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Abstract

Soil pollution is a major problem in China. This paper describes
the policies that the government has undertaken to remedy the
situation, by either preventing additional pollution, or reducing the
existing pollution levels. First, China is honing the legal framework
to protect arable lands, control sources of pollution, and assess,
manage and clean up polluted sites. Second, the government has
made steps to improve the identification and monitoring of pollu-
tion sources. Third, the government has promoted chemical and
biological technologies to lower the level of soil pollution. In spite
of these efforts, there are still considerable challenges. First, China
has considerable economic, social, and environmental diversity, so
uniform top-down designed policies are likely to face considerable
problems in many areas. Second, the local institutions trusted with
the soil pollution cleanup have little understanding about clean
soil standards, the right technology for soil inspection and treat-
ment, and the management strategies for vast areas of land. In
addition, the costs of cleaning up the land are staggering, with
estimates ranging from CNY 6 to 11 trillion, with little potential for
cost recovery from soil rehabilitation.

Keywords: soil pollution, pollution prevention, China

Introduction

In 2013, Beijing’s lawyer Dong Zhengwei re-
quested soil pollution data from the Ministry of Envi-
ronmental Protection, including information on the
causes and methods for dealing with the problem.
The request was declined on the grounds that the
data was a “state secret”. Nevertheless, at the end of
2013, the government released limited information on
soil pollution, partly because of the strong public re-
action against that refusal. Despite the lack of details,
the released data caused widespread concern (He,
2014a). In April 2014, the government issued a more
comprehensive report about the country’s soils (He,
2014b). The report shows that 16.1 per cent of the
soil samples (19.4 per cent for agricultural soils) are
contaminated with organic and chemical contami-
nants, as well as heavy metals and metalloids such as
lead, cadmium, and arsenic (Zhao et al., 2014). Chi-
nese officials say that an area the size of Taiwan is so
polluted that farming should not be allowed there at
all (Wong, 2014).

Removing the pollutants from the soil requires
concerted efforts. The rehabilitation of polluted soil is
a major challenge, especially if the pollutants are
heavy metals. Polluted air is blown away and polluted

Rezumat. Masuri de prevenire si control al
poluarii solului in China

Poluarea solului este o problema majora in China. Lucrarea de fata
descrie politicile implementate de guvern spre a remedia situatia, fie
prin prevenirea poludrii aditionale, fie prin reducerea nivelului existent
de poluare. In primul rand, China isi pune la punct cadrul legal pentru
protejarea terenurilor arabile, pentru controlul surselor de poluare si
pentru evaluarea, managementul si reabilitarea siturilor poluate. In al
doilea rand, guvernul a intreprins actiuni pentru imbunéatatirea identi-
ficdrii si monitorizarii surselor de poluare. In al treilea rand, guvernul
a promovat tehnologii chimice si biologice cu scopul de a scadea nive-
lul de poluare a solului. In ciuda acestor eforturi, inca exista provocari
semnificative. China este caracterizata printr-o considerabila diversitate
economica, sociala si environmentald, deci politicile uniforme de tip fop-
aown pot intdmpina probleme serioase in multe areale. Mai mult, in-
stitutiile locale responsabile cu reabilitarea siturilor afectate de acest tip
de poluare nu dispun de cunostintele necesare cu privire la standardele
pentru soluri nepoluate, de tehnologia potrivita pentru inspectia si trata-
mentul solurilor, sau de strategiile de management al unor suprafete
extinse. In plus, costurile pentru reabilitarea terenurilor sunt foarte mari,
estimdrile fiind intre 6 si 11 trilioane CNY, iar potentialul de amortizare a
cheltuielilor prin reabilitarea solului este redus.

Cuvinte-cheie: poluarea solului, prevenirea poludrii, China

water flows down rivers, so if the emissions stop, the
pollutants in the air and water will dilute. On the other
hand, pollutants in the soil will remain there for dec-
ades, if not treated. This means that efforts and ex-
penses to alleviate the soil pollution problems may
eventually far exceed those made to address air and
water pollution (Delang, 2016a, 2016b). As Zhuang
Guotai, the head of the Ministry of Environmental Pro-
tection's Department of Nature and Ecology Conser-
vation, said, “In comparison with efforts to clean up
air and water pollution, we've hardly got started with
soil. But once the market is opened up, soil remedia-
tion will be on a far bigger scale than either air or
water cleanup” (He, 2014a).

This paper describes the approach used by the
government to tackle the problem of soil pollution. It
first delves into the development of the legal frame-
work, which has been lacking until relatively recently.
This also involves the re-classification of soil use, to
limit the impact of soil contamination. It then looks at
the efforts expended identifying and monitoring the
sources of pollution. Next, the paper discusses the
technologies being developed and applied to reduce
soil pollutants. Existing technologies are expensive,
so China is also making an effort to develop cheaper




Soil pollution prevention and control measures in China

technologies, given the extent of the problem (20 mil-
lion ha of arable land are contaminated), and the
likely costs involved (between CNY 6 and 11 trillion).
Finally, it deals at the challenges that exist, given
China’s political organization and level of economic
development, to address soil pollution.

Development of the legal framework

Although the authorities were a little slow to real-
ize the magnitude of the soil pollution problem in
China, there are now hopeful signs that the govern-
ment is starting to deal with the problem (He, 2014c).
Urgent action is needed, as the heavy metals and
metalloids are already entering the food chain. The
solutions start with more stringent laws, better tech-
nology to treat the soil, and additional funding (Zhao
et al,, 2014).

Laws about soil pollution

There is a lack of regulations governing soil pollu-
tion prevention and control in China, and without laws
directly addressing these issues, cases can only be
tried as a national tort or criminal offence, which does
not ensure environmental remediation. Furthermore,
the tort law is ineffective, and criminal laws address-
ing soil pollution are rarely invoked (Drenguis, 2014).

The government has made some efforts to intro-
duce laws that directly address soil pollution. For ex-
ample, in 1995, it approved a law (promulgated the
following year) on the prevention and control of envi-
ronmental pollution by solid waste, which also consid-
ered soil protection (Mu et al., 2014). However, this law
is weakly enforced because the articles are ambiguous,
the fines insufficient, and local governments have no
incentive to enforce the laws (Drenguis, 2014).

Drenguis (2014) argues that while seemingly well-
intentioned, the laws are more akin to policy state-
ments than substantive legal requirements. For ex-
ample, Article 55 of the Solid Waste Law does not de-
fine what “relevant provisions” or “specified periods
of time” refer to when discussing the management of
hazardous waste. By the same token, in Article 32 of
the Environmental Protection Law, the steps the gov-
ernment ought to take to dispose of or eliminate haz-
ardous materials have not been specified (Drenguis,
2014: 15). Similarly, Wang Jin, a professor at Peking
University and an expert in environmental law,
pointed out that Chinese laws look great at first
glance, but are ineffective when it comes to their im-
plementation (Wang, 2010). The ambiguities resulted
in many counties and towns continuing to dispose
waste without any treatment (Drenguis, 2014).

More recently, there has been growing attention to
the problem of soil pollution, in particular in Hubei
Province. In 2016, Wang Jianming, deputy director of
Hubei Provincial People's Congress, expressed con-

cerns that China has no specific legislation relating di-
rectly to soil protection, which limits the country’s soil
pollution control and prevention strategies (Zhou and
Liu, 2016). Consequently, the 12" Hubei Provincial
People's Congress passed the country’s first set of re-
gional laws and guidelines relating to soil pollution pre-
vention. Shortly afterwards, China's 13th Five-Year
Plan, published in March 2016, pledged that the coun-
try would give priority to cleaning up contaminated soil
used in agriculture (Hou et al., 2017). It also promised
to strengthen its soil pollution monitoring systems and
promote new clean-up technologies (Stanway, 2016).
According to Yuan Si, vice-chairman of the Environ-
ment Protection and Resources Conservation Commit-
tee (EPRCC) of the National People’s Congress (NPC)
Standing Committee, in 2017 a bill relating to soil pol-
lution prevention will be introduced to the Standing
Committee of the NPC (State Council, 2016b). He also
emphasized the need for specific laws directed at soil
contamination, because the lack of laws weakens the
government’s efforts to reduce soil contamination,
which, in some parts of China, threatens water and
food safety. Laws relating to the prevention of soil con-
tamination will specify the division of responsibilities
among government agencies, plans for establishing a
survey and control system, and foster the allocation of
larger amounts of monetary assistance, among other
things (State Council, 2016b).

Soil Ten Plan

The "Soil Pollution Prevention and Remediation
Action Plan” (also called Soil Ten Plan) was issued by
the State Council on May 31, 2016 with the aim of
comprehensively improving the quality of China’s soils
by the mid-21st century (State Council, 2016a). The
plan aims to address five key tasks: “1) prioritizing
the protection of arable lands, 2) controlling the
sources of pollution, 3) assessing and managing pol-
luted sites, 4) carrying out soil remediation methods
on testing sites, and 5) strengthening the control and
maintenance of the soil environment” (China Water
Risk, 2014). The action plan lays out ten headline ac-
tions split into 35 categories and 231 specific points
that should help to achieve the target of making 95
per cent of the currently contaminated land fit to re-
use either for agricultural purposes or for new urban
development. The action plan lists the following ob-
jectives (China Water Risk, 2016):

1. Key objectives & targets:

e To bring soil contamination under control by
2020, manage soil contamination hazards by 2030,
and create a favourable ecological cycle by 2050;

¢ To ensure that over 90 per cent of the contami-
nated land can be utilized safely by 2020, and in-
crease this rate to 95 per cent by 2030;
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e Local governments need to finalize a detailed
work plan and submit it to the group of ministries that
developed the Plan by 2016;

e To set up national-level soil environmental
quality monitoring points and monitoring networks
by 2017;

¢ To set up soil environmental quality monitoring
points to cover all the cities and counties by 2020;

¢ To establish laws and a regulation system related
to soil pollution prevention and control by 2020.

2. Key pollutants to be monitored:

e Heavy metals: cadmium, mercury, arsenic, lead,
and chromium;

¢ Organic pollutants: PAHs (Polycyclic aromatic hy-
drocarbons) and petroleum hydrocarbons.

3. Industrial pollution:

e To complete the investigation on the distribution
and environmental impacts of contaminated industrial
land use by key industries by 2020;

e By 2020, heavy metal emissions from key pollut-
ing industries should drop by 10 per cent from the
2013 level;

¢ To encourage the recycling of electronics, plastic,
and packaging waste.

4. Agricultural pollution:

¢ To finalize the provincial soil remediation plan
and the assessment methods of soil remediation ef-
forts by 2017;

e To finalize the investigation of the total area of
contaminated farmlands and the assessment of its
impacts on agricultural products by 2018;

e To achieve zero increase of fertilizer and pesti-
cide use in major crops. Effective utilization rates to
reach 40 per cent and above. Coverage of fertilizer
application based on soil sampling to reach 90 per
cent and above by 2020;

e Over 75 per cent of large-scale livestock farms to
be equipped with waste management facilities by 2020;

o Irrigation water to comply with farmland irrigation
water quality standards (China Water Risk, 2016)

While the objectives are wide-ranging, many en-
vironmental experts and campaigners are disap-
pointed about the lack of details in the document,
claiming that it will be challenging to link the ulti-
mate targets and the individual objectives of the
plan, or to foresee from the specifications alone if
the described targets would be reached. Chen
Nengchang, a researcher at the Guangdong Institute
of Eco-environment and Soil Sciences, said that no
details have been provided on the standards that are
going to be used to calculate the levels of contami-
nation, what “safe to use” levels refer to, and if the
implementation of the plan will be sufficient to
achieve the targets (Zhang, 2016).

