduced additional
theory, which is of essential interest also to theassumptions, which are allowing not to consider an
contemporary applied sphere of urban traffic individual contribution of each possible factor ttha
management, is to study the existing relationshipmay affect the dynamics of changes in road
between the basic physical characteristics of theconditions, but do not result in distortion of the
traffic flow — density, flux and velocity ([1]). Th  resulting system behavior as a whole. For thisaeas
question of exact and unambiguous determination othe concept of an equilibrium condition of trangpor
the main physical characteristics of a traffic flaw  system ([10]) is introduced while constructing
particular, of traffic flow density, is consider¢slbe = mathematical model of the non-deterministic motion
the most significant question. For this purposeaas of traffic flow. Traffic tends to return to the
rule, various mathematical models (for instance, se equilibrium state in the event of possible local
[1]-[9] and respective references given in these),deviations. The equilibrium state of the transport
describing the behavior of traffic flow under variso  system requires that the average flow rate (traffic
conditions are used. The unequivocal finding of thevelocity) at each time point corresponds to its
traffic flow density in a desired point of givenearat  equilibrium value at a given density of vehiclehieT
any point in time will allow to exercise more specified requirement stated as assumption
effective and resource-saving management of trafficconsiderably narrows a scope of application of
flows ([10]). In addition, the unambiguous finding mathematical models, being limited to consideration
the traffic flow density in the studied areas o€ th of traffic flow only at road sections without crosgs,
urban transport system will allow changing the etc. The fundamental work [1] describes in detits
controlled parameters of the transport system @ahsu main properties of traffic flow (uncertainty,
way, so that the vehicles distribution both in sisale  finiteness, dependence of the distance on timesand
of individual road sections, in the scale of certai forth), which ignoring, does not allow to considee
residential districts as well as in the whole dtale  constructed mathematical models as rigorous arld rea
would become admissible, i.e. traffic flows dengity enough that they could be taken as full-fledgetffitra
the "bottlenecks" road sections during the rushréiou models.
were staying within admissible limits, the exce$s o This paper considers a non-deterministic motion
which leads to various negative consequences, foof urban traffic flow on the assumption that the
example, such as formation of traffic jams. On¢hef  vehicle can move both forward and backward. At
greatest difficulties encountered in mathematicalevery fixed period of time there are no limitations
modeling of traffic flow, is that the behavior of imposed on vehicles motion within traffic flow, i.e
vehicles on the one hand, must be subject to thehere are no restrictions imposed that a chandbeof
restrictions and requirements of the traffic current location of any vehicle can be carriedanly
regulations, and on the other hand, is determined bat the adjacent position: such a restriction, asvsh
aspiration to achieve the individual goals of thein [10], means the traffic flow with preferencedaih
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leads to linear mathematical models (both discretell. MODELLING OF THE NON-DETERMINISTIC
and continuous). In this paper, we give up the abov MOTION OF TRAFFICFLOW "WITHOUT
mentioned restriction, which means the following: a PREFERENCE"

every fixed period of time vehicles in traffic flosan  The first of the four assumptions outlined in the
replace any of the current locations to any othién w introduction of this work, along with another
a given probability, where the motion to free assumption (see [10]) that if any vehicle in time
neighboring location represents just one of themoment n-At has a coordinatel -4X, in the
possible particular cases. Such non—deterministicsubsequem moment of tim€n+1)~At the same
traffic flow will be called traffic "without
preference". From a mathematical point of view, the
assumption of traffic flow "without preference" is (i+1)-Ax, wherein the probability of finding vehicle
equivalent to the following four assumptions:

vehicle may have a coordinatéi —1)-AX or

) in these two points are equal, i.e.
- at each moment of time _ _ 1
t=0, At, 2-4t, 3 4t ,.. any of the vehicles P{x=(i-1)-4x}= P{ X=(|+1)-Ax}=§, that
may have one of the arbitrary coordinates |oads to the discrete linear model
0, AX,+ 2-AX,+ 34X, ..; U(m—l, n)+U(m+1,r‘)
— if some vehicle at the time moment U(m n+l)= > . @

n-At(neZ,) has a coordinate Ax (i e Z),
then at the subsequent time moment
(n+1)-At the same vehicle can be at any (but

where functionU (m, n) (neZ,; meZ) means the

number of vehicles at time momentAt at the point
having coordinatem- AX For a given value of the

initial distribution of vehicledJ (m,0) in the traffic

coordinates with probability flow_, the discre_te linear model (_1) mak_es_it p_olssib
et to find approximately the required distribution of
Py = PN ) vehicles in traffic at all subsequent moments wieti
Furthermore, from (1) follows the property that
specifies the nature of vehicles distribution chemg
with time: when the number of vehicles at any point
at the time momenh-At (neZ,) coordinate  becomes smaller than the arithmetic mean values at
neighboring points, then this number increases, and
vice versa (in [10] this property has been calleel t
j-AX (j ez) at the next time moment traffic flow restoration property). Thus, the fitthe
four assumptions mentioned in the introduction of
this work generates a linearity property: by addime
ie., Pri. is subject to Markov process: which initial distributions of vehicles in traffic flowtheir
distributions at any subsequent time are added as
well. Looking ahead, let us note that the latter
assumption (i.e., the fourth assumption) will net b
not depend neither on the state of transportactive during the construction of the mathematical
system in the previous time moments, nor onmodel, however, this assumption would be essential
behavior of other vehicles in the same traffic during the study of already constructed mathemiatica
flow; model, namely, during the proof that constructed
— the studied traffic flow is assumed uniform (or mathematical model carries catholicity property in
nearly uniform), and physical properties of the some sense (see the next section). The second and
traffic flow — density, intensity and velocity third assumptions, as it will be shown below,
are supposed to be not dependent on theadically change the basis of the traffic flow
direction of vehicles motion in the transport probabilistic process ([10]), which supports the
system. construction of a mathematical model (1). Indeed,
As it will be shown in the following sections, the first of all, let us note that in view of the fatiat in
above listed four assumptions allow to construct athe traffic flow vehicle has to appear somewhete, i
discrete model, and then, using the principles ofcould be written
continuum mechanics, proceed to the continuous Zp_..le(nEZ ieZ).
mathematical model for the unknown traffic density. < ! (2)

However, by analogy with the identity (15) it could

not be stated thaz Prii,j =1 because the value
ieZ

not only at adjacent with-Ax coordinate
(i—1)- Ax or neighboring(i +1)- Ax) of these

— for each vehicle in the traffic flow the
probability Pri. that the vehicle, which had

i-Ax (iez), would be at the coordinate

(n+1)-At(neZ,), has a Markov character,

means that for each vehicle in a traffic flow
these probabilitiesp,,  (neZ,;i,jez) do

Z Pni.j may have a value greater than one, if the
ieZ
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one-dimensional roafH-,+1] having a lengt2:1 is
preferable for the driver; and this sum can be less
than one in case when the poiptAX (j€Z) is

again to a differential equation with respect te th
required densityo(X,t) of the traffic flow, and in

th|s equation there will be "bound "only those
vehicles of the flow, which form a kind of contimau

something not preferable for the driver. Within the where vehicles do not interact directly, but are

time interval[n-At,n-At+At] (ne Z, ) the number
of vehicles moving from the poirty - AX( m e Z)

"infinitely close" to each other. For example, if a
discrete functionp,,; ; is independent o€ Z, and

of the studied one-dimensional road segment having'as the formp, ; = p(i-j)(i.j€Z), then the

2:1 length to any other point m,-AX
(M, eZ; m=m) in this section, is equal to
U (ml, n)~ Rim.m - Within the same time interval in
the opposite direction, i.e. from poinf, -AX
(M, €Z) topoint M-AX (M eZ; m= m), itis

movingU (M, ) B, o
Hence, it is possible to write down "vehicle baklhc
using the following recurrence relation:

U(m,n+)~U(m, n- Y m, 0; Prym

number of vehicles.

;:Z U (m,.n). R;@,m}=n§Z{U(n3, 3 Bt "
Then,
U(m,n+)= S {U(M. ) oyt ¥ meZ.

m,eZ

average "jump" of each vehicle in the considered
traffic flow for a single time step tends to zero;

(B) If the average "jump" of each vehicle at a &ng
time step does not have to tend to zero at
AX— 0,At— 0, then the limit transition

AX— 0,At — 0 in the discrete model (3) will lead
to the integral (resulting) ratio with respect teet
required densityo(X,t) of the traffic flow, i.e., in

this case atAX— 0,At— 0, sums will turn to
integrals, but not into partial derivatives.

We will not dwell on the scenario (A), and
examine the scenario (B). However, after the stfdy
scenario (B), we will return to the scenario (Ao
different ways, namely, in the results obtainedtfar
scenario (B) we will assume at once that the séenar
(A) takes place.

So, let the scenario (B) takes place. Let us rewrit
the discrete model (3) as follows:

The meaning of this equation is obvious: any vehicl Y (m,n+1)-U(m, N~

within the studied traffic flow at the time moment

(n+1)-At(neZ,) must be coming from

somewhere to the point having coordlnates

m-Ax(meZ). From (3) it is obvious that the

nbzez{u(”b’n)‘ p‘i”b:nl}_u( m, r)nbzez R e

=m
Having divided this equation byAt, and then
introducing designations

discrete model (1) is a special case of the discret x = |im m-Ax y= ||m m-A x t=||m nA t

model (3). Indeed, for theVm,meZ in (3)
assuming that

1 .

=, if -m|=1
o =12 |, —m|

0,if |m —my|=1,

the recurrent formula (1) could be received.
Similarly, to how in work [10] when receiving
continuous model

op(xt) Iim( AX ]Z.azp(x,t)

ot Ax—0 \/2 At OX?

At—0
limit transitions AX— 0, At — O in discrete model

(1) have been carried out, in this section in (&ré
will be also carried out Ilimit transitions

AX— 0, At — 0. In this connection it is essential to
distinguish between two possible scenarios:

(4)

(A) If the average "jump" of each vehicle in the

studied traffic flow at a single time step alsodgmo
zero atAX— 0,At— 0, then the limit transitions

111

Ax—0
m —+w rTbAer n—>+oo

p ( X, t) rn/velght

we obtain the following integro-differential equati
for the required density (x,t) of the traffic flow:

ap(xt) ]'Kty,) p(y1) dy-

U(mn),

+l

p(x,t)-j K(t;x y)dy, xe(— 1+, te(0,T], (5)

e
where the kernel K(t;z,2)>0, te[0,T],
ze[-1,+1](i=12) of integro-differential

equation (5) is interpreted as follows: the probigbi
that the vehicle in the traffic flow, which at thiene

momentt €[0,T] was at the poing, €[-1,+1] of a
road section, during the next time momémtAt will
appear in the interval [z, 2+ dz]c[- |+ ]
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(z#2), wil be equal to the value

K(t;z,2)dzdt In other words, the kernel
K(t;z,2) is defined as a vehicles “jump"
probability density in a traffic flow from the pdin
z, e[-1,+1] to the pointz, e[, +1] (z# 2) in

a time momentte[0,T]. In other words, the

function K (t; z, 2,) is the relative velocity of such a

"jump" of vehicles in the traffic flow at time mome
forms out 1D mathematical model of the non-
deterministic motion "without preference” of a fraf

flow, where the required functionp(xt) is a
density of a traffic flow.

. INVESTIGATION OF THE CONSTRUCTED
MODEL (5), (6)

Let us recall that the mathematical model (5), (6)

has been obtained only under the assumption that

scenario (B) takes place. Therefore, it is inténgsto
find out the "automatic" presence (or absencehef t
scenario (A) in the mathematical model. In facis th
aspiration means that we would like to find out the
catholicity of a mathematical model (5), (6) among
the similar traffic flow model classes aimed atifirg

of the traffic flow density characteristic. It idwous

Then for vy e [-,+1] we can write the identity

T{K(t;y,x)—d(x— y): }dXEO. ©)
I?;Iy denoting

R(6y0 % K(E v )-8 (% y-] Kt ) &

let us take into account identit;(7) in equatisi (

op(x,t) ¢
%=IK(t:y,X)-p(y,t)dy (8)
-

It is obvious that the equations (5) and (8) are
equivalent and, therefore, the model (8), (6) s a
1D mathematical model of the traffic flow non-
deterministic motion "without preference" in respec
to required density and it is constructed in the
assumption that the scenario (B) takes place. Now i
(8) we will assume that the scenario (A) takes glac
Then at any fixedX and t values the kernel

K(t;y, X) of the equation (8) as function of one
argumenty is different from zero only in the small
vicinity of a pointx= X, e[|, +1],t =t, €[0,T]

. _[K(y)#0, ye B(e; %),
K(t°’y’x°)_{0, ye B(;%),

+|

[ K(tx&) &

©)

where B(¢; Xo)dg{x: Yes0 | e )8| < g} denotes

the small vicinity of a poin,. Hence, the scenario
(A) suggests that in (8) the main contribution he t

112

{. It is important to note that in (5) (hereinafterda
throughout this paper), the valfemay be equal to
infinity, and consequently, in this case, inste&the

interval [0,T] and the half interval(0,T] it is

necessary to také),oo] and(0,x), respectively.

Thus, integro-differential equation (5), togethethw
the initial condition

p(x,t)L:0 =po(X), xe[-1+1] (6)

that if the model (5), (6) will appear to be more
general, than, for example, the continuous modgl (4
describing the traffic motion "with equiprobable
preference", then there comes out a question of
finding sufficient conditions under which transitio
from the model (5), (6) to other models, in paiacu

to model (4) becomes possible. In this sectionehes
and other questions are studied.

In a well-known formula

(Y)=I5(X— y)- f(X) dx whered(+) is a delta

Dirac's function, let us select as functidr(+) the

f(.)E]'K(t;.,g)dg.

f

following function

integral is carried out iB(&; X) by the variabley-
Let us expand the density function(y,t) in a
Taylor series at the poirk :

ap' (xt) (y- x)i_

0

p(y.t)=2

(10)

X il
Substituting (10) into the right-hand side of the
integro-differential equation (8) gives us the
following integro-differential equation:
Gp(x,t)_i 1 9" (xY)
ot = (2-0)! ox
+ .
[K@EY=9)-(y-%"dy @

|
record K(t; |y—x1)= K(ty X is
legitimate by virtue of the fourth assumption froine
introduction section (assumption of independence of
density of the uniform traffic flow on the directiof
vehicles motion). From the obtained equation (1),

is now easy to derive the 1D mathematical model (4)
Indeed, from (11) follows:

0 220D Ticly—)-(3- 47 e

where the

ot 2
o a1 oo
1 6p2 (X, t) +l
2T e

-IK(t;|z|)-fdz+ (é( v }(3)

x>
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, 6p2(x,t) . Hence, for the legitimacy of the designation (12)
a (t)-—2+ 0] (y— X) ) (in other words, for the legitimacy of equation)(#)
oX
is sufficient that forvxe[-I,+1] and Vte(0,T]

o def the relation would be fulfilled

a (t)sz(t;z)-fdbO. 12) |5 (x1)]

_ _ 0 _ p—z'-IK(t;z)zzdz»
It is obvious that having the assumption (9), wa ca 0X 0

neglect the terms of higher order of smallness

0((y— X)B), and then we receive the Fokker—Planck

where

1 |op"(x1)| |

|
. | K(t;2) Z dz
equation (for instance, see [13]) Since in the resulting relation (13) there appears
2 i
Mzaz(t)-w, It is obvious that the op' (x.1)
ot 6X2 Xi

discrete model (4) is a special case of the Fokker-. _ . . o
little use from the practical point of view: in diqit

functions (i=2,4), this relation is of

2
. AX h it i - - :
iana? = lim _ >0. problems it is not possible to verify the fulfilnteof
Planck equationf a0l 2- At 27 condition (13) because of the unknown function

It is important to highlight that the method by whi 2 (X t). However, in many cases it is easy to
model (4) was obtained from equation (11) allows measure the averaged range of density variaticm of
other continuous 1D models to be obtained from thehomogeneous traffic  flow and, wusing this
same equation (11) (for instance, see [2], [3]],[11 characteristic of the studied transport systemmfro
[12] and appropriate references given in these). Inrelation (13) it is easy to establish from a preatti
this sense the equation (11) is the general equatiopoint of view a sufficient condition for a transit
(naturally, within similar/comparable classes of from a complex model (11) to a relatively simple
models) for determination of required density of a model (4). Indeed, taking the valuAx as the
traffic flow. It should be noted that the desigoati  4yeraged interval of the vehicle "jump" in the fiaf
(12) is a purely formal designation, since we hao® 4, ang takingAp as the averaged density changes
clarified the question of the convergence of the ) .
range of the homogeneous traffic flow on given

integral on the right-hand side of this notatioet s |, " int | Ax that the funcii
study this question. In order to do this, let ustfnote jJumpinterva We can assume that the functions

that equation (5) (or (8)) implies straight only |60'(x,t)| ,. Ap
g ®) (2|) P 9 Y LI) (i=2,4) have orders - Therefore,
OX (Ax)
instead of relation (13), we can write down a new
on that we do not have the right to assert therelation

convergence of the integrz{IK(t;Z) dz and based
0

+l +l +
2 .

convergence of the integralj K(t;z)- Zdz 12-(Ax) J. K(t;2) Z dz>>.[ Kt1Zzd(a)

0 0 0

Despite the fact that the relations (13) and (14)

seem to be similar, however, there are essential
distinctions between them: first, the relation (13)
fixed parametet =t, e(O,T]. In other words, it is unlike the relation (14), does not contain unknown

necessary to find a condition under which influencefunc.t'ons’ and, cqnsequently, from the practicahpo
of view, the condition (14) is much more preferable

of a kernelK (t =1,; ) would be concentrated in the gjnce it could be easily verified: secondly, thiatien

small vicinity of zero. To find this required cofidn, (14) pinds the kerneK (t;y,X) in the non-local way
we note that on the right-hand side of equation (11 T
to the averaged range of variation in the densitg o

for each valué = 2,3,... ignoring the term homogeneous traffic flow, and from the relation)(13

Therefore, there arises a question of the decnedse
of a kernelK(t;z) with a growth ofZ for each

2i +1 . . . .
l_ op (;(’t)'fK(tiIY-ﬂ)(y— X)z. dy th|s_ could not be concluded, since functions
(2:i) ox J ap' (x.t) 24 _ _
is possible only in case if —Gxi (l_ , ), being present in that are
i apz(iil)(xlt) h . 2(i-3 unknown, and hence, are not being subject to
21 ox2y J;K(t,|y—x|)(y— gl dy> comparative analysis.
0 Finally, it should be noted that the found
1 .|8p (% 1)

. 2i sufficient condition (14) also makes it possible to
K(t,|y—x1)(y— X) dy discover the following interesting property of

+l

2i-1] o |
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equation (11): even if the kern&l (t;|y— XI) of the C_auchy_ initial-v_alue proble_m for th_e integro-
differential equation, from which, in particulahetre

integro-differential equation (11) remains unchahge fojiows the Fokker-Planck equation. Further, insthi
(se_e the probabilistic interp_retatio_n of the kernel paper, a sufficient condition is found, which first
which has been made immediately after thegngyres the mathematical legitimacy of the develope
derivation of the equation 5)) for two traffic flow  ontinuous model, and, secondly, proves the
problems, in one of which the valu (that is, the  catholicity of the developed mathematical model
average interval of the vehicle "jump" in the tr@ff among the similar classes of traffic flow modeledis
flow) is comparatively less than the correspondingfor determining the density of the traffic flow: i
value AX in another problem, then the integro- proved that fulfilment of the found condition is
differential equation (11) can lead to completely sufficient to obtain (under the same assumptions)
different models. As it has been already mentiadned other models for finding the density of the traffic

the introduction, the main physical characteristifs
the traffic flow are its density(x,t), traffic flux

d(xt) and velocity:3(X,t). The obvious equality

a(xt)=9(x 1) p( % ) shows that, firstly, the flux
of the traffic flow is in direct proportion to both

flow based on the developed continuous model.
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Employers’ Role in the Improvement of
Safety Level in Estonian Enterprises

Georgi Hrenov, Karin Reinhold, Piia Tint
Tallinn University of Technology

Abstract. The key persons in safety activities at enterprises are: top manager, his(her) representatives, working
environment specialist, all acting for the employer; and working environment representatives, selected by the workers and
holding the workers’ rights in safety and health area. The main possibilities to improve the safety level in the firm have
the working environment specialists, as they are usually educated and supported by the employer and the law. The current
paper is looking for the possibilities to raise the employers’ interest for improvement of their knowledge in safety and
through this also the safety level in the workplace. Safety level in 12 Estonian enterprises was investigated using MISHA
method (based on standard OHSAS 18001). Some of the firms have implemented OHSAS 18001 or belong to the foreign
companies. The investigated enterprises were from different industries and agriculture firms. The safety level is very much
depended on the owner of the firm. The larger the enterprise is the better are the possibilities to educate the employers and
employees. One of the ideas to improve the safety level at enterprise is the method “learning through the interviews”. The
interview is worked out basing on MISHA method. The latter is a tool of quantitative study. The safety performance key
elements were divided into three parts: formal, real, combined ones. Three hypothesis were formulated and the area in
which they are proved concerning employer’s activities were as follows: HI1) Standard OHSAS 18001 has an impact on
Formal safety performance in companies (p value< 0.013) — if OHSAS 18001 has been implemented, then: the
assignment of tasks and responsibilities in OHS is committed to the top management, the employer is revising the safety
policy, and the personnel’s responsibilities in OHS are clearly defined. H2) Standard OHSAS 18001 has an impact on
Real safety performance. (p< 0.013) - if OHSAS 18001 is implemented, then: the top manager promotes dissemination of
safety policy: the policy is made available to all of the personnel; resources for improvement are arranged by the top
management; the top manager arranges meetings in OHS; there is a system for redesigning the workplaces for the
persons who have difficulties in coping with the work. H3) Standard OHSAS 18001 has an impact on Combined safety
performance (p< 0.007) - if OHSAS 18001 implemented, then: the top management is participating in the preparation of
safety policy, top manager is reviewing the safety policy, is it operating effectively? He is informing the external bodies
about the company’s safety policy’s effectiveness; the top manager arranges safety training for all of the personnel; there
is a plan for reduction of accidents; it has been elaborated by the top manager; the company has a system for measuring
the social climate in the company.

Keywords: employer’s responsibilities in safety and health, occupational health and safety (OHS), safety and health
management, safety in small and medium-sized enterprises, work environment.

I. INTRODUCTION AND THEORETICAL PART performing the hazards mitigations; monitoring,

The work environment is a large term and it
occupies not only the physical work environment, but
also the psychological and psychosocial elements that
are depended on the people’s character and attitudes.
There are different key persons in the enterprise who
have to take care of occupational health and safety
(OHS): the employer, the working environment
specialist (safety engineer) and working environment
representatives. All these people have the possibility
to improve the safety and health at workplaces. The
roles of these key-actors in different countries are
different [1], [2].

A safety management system in the standard
OHSAS 18001 [3] is designed in order to deal with
occupational health and safety (OHS) in a systematic
way by the following activities: setting company’s
safety targets and objectives; designating roles and
responsibilities for safety personnel; planning and

measuring and improving the on-going system and its
effectiveness [4]. Although the implementation of
safety standards, particularly OHSAS 18001 usually
declines the number of accidents and occupational
diseases in the enterprises, it has not leaded to larger
interest to use the OHS systems in some countries [5].

In the previous studies, the authors of the current
paper have carried out the investigations in different
workplaces [1], [2], [6], [7] and determined the nature
of the real, formal and combined safety elements. The
importance and possibilities to use the safety progress
derived by the successful in OHS companies (e.g.
enterprises which possess OHSAS 18001) for the
companies without any systematic work in OHS was
determined. The role of the workers’ representation in
OHS activities has been investigated [2]. The
conclusion was: the position of safety representative
has often a low status in the company; working
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environment specialists do not have enough time to
fulfil their safety functions to keep employees safe. It
was also postulated that the employers had limited
understanding about the role of working environment
representatives (WER). The WER are elected
formally, there is no practical value of them. From
this investigation arise the research questions of the
current paper: how it is possible to enhance the
interest of the employers towards safety matters and
what role plays in this process OHSAS 18001
implementation? What are the main obstacles for the
employers to show more interest against health and
safety in managed by them companies?

There are different new models and methods for
investigating the safety level at enterprises [8] - 10].
Gautam et al. [10] present a new scheme for
measurement of safety performance in work systems
using segmented point process models that can
capture the points of changes in the working
conditions as well as changes in safety activities. The
findings of the case study application showed that the
injury occurrences data fit the models for all
accidents and first aid cases.

The risk assessment is one of the main areas,
where the investigations are carried out and it is also
very important and the basis for the development of
safety and health improvements in the enterprises.
Risk evaluation depends on the exposure limits
established in the country [11] and also the
international rules have to be followed [12]. In the
study of Isik and Atasoylu [11], the main objectives
were to determine the employer’s awareness of the
OHS law and to find out to what extent the employers
fulfil their obligations to conduct risk assessments.
This was possible through the interviews and written
surveys of employers of small and medium-sized
enterprises. One of the hypothesis in the paper [11]
postulated that risk assessments are ineffective. The
hypothesis was not approved: on the contrary, the risk

assessment are always effective if reasonable
limitations are settled.
New tool for risk assessment (RA) of

psychological risks is presented recently. This area
has been always the hardest area in RA. A novel
approach is presented by Kyaw-Myint et al. [13] to
identify critical exposure levels or health-based
benchmarks of job control using the benchmark dose
(BMD) method, which enables to determine the
critical exposure levels for job control.

The current study is mainly dedicated to small and
medium-sized enterprises, where there are fewer
resources to improve the safety and health [14].

The OHS activities in the Nordic countries are
organized [15], combining a top-down and bottom-up
approach to the organization of OHS activities. The
overall responsibilities rests with the employer, who
seeks for the support both from the professional staff
and from the participants in the OHS organization of
the company.
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The MISHA method [16] has four areas: A)
organization and administration, B) participation,
communication, and training; C) work environment,
D) follow-up (accidents investigation etc.).

The safety key elements in MISHA method are
divided into three parts: formal safety elements, like
safety documents, content of the policy (R=0.895: the
correlation between the safety activities and the
implementation or non-implementation of OHSAS
18001), revising the safety policy (R=0.972), written
safety policy (R=0.964), assignment of tasks and
responsibilities (R=0.885).

The real safety elements include the top
management’s, line management’s and supervisor
safety knowledge, their commitment to the safety
policy, communication, participation in workplace
design etc. In this part of the key elements, OHSAS
18001 implementation influences on the resources
(R=0.968), top management’s commitment to the
safety policy (R=0.964), and the dissemination of the
safety policy (R=0.929).

In the part of combined safety, OHSAS 18001 has
the strongest influence on the safety policy
(R=0.888), workplace hazard analysis (R=0.737) and
assessment of the work environment (R=0.805) [1].

Very often the enterprises implement integrated
management system: ISO 9000, ISO 14000 and
OHAS 18001 [17] are all taken into consideration.

II. MATERIAL AND METHODS

Twelve Estonian enterprises (Table 1) were
examined with modified MISHA method [16] for
clarifying the role of the employers in OHS matters
as well as for studying the perspectives to improve
the safety level of the enterprise through more
effective employers’ activities.

The enterprises were from the manufacturing

industry (chemical, plastic, food and metal),
construction, agriculture and transport. These
enterprises agreed to carry out the MISHA-

questionnaire-based investigation (the length of the
questioning is over 2 hours).

Four (4) of the enterprises (group 1) had
implemented OHSAS 18001, three (3) were
belonging to the foreign corporations (group 2), in the
last their own rules on safety were compulsory and
implemented and five (5) enterprises represented the
locally owned companies who had not implemented
OHSAS 18001 (group 3, some of them even did not
have knowledge about existing OHSAS 18001).

The qualitative study was carried out in these 12
companies in the form of interviews of employers
(active managers, production managers). The
interviewing of the employers gives the information
about the present and possible role of the managers.
The interviews were assessed by the first author of
the paper. The interviews were taken as the basis for
the quantitative study.
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For assessment to the MISHA questionnaire, the
Likert scale (1- poor, 2- average, 3- good, 4- very
good, 5- excellent) was used.

The questions from the MISHA questionnaire that
concern the employers’ activities, analysed in the
current study, are as follows:

Al.2. Top management commitment to the safety
policy: has company’s top management (factory
manager, managing director) committed itself to the
goals of the policy? Is the commitment visible in the
management’s everyday activities?

Al.4. Assignment of tasks and responsibilities:
are the tasks and responsibilities assigned to the top
management?

Al.5. Participation in the preparation of the
policy: has the top management participated in the
preparation of the safety policy?

Al.6. Initial status review: is the current safety
management system operating effectively?

Al.7. Safety documents: the employer is
responsible? Are the responsibilities shared by the
employer?

AL1.8. Revising the safety policy: has the employer
defined, how often the policy is revised?

A1.9. Dissemination of the policy: has the
company defined how the policy is made available to
the personnel? How the revised versions of the policy
are distributed?

Al1.10. Informing external bodies about the
company’s safety policy (how the temporary workers,
sub-contractors, clients can have access to the
company’s safety policy)?

Al.11. Safety policy’s connections to the
company’s other activities (to the company’s quality
and environmental policy).

A2.1. The top management’s safety knowledge (is
the top management aware of OHS implementation in
the company, what are the indicators of OHS in the
company?)

A2.4. Does the company has a safety committee
or some other cooperative safety teams? Does the
employer is included to the safety committee and
does he take part in the meetings?