Environmentalist group Greenpeace also de-
clared that additional legal measures need to be
added to China’s soil contamination action plan to

make it more effective. China will set up a special
fund dedicated to combating soil pollution, amount-
ing to about CNY 5 trillion, based on its calculations
of the average cost estimates in treating one hectare
of land (Miranda, 2016). The action plan requires
more financial input from the government, as well
as the use of public-private partnerships, but the ex-
act details on how this can be achieved and the pri-
vate sector’s contribution to the plan have yet to be
clarified (Zhang, 2016). The government has set
aside CNY 450 billion to tackle the multitude of prob-
lems with polluted soil (Li, 2016). However, the lack
of laws and regulations may result in corruption and
lead to the mismanagement of the massive invest-
ments into soil remediation.

Re-classification of soil use

In the Soil Ten Plan, agricultural soils are classified
into three categories to maintain the safety of crops
and livestock products: 1) non-contaminated and
slightly contaminated soils, whose protection will be
given priority, 2) mildly and moderately contaminated
soils, which will be treated and classified as safe to
use, and 3) severely contaminated soils, which will be
brought under strict control (State Council, 2016a).
By the end of 2017, “the technical guidelines for the
categorization of the environmental quality of arable
land will be released. By the end of 2020, arable land
and agricultural products shall be concurrently moni-
tored and evaluated based on a detailed survey of soil
contamination, and such categorization will be pro-
moted nationwide, starting with the pilot projects”
(Soil Ten Plan, 2016: 9). While the plan aims to en-
sure a safe environment for agricultural production by
categorizing agricultural land, issues of the reclassifi-
cation of land go beyond agriculture.

In cities, many former industrial sites have been
abandoned because of contamination concerns. Be-
tween 2001 and 2009, at least 98,000 industrial plants
were closed and relocated across the country. Many of
the industrial plants were highly polluting state-owned
factories that were built during the Great Leap For-
ward (Drenguis, 2014). These former industrial zones
have been re-classified for residential use, which
poses health risks to both construction workers and
the future residents. Besides, these health hazards of
pollution are not limited to industrial land. Many real
estate developers are hoping for the reclassification of
contaminated farmlands so they can be used for non-
agricultural purposes (He, 2014a). Although Chinese
law requires the soil to be analyzed for contaminants
before large construction projects commence, this re-
quirement is generally ignored. One widely publicized
case happened in 2007 in Wuhan (Hebei Province) af-
ter a former pesticide factory site was repurposed for
residential use. Construction works were suspended
after a worker suffered serious chemical poisoning.
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Following the incident, the government was compelled
to refund the purchase price of the building site, pay
a CNY 130 million reimbursement to the development
company, and spend nearly CNY 300 million to clean
up the poisonous materials from the area (He, 2014a).

Identifying and monitoring the pollution
sources

Identifying and controlling the major sources of
pollution is the first step towards addressing the
problem (State Council, 2016a). Between 2006 and
2010, the Ministry of Land and Resources (MLR)
and the Ministry of Environmental Protection (MEP)
carried out the most comprehensive survey of soil
pollution in China. A statistical report of the quality
of the nation’s soil was published in 2014, in which
16 per cent of approximately 10,000 testing sites
from 1,500 sampled areas were found to exceed
the standards. However, the details of contami-
nated areas and the associated contaminants were
never revealed. As a result, local governments,
companies, and the general public are currently un-
aware of the severity of the country’s soil pollution
problem. In addition, some academics argue that

the survey fails to reflect the real extent of pollu-
tion. According to the estimates of Gao Shengda,
the editor of the website “China Environmental Re-
mediation”, the number of contaminated sites in
China ranges between 300,000 and 500,000, which
is 30-50 times the number of surveyed sites in-
cluded in the 2014 report (Zhang, 2016).

In April 2016, hundreds of children at an elite pri-
vate school in Changzhou, Jiangsu Province, fell ill
after the opening of a hew campus next to a former
chemical plant site (Li, 2016). Following that inci-
dent, the first map of soil contamination conditions
of the country was published by the IPE based on its
pollution database, which identified 4,500 compa-
nies across 13 polluting industries, including the
chemical, mining, and metal industries (Figure 1)
(Zzhang, 2016). The map showed that there were
3,998 state-controlled pollution sources and 502
non-state controlled ones. Besides, 729 chemical in-
dustrial parks were marked on the map (Zhang,
2016). The IPE also produced a map (Figure 2) of
the level of risk from soil contamination based on the
location of 4,500 companies in key industries and
over 700 industrial zones.

« Pollution sources under state supervision
« Pollution sources not under state supervision

Chemtical industnial parks

\
i

Figure 1: Location map of pollution sources
Source: Zhang (2016)
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Figure 2: Map of soil contamination risk based on the locations of 4,500 companies in key in-

dustries and over 700 industrial zones
Source: Zhang (2016)

According to the Soil Ten Plan, new surveys will be
conducted to identify the sources of soil pollution and
prevent the problem from worsening. By 2018, a new
survey will identify the total areas polluted, the distri-
bution of polluted farmland, and the impacts of soil
pollution on agricultural products. On the other hand,
by 2020, the location of and the environmental risks
at key industrial sites will be ascertained. In addition,
by 2020, a soil quality control system will be set up
throughout China to monitor every region across the
country. After that, a survey will be conducted every
decade by the Ministry of Environmental Protection
along with other government agencies (including the
National Development and Reform Commission, the
National Health and Family Planning Commission, the
Ministry of Industry and Information Technology, the
Ministry of Land and Resources, and the Ministry of
Agriculture) to monitor the overall soil quality of China
(Soil Ten Plan, 2016). In addition, the action plan in-
cludes provisions for better information sharing with
the public. A comprehensive database will be estab-
lished using data collected from the Ministry of Envi-
ronmental Protection, the Ministry of Land and Re-
sources, and the Ministry of Agriculture, and mobile

internet tools will be deployed to receive data updates
in real time (State Council, 2016a). However, even
though government departments have set goals to
build a database and give people access to information
about soil conditions, the exact details of the infor-
mation to be provided have not yet been specified.

Controlling the number of polluting enterprises

China’s first officially accepted plan for controlling
the heavy metal pollution of a specific area was im-
plemented in the Xiangjiang River basin (Hunan Prov-
ince) in 2011. Its goals were to halve the number of
heavy-metal polluting enterprises in the Xiangjiang
River basin by 2015 compared to the 2008 levels, to
invest CNY 59.5 billion and complete 927 projects be-
tween 2012 and 2015 to control the industrial pollu-
tion in the area, and to decrease the amount of heavy
metal emission by 50 per cent by 2015 (Hu et al.,
2014). The plan failed: though pollution source reduc-
tion is a good way of controlling soil pollution, it is
very difficult for the local governments to implement
the policy because local governments depend on in-
comes from industries (He, 2014b). Furthermore, a
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change in the local GDP rather than a change in pol-
lution levels is the most important indicator to evalu-
ate the performance of local officials. Since farming
can only generate low incomes in China, local officials
are reluctant to close the larger, more profitable com-
panies, even if they generate high levels of pollution.

The conflicts between the local government and
local environmental-protection officials are also of
great concern. In May 2010, six officials of the local
Environmental Protection Bureau—including the bu-
reau chiefF—were removed from office by the govern-
ment of Guzhen County (Anhui Province), because
they carried out three checks on a firm over a period
of 20 days. The local government blamed the Envi-
ronmental Protection Bureau officials for undermining
their efforts to attract investors. According to a local
law in Anhui Province, environmental authorities are
required to obtain a permission before conducting
checks, a policy that provides protection against un-
expected checks to the largest energy consumers and
polluters (Wang, 2010).

Similarly, Wong (2013) reports how in Hengyang
(Hunan Province) a large heap of industrial waste
has ruined farmlands and caused outraged com-
ments from villagers on the internet. However, the
factories are closely tied to government officials, and
in the eyes of Hunan officials, the industries sur-
rounding Hengyang are fundamental to maintaining
Hunan’s leading role in nonferrous metal production.
The farmers do not expect to see improvements
(Wong, 2013).

The Soil Ten Plan has set goals to strengthen the
regulation on pollution sources. According to the
plan, the government will “strictly implement the
heavy metal pollutant emission standards [...]; take
stronger measures for the supervision and inspec-
tion of enterprises; and the [...] enterprises that do
not meet [the] standards after [they] have been up-
dated will be suspended or permanently stopped”
(Soil Ten Plan, 2016: 21). Considering the current
situation of weak laws and enforcements, it is doubt-
ful these goals will be fulfilled.

Promotion of technologies to reduce soil
pollutants

Soil remediation projects are only beginning to be
implemented. Liu Yangsheng, the secretary general
of the Heavy Metals and Environmental Remediation
Committee of China’s Environmental Protection In-
dustry Association, expressed his fear that the reha-
bilitation of heavy-metal polluted soil will be a long
and slow process due to the ill-defined evaluation
standards, rudimentary technology, and lack of fund-
ing. He also pointed out that costly techniques are
unlikely to be widely adopted due to the magnitude
of heavy metal contamination in the country. Also,

overseas rehabilitation techniques that may be effec-
tive for small areas are not applicable to the vast pol-
luted areas in China (He, 2014a). According to the
Soil Ten Plan, 200 pilot projects will be launched to
test soil pollution treatment and remediation technol-
ogies by the end of 2020. Once the pilot projects are
completed, the results will be evaluated, and the best
technologies will be selected (Drenguis, 2014). Both
chemical and biological approaches may be used.

Chemical approaches

In China, the most commonly used chemical strat-
egy to reduce the amounts of heavy metals absorbed
by plants is liming. Liming is the application of cal-
cium- and magnesium-rich materials which neutralize
soil acidity and increase the activity of soil bacteria
(Tyler and Olsson, 2001). Liming also manipulates the
phytoavailability of metals, reducing the amount of
metals that is taken up by the plant (Zhao et al.,
2014). The technique of liming acidic soils should be
applied particularly on lands heavily polluted by high-
risk contaminants, such as Cd and Pb. When lime is
applied to the soil, the heavy metal pollutants will ox-
idize, which lessens the chances of the plant roots
absorbing them (Stanway, 2014). There are a variety
of liming materials on the market with different reac-
tion rates, acid neutralizing capacities, and costs. The
application of several rounds of liming material over
successive crop seasons may increase the pH to the
desired level, but its over-application may also result
in harm to plant life (Zhao et al., 2014).

Biological approaches

There are also biological methods for soil remedi-
ation. For example, the metal pollutants can be de-
toxified using microorganisms to transform their va-
lences, precipitate chemicals outside of the cells, or
enzymatically reduce metals by metabolic processes,
rather than absorb them. An alternative method is
phytoremediation: the planting of specific plants such
as willows, birches, and leguminous plants, which ab-
sorb and remove the pollutants from the soil. The
plants can then be harvested, processed and dis-
posed of. Besides being cheaper than physicochemi-
cal procedures, this approach also has the advantage
of permanently removing the pollutants from the soil.
However, for such methods to be applicable to the
vast areas of polluted agricultural soils in China, they
need to be both efficient and cost-effective, because
farmers can neither afford to invest in expensive soil
remediation techniques nor suspend their farming ac-
tivities for years (Lone et al., 2008). As Chen
Nengchang, a soil remediation specialist at the
Guangdong Institute of Eco-Environment and Soil Sci-
ences explains, cultivating non-food grains would
clean the soil over time. However, producing sufficient
grain for its large and growing population is of prime
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concern to the government, so shifting to the produc-
tion of non-food grains is only proposed for the more
heavily polluted soils (He, 2014a).

According to He (2014a), the Foshan Jinkuizi Plant
Nutrition Company has pioneered a technique for soil
remediation with the specific purpose of rehabilitating
China’s heavy metal-contaminated soils. The com-
pany has developed a microorganism capable of
changing the ionic property of heavy metals in the
soil, thus deactivating the contaminants. The com-
pany argues that their technique is cost-efficient,
easy to use, its application does not create secondary
pollutants, and is already available in commercial
form. In another possible breakthrough, the Guang-
dong Geoanalysis Research Center has developed a
new material, Mont-SH6, which it claims is capable of
absorbing heavy metal pollutants such as lead, cad-
mium, zinc, mercury, and copper. According to Liu
Wenhua, chief engineer at the research center, the
new product is capable of reducing the cadmium lev-
els of the soil by more than 90 per cent, and the ma-
terial’s cost of production is low: the remediation pro-
cess for 0.6 ha of cadmium-polluted rice fields would
cost about CNY 33,000. However, according to Liu,
mass production could reduce these costs to CNY
2,200-3,300 (He, 2014a).