A2.8. Resources: does the company has the
resources for OHS improvement?

B2.1. Does the manager arrange the information
meetings on OHS?

B3.1. Does the employer affords the safety
training for all the personnel on a regular basis?

C2.3. Does the personnel’s responsibilities and
authorities are clearly defined?

C3.1. Are the workplace risk analysis carried out
on a regular basis? Are the results looked through by
the manager? Are the reduction means financed by
the manager?

C3.2. Does the top manager enters into a contract
with the occupational health services? Does he
reviews the results of the medical examinations?
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C3.3. Does the activities of the safety organization
are discussed with the top management?

DI1.1. Does the top manager is aware of the
statistics on work accidents and occupational
diseases?

D1.2. The reduction of accidents: has the plan
been elaborated and presented to the top manager?

D1.3. Does the company make statistics on
absenteeism rates and summaries on absenteeism
causes? Are the statistics available to the top
management?

D2.1. Does the company has the system for
redesigning the work or workplace of a person who
has difficulties in coping with the work?

D2.2. Does the company measure the employees’
mental work ability on a regular basis? Is the
manager aware of the results?

D3.1. Does the company have a system for
measuring the social climate (social relations between
the workers if some problems have observed)?

The statistics used in the paper involved IBM
SPSS Statistics 22.0 and R.2.15.2. The following
statistical ~methods were used: correlation,
MANOVA, factor analysis, principal component
method, independent T-test [18].

III RESULTS

The results of the quantitative analysis are given
in Table 1. In the second column the characterization
of the investigated enterprises is given. The
interviews in the companies were carried out with the
employer (if it was possible), but mainly with the
production manager, who was mainly present in the
workplace from the top management representatives
(column 5). The total average score by MISHA
method is presented in column 6.

The total MISHA score for the companies of
group 1 was 78-92; for the group 2 it was 75-86; for
the group 3 the total score was 46-65 from the 100
possible. It shows that the implementation of OHSAS
18001 helps to upgrade the safety level at enterprises.
The corporated companies also have their own rules
to keep the safety and health matter on a
comparatively high level.

The safety key elements mostly correlated with
the employers’ activities at enterprises in the safety
and health area are presented in Table 2, 3, 4 (column
1). The results of the statistics between these
connections in the real, formal and combined safety
area (sum of squares by KMO and Barlett’s test and p
value are presented in the columns 2 and 3).

A.Hypothesis Hl

Factor analysis were carried out with KMO and
Bartlett’s test [18]. The alpha correction (ANOVAs
with Tukey’s HSD post-hoc tests) was implemented
and so the HI, H2, and H3 were confirmed. Three
hypothesis were formulated and the area in which
they are proved concerning employer’s activities
were as follows:
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H1) Standard OHSAS 18001 has an impact on
formal safety performance in the companies. If
OHSAS 18001 is implemented, then: the assignment
of tasks and responsibilities in OHS is committed to
the top management (p=0.000), the employer is
revising the safety policy (p=0.000), the personnel’s
responsibilities and authorities in OHS are clearly
defined (p=0.013). The lower p-value (p=0.072) have
the following activities, which are dependent on the
top manager’s activities: the top manager is aware
about the statistics of accidents and occupational

health diseases and the rates of absenteeism are not
directly committed to the manager. These obligations
are usually more directed to the safety manager in the
company, if the company has the job of safety
engineer or working environment specialist. The
small enterprises have no resources to hire the safety
manager, therefore these obligations have to be held
by the manager him(her)self. The lowest score
(p=0.241) have the safety documents responsibility,
these documents are usually hold also by the safety
manager, particularly in medium-sized companies.

Table 1
The Characterization and Results of Quantitative Study by MISHA Method in Investigated Enterprises (N=12)
OHSAS
Id.of the company The activity area Size, employees company The person interviewed Total score (100 max)
/corporated
company
1 2 3 4 5 6
Chemical industry Management’s representative, 45; (87
! 50-249 7 External auditor, 34 78
Chemical industry Management’s representative, 55 88
1 50-249 7 External auditor, 34 78
Metal industry Management’s representative, 40 61
I 50-249 /- External auditor, 53 50
v Metal industry >250 -/+ Trade union representative, 60 86
A% ﬁﬂf;&ggﬁfﬁiﬁ) <50 /- Employer, 50 46
Agriculture farm
VI (gfain production) | < - Employer, 56 60
Vil Construction <50 -/- Active manager, 40 50
VIII Transport 50-249 -/- Personnel manager, 45 65
IX Plastic industry 50-249 +/ Quality manager, 41 78
X Electronics >250 /+ Quality manager, 35 84
X1 Electronics >250 +/ Quality manager, 59 92
XII Food industry >250 I+ Safety manager, 62 75
Table 2
Correlation Between the Formal Safety Key Elements Hypothesis H1
Safety key element SUM of squares p-value
(KMO) and Barlett’s test
Al.4. Assignment of tasks and responsibilities to the top management 13.375 .000
A1.7. Safety documents: the employer is responsible? 1.299 241
A1.8. Revising the safety policy: has the employer defined how often the policy | 25.688 .000
is revised?
C2.3. Does the personnel’s responsibilities and authorities are clearly defined? 4.576 .013
D1.1. Does the top manager is aware of the statistics on the work accidents and 21.007 .072
occupational diseases?
D1.3. Does the company make statistics on absenteeism rates and they are 5.458 .072
available to the top management?
Table 3
Correlation Between the Real Safety Key Elements Hypothesis H2
Safety key element SUM of squares p-value
(KMO) and Barlett’s test
A1.9. Dissemination of the policy: has the employer defined how the policy is 21.007 .000
made available to the personnel?
A2.1. Top management’s safety knowledge 3.005 .039
A2.8. Resources: does the company has the resources for OHS improvement? 22.688 .000
B2.1. Does the manager arrange the information meetings to the employers on 2.896 .006
OHS?
D2.1. Does the company has the system for redesigning the work or workplaces | 0.047 .013
of a person with disabilities?
D2.2. Does the company measure the employees’ mental work ability on a 1.188 148
regular basis? Is he aware of the results?
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Table 4
Correlation Between the Combined Safety Key Elements Hypothesis H3

Safety key element SUM of squares p-value
(KMO) and Barlett’s test

Al.6. Dissemination of the policy: has the employer defined how the policy is 13.375 .001
made available to the personnel?
A1.10. Informing external bodies about the company’s safety policy 17.241 .001
A2.4. Does the company has a safety committee or some other cooperative 3.200 214
safety teams?
B3.1. Does the employer affords the safety training for all the personnel on a 2.854 .004
regular basis?
C3.2. Does the top manager enter into a contract with the occupational health 0.611 .340
services?
C3.3. Does the activities of the safety organization are discussed with the top 1.965 143
management?
D1.2. The reduction of accidents: has the plan elaborated and presented to the 4.125 .007
top manager?
D3.1. Does the company have a system for measuring social climate? 19.125 .000

B. Hypothesis H2

H2) Standard OHSAS 18001 has an impact on real The working environment representative’s

safety performance in companies. If OHSAS 18001 is comments:

implemented, then: the top manager promotes
dissemination of the safety policy: the policy is made
available to all the personnel (p=0.001); the resources for
improvement of OHS activities are arranged by the top
management (p=0.000); the top manager arranges meetings
in OHS (p=0.006); in the company there is a system for
redesigning the workplaces for the persons who have
difficulties in coping with the work (p=0.013). The top
management’s safety knowledge has to be advanced
continuously. The employees’ mental work ability is not
measured even in OHSAS 18001 implemented companies
(»=0.39). This standard OHSAS 18001 has to be modified
in this area.

C. Hypothesis H3

H3) Standard OHSAS 18001 has an impact on
combined safety performance. If OHSAS 18001 has been
implemented, then: top management is participating in the
dissemination of the safety policy (0.001), top manager is
reviewing the safety policy, is it operating effectively? He
is informing of the external bodies about the company’s
safety policy (p=0.001); the top manager arranges safety
training for all the personnel (p=0.004); there is a plan for
the reduction of accidents: it has been elaborated by the top
manager (p=007); the company has a system for measuring
the social climate in the company (p=0.000). OHSAS
18001 does not influence on the organizing the safety
committee work (p=0.214) and the top manager is not
making the contract with the occupational health services
influenced by OHSAS 18001 (p=0.340); not all activities in
the safety area are consulted with the top management
(p=0.143).

D. Comments to top management’s activities in
OHS

Usually the incorporation to the foreign firms
influences positively to the management’s attitudes to
the safety activities. In one of the investigated firms,
after the incorporation, the management started to
implement the corporation-based safety system and
first, the safety audit was conducted.

The result was: safety did not came important at
once. Safety took the first priority only 10 year after
the incorporation. After that, quality was emphasized
even more. Now it could be said that “safety comes
first”.
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1. “The management’s attitude to safety has not
reached the ordinary workers yet. We have not really
understood that safety is the priority in our
department. Often we feel we have to rush in order to
meet the production deadlines. Yes, we know that
management declares safety is very important, but in
practice, there are some safety flaws occurring. 1
personally work with an out-dated equipment and
there is no hope to receive new one in near future”.

2. The other WER from the same company,
however, presents a slightly different opinion: “/
think the safety level in our company is very good
compared to my first employer. Here, everything
concerning safety, is documented.”

So, there are different perceptions on safety,
concerning industrial workers. In OHSAS 18011
implemented companies they have more knowledge
on safety matters compared for example with small
enterprises were even the manager does not know that
the Occupational Health and Safety act [19] exists in
Estonia.

IV. DISCUSSION

Our study revealed that management plays an
essential role in OHS improvement in the company.
By O’Toole [21], it is also postulated that the
leadership’s position is influencing the employee’s
perceptions of the safety management systems. Those
perceptions appear to influence on the employee’s
decisions that relate to at-risk behaviours and
decisions on the job. Organizational commitment did
affect the perceived safety at work, but not on work
accidents [21].

In the current study, it was declared that the plan
for reduction of accidents if it is worked out by the
employer, has very strong influence on the combined
safety at enterprises. If the Standards (OHSAS 18001
etc.) are implemented then the organizational climate
will also be better [22].
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In the current study the implementation of
OHSAS 18001 has a strong impact on the
improvement of safety level at enterprises.

V. CONCLUSIONS

The hypothesis H1, H2, H3 on the influence of the
firm type (OHSAS-implemented or  non-
implemented) has an impact on the employer’s
activities in occupational safety and health area.

The general conclusion is: if the standard OHSAS
18 001 is implemented, then then the OHS tasks and
responsibilities are under the surveillance of the top
manager. The employer is always revising the safety
policy, the safety policy is available to every worker,
the top manager arranges the OHS meetings if needed
and the top manager is participating in the work-out
of the safety policy, he(she) is continuously
reviewing the policy, policy is effective and training
in OHS is available to every worker.

The employer is in the key position in the
enterprise in  occupational safety and health
improvement means and also it is positive if he has
the resources to perform the changes. The three
investigated small enterprises (the number of the
workers under 50), the safety knowledge of the active
manager is extremely important.
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Abstract. Diversity is one of the main characteristics of the system, which reflects its complexity and structure. Diversity
of biotic communities is always being actively discussed in the consideration of their organization, functioning, and
sustainability. However, many questions still remain debatable. The report deals with the results of long-term (1980-2015)
studies of the diversity of micromammalia communities in the primary ecosystems of southern Taiga of the Central Forest
State Natural Biosphere Reserve (Russia), which is located in the centre of the Caspian-Baltic watershed. The diversity
change of small mammals’ communities was connected with climatic trends, extreme and catastrophic climatic
phenomena. The authors offer methods of research and evaluation of a - and B-diversity of communities in conditions of
the continuum of the environment of primary forests with the use of the gradient approach and GIS analysis.

Keywords: biodiversity monitoring; a - and f-diversity of communities; small mammals’ communities; primary forests;
continuity environment; gradients of the environment; GIS analysis.

I. INTRODUCTION

One of the main measurable characteristics of the
system is diversity, which reflects its complexity and
structuredness. Diversity is always actively discussed
when considering the organization, functioning, and
stability of biotic communities, including responses
to changes in the environment. However, quite a few
questions are still discussed [1-7]. The multi-species
groups of small mammals play an important cenotic
role in ecosystems and are a universal model objects
for different studies including biodiversity
monitoring. Inventory and differentiation species
diversity of small mammals’ communities was
investigated in the natural dynamics of the reference
forest ecosystems of the European southern taiga. In
addition to traditional methods for assessing the
species diversity of communities in the conditions of
the mosaic-continual habitat of the south-taiga forests
the researchers used a complex gradient approach and
the GIS-analysis.

II. MATERIALS AND METHODS

The basis for the article was the authors’ long-
term research which was carried out in 1981-2015 in
the Central-Forest State Natural Biosphere Reserve
located in the central part of the Caspian-Baltic
watershed of the Russian Plain (Russia, the Tver
Region). The climate of the territory is moderately
continental with the determining effect of the warm

North-Atlantic current. The region belongs to the
subzone of the southern taiga [8]. The vegetation
cover is mainly represented by spruce and secondary
forests formed in their place (80%). Historical and
paleoecological studies have shown that during the
last millennium no more than 15% of the present
territory of the reserve was developed [9]. Currently,
the total proportion of anthropogenic habitats within
the reserve is only 1.5%. There are no obvious
sources of atmospheric pollution within the short-
range territory. The Central Forest Reserve is a model
area of natural processes of the southern taiga
ecosystems of the Russian Plain.

The data for this work were obtained during the
annual standard catches in stationary model areas of
primary spruce forests of nemoral and boreal genesis.
The total amount of the material is about 15,000
examples of small mammals of various species.
Standard information measures were used for
assessing the species diversity of communities:
Shannon-Weaver index, Pielou's measure of species
evenness [5]. As a measure of the differentiating
species diversity of communities the authors used the
Chekanovsky-Sérensen difference coefficient in the
form b: Ics =1-2min (Pi,y; Pik), where Pi,y; Pi,k are
the minimal species share in a pair of samples [7].
The results were verified by the T-test.
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Since 2010 the spatial distribution of small
mammal species in the continuum of forest
ecosystems has been studied using a gradient long
trap-line. Long trap-lines application is well proved in
a number others studies of small mammals
communities [10-12]. The transect, which is 2280 m
long, crosses different types of indigenous
ecosystems of the southern taiga, first of all spruce
forests of various genesis. The transect is marked
with 114 endorse points which are linked through the
GPS to the WGS 84 coordinate system (UTM Zone
36 North). The distance between neighboring points
is 20 meters. The points have detailed geobotanical
descriptions in areas of 20 x 20 and 5 x 5 meters. The
descriptions contain 275 variables primarily of the
phytocenotic environment as well as some microrelief
and microclimatic parameters. Within the transect
area the researchers made catching of small mammals
(1,700 exemplars). The distribution of rodents made
it possible to identify unit cells of small mammals’
habitats that are minimal natural zones for their
livelihood. For this very purpose the researchers
calculated the total and particular autocorrelation

functions using summarized data of micromammalia
species representation at each point of the transect
trap-line. Statistical processing of data was carried
out in the program STATISTICA-8.0.

[II. RESULTS AND DISCUSSION

13 species of rodents and 6 species of shrews
were recorded in the micromammalia communities of
the reserve. Long-term regular observations showed
that biodiversity indicators increased in this study
period in the forest ecosystems of the reserve (Table
1). It is determined by a more evened representational
distribution of typical forest species which primarily
refers to the increased role of the Eastern Palearctic
species (by 15 times) for boreal spruce forests. In the
rodents’ guilds of nemoral spruce forests there is an
increase in representing some western Palearctic
species that are located here on the edge of their
range. Their total participation in the guild of rodents
increased 10 times. The increase in the alpha-
diversity of rodent communities in native spruce
forests was accompanied by a significant growth in
the total number of species (Table 1).

Table I
Dynamics of Some Characteristics of Small Mammal Communities in the Spruce Forests of Different Genesis in the Period 1981-2015
Years.
Features The nemoral spruce forests
1981-1990 1991-2000 2001-2015
The total number of communities of small mammals ILim 2,9-52,6 7,5-74,5 10,5-82,0
(individuals per 100 trap/nights) IM+m 24,5457 40,4+6,7 60,0+5,5
The total share of individuals of the Western Palearctic species on the edge
of the area consisting of guilds of rodents (in %) i i 0.4% 3,0% 4.0%
Species diversity of rodents guilds H’ 0,105 0,242 0,242
IE 0,065 0,116 0,124
Features The boreal spruce forests
1981-1990 1991-2000 2001-2015
The total number of communities of small mammals ILim 0-55,0 8,0-64,8 10,0-59,9
(individuals per 100 trap/nights) IM+m 16,9+6,1 31,846,3 33,44+4,1
The proportion of individuals of species in East Palearctic rodents 1,6% 24.,6% 23,4%
species composition of the guilds (in %) shrews 3,3% 43,8% 49,3%
Species diversity of rodents guilds H’ 0,125 0,829 0,691
E 0,09 0,463 0,386

Lim — limits, M=m — the arithmetic mean with error, H- the index of species diversity Shannon-Weaver (H'=->PilnPi, rue Pi — the
proportion of species in the community structure), E — equitability Pielou (E=H"/InS rzae S — the number of species in the community)

In the 1980s groups of small mammals were much
more homogeneous throughout the reserve. The
degree of differences in the structure of rodent
communities of nemoral and boreal spruce forests in
1981-1990 was insignificant (the mean of difference
in Chekanovsky-Sorensen Index was 0.06). The
value of a similar index in 1991-2015 was five times
higher (0.31, P =0.999).

It proves the increase in the zonal contrast of
climax spruce communities of different genesis. The
increase in the heterogeneity of rodent communities
in the later period of observations was detected not
only among spruce forests of different genesis but
also among individual model areas of the same
genesis: for boreal spruce forests - 2 times, for
nemoral spruce forests - 6-7 times. The growth in the
heterotony of micromammalia guilds indicates the
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increase in the beta diversity of communities in the
forests of the reserve in general.

The spatial heterogeneity of environment is
known as one of the important factors in developing
diversity in animal communities [2, 3, 5, 6, 13, 14].
As a rule, there is a fairly close positive relationship
between the biodiversity and the structural
complexity of the habitat. In our case the increase in
the alpha-diversity of communities is apparently
determined by the increase of the habitat
heterogeneity as the result of massive windfall
processes and a large-scale drying of spruce forests
with their subsequent destruction, which led to the
formation of an extremely mosaic plant cover. The
obtained results are in good agreement with the
modern forest GAP-paradigm considering that natural
forests represent the succession mosaic of stains
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which are at different stages of ecosystems
development and provide biodiversity and
sustainability. It is not sufficient for a mosaic
environment to use only discrete model sites to assess
the diversity of communities because a lot of ecotone
variants are not taken into consideration. Therefore,
we used the gradient approach and in 2010-2014
small mammal catches were made on the long
transect that was described above.

The analysis of the spatial numbers of rodents
showed that this is not a chaotic sequence but an
organized structure. In particular, for the dominant
species in all types of forest ecosystems - Myodes
(Clethrionomys)  glareolus, the autocorrelation
function with an increase in the shift (Lag) is
decaying. However, the autocorrelation
corresponding to a shift in 5 points (100 meters) and
13 points (260 meters) goes beyond the boundary of a
monotonically damped process denoting the existence
of a harmonic in the investigated series (Fig. 1).
Q-statistics shows that the process is sure not to be
random.
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Fig. 1. Autocorrelation function of abundance bank vole

Analogous but more contrasting results were
obtained in the analysis of a particular autocorrelation
function (Fig. 2).

Partial Autocorrelation Function
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Fig.2. Partial autocorrelation function of abundance bank vole

Thus, the spatial series of bank voles’ population
in the continuum of the environment has a
pronounced cycle character which represents a
regularly  repeated  structure  of  territorial
organization - the special unit cells. The two levels of
community organization have been identified: cells of
100 to 100 meters and cells of 260 to 260 meters.
Similar results were obtained for other rodent species
studied. It indirectly indicates the certain synchrony
in population processes in small mammals which is
probably related to the Moran effect [15, 16].

This dimension of spatial cells is in a complete
agreement with the data of some sources [17].

The model transect with the length of 2,280 m has
23 cells of 100 m in size and 9 cells with the
dimension of 260 m. For all cells the species structure
of rodents’ guilds was defined and the indices of
difference between them were calculated. For the
dimension of 100 m the matrix constitutes 253 paired
comparisons, for the dimension of 260 m it
constitutes 36. The general results of the comparisons
are presented in Table. 2.

Table 2
Indicators Differentiating The Species Diversity Of Rodent
Communities In Primary Spruce Forests

The size of | n The dissimilarity index | Share reliable

the spatial Lim M=+m comparisons
cells (m) (P=0,95)
100 m 253 0,0-0,41 0,16+0,07 | 49%

260 m 36 0,02-0,39 | 0,15+0,04 | 86%

n — the number of pairwise comparisons matrix;
Lim — limits; M+m — the arithmetic mean with error

For the special unit cells of 100 m and 260 m we
obtained similar results. It refers to both the diapason
and the average difference index. A higher proportion
of reliably differing pairwise comparisons for the
dimension of 260 m is determined by the larger (2.5
times on the average) number of samples used to
describe the structure of communities than for the
dimension of 100 m.

The similarity of the obtained results to a certain
extent proves the correctness of the allocated spatial
unit cells and their application for characterizing the
structure and diversity of forest communities of small
mammals.

IV.CONCLUSIONS

At the turn of the 20th and 21st centuries there
were significant changes in the structure, diversity,
and abundance of small mammals’ communities in
the etalon forest ecosystems of the central part of the
Caspian-Baltic watershed, which arose as a response
to the change of the structural and functional
organization of the entire forest area of the Central-
Forest reserve. In many respects the observed
tendencies are apparently determined by the climate
fluctuations, the growth of the net production of
forest ecosystems, and by the frequent catastrophic
phenomena and extreme factors, the manifestation of
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which is associated with climate change [18-20]. In
conditions of the southern taiga forests these trends
cause periodic mass windfalls, a large-scale spruce
stands  desiccation entailing their subsequent
destruction and the formation of an extremely mosaic
plant cover. The active succession dynamics of forest
ecosystems in the natural complexes of the reserve
caused certain changes in population and small
mammals’ communities functioning, which is related
to the natural large-scale destruction of forests
ecosystems [18, 20].

In the conditions of mosaic forest ecosystems the
proposed method for estimating the PB-diversity of
small mammal communities is quite applicable. This
method involves the use of long gradient trap-lines,
the allocation of spatial unit cells, and a comparative
analysis of the similarity of the animal communities’
structure.
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Abstract. The investigation on hemp fibre quantitpé quality as influenced by genotype and seed rages carried out
at the Upy¢ Experimental Station Lithuanian of the Lithuanian Reearch Centre for Agriculture and Forestry in 2014.
Bi-factorial trial was carried out: Factor A — varigt (A1 — USO 31; A2 — Bialobrzeskie); Factor B — sowirage (B1 — 45
kg hal; B2 — 70 kg ha). Data showed that variety (genotype) had a sigifit influence on fibre content (after dew-
retting as well after water-retting) — it was higheoif variety Bialobrzeskie and amounted to 37.2 and534, respectively.
Seed rate (or crop density) did not show signifitanfluence neither on fibre content nor on fibrewglity (flexibility,
strength) parameters.

Keywords: Cannabis sativa L., density, fibre, qualisged rate, variety.

I. INTRODUCTION II. MATERIALS AND METHODS

The interest in hempC@annabis sativa..) as an The trial was conducted at the Upyt
industrial plant, its numerous application ways, asExperimental Station of the Lithuanian Research
well as in ecology of it, is growing up continuousl Centre for Agriculture and Forestry in 2014. The
In recent five years only in Lithuania the area of soil — an Eutri-Endohypogleyic Cambisol, CMg-n-w-
industrial hemp increased as much as forty times -eu [11]. The pHKcl level was 6.8 (potentiometrically),
from 54 ha in 2011, to 2345 ha in 2015 and 2454 hahumus concentration — 2.23% (by Hereus apparatus),
in 2016 [1]. content of available phosphorus,@) in the soil

The yielding capacities of hemp and fibre quality plough layer was 116 mg ¥g the content of
depend on many factors such as genotype, seed ratayailable potassium ¢O) — 85 mg kg (determined
growing technology, pedoclimatic conditions, e®,. [ in A-L extraction). Hemp followed winter wheat in
3; 4]. the field rotation. Before sowing, complex fertdiz

Dew-retting and water-retting are two retting N9-P25-K25 (200 kg h§ have been applied.
methods allowing fibre extraction from the stems of  Bi-factorial trial was carried out: Factor A —
bast fibre plants, and both of them produce filoks variety (A1 — USO 31; A2 — Bialobrzeskie); Factor
different quality, thus both ways should be B — sowing rate (B1 — 45 kg #aB2 — 70 kg ha).
investigated [B Both of selected varieties are monoecious.

Different range of seed rates for hemp is reported Hemp was sown on'7of May in 15 cm inter-row
when growing it for different purposes. spacing by single-row sowing machine. The size of
Recommended sowing rates for fibre hemp varytrial plots was 2 x 5 = 10 Inthe size of record
between 40 and 150 kg per ha [5]. For textileplots— 2 x 4 = 8 # (trial was sown in tree
purposes suggested seed rate varies from 40 tg 80 keplications). Randomised plot design was used. At
ha'[2; 6; 7; 8; 9; 10]. both sides of the trial the protective plots of Hane

The goal of the investigation was to evaluate howsize as record plots were sown.
the hemp variety (genotype) and sowing rate Hemp crop density was assessed at hemp harvest
influences on fibre quantity and quality indices. time. For this purpose 4 microplots of 0.25 x 025

were marked in each trial plot after full crop
emergence. Hemp was harvested when the first
matured seed appeared {26 August).
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After morphological analyses, the index, Hemp germinated approximately in two weeks
important for fibre quantity and quality, was after sowing. It was warm and rainy in the middfe o
calculated as the ratio between technical stemtleng May (the amount of precipitation was twice more
and stem diameter [4; 12]. than the long-term average for second ten-day gerio

Before starting dew or water-retting, technical of May). June was slightly cooler that long-term
stalk part from hemp stalks was prepared (cuttingaverage but abundant in precipitation. It was warm
away the top part of plant containing panicle afiil s July and August, but the amount of precipitatiors wa
left on the stem branches with leaves). One part ofigain huge, and even oversupply as the water for
hemp stalk samples (0.5 kg per plot) was wateedett some time was flooding some surfaces on the trial
(temperature 37 €) for 5 days, other part (0.5 kg per field. Hemp was thriving over the vegetation period
plot) was dew-retted on the grassland for 2 weeks;
then dry straw was weighed and beaked by laboratory lll. RESULTSAND DISCUSSION
tool LM-3; obtained material was shaked by hand No doubts, that seed rate (Factor B) could have
until the shives were withdrawn. Obtained fiber wasinfluence on crop density. The data of investigatio
weighed and fiber content in the straw was caledlat show that seed rate had a significant influence on

by the formula (1): crop density at hemp harvest time (Table 2). The
mean crop density was close 118 plant$ ah seed
Fc = Wf x 100 / Wstr (1) rate of 45 kg hd, and significantly higher — 188

plants n? — at seed rate of 70 kg -haAlso some
significant interaction of tested factors was found
WIf — weight of obtained fibre, g, crop density was significantly higher when sowing
Wstr — weight of straw before scutching, g. hemp of both varieties at seed rate of 70 kg, liaan
Later on fiber content in the stalks was recountedthat when sowing at 45 kg fia

(2):

where: Fc — fibre content in the straw, %,

Table 2.
- Crop density (plants m-2) at hemp at harvest

Fc = Wfx 100/ Ws (2) Upyte, 2014

. . Variety Seed rate (Factor B) Mean for
where: Fc — fibre content in the stalks, %, (Factor A) 45 kg ha 70 kg ha Factor A
Wf — weight of obtained fibre, g, USO 31 104.7 195.0* 149.8
Ws — weight of stalks before retting, g. Bialobrzeskie 1303 179-7: 155.0
Fibre flexibility was evaluated by a device G-2 Msarzvf:rri;;d_orﬁ 23 &1(1576-(2 o 1178;; Rvarey xseed

strength of fibre — by a device DK-60 [13]. % ' rate) = 29.85 ¢

o ) o * — significant at 0.05 probability level;
For statistical data evaluation the statistical

software developed in the Lithuanian Institute of  As fibre content and quality could be influenced
Agriculture was used, ANOVA method applied [14]. by many factors, thus the additional index,

Mean air temperature and amount of precipitationconventionally related to fibre quantity and qualit
were assessed during hemp growing period (Table 1)was calculated. Relational index of distribution of
fibres in the stem is the ratio between the tedinic