Although experiments with micro-organisms and
plants that are capable of absorbing soil pollutants are
promising, it is questionable how effective they will be,
given the extent of the problem (Stanway, 2014). Also,
there isn't a universal solution for the country’s pol-
luted soils. For example, a species of Indian mustard
has been shown to be effective in absorbing selenium,
and Chinese ferns can accumulate arsenic, but they
have little impact on other pollutants.

Challenges

The central government has shown a strong de-
termination to address China’s issues of soil pollu-
tion, however, significant results are yet to be seen
(Kong, 2015). Disagreements between local govern-
ments are one reason for the delay of a nationwide
policy. Unlike air and water pollution, soil pollution
can be more effectively tackled with regional strate-
gies than through an overarching national approach.
The geological properties of soil differ from region to
region, and local authorities must figure out the
most suitable strategies for the local conditions. For
instance, some areas might naturally have higher
concentrations of metals, in which case a better way
to mitigate risk is to ensure the land is used appro-
priately, rather than through soil remediation. More-
over, unlike air and water, soil does not travel, which
means that provincial governments can manage
their own soil without the need for cross-border co-
ordination. Also, the heavy reliance of soil manage-
ment policies on researchers, laboratories, and

equipment can most easily be met by provincial-level
governments (Kong, 2015).

Indeed, some scholars argued that regionally im-
plemented policies can more efficiently meet the
needs of China's cities and provinces, compared to
top-down political directives. Shanghai was the first
local government to establish its own soil policy. The
city developed its clean soil standards in 2007 in the
run-up to the World Expo 2010. This set of standards
has since become a valuable reference for other cit-
ies, indicating that the central government should
provide stronger incentives to selected provincial gov-
ernments to develop their own strategies and become
pioneers in soil protection policies. By focusing invest-
ment on a couple of selected provinces, relevant skills
and mechanisms can be developed more efficiently
(Kong, 2015).

Apart from the difficulty in implementing uniform
policies across local governments, experts in the
field suggest that technical barriers have been a ma-
jor hindrance for provincial governments. There are
various contaminants, including heavy metals like
cadmium or lead, volatile organic compounds
(VOCs) such as benzene, persistent organic pollu-
tants (POPs) coming from different chemicals and
pesticides, and waste left by fossil fuel combustion.
All these pollutants require different techniques to
be removed from the soil. Besides, many local insti-
tutions are confused about clean soil standards, the
right technology for soil inspection and treatment,
and management strategies for vast areas of land.
Local governments may need more guidance from
the central government to overcome such barriers
(Kong, 2015).

Besides the technological and legislative chal-
lenges, the biggest difficulty is the funding of soil re-
mediation projects. The costs of cleaning up the pol-
luted land are indeed staggering. In 2015, the central
government assigned a budget of CNY 2.8 billion for
anti-pollution programs across 30 prefecture-level cit-
ies, but experts claim this amount is far from suffi-
cient. According to Lan Hong, an professor at Renmin
University, "even with cheap restoration methods, it
would take CNY 300,000 per hectare of land polluted
by heavy metals, which means at least CNY 6 trillion
is needed" (Deng and Leng, 2016). On the other
hand, the Jiangsu Institute of Environmental Industry
estimated that China’s soil remediation industry is a
market that could reach CNY 757 billion between
2014 and 2020, financed almost entirely by govern-
ment subsidies (He, 2014a). Zhuang Guotai, the head
of the Ministry of Environmental Protection's Depart-
ment of Nature and Ecology Conservation estimated
that the total cleanup costs could eventually reach
CNY 11 trillion. Although there are some available re-
mediation techniques, the country needs more low-
cost technologies to tackle a problem of this magni-
tude (Stanway, 2014).
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While investors can impose a fee for cleaned
wastewater, it is difficult to do so for clean soil, so
there is the potential for only a small cost recovery
from soil rehabilitation. The involvement of develop-
ers who are interested to clean up polluted urban
sites could mean a possible funding solution, but this
possibility has had limited results so far (Hornby,
2015). This raises the problem of obtaining private
funds for soil rehabilitation.

Wangxia Hui, one of the MEP directors, pointed
out that until now the responsibility of the parties
joining forces against soil pollution has not been clar-
ified. Soil pollution prevention and control is one of
the responsibilities of many different government de-
partments, including environmental protection, devel-
opment and reform, science and technology, finance,
land, housing construction, and agriculture, but there
has not yet been a good mechanism for all these par-
ties to work together. For example, when preparing
an urban and rural development plan, most local plan-
ning authorities do not give soil quality sufficient con-
sideration. Finally, public participation in soil protec-
tion is limited due to the lack of appropriate mecha-
nisms for the public to know the extent of soil pollu-
tion (Guo and Dai, 2016).

Conclusions

Soil pollution is the outcome of various natural
factors and human activities that result from peo-
ple’s inadequate use of land resources and the "grow
first, clean up later" attitude prevalent in China (Cur-
rell, 2013). This attitude is proving very expensive
now that soil pollution has reached critical levels.
Chinese people are concerned about the quality of
the food, and China is forced to import food from
other countries. Efforts to restore and clean up the
soil are underway, but it is an expensive and time-
consuming process.

Soil pollution is different from soil degradation in
that it is more difficult to identify, it is directly related
to economic activities (whether the excessive use of
pesticides, or industrial emissions), and it is more ex-
pensive to remediate. China’s rapid economic growth
and disregard for its environmental problems, partly
originating from China’s desire to put an end to pov-
erty, and partly on the assumption that the inflicted
damage could be repaired later at a relatively cheap
cost, has resulted in about one-fifth of the country’s
cropland already severely contaminated. The Chinese
government has finally decided that the “clean up
later” period has arrived, and China’s State Council has
recently instructed that over 90 per cent of the con-
taminated land should be safe to use by 2020, and 95
per cent by 2030, as part of the Soil Ten Plan.

A further problem which prevents soil pollution
from being easily tackled is that on the one hand, soil

pollution is a direct result of air emissions from man-
ufacturing industries, so emissions have to be curbed
by regulating and, if necessary, fining or closing these
industries. On the other hand, these same manufac-
turing industries provide the bulk of the taxation to
the local governments, so a threat of leaving the area
if regulated or fined may stop the local governments
from acting. Furthermore, if the companies actually
do close, the government may be starved of the funds
needed to clean up the pollution, and the companies
may just open in other provinces with less stringent
standards. These are clear contradictions that may
prevent a successful outcome of the government’s
soil rehabilitation efforts. Nevertheless, the regula-
tions reflect the country's determination to finally ad-
dress its soil pollution problems. If the central gov-
ernment provides enough financial support and es-
tablishes and enforces concomitant laws, the goals
would likely be achieved (Deng and Leng, 2016).
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Abstract

In the last 154 years the Jiu river course from its confluence with
Amaradia till the outlet, has undergone through serious lateral and
length changes. The main purpose of this article is to highlight
these changes and determine their magnitude and also to
understand the future evolution of the Jiu course.

The results of our analysis showed that from 1864 until 2018 the
Jiu river became shorter in the lower section, decreasing with 38.1
km, from 134 km to 95.9 km. Shortening of the course happened
gradually. Thus, between 1864 and 1910, the length of the course
decreased by 25.6 km, from 134 km to 108.4 km. From 1910 until
1970 there was a shortening of 11.9 km and between 1970 and
2018, the river shortened its course by about 0.6 km. The greatest
lateral distance between its historical and present channels
showed a maximum of 11.22 km on the outlet.

Keywords: Jiu, levee, neotectonic movements, coefficient of
sinuosity, lateral migration

Introduction

Scientifical research about how the rivers
“behave” started to appear along with the raising of
Fluvial Geomorphology, at the half of the XIX century.
Wolman and Leopold published in 1957 the paper:
"River Channel Patterns - Braided, Meandering and
Straight” in which they were concerned with channel
pattern. Later, in 1977 James Brice wrote the paper:
"Lateral Migration of the Middle Sacramento River,
California, where he extracted from topographic maps
and aerial photographs the centerlines of the
Sacramento river to a specific time. Then, he made
an analysis of the channel form and its migration.

Rhoads and Welford tried to explain in 1991 why
the rivers meander, i.e. migrate to lateral, and they
wrote the paper: “Initiation of River Mandering”
giving a series of hypothesis such as: Coriolis force,
Bar Theory and Bend Theory (Hooke, 2013).

Of course, there are plenty of scientific papers
trying to explain rivers lateral migration, why they are
creating meanders, always changing the morphology
of the floodplains. Even in the Romanian literature
there are some scientific papers concerned with
fluvial systems and their evolution during time. In
Romania, Radoane et al wrote in 2013 "River channel

Rezumat. Migrarea laterala a cursului Jiului intre
1864 si 2018. Studiu de caz: sectorul Craiova -
Zaval

in ultimii 154 de ani cursul Jiului de la confluenta cu Amaradia si
pana la varsarea in Dundre a suferit modificari laterale si de
lungime. Scopul prezentului articol este acela de a evidentia
aceste modificari si de a le stabili amploarea, cu desprinderea unor
concluzii legate de viitoarea evolutie a cursului Jiului. Rezultatele
analizei suporturilor cartografice au ardtat ca din 1864 si pana in
2018 Jiul s-a scurtat in sectiunea inferioara cu 38,1 km, scdzand
de la 134 de km la 95,9 km. Scurtarea cursului s-a realizat treptat.
Astfel, intre 1864 si 1910 lungimea cursului a scazut cu 25,6 km,
de la 134 km pana la 108,4 km. Din 1910 si pana in 1970 s-a mai
produs o scurtare cu 11,9 km, iar intre 1970 si 2018, Jiul si-a
scurtat cursul cu aproximativ 0,6 km. Cea mai mare distanta dintre
cursul istoric si cel prezent indica o valoare de 11.22 km la
vdrsarea in Dundre.

Cuvinte-cheie: Ji, diguri miscdri neotectonice, coeficient
de sinuozitate, migrare laterald

planform changes based on successive cartographic
data”. The analysed rivers were Moldova and Somesul
Mic.

Related strictly to the Jiu river, Ionus (2013),
wrote: “Preliminary data on the Jiu River meanders in
the lower course (South-West Romania)”. This paper
is @ complex study about Jiu river bed in terms of
geometry and complexity of meanders in its lower
sector.

Traying to explaian how the things work and why
the rivers are creating meanders, we have to see the
situation to a bigger scale and maybe to apply it to
ours. Some authors which have studied the problem,
the most prestigious being Rhoads and Welford
(1991), found out that the major arguments that have
been used over time to explain why rivers meander
are: Coriolis force, energy arguments (excess,
minimization), bank erosion and sediment effect,
helical and secondary flows, inherent property of
turbulent flow, interaction between flow and mobile
channel, bar theory and bend theory (Rhoads and
Welford, 1991).

Coriolis force is the force associated with Earth’s
rotation and it moves objects to the right in the
northern hemisphere, especially rivers, eroding the
right-hand channel banks. Jiu flows through the
northen emisphere, thus we used this concept to
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explain if it has an impact on meander formation and
it was proved that Coriolis force associated with
erosion are producing secondary currents, but it
doesn’t have the magnitude to cause significant
deformation of the channel (Rhoads and Welford,
1991).

Bar theory suggest that: “deformation of the
channel bed is the fundamental cause of
meandering”, (Callander, 1978), alternate bars
developing prior to the initiation of channel curvature,
but this theory has major limitations, because, as it
was explained, it assumes that channel banks are
inerodible and thus does not incorporate a
mechanism for the initiation of channel curvature.
(Rhoads and Welford, 1991).

Considered one of the biggest river from south-
west of Romania, the Jiu river has its springs in
Southern Carpathians and after 339 km it reaches to
the Danube (Atlasul Cadastrului Apelor din Romania,
1992). In the upper course, Jiu river seems to be
more stable, but while it flows towards is lowest point
the situation change drastically, and what we want is
to undersatand why this is happening.

The analyzed river section starts North of Craiova
city at 23°42'26.436"E and 44°21'57.61"N and ends
South of Zaval village, at 23°48'41.115"E and
43°46'48.409"N.

This section corresponds to a part of the Jiu
middle course, which flows through the South part of
the Getic Piedmont, but the interest of the research
goes especially to the lower course, which crosses the
central axis of the Oltenia Plain.

Some can observe that in its lower section the Jiu
river has created meanders and from place to place it
course is braided. But the most impressive thing is
that the Jiu moved its riverbed many times. By
analysing the pattern in its evolution we want to
answer to some questions: "why those things
happened? why the Jiu river meanders an moves its
course? can we predict its future evolution?”,

Method

The Jiu river fluctuation over time were identified
based on four cartographic supports. Therefore, we
used the following maps: Szathmari’s Map of South-
ern Romania (Charta Romaniei Meridionale, 1864),
sheets IV — 7 and IV - 8, at scale 1:57.600, georefer-
enced in the STEREO_70 projection system. The sec-
ond map was an Austrian map from 1910, at scale
1:200.000, also projected in STEREO_70. The third
map correspond to the Soviet maps sheets: L-34-132-
C, L-34-144-B, L-34-144-A, from 1970, at scale
1:50.000. Those map sheets were georeferenced in
the STEREQ_70 projection system. For 2018 we used
an Open Street Map sheet, which is an open source
data project. The main operations were to extract by
vectorization the Jiu historical and present channels

and to create a GIS database in order to to facilitate
measurements, ordering and comparisons. We have
also calculated the distance between the Jiu river
channels from 1864 to 2018 in 41 sections, chosen
after we analyzed the cartographic data. To under-
stand that the lateral migration of the Jiu river had an
impact on its length, we calculated the sinuosity co-
efficient in order to identify what type of channel Jiu
river has and to catch its main evolution tendencies.
The mathematical formula for calculating this coeffi-
cient (Cs) involves dividing the real length of the river
course (RI), between two points, to the straight-line
length (Stl) between the these points (Cs= RI/Stl).
Values less than 1.5 suggest that the river sector is
sinuous and values greater than or equal to 1.5 are
associated with the meandered river sectors (Leo-
pold, Wolman, 1957).

Results and Discussion

This Jiu river’s section is one of the most dynamic,
suffering from intense lateral oscillations over time,
with an impact on the morphology of the floodplain
that the river crosses, as well as on the agricultural
practices. The late antropic intervention on the course
allowed to the Jiu river to travel freely through its
floodplain. Its lateral migration was also possible due
to the small slope of the thalweg, or beause of the
neotectonic movements and the meteo-hydrological
events. Of course, the transported sediments and the
banks resistance to erosion played a key role in Jiu’s
evolution. Another possible explanation of Jiu lateral
oscillation is related to the alluvial fans, created by
the tributary streams, which are pushing aside the
main channel. This situation happenes when Dalga
stream flows into the Jiu river, bending its course
(Boengiu et al, 2011).

The analysis we carried out revealed that there
were some changes in length between Jiu-Amaradia
and Jiu-Danube confluences. If in 1864, the straight
line between the two outlets was 70.3 km, in 2018
the distance has decreased to 65.3 km.

The changing of the length of the Jiu course, in
the sense of decreasing, was a consequence of river
rectification, a situation highlighted by the values of
the sinuosity coefficient. The obtained value showed
that sinuosity coefficient dropped from 1.91 in 1864
to 1.55in 1910. In 1970 the sinuosity coefficient was
1.47, value registered also in 2018. Leopold and Wol-
man suggested in 1957 that values less than 1.5 are
specific to a sinuous rivers and values greater than or
equal to 1.5 are associated with the meandered bed-
side sectors. Therefore, Jiu river evolved from a me-
andered bed in 1864 to a sinuous one in 2018.

The course of the Jiu, during the analyzed period,
suffered visible lateral changes (Fig. 1).
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Fig. 1: Jiu river changing between 1864 and 2018: a —Amaradia — Foisor sector

In order to highlight these changes, distance
measurements between the Jiu course from 1864 and
2018 were made in 41 sections (Table 1).

In the section between Breasta and Bucovat, more
precisely near the Rosieni village, the Jiu course suf-
fered between 1864 and 2018 a lateral modification
of 2.04 km. An approximately equal distance (2.1 km)
was also measured near Podari hydrometric station.
Between Podari and Malu Mare, the Jiu river migrated
2.8 km from East to West. In the Jiul village (also

known as Viréati), located just 300 m from the river
bank, the Jiu river migration occurred on a distance
of 1.44 km from East to West. Between the settle-
ments of Secui and Tugului, the migration of the river
on a distance of 1.7 km from East to West forced the
inhabitants of the second village to move their houses
from the immediate vicinity of the minor bed of the
Jiu river at a distance ranging from 700 m to 3 km
from the current river bed.
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Table 1: The distances between Jiu river's
channels from 1864 and 2018 and me-

South of Foisor, a village located within Dranic
commune, the meander that existed in 1864 was cut

dium slope and the Jiu river became more straight-lined, migrat-
Section | Dist. Slope | Section Dist. Slope ing 1.31 kn_" _frf)m East to_ West (F'Q-?)-
©) km (©) In the vicinity of the villages Dranic and Padea, the
1 9.38 | 22 0.56 | 2.50 Jiu river did not turn its stream, and it still has a very
strong meandering course, the wave length of the
2 284 |23 1.31 | 4.89 meanders varying from 2826 m to 2879 m and the
3 5.68 | 24 0.72 13.30 amplitude of the meanders also varies from 1855 m
4 1.11 | 265 |25 1.86 |5.73 to 633 m (Ionus, 2013). The distance within meander
5 1.08 | 259 |26 1.14 |2.73 curvature that existed in 1864 and the current one
6 384 |27 177 |3.88 varies between 1.14 km and 1.86 km
Beyond the cartographic evidence that the Jiu
/ 286 |28 0.68 | 6.42 river has changed its course, a number of abandoned
8 1.15 | 3.28 |29 0.59 | 3.04 meanders can be seen on the terrain, such as those
9 1.06 | 3.61 30 0.70 | 5.11 from Popoveni, Malu Mare, Podari, Bratovoesti -
10 2.18 | 31 Rojiste, between Tamburesti and Caciuldtesti, Sadova
11 331 32 etc. The sectors between past and present courses
: are covered with a dense floodplain vegetation.
12 144 1427 |33 0.73 | 6.04 Changes in the course of the Jiu in the section
13 131 | 448 |34 0.82 | 4.35 from the confluence with Amaradia to the Danube
14 1.70 | 4.64 35 1.29 | 1.67 were caused, among other factors, by the low water
15 435 |36 412 velocity (below 1 m / sec) and by the decreasing
slope. It was noted that as the slope decreased, the
16 216 | 37 6.20 distance between the 1864 and the 2018 course
17 1.28 3.63 38 3.98 increased (Table 1)
18 0.73 |3.88 |39 4.44 We have also calculated the annual migration rate
19 0.69 | 573 1|40 3.45 (Fig. 2) by dividing the migration amount by the
20 173 1536 |41 255 number of years in the time period (154 years).
21 0.83 | 3.81
80,00
72,86
70,00 /r
60,00 /
50,00 l
40,00
30,00
20,00
10,00
0,00

Fig. 2: Migration rate (m/yr)
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The migration rate was measured in meters per
year and the biggest value corresponds to the last
section. Here the migration rate was 72 m/year. High
migration rates have been recorded in the 38th, 39th
and 40th sections. In this sections the Ilateral
migration rate per year was above 34m/yr. Those
section corresponds the the lower sector of the Jiu
river course. High migration rate were registered at
Podari and on the line between Podari and Preajba
(18.1 m/yr). From the 28th to the 37th section the
lateral migration rate per year was less than 8m/yr,

with the lowest value of 2,29 m/yr registered south
of Gangiova. The lowest migration rate was recorded
near Secui village, and it was less than 2 m/yr (1.75
m/yr).

As the Jiu river flows towards the Danube, the
distance between its channel from 1864 and 2018
increases. Thus, from the south of Gangiova, the
difference between the two channels gradually
increases from 460 m to 11.22 km in the confluence
area with the Danube (Fig. 3).
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Fig. 3: Jiu river channel migration between Gangiova and Danube confluence — 1864 - 2018
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The sandy bottom of the bed, its too wide breadth,
as well as the spring and autumn high waters were
considered responsible for the course change
(Nicolescu, 1932).

By doing an analysis of the Jiu course, Nicolescu
identified in 1932 four stages in its evolution until
then. Chronologically, a first course was the one
under the terrace on the left, which remained in the
literature under the name of "Jiul Batran" (Old Jiu),
and could be seen from the south of Craiova until the
outlet. Then followed the Jiet phase, when the Jiu
river was flowing along the line of Murta, Dobresti,
Caciulatesti, Sadova, Listeava, Ostroveni and Bechet.
Jiet separated from Jiu and now it flows parallel with
it from Murta to the Danube. The next phase indicates
a Jiu that discharged into the Danube near Bechet,
but passed through the commune of Comosteni and
Grindeni. The last phase is that of the Jiu flowing
under the right slope, spilling into the Danube near
Copanita islet, approximately halfway between the
confluence of 1864 and 2018 (Nicolescu, 1932).

Jiu's clear tendency to build its floodplain on the
left side and to destroy the right bank through lateral
erosion or even regressive erosion on some portions
is another proof that Jiu has turned strongly westward
(Cotet, 1957).

In an attempt to determine the causes of Jiu's
course changes, Nicolescu (1932) questioned the
following situation: Jiu was bound by a system of
lakes and ponds from the Nedeia (on the right bank
of the Jiu) and the Potel (left of Jiu) lakes. Jiu was
filling up these lakes, but as much water as it could
send to them, they dried out regularly and
alternatively. Nedeia lake dried out near the Jiu and
increased on the opposite side, and the Potel pond
was increasing in the Jiu side and dropped to the
opposite side. The author mentioned above said that
in some years the situation was going backwards. The
phenomena of drying and increasing the water level
of the ponds were closely related to the oscillations
of the Jiu river bed to the East and West (Nicolescu,
1932). Taking on the ideas of Murgoci, Martonne,
Mrazec, Matheiu Draghiceanu and Ionescu Argetoaia,
Nicolescu suggested that changes of the Jiu course
and also of the entire hydrographic network of
Oltenia, were due to the presence of the neotectonic
movements (Nicolescu, 1932).

The reactivation of the neotectonic movements in
the Pasadena phase, the Pleistocene Medium,
reactivated the ascension of the Bals-Leu-Rotunda
line, which forced Jiu to deviate south and indicate a
slow tendency of deviation to the southwest, the
proof being the course from present and development
of its floodplain and terraces on the left side (Boengiu
et al 2009).

A series of geodetic measurements about the
vertical movements of the crust were carried out in
the Rast - Lom sector between 1964 and 1986. The

speed of the measured movements oscillated
between - 12 mm / year and + 0.4 / year on the
Calafat - Rast line (Radulescu, 1996). On the
interfluvium between Jiu and Olt, the map of the
vertical crustal movements in 1985 showed positive
movements of 1 mm / year (Popescu et al, 1987). We
can conclude that in the Lom area the subsidence was
more intense than the positive movements in this
area, and if we add the rise of the interfluvium
between the two large rivers in Oltenia, the Jiu river
could have diverted to the west, of course if the
movements had occurred for a long time.