) Tabf i dun _ stem length and the stem diameter — the highdreis t
Mean weather temperature;;iogreupltatlon urergigrowing ratio, the better is the fibre quality [4; 12; 15]he
Upyte, 2014 results of our investigation show that this indeasw
Mean weather Rainfall. mm significantly influenced by seed rate [16]. Thentta
Ten-day | emperature, °C ’ sown at higher seed rate (70 kg*hdad a higher
Month | eriod Long- Long- ratio between the technical stem length and the ste
2014 term 2014 term .
average average diameter (376.8) than that sown at lower seed(dge
May | | 8.2 11.0 235 16.0 kg hat) (319.7) (Table 3).
I 13.8 12.6 34.0 16.0
I 16.8 13.5 75 18.0 Table 3.
Aver./total | 129 12.4 65.0 50.0 The ratio between technical hemp stem length aerd giameter
June | | 17.0 14.4 12.0 22.0 Upyte, 2014
Il 13.2 15.3 27.0 23.0 Variety Seed rate (Factor B) Mean for
Il 12.6 16.2 71.0 24.0 (Factor A) 45 kg ha 70 kg ha Factor A
Aver./total | 14.3 15.3 110.0 69.0 USo 31 303.8 386.4* 345.1
July | 19.0 17.2 49.5 25.0 Bialobrzeskie 335.6 367.3* 351.4
Il 18.8 18.0 20.0 25.0 Mean for Factor B 319.7* 376.8* -
1] 21.9 18.0 23.0 26.0 Ros (variety) = 21.86 R (seed rate) = 21.86 (Rvariety x seed
Aver./total | 19.9 17.7 92.5 76.0 rate) = 37.86
August | | 22.4 17.2 58.0 28.0 * — significant at 0.05 probability level,
I 17.0 16.1 355 29.0
I 13.2 15.0 79.5 28.0
Aver.ftotal | 17.4 16.1 173.0 85.0
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the differences are

Hemp genotype (variety), as Factor A, showed ahigher plant density, but

significant influence on the fibre content aftemde insignificant.
retting (Table 4). Variety Bialobrzeskie had _ Table 7.
significantly higher fibre content after dew-regfin Fibre Come”&é@'”zg"fﬁer'rene‘j stalks
(37.2 %) than that of variety U_SO 31 (31.2 %) Variety Seed rate (Factor B) Mean for
Unfortunately, the seed rate did not show any (Factor A) 45 kg hd 70 kg hd Factor A
influence to this tested parameter. USO 31 29.2 29.1 29.1*
The results of hemp fibre quality showed thal Bialobrzeskie 34.3 34.7 34.5*
neither fibre flexibility nor fibre strength was '\R"ea” for FaCtTZBZ 31dS - 2231 9 -
influenced by tested Factors (Tables 5 and 6). Hemg™ 3" = & (seed rla;%)S' oR(variety x seed rate
fibore after dew-retting was rough, inflexible, but™gignificant at 0.05 probability lever:
enough firm
Table 4. Table 8.
Fibre content (%) in dew-retted stalks Water-retted hemp fibre flexibility (mm)
Upyte, 2014 Upyte, 2014
Variety Seed rate (Factor B) Mean for Variety Seed rate (Factor B) Mean for
(Factor A) 45 kg hd 70 kg ha Factor A (Factor A) 45 kg hd 70 kg ha Factor A
USO 31 313 31.0 31.2* USO 31 44.6 50.9 477
Bialobrzeskie 37.7 36.7 37.2* Bialobrzeskie 46.1 47.8 47.0
Mean for Factor B 34.5 33.8 Mean for Factor B 45.4 49.4
Ros (variety) = 0.88 R (seed rate) = 0.88 (R(variety x seed rate Ros (variety) = 1.65 R (seed rate) = 1.65 oRvariety x Seed
=1.53 rate) = 4.34

* — significant at 0.05 probability level;
In 2014, the fibre strength after dew-retting and

Seweretied h Tab][_eb5- Ceibilt water-retting was quite similar (Tables 6 and 9\ a
ew-rette quyfé '268148)(' ity (mm) was much higher than in previous trials [3].
Variety Seed rate (Factor B) Mean for The differences in fibre strength between
(Factor A) 45kghd | 70kghd Factor A treatments were not established. Neither seechmate
Uso3i 16.8 19.6 18.2 variety did not show any significant influence on
Bialobrzeskie 173 18.7 18.0 fibre strength after water-retting.
Mean for Factor B 17.1 19.1
Ros (variety) = 1.10 R (seed rate) = 1.10 oRvariety x seed Table 9.
rate) = 1.90 Water-retted hemp fibre strength (kg F)
Upyte, 2014
Table 6. Variety Seed rate (Factor B) Mean for
Dew-retted hemp fibre strength (kg F) (Factor A) 45 kg ha 70 kg hd Factor A
Variety Slégzi,tietzeo(llfactor B) Mean for uso si 17.9 19.0 184
Bialobrzeskie 19.5 19.8 19.6
(Factor A) 45 kg ha 70 kg hd Factor A I\/Ilean f(Z)r Falctor B 187 194
USO 31 19.8 17.8 18.8
Ros (variety) = 1.46 seed rate) = 1.46 oRvariety x seed
Bialobrzeskie 17.9 18.7 18.3 e (Vre) = 146 B (ool 1, 40 oRtvaney
Mean for Factor B 18.8 18.2
Ros (variety) = 2.26 & (seed rate) = 2.26 (Rvariety x seed .
o (variety) = (rate) _3 9)2 oilvariety Nevertheless the hemp plants sown at higher seed

rate (70 kg hd) had a higher ratio between the

Fibre content in hemp stems was slightly highertechnical stem length and the stem diameter thain th
after dew-retting then that after water-retting. It sown at lower seed rate (45 kg'hahis was not
means that more fibre could be obtained applyingreflected on fibre content or quality.
dew-retting method. Nevertheless, fibre quality
parameters also should be taken into account.

The influence of hemp genotype (variety), as Seed rate had a significant influence on crop
Factor A, again was highlighted on fibre contem¢af density at harvesting time. Variety (genotype) laad
water-retting (Table 7). Variety Bialobrzeskie had significant influence on fibre content (after dew-
significantly higher fibre content after water-ne¢t retting as well after water-retting) — it was higtier
(34.5 %) than that of variety USO 31 (29.2 %). variety Bialobrzeskie, and amounted to 37.2 and
Unfortunately, the seed rate did not show any34.5%, respectively. Seed rate (or crop density) di
significant influence again. not show significant influence neither on fibre

The fibre flexibility after water-retting was more content nor on fibre quality (flexibility, strength
than twice higher than that after dew-retting (Babl parameters.

8). Such high value of flexibility exceeded some
results of previous trials [3], and sometimes cdugd
related to flax fibres [17].

Only some tendencies could be noted that fibre

flexibility was slightly higher when hemp grew at

IV. CONCLUSION
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Effect of the Acidic Treatment of
Domestic Wood Residue on Biocomposite
Wettability and Moisture Sorption
Properties
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AnrijsVerovkins!, Sanita Vitolinal, Sandra Livcat
!Laboratory of Lignin Chemistry, Latvian State Ihst of Wood Chemistry, Riga, Latvia;
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Abstract. The aim of the work was to evaluate the effect of the acidic treatment temperature of aspen sawdust as a filler
on the moisture sorption, wetting and mechanical properties of wood-polymer composites. Aspen wood sawdust was
treated with the dilute hydrochloric acid solution at 60°C and 90°C during 5 h. Both the treated particles and the filled
composites were studied in terms of moisture sorption and wettability; their surface free energy was calculated using the
Owens-Wendt-Rabel-Kaelble (OWRK) approach. The obtained results have shown that the acidic treatment of aspen wood
sawdust at 90°C leads to an increase in its hydrophobicity that decreases the wettability and moisture sorption of the
obtained composite and increases its mechanical properties.

Keywords: Mild Acidic Treatment, Moisture Sorption, Wettability, Wood-Polymer Composite, Wood Residue.

I. INTRODUCTION hydrophilic lignocelluloses and the hydrophobic
Wood-polymer composites (WPCs) are of greatpolymer matrix leads to a weak adhesion between
interest in various applications due to their low these ingredients in WPCs. To solve this problem,
density, low equipment abrasiveness, high stiffnesgphysical and chemical methods have been used to
and strength, low maintenance requirements, andnodify and functionalize the lignocelluloses for
biodegradability [1-2]. Polyolefins such as increasing their hydrophobicity and improving the
polyethylene and polypropylene, the best-knowninterfacial adhesionWood functionalization can be
thermoplastics, are often used as a matrix in WPCstealized by various modes, namely, with alkali,
The volume of the produced WPCs increases everypenzylation, graft copolymerization, treatment with
year. According to the NOVA-Institute statistical fatty acids, peroxide, anhydride, permanganate,
data, 350,000 tons of WPCs were produced in EU irsilane, plasma, etc. [5,6,7,8,9]. Acetylation,
2015, but their amount will grow to 450,000 tons in furfurylation and thermal modification of wood are
2020 [3]. Most of the produced WPCs are used foroften used for obtaining WPCs under industrial
decking (about 67%), but 23% of their total amountconditions. To increase the compatibility betweles t
are used in the auto industry. The remaining 1086 ar polymer matrix and the lignocellulosic filler, vatis
used for technical requirements, furniture etc. coupling agents and compatibilizers are also agplie
Since recycled polymers, the amount of whichin WPC compositions. It is known that maleic
rapidly grows in the USA, EU and Japan, can beanhydride polymer derivatives are often used in
processed below the degradation temperature of woogractice as interface modifiers, which have a pasit
they are suitable for producing WPCs. Nowadays, theeffect on the physicochemical properties of WPCs
use of recycled thermoplastics can be considered as[10-11].
advancing trend for obtaining such a type of In Latvia, there is a very high amount of wood
composites as decorative and interior building processing by-products as well as polymer wastes,
materials. It is very important that the use ofymed which could be successfully used as a raw material
synthetic polymers as a polymer matrix in WPCs for the development of new compositions of WPCs.
sufficiently decreases their disposal in landfills, In this work, hardwood sawdust and recycled
reducing waste volumes, and sufficiently diminishespolypropylene granules from Latvian wood
the pollution of atmosphere, decreasing.€@ission  mechanical and polymer processing companies were
[4]. At the same time, the incompatibility between used.
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The aim of the work was to evaluate the effect ofload capacity of 0.5 kN according to ASTM D638
acidic treatment temperature on the wettingand EN ISO 178 using a software program TestXpert.
properties, moisture sorption and surface freeggner Before testing, the samples were conditioned &€ 60
(SFE) of aspen wood sawdust and to determine theluring 24 h and then placed in an exicator with
influence of the treated wood particles on the phosphorus pentoxide. Five replicates were made for
hydrophobic and mechanical properties of the WPCeach mechanical testing, and standard deviation for

samples. each index was found.
II. MATERIALS AND METHODS [ll. RESULTSAND DISCUSSION
A. Filler A. Aspen Wood Particles
The sawdust represented a by-product of the Table | demonstrates the cellulose, lignin,

mechanical processing of aspen wooHofulus  hemicelluloses content and the oxidation degre€ (O/
tremulg. For the valorization, it was treated by acid ratio) for the initial sample and the samples
hydrolysis with 0.1% hydrochloric acid solution hydrolyzed at 68C and 96C. It can be seen that, with
under mild conditions (6€ and 90C, 5 h, mass ratio increasing hydrolysis temperature, the content of
of wood particles to water = 1/20), followed by hemicelluloses in wood particles decreased from
milling. The fraction less than 100 mkm was used fo 23.4% at 68C to 19.1% at 9. Evidently, this was
filling the polymer matrix. caused by the cleavage of glycoside ether bonds in
B. Matrix the hemicelluloses and the release of the degraded
For making the WPCs, recycled polypropylene fragments into the hydrolyzate. The hemicelluloses
(rPP) (0.9 t nf, 5.2/10 min at 23T, 2.16 kg) was content in the hydrolyzate was higher at@@han at
used as a polymer matrix. 90°C. According to Table |, the cellulose relative
C. Obtaining Composite Material content increased from 51% for the initial wood
An extruder “Haake MiniLab 11" and an injection particles to 53.2% and 54.7% for the particles
molding machine “Haake MiniJet II” were used for hydrolyzed at 68C and 96C, respectively. This
obtaining composite materials. Filling degree wasincrease in the relative content of cellulose was
50%; processing temperature was 175°C80The  associated with decreasing amount of hemicelluloses
extruder screw rotation speed was 130 rpm; injactio during the hydrolysis. At the same time, the conten
molding pressure was 600-700 bar. of lignin varied insignificantly with increasing
D. Surface Properties temperature to 6C. During the acidic treatment at
To study the surface properties, WPC sampleso°C, lignin, which is chemically bonded with
with dimensions of 60x10x1 mm were prepared. hemicelluloses, began partly to degrade.
Before testing, the samples were conditioned &€ 60

for 24 h and then stored for 1 h at room tempeeatur Table |
in a desiccator with J®s. Component composition of initial and hydrolyzederspvood
Contact angles of the hydrolyzed wood particles sawdust
and the WPC samples were measured with Kruss —— .
. . Sample | Cellulose Lignin Hemi- o/C
K100M using Washburn a.nd Wilhelmy method_s, (%) (%) celluloses (%)
respectively. Work of adhesion was calculated using [ Initial | 51.0¢1.7 | 18.5+1.2 28.3x1.5 0.93]
the Young-Dupre equation (1): 60°C 53.2+1.8 | 185t15 23.4£1.7 0.95¢
Wa =0 (1 + cosu) 1) 90°C 54.7+1.4 | 17.9¢1.2 19.1+1.4 0.944
Wa — work of adhesion (mN/m)
o1— liquid surface tension (mN/m) The decrease in the oxidation degree of the treated
o — contact angle (degrees) wood particles from 0.958 to 0.949, as the hydielys

temperature increased from©°80to 90C, could be

The total surface free energy (SFE) and its€xplained by the drop of the hemicelluloses conient
dispersive (Lifshitz - van der Waals interactioagyl ~ the wood particles that promoted the lowering & th
polar (Lewis acid-base interactions) componentswer surface polarity of the hydrolyzed particles.
calculated using the Owens-Wendt-Rabel-Kaelble ~Work of adhesion is the work required to separate
method [12], for which the contact angle valueshwit the surfaces of two different phases. The highénes
different liquids: water, DMSO and diiodomethane Work, the harder is to separate two surfaces. The
were measured. For calculation of SFE, a specialvork of adhesion in respect to water was calculated
software program mounted in Kruss K100M was from the values of the measured contact angles, and

applied. the obtained results are shown in Fig. 1. It can be
Moisture sorption was measured using theseen that the initial aspen wood particles are
desiccator method with 98% relative humidity. characterized by the highest work of adhesion,
namely, 90.8 mN/m. After the hydrolysis, the wofk o
E.Mechanical Properties adhesion of the wood particles hydrolyzed atG50

Mechanical tests were carried out with a universaland 90C decreased by 7.3% and 10.3%, respectively.
machine “Zwick” (Zwick/Roell, Germany) with a This means that the hydrolyzed particles are less
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likely to attract water molecules on their surfane

. . L. oDi i rt OPolar part
comparison with the initial wood. ISPErsive pa P

95 - c 35 1
= 30 =
< =
= = € 25 -
= 90 A - x
= & 20 |
= o =
% S 15 -
85
= £ g 10
e
ks g 5
= ] @
o 80 E 0 T T 1
= v Initial 60 a0
75 T T 1 Fig. 3. SFE and its dispersive and polar parhitial and
Initial 60 20 hydrolyzed wood particles.