Oscillations of the Jiu minor bed could have been
caused by floods on the river. The flood from 1879
moved the course of the Jiu river with 15 km from
east to west. At that moment the river was flowing
into the Danube near Bechet and after the flood it
changed it course (Savin 1990). Although we cannot
always make a correlation between channel changes
and floods due to lack of data, we can still note that
after building a series of levees in the second half of
the last century, the lateral oscillations of the stream
bed have diminished. The years in which Jiu floods
occurred, recorded by the hydrometric stations, were:
1940, 1953, 1972 at the Podari hydrometric station
and 1969, 1972 and 1976 at Zaval (Savin. 1990). The
maximum flood flow occurred in 1972 when the
Podari station recorded 2000 m3 / s, a value that was
recorded in the same year at Zaval. In 1953 at Podari
station were recorded 1950 m3 / s, and in 1940 at
the same station the maximum flow rate at flood was
1765 m3 / s (Savin, 1990).

From the cartographic analysis, we can see that
over the last 50 years the Jiu course did not suffer
any major lateral change. This situation can be
explained, as suggested above, by raising levees.
Thus, in 1962, the defense levee between Secui and
Bratovoesti (14,4 km, 1,7 m H) were put into
operation, in 1972 between Rojiste and Murta (13,6
km, 1,5 m H), but also between Murta and Listeava
(15.8 km, 1.5 m H), in 1976 the levee that defended
Listeava (5.7 km, 3 m H) and in 1979 the levee
between Podari and Tuglui (14.5 km, 1.7 m H) was
put into operation (PMRI, ABA Jiu, 2015). The levees
prevented Jiu from spreading sideways through its
floodplain, stabilizing the course.

Conclusion

Currently, the Jiu channel may seems stable, but,
knowing its bedside oscillations over the historical
time, we can consider it a very dynamic river. Maybe
this river will continue to change its path as long as
floods will take place, as long as its river banks are
not consolidated and as long as slow or high tectonic
movements are happening in this area.

The high roughness of the riverbanks, the building
of the levees will moderate Jiu’s lateral migration and
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in the future we will try to write a paper about how
rough are the Jiu river banks.
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Abstract

According to the National Administration of Meteorology, July
2017 was the hottest July months in the last decade, with one of
the longest period with canicular temperatures in the last decades,
too. In many regions of Romania, including Oltenia and Craiova
city, too, yellow or orange code warning had to be announced. To
determine real thermal discomfort sensation felt by the population
of Craiova city, experimental research  concerning
micrometeorological measurements of the real temperature and
relative humidity that contribute to the local Temperature - Humidity
Index (THI) value was performed. According to the experimental
research results, confirmed by using thermovision too, in Craiova
city centre, five micro urban heat islands (MUHI) were identified.
For three streets and a public square, despite the small mean
value of relative humidity, due to the temperature’s high mean
value, in these hot spots the THI mean average was 89.97, and
for this thermal discomfort sensation, special protection measures
would be needed. The same air micrometeorological parameters in
these four hot spots were compared with the ones recorded in
English Park, where due to vegetation and trees’ shadow, the THI
average was 84.11, thus the real thermal discomfort sensation
would have made necessary adequate protection measures. In
order to study the intensity and spatial pattern of the MUHI,
thermal infrared remote sensing (thermovision) was used to
observe the surface of MUHI as a complementary indicator of the
thermal discomfort sensation with in MUHI. The paper presents
relevant interdependence relationships between the near surface
air temperatures and pavement/ buildings surface temperatures
that have been found for MUHI in Craiova’s city centre. The paper
proposes practical methods that could be used to decrease the
pavements’ and buildings” walls temperatures, thus contributing to
the decrease of THI in the MUHI within Craiova city centre.

Keywords: micro urban heat islands, hot spots, temperature -
humidity index, thermovision

Introduction

Heat wave in Oltenia and in Craiova city

Craiova City, as one of the largest city of the
country, with a population of some 300.000, has a
built - up gentle relief plain area of approximately 32
km?, from 92 to 117 m a.s.l., with 9.0 — 9.4 km
maximum extension in N — S direction, and 4.8 — 5.2
km minimum extension in E - W direction. Due to
continental — temperate climate, during the warm
season, but especially in the June — August period, in

Rezumat. Consideratii privind influenta insulelor
de cadura urbane asupra indicelui temperatura -
umiditate in luna lulie 2017 in centrul orasului
Craiova

Conform Administratiei Nationale de Meteorologie, luna iulie a
anului 2017 a fost cea mai fierbinte lund iulie din ultimul deceniu,
cu una dintre cele mai lungi perioade cu temperaturi caniculare
din ultimile decade. In Oltenia, precum si in orasul Craiova, a
trebuit sa fie anuntate avertizari de cod galben sau portocaliu. In
vederea evidentjerii starii reale de disconfort termic resimtitd de
populatia din Craiova, au fost efectuate cercetari experimentale
privind masuratori micrometeorologice pentru determinarea
temperaturii si umiditatii reale care contribuie la stabilirea indicelui
de confort termic local. In conformitate cu rezultatele cercetdrilor
experimentale, confirmate si prin utilizarea termoviziunii, in centrul
Craiovei au fost identificate cinci microinsule de cdldura local urbane
(MUHI). Pentru trei strazi si o piata publica, chiar si pentru valori
reduse ale umiditatii, datorita temperaturilor mari, in aceste zone
fierbinti media indicelui de confort termic a fost 94,93, si senzatia
de disconfot termic ar fi facut necesare mdsuri speciale de
protectie. Parametrii micrometeorologici determinati in aceste
patru zone fierbinti au fost comparati cu cei obtinuti in English
Park, unde datorita prezentei vegetatiei si a umbrei arborilor,
valoarea medie a indicelui de confort termic a fost de 84,87, deci
senzatia de disconfort termic af fi necesitat masuri de protectie
adecvate. In vederea studiului intensitatji si distributiei spatiale in
MUHI, pentru mdsurarea temperaturii suprafetelor din MUHI fost
utilizatd termoviziunea, ca metoda complementara de evaluare a
disconfortului termic. Lucrarea prezinta relatii de interdependenta
dintre temperatura aerului deasupra pavimentului, si temperatura
pavimentului si a peretilor cladirilor in MUHI din centrul Craiovei.
Lucrarea prezinta cateva metode practice care ar putea fi utilizate
pentru reducerea temperaturii pavimentului si a peretilor cladirilor,
care ar contribui la scdderea indicelui de confort termic din MUHI
din orasul Craiova.

Cuvinte-cheie: insulele de caldurd local urbane , zone fierbinti,
Iindice temperatura — umiditate, termoviziune

the last century, Craiova registered the highlest
mean monthly temperature (28.5°C) in July, and
maximum absolute monthly temperature peaking at
41.5°C (July 1916), respectively (Cocean, 2011;
Boengiu, 2008). The term canicular characterizes
weather condition in which air temperature, measured
in standard conditions at meteorological stations reaches
or even exceeds the threshold of 35°C on extended
areas. During the last 20 years, the drought period in
Oltenia Region started in January 2000 lasting until
July, 17% 2002, so during the summer of 2000,
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there was canicular weather for extended periods of
time. The drought of 2000 was in general extremely
intense and associated with extended periods of
canicular weather and heat waves in the intervals:
June 6-10, 21-25, July 2-12, 22-27, August 3-7, 17-
24. It affected the entire social life, causing the
increase of all life prices (Marinicd and Marinic3,
2014). In the summer of 2007, in Oltenia, weather
was extremely changeable. Among the most
important weather aspects, there must be
mentioned six heat waves in the intervals (June 19-
26; July 2-4; 8-10; 15-24; 27-30; August 22-25), two
of these had a great intensity (the ones in the
interval June 19-26 and in the interval 15-24 July,
respectively). The heat wave from July 15% to24%™,
2007 was the most intense for this month for the
entire period since meteorological observations are
carried out and marked the exceeding of the monthly
absolute maximum thermal value of July with 0.8°C:
44.3°C registered at Calafat on July 24%, which in
that period was the absolute maximum thermal value
of July in Romania; the old absolute maximum
thermal value of July in Romania was 43.5°C
registered at Giurgiu on July 5, 2000 (Marinicd and
Chimigliu, 2009; Marinica and Marinica, 2014). It must
be noticed that in July 2007, for the first time, the
air temperature reached and exceeded the
climatologically threshold of 44°C. In July 2007, values
higher or equal to 44°C were also registered at three
meteorological stations in Oltenia: Bdilesti 44.0°C,
Bechet 44.2°C and Calafat 44.3°C, which means a more
extended area of hot air than in the last century. At
soil surface, the maximum thermal value registered
in Calafat was 69.0°C, and in Bailesti 71.0°C, the diurnal
thermal amplitude being of about 45°C (Marinicd and
Marinica, 2014). In Oltenia Region, September 2012
was excessively warm, when for 14 days, the maximum
temperature values were comprised between 30°
and 35°C (Marinica and Marinica, 2013).

According to the National Administration of
Meteorology (NAM), in the period 2015 — 2017, July
months were canicular in Craiova, when the
maximum temperatures reaching 36.7°C (July 30,
2015), 34.2°C (July 14, 2016) and 38.4°C (July 1,
2017) (http://www.accu-

weather.com/en/ro/craiova/287856/july-weather
/287856).

Urban Heat Island

An Urban Heat Island (UHI) describes the
characteristic warmth of both the atmosphere and
surfaces in urban areas compared to their non-
urbanized surroundings. There are three different
types of heat islands: Canopy Layer Heat Island
(CLHI), Boundary Layer Heat Island (BLHI), Surface
Heat Island (SHI). The first two refer to the urban
atmosphere warming; the last one refers to the
relative warmth of urban surfaces. The urban

canopy layer is the layer of air closest to the surface
in cities, extending upwards to approximately the
mean building height. Heat island types vary in their
spatial shape, temporal characteristics, and some of
the underlying physical processes that contribute to
their development. Meteorologists measure air
temperatures for CLHI or BLHI directly using
thermometers, whereas the SHI is measured by
remote sensors mounted on satellites (as LST
method) or aircraft (Voogt, 2002; Voogt, 2004).

Over the last decades, remotely sensed thermal
infrared data have contributed to address the UHI
through the estimation of land surface temperature,
thus originating the study of the surface UHI.
Nevertheless, it has been found that atmospheric and
surface UHI are coarsely related, and they can
exhibit quite different spatial and temporal patterns.
Moreover, within the urban atmosphere the heat island
may present significant variations between the
canopy and boundary layer
(www.urbanheatislands.com).

The progressive replacement of natural surfaces
(often composed of vegetation and moisture soils)
by built surfaces constitutes the main cause of UHI
formation (www.urbanheatislands.com).

Therefore, characteristics such as development,
growth, intensity, and spatial pattern of the UHI will
differ depending on where the measurements are
made. The atmospheric UHI usually reaches its
highest intensity in summer, under calm air and a
cloud-less sky (Sham et. al., 2012).

In order to study the intensity and spatial pattern
of the UHI, in the last two decades, world-wide
thermal infrared remote sensing was used to
observe the surface of urban heat island as a
reliable indicator of the atmospheric urban heat
island. Therefore, close relationships between the
near surface air temperatures and land surface
temperatures have been found (Lo, Quattrochi and
Luvall, 1997; Pérez Arrau, 2007; Rosca and Rosca,
2015; Voogt and Oke, 2003; Weng, 2009; Nichol,
2009; www.urbanheatislands.com).

Micro urban heat islands (MUHI) refer to urban
hot spots as poorly vegetated, parking lots, non-
reflective buildings materials, material and color of
pavement and asphalt roads. MUHI are strongly
affected by micro climate factors, therefore remotely
sensed data (as thermovision) are more suitable
than atmospheric data for identifying heat spots
(Rosca and Rosca, 2015; Synnefa et al., 2006, 2007,
2009; Stathopoulou et. al.,, 2005, 2009;
www.urbanheatislands.com).

As consequence of canicular heat wave on MUHI,
the Temperature-Humidity Index (THI) has to be
considered. THI, also known as thermal comfort
index, represents the most used index in world-wide
mass-media nowadays; it renders an apparent
temperature, namely the temperature felt by human

22



Forum geografic. Studii si cercetari de geografie si protectia mediului

Volume XVII, Issue 1 (June 2018), pp. 21-30
http://dx.doi.org/10.5775/fg.2018.031.i

body that cools slower at higher values of the
relative humidity due to the reduction of the
evaporation rate. THI is calculated with the formula
which corroborates air temperature and relative
humidity, the critical threshold being 80. If THI is
smaller than 65, it means comfort state; 66-79
means alert state; higher than 80 means discomfort
state (Teodoreanu and Bunescu, 2007).

In the last decade, the Romanian researchers
focused their interest for THI effects in Oltenia
region. According to statistical data supplied by
Craiova Regional Meteorological Center (CRMC), it
was observed that 2000, 2001 and 2007 were the
years with the highest nhumber of days (51 days in
2000, 47 days in 2001, and 41 days in 2007) with
THI values above 80 for the entire Oltenia territory,
when, during July and August, the region was affected
by numerous heat waves temperatures frequently
exceeding 40°C (Burada and Sandu, 2009; Marinica
and Marinicd, 2008, 2009).

According to NAM, high THI values of 75 — 80
were recorded in 2015 and 2016 in Craiova, too.

According to the weather forecast provided to
the media by the NAM, for large regions of Romania,
in July 2017 canicular heat wave was settled, with
many daily maximum thermal values reaching 35°C.
Therefore in all these regions, and in Oltenia and
Craiova, too, yellow or orange code warning had to
be announced (http://www.accuweather.com/en/
ro/craiova/287856/july-weather /287856).

Aims

Few years ago, Craiova benefited of financing
funds provided by a European Project, aiming at the
rehabilitation of the old down town; thus some
streets became pedestrian areas, surrounded by
small shops, pubs and restaurants. Rehabilitation
took into account the structure and the facade of
buildings, pavement and all the infrastructure
(electricity, water, sewerage). Buildings’ facades of
more than 100 years old buildings; about 60 years
old ground floor and 4 floor blocks have been
rehabilitated (light colours, architectural ornaments),
and the old pavement was replaced by a new one
made in synthetic granite cubes (gray, dark gray,
dark red) and artificial marble tiles (beige, dark
white) (Rosca and Rosca, 2015).

For only ten days of July 2015, a previous study
presented an overview concerning the influence of
micro urban heat islands to the THI. This study was
focused on identifying the hot spots that determine
MUHI points in three streets, a large public square
and in a public park in Craiova’s city centre (Rosca
and Rosca, 2015).

The present paper presents a similar overview for
all the days of July 2017 (excepting colder and rainy
days of the 3 and 16™ of July), in the same hot
spots studied in 2015.

Thus, the present paper considers Craiova MUHI
for five places: three rehabilitated streets (Panait
Mosoiu, Lipscani, Theodor Amann Streets), Prefecture
Square and English Park, respectively.

The experimental research considered the
direction and the geometry of these five places: Panait
Mosoiu Street - N — S direction, about 120m long,
15m wide, mean height of the buildings 12m, with
no vegetation; Lipscani Street - E — W direction,
about 330m long, 12m wide, mean height of the
buildings 10m, with no vegetation; Theodor Amann
Street - N — S direction, 130m long, 22m wide,
mean height of the buildings 18m, with very poor
vegetation; Prefecture Square (but without the
Unirea Street that starts in the southern part of this
Square) - open space 60 x 80m, with the Prefecture
Building (30m high) to the East, an open green park
with artesian fountains to the West, shops and 4
floors blocks (25m height) to the South, shops and 4
floors blocks (20m height) to the N, with no
vegetation; English Park - open public green park 60
x 60m, with the Prefecture Building (30m height) to
the West, Theodor Amann Street (shops and 4 floors
blocks, 22m height) to the East, shops and 4 floors
blocks (15m height) to the South; Craiova City Hall
(15m height) to the North (Rosca and Rosca, 2015).

Craiova city is located in the S-W of Romania,
with the city centre situated at the intersection
between the parallel 44°19°01.70” N lat., with the
meridian  23°47°'50.99” E long. The NAM'’s
meteorological data are provided by the CRMC's
meteorological  station  (44°18'37.90” N lat;
23°52'03.32" E long.) placed near the Airport of
Craiova. Thus, the linear distance between CRMC's
meteorological point and Craiova city centre (English
Park) is 12 km.

The aim of this paper is to determine the
temperature felt by human body at higher values of
the air temperature and the relative humidity, and
finally the real THI in the five hot spots that
determine MUHI in Craiova city centre.

Material and methods

The micrometeorological measurement method
presented in this paper intends to determine the real
THI in each MUHI identified in the centre of Craiova
city. The daily micro-meteorological experimental
measurements carried on for 29 days in July 2017
were represented by five observations (from 60 to 60
min) in the hourly interval 13 — 17 (when maximum
temperature was registered), for each MUHI in the
five places mentioned above. The air temperature
and air relative humidity, streets’ pavement
temperatures and park’s grass and trees canopy
temperatures too, were recorded in the middle of
each rehabilitated street, in the center of the
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Prefecture Square, and two different places in English
Park.

Experimental research was focused to measure
the real air maximum temperature and air relative
humidity in the three streets and Prefecture Square
(T mas and H mas), and in the park (T mar and H wmap),
respectively. Air temperature and air relative
humidity were measured with hygrometer (Lutron
HT 3009: humidity accuracy + 2% R.H;
temperature accuracy 0.5°C). In all the 29 days when
the air temperature and air relative humidity
measurements were realised, the air velocity was 1...2
m/s (hot wire anemometer (Lutron YK - 2005AK: air
velocity accuracy + 1% full scale; temperature
accuracy + 0.8°C; measured at 1.2...1.4 m height
above the ground) and the nebulosity was 0...50%.

Experimental research was focused also on
measuring using a thermometer (contact method)
the maximum temperatures of the streets pavement
(Twmps) and the maximum temperatures of the grass
and trees canopy in the park (Twer), and the streets’
buildings and pavement temperatures (Twrrs) and
the park’s grass and trees canopy temperatures
(Trrep) too, by using thermal infrared camera
(thermovision - non contact method).

For each temperature measurement a precision
fine wire thermo-couples (Omega 5 SC-GG-K-30-36;
accuracy = 0.5%), and a temperature data - logger
recorder (Lutron BTM - 4208 SD) were used.

All the data presented in Table 1 represent the
average of the maximum values determined in the
five observations / measurements in the three streets,
Prefecture Square and English Park. The real
maximum air temperature and air relative humidity
measured during the experimental research, were
compared with the air maximum temperature (Tnam)
and air relative humidity (Hnam) provided by NAM
(http://
www.accuweather.com/en/ro/craiova/287856/july).

Based on these measured data, the THI was
calculated using the formula provided by Teodoreanu
and Bunescu, 2007:

THI = (1.8 * T + 32) — (0.55 - 0.0055 - H) -

[(1.8 - T + 32) - 58)],

where T - air temperature (°C), H - air relative
humidity (%). According to this relation there were
obtained THInam= f (Tnam, Hnam); THImas= f (Twmas,
Hwmas); THImap f (T map, H map), where T wmas
represents the average of air maximum
temperatures measured on the streets and
Prefecture Square and T wap represents the average
of air maximum temperatures measured in English
Park, respectively.

Thermal infrared sensing camera FLIR T 200 was
used (FPA uncooled microbolometer detector type;
7.5 - 13 ym spectral range; resolution 324 x 256
pixels; NETD < 0.045°C). For each thermal infrared
measure-ment, on the thermal infrared camera, 5

parameter (Emissivity, Distance, Refl. temp., Rel.
humidity, Atm. Temp.) were necessary to be set. For
air relative humidity (Rel. humidity) and air
temperature (Atm. temp.) there were used the
values measured with the hygrometer (Lutron HT —
3009).

The reflected temperature (Refl. temp.) was
determined with aluminium foil, for emissivity € = 1,
distanced = 0 m.

In a thermal image, each material of the

buildings’ facades and the streets’ pavement
materials is characterised by certain specific
emissivity.

According to the professional emissivity tables,
both for buildings’ facades and for pavement
materials, the mean emissivity € 0.92 was
selected. According to the same professional tables,
the emissivity for grass € = 0.97, for leaves €
0.98, for bark € = 0.94; therefore, for the vegetal’s
emissivity, the mean of those mentioned materials, €
0.96, was used (www.icess.ucsb.edu/modis/;
www.zytemp.com/infrared/application.asp).

In order to verify the thermal infrared
temperature correctness in the streets (Trrs) and in
English Park (T wrep) too, two precision fine wire
thermo-couples (Omega 5 SC-GG-K-30-36), and a
temperature data - logger recorder (Lutron BTM -
4208 SD) were used: streets - one on the pavement,
placed at 1 m from the building wall and one on the
building wall at 1 m height from the ground; park -
for vegetal material, one on the grass / ground,
placed at 1m from the tree trunk, one in the canopy
of the tree’s crown, respectively. Each thermal
infrared measure was considered correct only when
the difference between the temperature in the spot
of the thermal image, and the measured
temperature of the pavement / building (contact
method), was less than 2°C.

Results and discussions

Table 1 presents the daily data provided by NAM
(Tnam and Hwam), the data obtained during the
experimental measurements (Twmas and Hwas; Tmap
and Hwap; Twps; Tmep; Twps; Tirep), the calculated
THI (THInav; THImas; THI wmap) and the monthly
average for all those data, too for each MUHI.
According to NAM, out of the 29 analysed days of
July 2017, there were recoded: 15 days with low /
normal temperatures 26.1 - 31.9°C; 14 days with
high temperatures 32.1 - 38.4°C.

There were four intervals with successive days
when the temperature exceeded 32°C: 1 - 2 July
(38.4 - 32.4°C); 9 - 13 July (32.3 - 35.6°C); 21 - 24
July (32.8 - 36.7°C); 29 - 31 July (32.1 - 33.7°C);
four canicular days 1, 11, 22, 23 July (38.4°C, 35.6°C,
35.7°C, 35.3°C).
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Table 1: Comparison between the experimentally measured data and the data announced by National