Fig. 1. Work of adhesion with water for the iniitreood particles )
and those hydrolyzed at different temperatures. It can be seen that the wood hydrolysis reduces

the SFE polar part from 12.5 mN/m for the initial
The moisture sorption experiment was prolongedparticles to 6.3 mN/m and 5.2 mN/m for the aspen
for 15 days, and its results are shown in Figt2s | particles hydrolyzed at 80 and 90C, respectively.
found that, in the first few days, the moisturetemt  Such a significant lowering of the SFE polar part
of all samples rapidly increased by about 10%, andndicates the increase in hydrophobicity of the
then the sorption process became slower. The linitiahydrolyzed patrticles that is more pronounced far th
aspen wood particles had the highest moisturewood particles treated at @D
content, namely, 16.3%, and the particles hydralyze
at 60C and 96C increased their own masses to a  Wood-Polymer Composites
lesser extent, namely, by 15.5% and 14.7%, The adhesion work values for the obtained WPC
respectively. The obtained results on the moisturesamples with a filling of 50% are shown in Fig. 4.
sorption for the treated particles correlate witle t According to the data, recycled polypropylene s t
obtained values of the adhesion work. lowest work of adhesion, namely, 60.8 mN/m, which
To better understand the changes in surfacds associated with a hydrophobic nature of the
properties of the treated wood particles, SFE d§ we polymer matrix. The WPC sample containing the
as its dispersive and polar parts were calculated binitial wood particles has the highest work of
the Owens-Wendt-Rabel-Kaelble method using foradhesion equal to 70.8 mN/m, but for the WPC
this purpose water, dimethyl sulfoxide and samples filled with the particles hydrolyzed aP®0
diiodomethane. The obtained results are shown irand 90C, the work of adhesion decreases and is close
Fig. 3. It can be seen that the initial wood p#ec to 65.3 mN/m and 64.2 mN/m, respectively.
are characterized by an enhanced SFE value, namely, The moisture sorption experiment was studied
31 mN/m. After the hydrolysis, SFE for the wood during 25 days. According to the results shown in
particles treated at 80 and 90C decreased by

. e 75 1
22.1% and 26.6%, respectively. As shown in Fig. 3, ¢
the main drop of the SFE values of the particles is = . |
associated with the decrease of their SFE polar par £
while the SFE dispersive part changes are g“ 65 |
insignificant (Fig. 3.). @
=
" 2 60 -
——[nitial —%—60 ——90 x
20 [
E 55 A
15 =
aﬂ?\ 50 - T T T
E* 10 rPP Initial 60 90
< Fig. 4. Work of adhesion of recycled polypropylgreP) and
5 WPC with initial and hydrolyzed aspen wood partcle
0 Fig. 5, the WPC sample filled with the untreated
0 5 10 15 modified wood particles increased its mass by 3.5%

days after 25 days of the experiment. The use of the

Fig. 2. Moisture sorption of initial aspen wood tides and those pamdes hydr0|yze_d at 60 and. 96C as a filler
hydrolyzed at different temperatures. allowed the reduction of the moisture sorption o t

WPC samples to 2.9% and 2.7%, respectively. It can
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be seen that the decrease in the filler moisture

. . . @ Di rt OPolar part
sorption leads to the lowering of the moisture ioperse pa onarpa

sorption of the WPC samples. Fig. 6 illustrates the 30 -
values of SFE and its dispersive and polar parteef £ — I -
obtained WPC samples. It can be seen that the SF Z ]
values for the WPC samples with the treated wood 2 20 -
R . . - ——
particles are not changed significantly with o [ _ | £
temperature and are varied in the range of 26.2-25. T 15 A
mN/m. a 10 |
@
—&—Initial —%—60 —&—90 E" 5
a
4 0 r T S
Initial 60 20
5 Fig. 6. SFE of the obtained WPC samples.
The studied mechanical properties (tensile and
=< bending) of the obtained WPC samples are shown in
g 2 Table Il. Recycled polypropylene has the lowest
< values of tensile strength and elasticity modulss a
well as the highest elongation. The WPC sample
1 containing the untreated wood particles has the
insignificant improvement in the mechanical
properties.
0 At the same time, the WPC sample filled with the
0 10 20 wood patrticles treated at @D has enhanced values of
days mechanical strength and modulus as well as the

lowest values of deformation. In comparison with th
Fig. 5. Moisture sorption of WPCs containing 5@initial and case of the WPC sample filled with untreated wood
hydrolyzed aspen wood particles. particles, its tensile and bending strength values
increase by 40% and 19%, respectively, but the
Because the WPC sample filled with initial deformation decreases 2.3-2.8 times.
particles has the highest total SFE value, its The pronounced improvement in the mechanical
dispersive part has the lowest value equal to 16.2roperties of the WPC sample filled with the wood
mN/m that displays the hydrophilic nature of the particles hydrolyzed at 9Q could be explained by
filler. For the WPC samples containing the the decrease of their hydrophilicity that promotiee
hydrolyzed aspen wood particles, the SFE dispersivéncrease of the interfacial adhesion between the
part grows with increasing hydrolysis temperatire. polymer matrix and the lignocellulosic filler.
is characteristic that the treatment at®@@ssentially
decreases the SFE polar part of the WPC sample IV. CONCLUSIONS
containing 50% of the hydrolyzed particles. This  The obtained results have shown that the acidic
phenomenon could be explained by an increase in thereatment of aspen wood sawdust &t®@ads to an
hydrophobicity of the particles, and as a result, aincrease in its hydrophobicity that decreases the
better compatibility between the recycled PP ard th wettability and moisture sorption of the obtained
wood filler, which, in turn, leads to better mecltah  wood-polymer composite and increases its

properties of the WPC samples. mechanical properties.
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Abstract. “Smart houses” have widely established their position as a research field during the last decade. Nowadays
the technical solutions related to energy resource management are being rapidly developed and integrated into the daily
lives of people. The energy resource management systems use sensor networks for receiving and processing information
during the realia time. Smart house adaptive and intelligent solutions has advanced towards common environment, which
can take care of the inhabitants’ well-being in numerous ways. This paper propose to use a context sensitive and proactive
Juzzy control system for controlling the automation processes in smart house environment. The designed monitoring
system has adaptive and intelligent options, and it can operate using real time information received from sensors. The
system is designed to operate fully in the background and can be installed to any exiting working system. This paper
describes a central heating boiler control system implemented using the fuzzy control system designed. Author
concentrates on the basic operation of such systems and present findings from the design process and initial tests.

Keywords: Energy Efficiency, Fuzzy logic, Sensow network.

I. INTRODUCTION

The number of studies related to intellectual and
adaptive system use in the smart home context is
increasing daily. Nowadays it is not difficult to
imagine a situation when a person could live in a
house where all processes are managed by artificial
intelligence. Most of the time the smart system of
house management system will be able to react
correctly to the actions of the human or take proper
proactive actions, both based on predesigned model
and measured variables. However, at some point the
system might make a mistake or a wrong decision
which then will have to be modified or customized by
the user. The adaptive control system may result in a
decision-making structure which might change
dynamically adding a new decision or changing the
priorities of a decision. Such activities indicate some
topical problems:

* how to change the decision-making and model

operating scenarios;
* how the system can identify the required
scenario which meets the user’s needs.

Recieved data recognition is an effective method
for providing existing rules and activating context
linked actions [1, 5, 11]. Nowadays this is used
regarding an intellectually developed environment
creation and by using machine learning algorithms it
can be utilized in building proactive systems [7].
Some smart home technologies have been built using
content recognition technology [4] and neural
networks for decision-making [9]. By using context-
based smart home technology flexible and adaptive

process management can be provided. Context
recognition deals with fuzzy quantities of
environment, like brightness, temperature, humidity,
level, etc.. A person in this system acts as an expert
and may affect the performance of the system by
using fuzzy variables. Nowadays a lot of neural
networks algorithms, which have already been
utilized for decision making, can be converted to
fuzzy systems to improve its implementation in
smart house context. Moreover, by integrating fuzzy
systems into smart home management and decision-
making processes a more genuine and natural
environment can be established.

This article describes the fuzzy control method for
heating circuit management, which can adapt to the
user’s needs by acquiring new operating
requirements. In order to use the system, prior
training is not required; it can add or remove
requirements or modify the existing ones by using the
information received from the environment in real
time.

II. RELATED WORKS

Today, the main studies which are related to the
introduction of Smart environment into people’s daily
lives are associated with the device, network,
software security and user interface development, that
will allow the automation of the management
processes and the reduction of the energy
consumption in systems. Nowadays the discovery of
energy consumption is ongoing and most of the
producers unfortunately do not define it as main
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priority [2]. The competitiveness of European
technologies could strengthen the European position
in the global market for energy effective solutions.
The EU is making rapid progress towards
establishing Europe-wide energy consumption
standards; however, most European countries have
established and follow their own set of regulations.

Although smart environment system energy
consumption effective solutions are currently not
available, none represent a complete solution with
low cost-performance parameters. The intelligent
smart environment systems will raise the level of
convenience for the user and reduce working system
total energy consumption as result it will reduce
system running costs while increasing its quality,
thereby increasing competitiveness and profitability
of consortium SMEs [10].

When designing automation systems more and
more attention has been paid to the Fuzzy system [8]
because these systems are well suited for the
environment where the dynamic values can change
unexpectedly and the next step cannot be predicted or
calculated mathematically. Many articles have proven
that Fuzzy systems are quite easy to understand and
design because they are based on natural language.
Control systems that use fuzzy logic in the
automation process are generally fast, user friendly
and cheap because they do not need much memory
and resources to operate. [6]

III. FUNDAMENTALS OF THEORY OF FUZZY

LOGIC
Fuzzy set theory provides a major newer
paradigm in modeling and reasoning with

uncertainty. Though there were several forerunners
in science and philosophy, in particular in the areas of
multivalued logics and vague concepts, Lotfi A.
Zadeh, a professor at University of California at
Berkeley was the first to propose a theory of fuzzy
sets and an associated logic, namely fuzzy logic [12].
Essentially, a fuzzy set is a set whose members may
have degrees of membership between 0 and 1, as
opposed to classical sets where each element must
have either 0 or 1 as the membership degree—if 0,
the element is completely outside the set; if 1, the
element is completely in the set. As classical logic is
based on classical set theory, fuzzy logic is based on
fuzzy set theory.

Major industrial application areas

The first industrial studies related to fuzzy logic
using fuzzy control systems were initiated in the
1980s when two Danish engineers L.P. Holmblad and
J.J. Ostergaard developed a fuzzy controller for
automated cement kilns with the option to control the
specific burning temperature during the production
process. The results were first published in 1982 [3].
The results did not obtain a great interest in Europe,
but gained a lot of popularity in Japan where the
developed methodology was improved and fuzzy
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logic was applied in the automation process of the
Sendai City subway train management. The
developed product gained a lot of support and the
technology that was applied was adapted for other
similar management systems which were based on
the classic On — Off operating principle [5]. This
success contributed to the great interest by the
industry representatives regarding the feasibility of
introducing the Fuzzy logic into the control system
automation processes and as a result they were used
in industrial control systems as well as in facility
heating/ventilation systems.

In the 1990s, the Japanese started to integrate the
fuzzy controller in everyday products like washing
machines, camcorders, vacuum cleaners as well as
transport; as a result, in 1992, a successful technology
implementation experience in Japan increased the
interest of Europe and the US regarding the fuzzy
controller technology and this lead to the fuzzy logic
implementation in Europe, in 1993 in the area of
information systems.

Fuzzy and linguistic variables.

The fuzzy logic-based decision-making systems
use fuzzy sets and fuzzy values. Fuzzy sets and fuzzy
size definitions are based on the concept of affiliation
functions. In the classical approach, the sets can be
defined by using the affiliation functions with two
values: value 1 is the affiliation of the object while 0
— the object’s irrelevance to the set. While working
in the context of fuzzy logic, intermediate values of
the affiliation function are permitted, which shows
the level of affiliation of an element.

As a result, the fuzzy values can be defined by
using a variable set <a, Q, X> where a is the
description of the value, @ is a universal set which is
the definition area of value a and X is the fuzzy set
that describes the value limits of the variable a.

The most important task in relation to the
development of the Fuzzy logic automation system is
associated with the processing of the received
information and its classification within databases.
Profiling allows the identification of the data
regularities within a system to enable decision-
making. In order to increase the speed of a working
system, the database performance features are
provided through the individual sub-systems in which
the existing knowledge is classified by using three
categories — the situation, the action and the result,
which reflect the system interaction with the
environment.

The fuzzy logic-based decision-making system is
based on the variables with fuzzy linguistic values
which are effectively used in practice for two reasons:
When the resource management tasks related
to quality assurance are dealt with in the state
of uncertainty, it is often crucial to interpret
the quality conditions using a certain measure
or a degree by which the given condition is
executed or not rather than according to the
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principle of “completed” / failed” by
checking the strict form of inequality as a
means of quality indicator. For example, if the
quality indicator must be no less than 0,6, then
in the case of the value being 0,568999 the
wrong decision could be made, classifying the
case as an unsatisfactory result of quality.
Linguistic values are a very good tool for
strategic decision-making related to system
building. The decision-making procedures are
much easier to set and use with the help of the
linguistic values of the input variables and the
decision-making indicator. For instance, the
use of the linguistic variable Water may result
in the fuzzy values or set of values: cold,
warm, hot.
IV. CONTROLLER MODEL IDENTIFICATION
The article describes the heating boiler control
system, which uses three linguistic values relating to
space: low, adequate, high and two linguistic values
relating to water temperature: hot, cold. Let us look at
a set of requirements that uses the input data of the
linguistic variables. As a result, the management
conditions of the distribution valve by using water
temperature and the room temperature are as follows.

IF (room temperature = “high” && water temperature = “hot”)
THEN close control valve.

IF (room temperature = “low” && water temperature = “hot”)
THEN open control valve.

IF (room temperature = “adequate”) THEN do nothing.

IF (room temperature = “high” && water temperature = “cold”)
THEN close control valve.

IF (room temperature = “low” && water temperature = “cold”)

THEN close control valve.

Referring to an expert opinion, the affiliation of
the physical values of the temperature will be defined
to the set of fuzzy values: “low” = 0,1; “adequate” =
0,5; “high” = 0,9; “cold” = 0,1; “hot” = 0,9.

Using the defined values, the conditional terms will
be transformed:

Close control valve min(0,9;0,9);

Open control valve min(0,1;0,9);

Do nothing: 0,5 =0,5;

Close control valve min(0,9;0,1);
Close control valve min(0,1;0,1);

A valve servo motor ESBE ARA 600 was used in
the experiment that ensured the maximum turning
step which is equal to 90 degrees. For the actuator to
work, 120 seconds are required in order to execute a
full cycle. As a result, the procedure “close control
valve” means rotating the valve by 90 degrees and the
procedure “open control valve” means rotating the
valve by -90 degrees. Using the industrially defined
analogue management system during the experiments
has proven that the system provides inconsistent
temperature changes which do not allow stabilizing
the temperature of the heating system. (Fig. 1). This
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is based on the engine performance time (120 sec.)
and the time of thermal inertia in the heating system.