Administration of Meteorology

INFRARED
DAY NAM VALUES MEASURED PARAMETERS VALUES VALUES THI xan | THI wns | THI e
T nam H nawm T mas T map T mps T mcp H mas H wap Tires| Tirep
1 38.4 20 46.8 41.9 51.7 45.2 37.2 41.7 53.4 46.7 82.1 96.1 91.6
2 32.4 35 41.5 35.4 45.9 38.3 43.1 47.8 46.5 39.9 78.8 91.4 84.9
4 26.5 45 32.1 28.2 34.4 31.1 50.3 55.5 35.7 32.5 73.1 81.19 76.8
5 29.7 29 39.1 32.9 42.1 36.3 45.5 52.5 43.5 37.6 74.7 89 82.5
6 30.9 30 40.2 34.1 44.4 37.7 45.2 49.5 46.1 39.4 76.2 90.3 83.6
7 29.4 38 38.9 33.4 42.2 36.2 45.6 52.5 43.1 37.1 75.7 88.8 83.2
8 31.9 33 41.8 35 45.5 38.2 44.1 48.6 47.2 40.1 77.8 92.1 84.5
9 33.8 29 42.9 36.2 46.8 39.8 41.3 46.2 48.1 41.5 79.2 92.6 85.6
10 33 36 41.9 36.1 45.6 39.4 41.8 46.9 47.2 41.4 79.6 91.6 85.6
11 35.6 33 44.5 38.9 49.7 42.6 42.6 47.3 51.5 44.3 82.0 95 89.3
12 32.4 39 41.1 35.3 45.7 38.5 43.5 48.1 47.3 40.2 79.5 91 84.8
13 32.3 33 40.8 35.3 45.3 38.1 43.1 48.4 47.1 39.8 78.3 90.5 84.9
14 27.3 39 35.1 31.2 37.1 34.3 48.3 54.3 38.2 35.5 73.4 84.6 80.6
15 27.7 42 35.3 317 37.4 34.5 47.9 53.4 38.6 35.9 74.2 84.7 81.1
17 26.1 42 31.3 27.1 33.4 28.9 50.1 55.9 34.8 30.1 72.3 80.1 75.3
18 29.4 35 38.5 33.6 41.9 36.4 45.8 52.2 42.8 37.6 75.3 88.3 83.4
19 31.3 32 40.5 34.8 44.9 38.1 44.4 49.7 46.7 39.9 77.0 90.5 84.5
20 30.9 31 40.2 34.4 44.5 37.9 45.7 51.1 46.6 39.4 76.4 90.5 84.3
21 32.8 30 41.7 35.7 45.4 38.6 42.9 47.2 47.1 40.3 78.3 91.6 85.1
22 36.7 24 45.3 39.6 50.8 43.7 394 43.7 52.3 45.2 81.3 95 89.3
23 35.3 29 44.2 38.4 49.3 42.1 43.5 47.6 50.9 44.1 80.9 94.9 88.7
24 34.3 34 43.5 36.8 47.4 40.6 40.9 45.3 48.9 42.2 80.8 93.2 86.1
25 29.9 34 39.4 33.2 42.6 36.9 46.3 52.4 43.9 37.8 75.7 89.6 82.9
26 26.5 39 34.4 30.6 36.5 33.6 49.7 55.2 37.9 34.7 72.4 83.9 79.9
27 29.5 26 38.8 33.1 42.2 36.3 45.8 52.9 43.2 37.4 74.1 88.7 82.9
28 30 32 39.3 32.7 43.2 35.1 47.3 51.9 44.8 37.2 75.5 89.7 82.2
29 32.1 24 40.9 34.9 45.3 38.3 43.2 47.8 46.8 40.1 76.5 90.7 84.2
30 32.7 23 41.2 35.8 45.5 38.7 43.8 48.2 47.1 40.6 76.9 91.2 85.5
31 33.7 26 42.5 36.5 46.2 39.8 42.4 47.1 48.2 41.4 78.6 92.5 86.1
AVG 31.46 32.48 40.12 | 34.57 | 43.89 | 37.76 | 44.50 | 49.68 45.36| 39.30 77.13 89.97 84.11

Craiova’s MUHI took into consideration hot spots
as very poor vegetated three walking streets and
Prefecture Square, determined by non-reflective and
high thermal inertia of buildings materials, colour
and material of the pavement.

It must be mentioned the important role of the
streets and buildings cover types have on the
thermal pattern (air temperature and relative
humidity values) of each MUHI, and the relationship
between the temperature radiated by the streets
(and the atmosphere temperature situated
immediately above it), and buildings’ facades
surfaces too, due to the transfer of energy emitted
from the former to the latter.

Due to high temperatures of the streets
pavement Twps 43.89°C, and of the park’s
vegetation Tmep = 37.76°C too, the mentions above
are confirmed for each MUHI in all the five places
(streets, public large square, public park) where the
measured air temperature and relative humidity
values are significantly higher than the NAM data:

Twmas - Tnam = 8.66°C; Hmas - Hnam = 13.04°C;

Tmap - Tnam = 3.11°C; Hwmap - Hnam = 17.2°C.

Consequently, even THInav = 77.13 (alert state),
the real thermal comfort on the streets and in
Prefecture Square THImas was 12.84 grater

4

(discomfort state), and even in English Park THIwap
was 6.98 grater (discomfort state), too.

The values for July 2017 presented in Table 1, in
the five specific MUFI identified in the Craiova city
centre, confirm the general information presented in
the literature concerning the influence of micro
urban heat islands to the temperature - humidity
index (Sham et. al.,, 2012). Because construction
materials exhibit a high thermal inertia (a low
response to temperature changes, and consequently,
they continue releasing heat slowly after sunset.
Meanwhile, light winds are not capable to produce
turbulent exchanges of heat, while clear skies
enhance rural cooling by allowing radiative heat loss
to the relatively cold night sky. The MUHI measured
parameters may exhibit high spatial and temporal
variation.

Since urban temperature is strongly commanded
by the high thermal inertia of the construction
materials, the surface MUHI usually reaches its highest
intensity in the afternoon, when the urban surface
has sufficiently warmed-up, thus maximizing its heat
release.

The above considerations are emphasized by
thermal infrared remote sensing that was used to
observe the urban heat island surface, as a reliable
indicator of the atmospheric parameters of each MUHI.
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According to Table 1, the difference between the
maximum temperatures of the streets’ pavement
and buildings determined using a contact method /
infrared camera (Twes) and the maximum
temperatures of the streets’ pavement measured
using contact method / wire thermo - couple (Twups)
is only 1.49°C; similarly, the difference between the
maximum temperatures of the grass and trees
canopy in the park determined with non-contact
method / infrared camera (Twrer) and the one
measured using contact method / wire thermo -
couple (Twep) is only 1.54°C.

Due to thermal infrared remote sensing accuracy,
an important relationship between the near surface
air measured temperatures and land surface
temperatures have been found:

Twrps- T mas = 5.24°C; Twrep - Tvar = 4.73°C;

Tirps - Tnam = 13.9°C.

Built surfaces (buildings’ facades; pavement) are
composed of a high percentage of non-reflective
and  water-resistant  construction  materials.
Consequently, they tend to absorb a significant
proportion of the incident radiation, which is
released as heat. As a result, the variable thermal
properties of the urban construction materials, in
combination with the three dimensional geometry of

built-up  surfaces, modify  neighbouring air
temperatures.
63.7 °C
- 60
i W40
T 25.4

The narrow arrangement of buildings along the
city’s streets forms wrban canyons that inhibit the
escape of the reflected radiation from most of the
three-dimensional urban surface to space.

This radiation is ultimately absorbed by the
building walls, thus enhancing the urban heat
release. Moreover, light winds are not capable to
produce turbulent exchanges of heat leading to
radiative heat losses.

For each MUHI, representative thermal images and
temperature graphics in certain hot spots are
presented in figures 1-5.

Consequently, within Prefecture Square (open
space with a green park to the West; white, light
yellow and light orange colours for the buildings’
facades; beige color of the synthetic granite tiles) a
hot spot was observed. Prefecture Square is the main
public square of the city, used especially for social,
political and cultural activities. Therefore when it
was designed, no high vegetation was possible.

In thermal image and temperature graphics
presented in figure 1, it is observed that even if the
buildings’ facades and pavement’s, too, are light
coloured, the maximum temperatures of those
surfaces were 58.5...62.7°C (Lil and Li2).

The temperatures on the pavement (light gray
color synthetic granite) near the fountain’s water
sprinkle was 56.5...58.5°C (Li 3 and Li4).

°C

4 A e
507;@@9&@3%’9%
pruwELa —
35

30
Label Min Max Avg
[¥]—Li1 42.2 58.5 51.3
[¥]—Li2 39.5 62.7 47.2
Li3 49.0 58.5 53.2
[v]—Li4 40.6 56.5 52.2

Fig. 1: Thermal images and temperature graphics recorded in Prefecture Square

Thermovision emphasized the same canyon
effect for Lipscani Street (no tree; white, light yellow
and light orange colours for the buildings’ facades;
dark white colour for artificial marble tiles of the
pavement), too. The thermal image and
temperature graphics presented in figure 2 indicates
that even if the buildings’ facades and pavement's,
too, are light coloured, the temperatures of those
surfaces were 47.4...48.6°C (Lil and Li2) and
51.4...55.3 (Li3 and Li 4), respectively.

The same canyon effect was identified for
Theodor Amann Street as well (very low vegetated;
white, light yellow and light orange colours for the
buildings’ facades; dark white colour for artificial

marble tiles and gray granite cubes of the
pavement).

Thermal image and temperature graphics
presented in figure 3 point that even if the buildings’
facades and pavement's, too, are light coloured, the
maximum temperatures of those surfaces were
43.4...44.1°C (Li1 and Li2) and 50.6...53.9°C (Li3
and Li4), respectively.

Figure 4 depicts representative thermal images
and temperature graphics recorded for Panait Mosoiu
Street where canyon effect was observed, too (no
trees; white, light yellow and light orange colors for
the buildings’ facades; dark gray and dark red
colours for synthetic granite cubes of the
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pavement). Even if the buildings’ facades are in light
colors, the maximum temperature of those surfaces
was 45°C (Lil and Li2). Due to the dark color
pavement, the maximum temperature of this surface
was 54.1... 54.9°C (Li3 and Li4).

Natural surfaces utilize a relatively large
proportion of the absorbed radiation in the evapo-

transpiration process and release water vapours, thus
cooling the air in their vicinity.

In contrast, built surfaces are composed of non-
reflective and water-resistant construction materials
and consequently, they tend to absorb a significant
proportion of the incident radiation, which is
released as heat, and very large values for THI
occurred.

\Label Min Max Avg
[v]—Li1 36.6 48.6 40.1
[V]—Li2 36.8 47.4 39.8
Li3 44.5 55.3 52.3
[v]—Li4 46.4 514 49.7

Fig. 2: Thermal images and temperature graphics recorded along Lipscani Street

Vegetation intercepts radiation and produces
shade that also reduces urban heat release. The
decrease of parks and vegetated areas, not only
reduces these benefits, but also inhibits atmospheric
cooling due to horizontal air circulation generated by
the temperature gradient between vegetated and
hot spots urban areas.

In comparison with the above presented hot
spots, figure 5 presents a representative thermal
image and temperature graphics for English Park.

On the trees' crowns (sunny and shady zones)
maximum / average temperature was 39.7...40.3°C /
36.6...37.1°C (Li1 and Li2), and the grass / ground
(sunny and shady zones) maximum / average
temperature was 38.8...45.5 °C / 32.8...38.4 °C (Li3
and Li4).

SN s st et \SN W WANA
=7 T

30
\Label Min Max Avg
[¥]—Li1 34.4 43.4 38.6
[v]—Li2 35.9 44.1 38.2
Li3 41.2 50.6 44.2
[V]—Li4 45.9 53.9 50.5

Fig. 3: Thermal images and temperature graphics recorded along Theodor Amman Street

Urbanism architects who contributed to this
rehabilitation design should have taken into account
that in the past 15 years, the summer months in
Craiova have become increasingly warmer.

It should be mentioned here for the analysed
area covers 9000 m? (3 streets and Prefecture
Square), there are less than 30 trees. This very poor
vegetated area in the hot spots contributes to a

large extent to the high temperatures and thermal
discomfort sensation that people must deal with.

To reduce the hot spots effects into the micro
urban heat islands in Craiova’s city centre, a
strategically method should be recommended:
vegetation increasing that in the same time, will
contribute to decrease the urban pollution levels.
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Fig. 4: Thermal images and temperature graphics recorded along Panait Mosoiu Street
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Label Min Max Avg
[v]—Li1 34.1 40.3 37.1
[V]—Li2 34.2 39.7 36.6
[v]—Li3 29.7 38.8 32.8
[v]—Li4 32.9 455 38.4

Fig. 5: Thermal images and temperature graphics recorded in English Park

To a large extent, the rehabilitation of the streets Ty
analyzed in this paper considered the use of the ™S A ﬁ
light colours for built surfaces (buildings’ facades;
pavements). Unfortunately, due to their non-
reflective characteristics, all construction materials
that have been used for this rehabilitation absorb
the incident radiation, that is subsequently released
as heat.