To avoid wide temperature variations, the optimal
valve rotation angle for every system iteration should
be determined by using the formula 1.

average valuexmaxvalue+0.1xrangen

average value+minvalue (1)

As a result, the data of the experiment have
determined that the first rotation step of the iteration
= 15,75 degrees. During the experiment, the control
system can operate only with integers; this results in
the first iteration rotation step being equal to 16
degrees and it is necessary for the execution of the
iteration for 22 seconds. Consequently, the remaining
operating range of the valve = 74 degrees and the
time required for an action is 98 sec.

By completing each iteration cycle, standby
time t,,4;¢ 1S required and it provides accurate reading
of the information by taking into account the inertia
change of the heating system temperature using
formula 2.

twait = M' where twait = th — th—1 (2)
where t; is the time between the temperature
changes.

In an operating system new physical values of the
temperature are defined for the fuzzy variables. Table
1 shows the operating principle of the current method
which chooses the optimal valve operating range
using the pre-defined conditions by reducing the
temperature fluctuations.

Tablel.
Valve calibration steps.
Operating | Operating
Cold | Hot | Adequate
range step

0,1 0,9 0,5 90 16
0,1 0,75 0,425 75 15
0,15 | 0,75 0,45 60 11
0,15 | 0,75 0,45 60 11
0,3 0,75 0,525 45 6
0,3 0,65 0,475 35 5
0,38 | 0,65 0,515 27 4
0,38 | 0,59 0,485 21 3
0,42 | 0,59 0,505 17 3
0,42 | 0,55 0,485 13 2
0,5 0,55 0,525 5 1
0,5 | 0,55 0,525 5 1
0,5 0,55 0,525 5 1
0,5 | 0,55 0,525 5 1

It is known [5] that the thermometric temperature
sensors are not able to instantly intercept the
temperature changes of the particular environment as
the heat exchange between the environment, the
thermometric surface happens with finite rate and it
takes time for the temperature sensor to read the
correct temperature value. Suppose that the
temperature sensor with the temperature TO is placed
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in a new environment with a temperature of ®. As a
result, the sensor temperature will change by using
the formula 3:

3)

where ® — the real temperature of the environment, t
— time, A — temperature sensor thermal inertia factor.

In order to determine the temperature sensor
inertia factor, the activation time of the system is (t =
0). A certain temperature difference has been
determined, if the initial temperature difference T,
and 6 is known. Consequently, the adaptive system is
able to determine the inertia changes of the
temperature by using the Formula 4.

T—0=(T,—0)ex

“)

As a result, using the method for determining the
operational temperature range as well as the inertia
factor of the temperature sensor, the article describes
the algorithm of the adaptive heating valve control
system (Fig. 1.):

( TR )

0.8

EA=LA, .+ 0

Fig. 1. Algorithm of the adaptive heating valve control system

V.ADAPTIVE SUBSYSTEM EXPLOITATION IN
AUTONOMOUS ADAPTIVE CONTROL
SYSTEMS.

For an adaptive control system to function, the
training cycle and the operational calibration of the
starting system for certain tasks and the
environment — it is necessary to define a set of
requirements and values of the starting system which
contains general knowledge of the object and the

137

operating environment. During the initial stage a
system is able to meet the basic management
principles at the beginning of the life cycle of a
system or in case of emergency by using the sensor
nodes. It is known that the management of a system is
not effective when using only the predefined constant
values in comparison with a system that works with
the help of the empirical knowledge basis.

In order to create the control system of the initial
phase, the article describes a situation where poorly
formalized management objects are used. The main
task of the system is to provide minimum object
management possibilities at the early stage of the
system life cycle; as a result, a control system which
uses fuzzy logic principles was applied.

The system input data are the peak operating
angle is [ of the management engine and the
maximum full time of the rotation cycle is fuq.

The basis of the control module consists of the
fuzzy variables F1 .. Fn, dF1..dF2 described in this
article characterizing the boiler temperature, room
temperature and the linguistic values of the valve
position:

FN & dFM — AN*M (5)
where N and M are unclear sets that contain
information about the certain room temperature and
boiler temperature value range.

In order to select an executable requirement A
from the requirement sets the following formula is
used:

_ Z(AkPi)
A=Tenc ©
where A, — the number of an executable requirement,
P, — the output values of the current requirement.

In cases when the system expert wants to limit the
range of decision, the system is assigned with the
requirement having the maximum value which will
result in the completion of the task that matches the
requirement.

VI. CONTROLLER PRACTICAL VALIDATION

Using the Climate change financial instrument as
a means of co-financing in the project “The use of
renewable energy sources in the household sector”, in
cooperation with LLC “Chelsea Trade”, a private
house had been connected to the heating system with
a total capacity of 90kW which uses alternative and
renewable resources for energy production.

The autonomous heating and hot water
preparation system that was installed works, by using
a series of temperature, water flow and pressure
sensors for central boiler and pump node. The
adaptive management of the circuit valve of the
heating system was carried out with the aim of
reducing the fuel and the electricity consumption
during system operation.
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To test the methodology described in this article a
boiler control module is developed in which the
control algorithm was implemented by using the
Arduino language. In order to implement all the
requirements of the algorithm  ArduinoUno
microcontroller and the analogue temperature sensor
LM335 were used; to visualize the operational
processes LCD displays (1602B) were used. The
actuator was implemented by using ESBO ARA 600
servomotor which was used to regulate the heating
valve.

The time of the experiment

e The first stage — September 2016, with the
average outdoor air temperature + 13,2 C°. The
heating system was in the standby mode most of
the time and the highest consumption of the fuel
was used to maintain the boiler combustion

process (Fig 2.)

1ol Audngre coniTo! wpLEm

Fig. 2. The first phase of the temperature variation in the heating
system.

e The second stage — November 2016, with the
average outdoor air temperature + 0,6 C°. The
heating system operates using 50% of its nominal
capacity (Fig.3).

Faciony dafimed modsl Adpprieg pningl Benmn

Fig.3. The second phase of the temperature variation in the heating
system.

e The third stage — 7% January, 2017. The average
daily air temperature —18,2 C°. The heating
system operates using 90% of the nominal
capacity (Fig.4).

Felspries covivel dyTies

Fig. 4. The third phase of the temperature variation in the heating
system

Benchmark value determination

The time ti (min) will be assumed as the
reference value — how long the heating system can
operate using the Q quantity of fuel. Let us assume
that the heating system operates via industrially
defined ON-OFF valve control algorithm and the

system can be considered as active as long as the
room temperature stays within the given border.

As a result, each stage has certain benchmark
values of the system performance, which are also
taken from the boiler output temperature fluctuations.

Table 2.
Burning boiler fuel consumption

Teimin | Qiae | kg/min | Teomin | Qe | kg/min | Tegmin | Qe | keg/min
260 16 0,06 133 16 0,12 82 16 0,20
502 32 0,06 250 32 0,13 158 32 0,20
758 48 0,06 378 48 0,13| 228 48 021
958 64 0,07 508 64 0,13 300 64 0,21
1218 80 0,07 592 80 0,14 398 80 0,20
1470 96 0,07 718 96 0,13 462 96 0,21
1712 112 0,07 873 112 0,13 515 112 0,22

The summary of the experiment results

During the experiment the results confirmed that:

By using the control algorithm of the adaptive
heating system mixer described in this article, the
overall increase in the system performance
expectancy in relation to the benchmark model (Table
2) can be seen, but there are cases when the heating
system is operating at a nominal capacity and the
mixer valve is opened to 90%; then by using the
adaptive valve control algorithm with the calibration
tasks the excess energy is consumed (Fig. 5).

Table 2.
Adaptive management system application results.
Qg et (min) | tuzzyl (min) [ ter2 min) | tuzzy2 (miny | tets @min) | tuzzy3 (min)
16 260 264 | 133 148 82 83
32 502 510 250 268 158 (B 142
48 758 762 378 392 228 | 219
64 958 962 | 508 535 | 300 B 298
30 1218 1224 | 592 618 | 398 |[E 390

96 1470
112 1712

ER 1478 718
ER 1722 873

738 462
896 515

+55 —— Adaptive model

Etalon model

Temperature

e

+50 .
T
1 2 3 4 5 5 7 8 8 10 me

Fig.5. The heating system is operating at a nominal capacity.

VII. CONCLUSIONS

This article has described and practically tested
the fuzzy control algorithm for the management of
the heating system mixer module for adaptive
management that can be adapted to the user’s needs
while acquiring new operating rules. In order to use
the system, it does not need prior training, the
training process takes place during the operation of
the system by modifying the pre-defined
requirements using the information received real-time
via the sensors. The article proves that the
effectiveness of the control algorithm depends on the
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boiler operating temperature and the outside air
temperature. In cases when the boiler operates using
nominal energy, the control of the operational process
increases the consumption of fuel resources wasting
the heat energy through heating temperature
calibration.

The long-term use of the adaptive control module
of a heating system, in systems operating on 40 to
60% of the rated power is obtained by decreasing the
consumption of the heating fuel by 8% (~1920
kg/year) by using a 50 kW heating system.

The data obtained will be used for further research
by developing intellectual management methodology
of the universal heating system.
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Metabolism in the Lake Onego Ecosystem
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Abstract. Lake Onego, as one of the largest water bodies in a humid zone, is the recipient of terrestrial carbon and
plays an important role in the global balance of this element. Due to heterotrophic metabolism in the Lake Onego
ecosystem, substantial emissions of carbon dioxide from this lake into the atmosphere can be assumed. However, the
extent of this phenomenon is still poorly known. As a climate change has led to an increase in water and organic matter
flow into the northern water bodies, the carbon balance study of aquatic ecosystems is of particular relevance. The
elements of the water balance for the Lake Onego catchment area in the current climate conditions are assessed. Based on
satellite images the model of Lake Onego watershed terrestrial ecosystems is used to simulate the flow of organic matter
into the lake with different types of vegetation and topography consideration. The assessment of the benthic communities
habitat is carried out taking into account the accumulation of organic matter in various parts of Lake Onego.

Keywords: Lake Onego, remote sensing of watershed state, climate change, deepwater benthos.

I. INTRODUCTION

Lake Onego is one of the two greatest lakes in
north-west region of Russia. It is cold and deep. The
characteristics of the lake according to Atlas “Lake
Onego” [1] are as follows: surface area - 9720 km?;
average depth - 30 m; maximum depth - 120 m;
volume of water - 295 km®; drainage basin area -
53100 km?. There are 152 tributaries of Lake Onego.
The lake is characterized by a high heterogeneity. Its
main part maintains oligotrophic conditions and high
quality of water. Two north-western bays
(Petrozavodskaya and Kondopozskaya Bays) are
polluted by municipal and industrial waste waters of
the towns (Petrozavodsk, Kondopoga and
Medvezhyegorsk) and characterized by mesotrophic
status. The surface areas of these bays make up about
4% of the lake.

In recent years, a profound transformation of Lake
Onego ecosystem is observed. The reduction of
deepwater benthos number is recorded in the different
regions of the lake [2]. In general, this indicates the
reoligotrophisation processes that occur in many
reservoirs in the world. However, plankton indicators
suggest return of the lakes to the lower trophic status
[3, 4, 5]. In Lake Onego the state of plankton
communities remains relatively stable [6], while
benthos community undergoes dramatic changes.

It is necessary to consider the peculiarities of the
ecosystem metabolism to understand the complex
processes in the Lake Onego. The ratio of primary

production and respiration are indicators of organic
matter balance and anthropogenic impact on the
water body [7, 8]. It is important to know the amount
of organic matter inflowing from the catchment area.
This is particularly relevant in relation to climate
change, which became the most prominent in the
2000s [9]. The aim of the present study was to
analyze the Lake Onego ecosystem transformation,
with due regard to the ecosystems metabolism, the
impact of the catchment area, and climate change
effect.

II. MATERIALS AND METHODS

The data of long-term  meteorological
observations on Hydrometeorology and
Environmental Monitoring Stations of Russian

Federal Service network for the period up to 2016
were used for the analysis and evaluation of the
variability of the climate characteristics (air
temperature).

Phytoplankton photosynthesis was measured
using radiocarbon [10] and plankton respiration rate
was determined using the light/dark bottle method to
detect changes in the oxygen concentration in the
sample water [11] after incubation at a temperature
corresponding to lake water.

The deepwater benthos in Lake Onego was
sampled by dredge with square area 0.025 m?
according to Guidelines [12, 13].
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DOC export to the lake is estimated as a function
of the vegetation cover types within the watershed.
Watershed delineation were made using 30 m
resolution DEM, vegetation types is a result of
Landsat TM/ETM+ imagery classification. Images
and DEMs were downloaded from GLCF
ftp://ftp.glcf.umd.edu/glcf/Landsat/ WRS2

Another approach to information extraction from
TM/ETM+ imagery has been applied. It involves
transformation of multi-dimensional image space in
visible 3D one and localization in this space the
segments of main ecosystem types of territory. So,
the method can be named “spectral space modeling”.
Spectral space model is built in LC1-LC2-MSI axis:
two first principal components of the image matrix in
logarithmic form, and Moisture Stress Index:

LC1=0.2793*In(R)+0.7786* _ In(NIR) +0.5619* In(SWIR2)

LC2 =0.5887*In(R) - 0.6012* In(NIR) +0.5404* In(SWIR2)

MSI =SWIRI/NIR

where R, NIR, SWIR1, SWIR2 - Landsat ETM+
bands 3, 4, 5, 7 digital numbers, respectively; In -
natural logarithm.

LC1 accounts for general scene brightness, LC2
correlate with quantity of green biomass, but not
orthogonal to brightness [14, 15]. So, in physical
terms this transformation is similar to Tasseled Cap
[16, 17], but it makes space more “compact”,
understandable and  suitable for analyzing.
Localization of spectral classes within the model
space was made using airphotos, forest inventory
maps, landscape transects and other ground
knowledge.

III. RESULTS AND DISCUSSION

The last decade there is a sharp decrease of the
deepwater benthos number in different areas of Lake
Onego. These processes are the most significant in
Petrozavodskaya Bay. The total abundance and
biomass of benthos at the central station of this bay
fell by 6 times in 2010-2016 compared with 1990-
1995 (Table 1).

Table I
The abundance and biomass of the deepwater benthos in

Petrozavodskaya Bay of Lake Onego in the 1990-2016 (the central
station of the bay)

Total abundance. Total

Years | Parameters thousands of ind/m? biomass, g/m?
Average 6.47 15.26
1990- | min 6.13 10.63
1995 max 7.14 20.95
Average 4.66 9.80
1996- | min 3.69 8.56
2000 max 5.73 11.73
Average 4.92 18.20
2001- | min 439 14.52
2005 max 5.37 25.82
Average 2.99 6.93
2006- | min 1.22 3.86
2010 max 5.22 11.00
Average 1.06 2.67
2011- | min 0.44 1.20
2016 max 1.84 4.24

141

The main representatives of the benthos are relic
crustaceans  (Amphipoda),  oligochaetes  and
chironomids. The abundance and biomass of
amphipods and oligochaetes reduced during the
analyzed period. Parameters of chironomids, which
are characterized by low share in the total number and
biomass, do not show any tendency to change.
Integrated assessment of the benthos total biomass at
depths of 10-30 m was done for Petrozavodskaya Bay
in different periods of observation. In 2001-2006 total
integral biomass of benthos (in terms of organic
carbon) at depths of 10-30 m was 524 tons [18]. In
2007-2014 the integral biomass at these depths was
283 tons i.e. it has decreased almost in 2 times [2].

The production and respiration processes in Lake
Onega [7] were taken into account to explain the
observed situation with a sharp change in the benthic
abundance. There is a dramatic difference in the rate
of photosynthesis and destruction of organic matter in
polluted bays and the central part of the Lake Onego
due to the high heterogeneity of the ecosystem. The
processes of anthropogenic eutrophication are
observed in the north-western bays of Lake Onego
(Petrozavodskaya and Kondopozskaya bays). Here
there are the maximum values of primary production,
especially in the upper parts of the bays: 327+57 mg
C/m3-day in the surface layer in Kondopozskaya Bay;
127427 mg C/m>day in the surface layer in
Petrozavodskaya Bay. The values of respiration in
these bays are also high: 170£77 u 103+21 mg
C/m3-day in this layer, respectively.

The situation at the deepwater areas of Lake
Onego quite differs from the polluted bays. The
primary production of organic matter and respiration
rates at the central part of lake are characterized by
low values. The average values of photosynthesis for
profundal lake area is 19.7+1.8 mg C/m*-day. The
intensity of respiration processes in the central parts
of the lake is characterized by values 31.0+4.6 mg
C/m3-day. Rates of photosynthesis and destruction are
comparable with that of extracellular phytoplankton
production. So, all organic matter synthesized during
photosynthesis is mineralized in the photic zone.

The integral values of primary production and
respiration (in terms of water column) are very
different. The respiration rates are higher than
production ones 10-12 times. A significant
predominance of respiration above the primary
production is connected with the heterotrophic type
of metabolism of Lake Onego ecosystem due to a
large number of allochthonous organic matter which
inflow into the reservoir.

Since all of the synthesized (autochthonous)
organic matter potentially can be exploited in the
surface layers of water, the food base of deepwater
benthos of Lake Onego is mainly determined by
allochthonous organic matter. The main source of
allochthonous organic carbon entering the Lake
Onega is the river flow (90-91.5%) due to the high
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swamped catchment [20]. A small part of the
allochthonous organic carbon enters the lake from the
precipitation (3.9-5%) and wastewaters (4.6-5%).

It was of interest to review the dynamics of the
carbon inflow with the tributaries in the context of the
sharp decline of benthos abundance in Lake Onego.
The results of observations on the tributaries of Lake
Onego during 1965-2008 were used [19]. In 1965-
1986 permanent seasonal observations were carried
out on 22 lake tributaries and occasionally at several
small rivers. In the 2000s, the monitoring was
conducted on 28 tributaries. It was shown that some
changes in the organic carbon flows into the lake
occurred (Table 2). Thus, the years 2007-2008 were
characterized by increased river discharge into the
lake. At the same period the total organic carbon
concentrations in the water of the main tributaries
increased: up 13.4-16.1 mgC/1 (1985-2002) to 16.8-
18.1 mgC/1 (2007-2008). These factors together can
determine the increase in organic carbon input with
the river waters in 2007-2008 to 1.4-1.6 times as
compared to the previous period.

Table 11
River discharge into the Lake Onego (V, km3/year) and total
organic carbon inflow with the tributaries (TOC, thousands of

tons/year) in 1965-2008 (according to the data by [20])
Parameters 1965- 1985- 2001- 2007-
1966 1986 2002 2008
\% 15.55 12.75 14 17.79
TOC 216 189 214 299%*

Note: * - including, 36.7 thousands of tons/year — flow of total
organic carbon in previously unstudied tributaries.

However, the accuracy of the organic carbon
inflow estimates depends on the completeness of the
studied tributaries (see Table 2). In this regard, the
organic carbon flow from the catchment area was
assessed using satellite images.

Spectral segments of mature and old-growth pine
(Pinus sylvestris L.) forests, dominated in the region,
are straightening from ecological optimum (moraine
ridges - myrtillus type) in directions of two main
environment gradients:

a) automorphic - lack of water and nutrition

(fluvioglacial sands -> bedrock)
b) hydromorphic degree of paludification
(lacustrian planes)

Thus, the biogeocenotic complexes (Quaternary
deposits - soil - vegetation) are identified. Clearly
traced in spectral space succession trajectories of
forest regeneration (new clear-cut — young - middle
age — sub-climax), also associated with the type of
Quaternary deposits.

For mire ecosystems spectral classes accurately
reflect type of water and mineral nutrition
(oligotrophic/mesotrophic). Ambiguous classes (e.g.
some types of non-closed canopy stands)
decomposition made with use of geomorphometric
model and time series imagery, and as a result all
basic classes of primary ecosystems, and also various
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variants and stages of their natural and
anthropogenous disturbances, in total a few dozen
categories are distinguished (Fig. 1).

—i—

w3l

<l

Fig. 1. Spectral space model of the watershed terrstrial ecosystems.
Digits represent the centers of spectral classes: 1-2-3-4 — pine
forests on authomorfic soils (upland), 8 — spruce forest, 5-6-7 —
wetland forests, 21-24 - open mesotrophic mires, 41-44 — open
ombrotrophic mires, 10-15 — trajectory of forest regeneration, 51-
55 — crops, meadows, 81-85 — non-vegetation (sands, roads,
settlements).

At present no in situ data within the Onego lake
basin is available, thus the values of DOC export
from each type of ecosystem could only be assessed
from literature data [21, 22]. Mean values for two
main ecosystem classes, upland forests and wetlands,
were accepted (Table 3).

Table 111
Total watershed loading to the Onego lake
Ecosystem Spectral Total DOC Lake input,
type classes area, export, thousand
(see Fig. 1) | mlnha ha'!-yr! of ton-yr’!
upland 1-4, 8, 12- 3.8 40 152
forest 15
peatland | 5-7,21-24, 0.87 70 60.9
41-44
Total 212.9

This approximate estimate shows that about 200
thousand of tons of dissolved organic carbon inflow
from the catchment area into Lake Onego in the
1990-2010 per year. This value is sufficiently close to
those obtained previously, despite the fact that total
organic carbon flow was accounted in the field
observations (see Table 2). Thus, it can be argued that
the flow of organic carbon from the tributaries into
Lake Onego in the 2000s (when there was a change in
the benthic communities), at least not decreased.
Consequently, the decline of the deepwater benthos
abundance in Lake Onego is not connected with the
organic carbon inflow from the tributaries.

A possible reason of benthos abundance
decreasing at the bottom is the reduction of
anthropogenic load in the last 15 years [2]. The
wastewaters inflow in Petrozavodskaya Bay in 1990-
2005 was 46-51 million of m? per year. Since the year
2005, the anthropogenic load on the Petrozavodskaya
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bay is 28-33 million of m? per year, i.e. it is reduced
in 1.5-1.8 times. However, the scale of reduction in
benthos abundance (at the central station in
Petrozavodskaya Bay - 6 times) are not comparable
with the lowering of the wastewater volume.

It should be noted that the most important group
of deepwater benthic communities are relic
crustaceans, i.e. coldwater organisms. For glacial
relic crustaceans optimal temperature ranges are
shifted toward lower values [23]. This explains their
distribution in reservoirs with greater depths, where
the water temperature is kept low in the summer.

Perhaps the reason for reduction of benthos
abundance, including glacial relict crustaceans, is a
climate change. The air temperature data indicate
climate change in Karelia. So, for the period from
1989 to present time, the average annual temperature
has increased by 1-2 °C as compared to with the
previous period [9]. The duration of the ice-free
period for Lake Onego increased by 20 days [24].

The average annual air temperature in
Petrozavodsk can be presented in terms of deviations
from the climatic norm, see Figure 2.
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Fig. 2. The deviations of the average annual air temperature (°C) from the climatic norm (1961-1990), Meteorological station, Petrozavodsk,
1900-2016.

The long-term average annual air temperatures for
the 1961-1990 were used as the climate norm. The
graph shows the temperature increase since the
beginning of the century. In the 1950s the relative
cooling was observed, which was replaced in the
1980s by the climate warming. Since 1989, a steady
increase of average annual air temperature above
normal ones is observed. This trend is also observed
for the entire territory of the Republic of Karelia [9,
25, 26]. It should be noted that, although the
temperature during the last 20 years exceeds the
climatic norm, its further growth is not revealed.

Currently the change of the surface water layer
temperature of Lake Onego is studied. It is shown
that the shift of water surface temperature through
10°C occurs on earlier date of spring with the rate
1.4-1.7 days/10 years [27]. It is found that the
amount of effective for biota water temperatures
(above 10°C) increased and the period of "biological
summer" became longer as a result of regional
climate change over the Lake Onego. However, data
on the changes of temperature in the deep layers of
the water is absent. The observed reaction of the
deepwater benthos determines the relevance of a
more detailed investigation of possible temperature
regime changes for Lake Onego under conditions of
regional climate change.
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IV.CONCLUSIONS
Thus, the heterotrophic metabolism of the Lake

Onego ecosystem shows the great role of
allochthonous organic matter in the functioning of
deepwater  benthic = communities. The  field

observation of the organic carbon inflow into Lake
Onego and assessment of terrestrial organic carbon
fluxes based on the analysis of satellite images have
shown that the amount of allochthonous organic
matter remains relatively constant throughout the
2000s. Possible reasons for a sharp decline of
deepwater benthos abundance in Lake Onego in the
last decade may be a reduction of anthropogenic load
and climate change.
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Water Springs Research in Utena District
(Lithuania)

Ingrida Kepalaitée

Utena University of Applied Sciences, Faculty ofsiiess and Technologies

Abstract. water springs can be researched like th®eots of geo heritage, geo diversity, geo topsure drinking
water resources, mythology, tourism objects and osh&hey are important from the scientific, aestiettourism, and
cultural points of view. This article aims to analgswvater springs as geo tops, geo heritage and drigkivater resources.
The content of water’s chemical structure, cationadaanions in spring water will be taken into accourifter the water
quality analysis in Utena district was made, it wast that the prevailing springs’ water is slightblkaline hard water of
relatively low conductivity. The prevailing anionsre hydrocarbonates, and the prevailing cations agam, sodium,
magnesium. The amount of the nitrates does not edéhe limits.

Keywords: Geo heritage, Geo diversity, Geo top, G&s,spH, cations and anions.

I. INTRODUCTION fossils and soils — and the natural landforms and

We rarely talk about the destruction of processes that shape them throughout geologica. tim
geological and geomorphologic objects becauseGeo diversity also recognises the link between [egop
of the same reasons, especially because ofandscape and their culture. The recognition of the
agricultural development, construction. The concept of geo diversity represents an opportubityhe
mechanic erosion destroys the hills, deteriorateggeological sciences to raise their profile, andseai
the soil. It is important to determine the pricgsti awareness of the importance of abiotic parts of
of research and protection. More than twenty ecosystems. Geo diversity is the process of resouni
years ago, scientists have made a distinction onlyand assessing the value of geological features,
one category - the geographical extremes. Thereollections, sites, monuments, artworks, and lamplss
are the largest, longest, deepest natural objectand the application of practices for their care,
Now scientists distinguish much more categories.maintenance and management for the long-term kenefi
For example geo diversity, geo hertage, geo sitiespf all. [2]
geo tops and other. [1] These categories ar¢ Beside the state protected geo heritage objedse th
interrelated. The geo tops were started to analyzis one more geo heritage category — geo tops. ahey
latest. Mostly analyzed geo tops in Lithuania arescientifically and educationally (unique and referg)
water springs. In this article the main attention important geological, geomorphologic, hydrogeolagic
will be paid to the water quality analysis from the objects and their groups — forms of relief, outcrop

springs in Utena district. boulders and their accumulations, high yield oréased
mineralization ground water springheads, excavafion
. MATERIALS AND METHODS exposures and others. Very often they have huge

Firstly, we need to determine what the geo aesthetic, tourist, archaeological, historical audtural
diversity is, what most important objects should value. Most of them already have the status of reatu
be included into the geo tops and geo heritageheritage objects, the others are potentially cldirtebe
lists and to determine the level of their proteatio protected by the state. Part of the geo tops arthen

Geo heritage defined in the recommendations private property or formed by human. [3]
of Council of Europe (2004) — it is scientific, Since 1995 — geo tops are analysed and registgred b
cultural, aesthetic, landscape, economic andLithuania Geology Service by the Ministry of
generic value of natural geological objects thatEnvironment. They are registered in the Geo tops
must be preserved to the future generationssubsystem of the State geology informative systhm.
Present experience shows that geo heritage can bbis subsystem it is possible now to find inforroati
used for recreation, educational tourism, about 641 geological, geomorphologic, hydro gedalgi
education and training but the most important itsand hydrographical natural heritage objects. Ges tre
value is scientific. [1] determined by carrying out state geological mapping

Geo diversity can be described as the varietyspecial scientific research, getting informatioronfr
of elements of geology — the rocks, minerals,
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research  organisations, individual nature Lithuanian hydrogeologists estimated that it isgilnle to
explorers and promoters, and the directions ofget over 3 million m fresh drinking water from the
protected territories. [4] underground without making any damage to
Every state (municipality) has to ,collect* environment. [5]
(register) its explored geo collection made up  Groundwater zone of bicarbonates is spread on the
from geo diversity, geo heritage, geo tops andentire country and is used for drinking water swyppl
other reference and unique natural objects. ThisThickness of it is changing from 200 — 400 m attigal
list will enable to know the available objects, and Zemaiiai highland, to 50 — 150 m at the Nemunas
research, protect them and be proud of them. [1] lowland. Despite differences of chemical compositio
The mostly researched geo tops in Lithuaniaand mineralization in various aquifers or partsthedm,
are water springs. Springhead or water spring isthe ions of bicarbonate and calcium prevails. A
the place where underground water exudes fromgroundwater of sulfate, chloride—sulfate and cleri
the underground naturally. The concentratedhydrochemical zones is used or could be used urdut
spontaneous underground water outfall to thefor balneologic and industrial purposes. (Both dan
ground surface or under the water happens. liactive in future). [6]
often forms there where the underground water
layers are being crossed by the present relief Ill. RESULTSAND DISCUSSION
forms (valleys, ravines, lake pits). It can alsmfo Lately, a lot of water springs are being researahed
due to geological-structural features of the the protected territories of Lithuania's by Lithigan