In order to decrease the pavements’ temperature
in the hot spots both in the Prefecture Square and
on the rehabilitated streets, an operative, efficient
and low cost method should be used: a water
sprinkling small car, or temporary water sprinkling
system similar with water-fog devices.

Fig. 7: Digital model of modular temporary shady
cover for Theodor Amann Street

In all the hot spots, a simple method that could
reduce the reflected radiations’ escape from the
buildings’” walls to neighborhoods consists in
permanent or temporary retractable roofs /covers
that provide shady zones.

Figure 6 and figure 7 present digital models of
modular temporary shady covers proposed for
Panait Mosoiu and Theodor Amann Streets.

Fig. 6: Digital model of modular temporary shady
cover for Panait Mosoiu Street
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Conclusions

According to the National Administration of
Meteorology (NAM), the month of July 2017 was the
hottest July month during the last decade, with one
of the longest period with canicular temperatures in
the last decades, too. Therefore, in Oltenia and in
Craiova city, too, there was a yellow or orange code
warning.

In order to determine the real thermal discomfort
sensation felt by the population of Craiova,
experimental research concerning micrometeorological
measurements of real temperature and relative
humidity those contribute to the local Temperature —
Humidity Index was performed.

According to the experimental research results,
confirmed by using thermovision too, four hot spots
(three rehabilitated streets and Prefecture Square)
were identified in Craiova's city centre.

Despite the low mean value of relative humidity
(44.5%), due to the temperature high mean value
(40.12°C), in these hot spots the THI average was
89.97, and the thermal discomfort sensation
occurred, thus special protection measures were
necessary.

The same micrometeorological air parameters in
the hot spots were compared with the ones
recorded in English Park where due to trees’
shadow, temperature and relative humidity averages
were 34.57°C, and 49.68%, respectively. Even if the
mean temperature was 5.55°C lower and relative
humidity 5.18% higher than in the hot spots, the
THI average was 84.11 (5.86 lower than in the hot
spots), the thermal discomfort sensation occurred,
thus special protection measures were necessary.

In order to study the intensity and spatial pattern
of the UHI, thermal infrared remote sensing was used
to observe the surface of urban heat island as a
reliable indicator of the atmospheric microurban
heat island. Therefore, close relationships between
the near surface air temperatures and land surface
temperatures have been found for microurban heat
islands in Craiova's city centre.

The experimental results confirm that due to the
variable thermal properties of the construction
materials (building, pavements) combined with the
three - dimensional geometry of built-up surfaces,
the neighboring air temperatures increase. In the
same time, the narrow arrangement of buildings
along the streets leads to urban canyons
phenomenon, that inhibit to space the reflected
radiation’s escape from the three - dimensional
buildings’ shape and pavements’ surfaces. This
radiation is absorbed by the building walls and the
pavement, thus enhancing heat’s release from the
micro urban hot spots. On other hand, very light
winds are not capable to obtain heat’s turbulent
exchanges.

Vegetal surfaces utilize a relatively large
proportion of the absorbed radiation in the evapo-
transpiration process and release water vapours that
cool the air.

Vegetation intercepts radiation and produces shade
that also contributes to heat’s release reducing. The
decrease of parks vegetated areas, not only reduces
these benefits, but also inhibits atmospheric cooling
due to horizontal air circulation generated by the
temperature gradient between vegetated and micro
urban’ areas hot spots.

In contrast, built surfaces are composed of non-
reflective and water-resistant construction materials,
and as consequence, they absorb a significant
proportion of the incident radiation, which is
released as heat, and very large values for THI
occurred.

According to these considerations, in order to
decrease the pavements temperatures in the hot
spots, an operative, efficient and low cost method
consisting in modular temporary shady cover could
be used. A cheaper and shorter term method would
be to use permanent or temporary vertical walls and
modular roofs made by ornamental green
vegetation.

In order to increase the vegetated area in the micro
urban hot spots, that will also decrease pollution, in
the near future concerted efforts of a consortium of
urbanism architects, meteorologists, ornamental
plants and trees specialists and environment urban
pollution engineers are needed.
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Abstract

In the karst areas, the epikarst system is a very sensitive
environment, due to its position at the interface between soil and
vadose zone. The epikarst is a weathered zone that develops as
a re-sult of both abiotic and biotic process-es. In this paper we
present the result of the complex investigations of epikarst zone
which overlap dolines within two typical karst areas (Gomér-Torna
and Tapolca) from Hungary, based on multi-criteria analysis tech-
niques (microbiological activity as-sessed as biomass amount and
CO2 production, seasonality of air and soil microclimate, slope
orientation and exposition), in order to reveal control factors of
karst processes, the territori-al and local distinctions of karst
disso-lution that occur in the epikarst zone. The data were
compared, taking into account the human activities’ impact on
both sampled study areas. After four years of monitoring, the
results show that there are significant season-al and diurnal
variations of physical, chemical and biotic parameters of soil that
cover and affect the epikarst zone. Spatial variations of these
parameters were recorded as well.

Keywords: epikarst, microclimate, soil, COz pro-duction,,
karst corrosion

Introduction

The epikarst system is an extremely complex and
sensitive environment which acts as a transition zone
between the topographic surface or soil cover and the
vadose zone of the karst landscapes. Initially, the
term epikarst, coined by Mangin (1973), was defined
as the upper aquifer of the vadose zone. Ac-cording
to Williams (1983), the epikarst is the “sub-cutaneous
zone”, namely, the upper weathered layer of rock
beneath the soil but above the permanently phreatic
zone that acquires a secondary permeability, due to
significant chemical solution. In fact, the term
“subcutaneous zone” is an English adaptation of
several French synonym terms (sub-superficial, sub-
epidermic, karst cutane) which were consecrat-ed by
the French geographers, (Ciry 1959, Birot 1966,

Rezumat. Analiza relatiei dintre microclimat si
productia microbiala de dioxid de carbon din

sol in zonele carstice Ta-polca si Gomor-Tornai,
Ungaria

in cadrul zonelor carstice, sistemul epicarstului este un mediu
complex si senzitiv care se dezvolta ca interfata intre profilul de
sol si zona vadoasa. Epicarstul este o zona de alterare/meteorizare
a rocilor carbonatice formata prin procese abiotice si abiotice. In
aceastd lucrare sunt prezentate rezultatele unei investigatii
complexe care a avut loc in epicarstul ce corespunde dolinelor din
cadrul a doua regiuni carstice (Gomor-Torna si Tapolca) din
Ungaria folosind tehnici de analizd multicriteriald in vederea
identificarii factorilor de control a proceselor carstice precum si
pentru a determina diferentieri teritoriale si sezoniere ale
proceselor de disolutie specifice epicarstului. Datele obtinute au
fost comparate luand in considerare gradul de impact antropic din
cele doud zone carstice esantionate. Dupa patru ani de masuratori
si observatii, rezultatele obtinute indicd existenta variatiilor
sezoniere, diurne si spatiale semnificative ale parametrilor fizici,
chimici si biologici ai invelisului de sol care acopera si influenteaza
epicarstul din zonele carstice studiate.

Cuvinte-cheie: epicarst, microclimat, sol, productia de CO,
coroziunea carstului

Bakalovicz, 2014) in the middle of the twentieth cen-
tury.

At the beginning of the 21% century, Bakalovicz
(2014) stated that epikarst is the “skin” of karst and
the soil should be considered as entirely part of it.
Therefore, contrary to opinion of Williams (1983), the
“epikarst can be easily defined by its hydrologic
functioning, rather than by a set of landforms”, the
epikarst is where water storage takes place. There are
a multitude of factors that act to the epikarst for-
mation, abiotic and biotic (Mangin, 1973; Jakucs,
1980; Barany, 1998; Klimchouk, 2004), but it is stated
that the epikarst zone develops the best in pure crys-
talline limestone or marble where it can reach a
thickness of 10 m (Williams, 2008). However, the
most comprehensive definition of the epikarst was
proposed during the Karst Water Institute, in 2003
(Jones, et al., 2004; Jones, 2013).
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Carbon dioxide is a key chemical that drives dis-
solution in the carbonate karst areas. The main
source of carbon dioxide from karst systems is the soil
which formed on the carbonate terrains (Ford &
Williams, 2007). The principal amount of carbon
dioxide from soil is biogenic (Faimon et al., 2012). It
is produced by the respiration of soil biota, both auto-
trophs and heterotrophs (Kuzyakov & Larionova,
2005; Kuzyakov, 2006; Song et al., 2017), but its pro-
duction may depend on several factors, such as tem-
perature and soil moisture, soil profile depth, soil
structure, organic matter content, availability of soil
nutrient, total rainfall, solar radiation and photosyn-
thesis, but also various anthropogenic factors, such
as soil tillage, or artificial change in vegetation cover
(Dijkstra et al., 2013; Blecha & Faimon, 2014). Also,
there is a seasonal variation of CO2 concentrations,
the highest values are in summer and lower values
occur in autumn/winter (Faimon et al., 2012).

The production of CO2, as a quantitative measure
of the microbial activity of sail, is used since the mid-
nineteenth century, but the measurement of
microorganism respiration have to be correlated with
other parameters of microbial activity, such as organ-
ic matter content, nitrogen and phosphorus trans-
formations, pH, changes in soil weight (Stotzky,
1965). Since then, various methods have been devel-
oped in order to quantify accurately the microbial soil
activity (Stotzky, 1965; Bauer et al., 1991; Solaim-an,
2007; Creamer et al., 2014; Pal & Marschner, 2016).

In Hungary, studies on karst soils and epikarst,
including microbial activity, have been performed by
Keveiné & Zambo (1986), Zambd (1998), Zambod &
Telbisz (2000), Zambo & Ford (2003), Szili-Kovacs &

S

N/ road
village
./ border -
/\/ stream A [
N 1ake 7

contour

Torok (2005), Szili-Kovacs et al. 2009, Keveiné Barany
(2009), Knab et al. 2010,2012.

Materials and Methods

In each study, karst areas were chosen dolines as
characteristic sites for in situ measurements and soil
sampling (Fig. 1).

Figure 1: Field measurements at Tapolca karst
area. In the back ground there are
basalt-capped buttes

Within the Gémor-Torna karst, the sites for sur-
veying were located in three division of it: the Ag-
gtelek Plateau, Alsé-hegy and Szilice Plateau (Fig. 2).

* W
I
:lforeSt s

—

Figure 2: The locations of the measurement points in the area of Aggtelek Plateau: AT- Lake

Aggtelek, VT — Lake Red (Voros)
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The first one (AT) was established close to Lake Then, the next soil sampling and microbiological
Ag-gtelek, formed in a former doline and located in  surveys were carried out in dolines that are next to
the western part of the karst plateau (Fig. 3). For the the Béke Cave (BT), an environment without the
second one (VT) a doline was chosen, close to Lake disruptive effects of human activities. The fourth site
Voros (“lake red”). was established close to Lake Derenki (DT), in Also-
hegy, a semi natural area, both with barren and
covered karst.

The last site was located in the vicinity of Szilice
village (Szilice-Plateau, Slovakia), on a downhill, next
to Lake Papverme (PvT).

There were also five sampling sites in the Tapolca
karst terrain. They were distributed in the middle part
of Tapolca karst, along the line that links the small
lakes that are supplied by karstic springs and precip-
itations (Fig. 4): Lake Pokol (PoT), Als6-Cser (ACsT),
Zalahalap doline (TA), Fels6-Cser (FCsT), the doline
at the forest margin (VAD), and illegal waste deposit
(IH).

For each study site, soil profiles were made and
examined, in order to describe and identify the soil
types. Soil samples were taken for chemical and min-
eralogical analyses.

Figure 3: Lake Aggtelek (AT), one of the se-
lected measurement points from Ag-
gtelek Plat-eau
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Figure 4: The locations of the measurement points in the Tapolca karst area: IH — Illegal garbage
deposite, TA — Tapolca (Zalahalap) doline, PoT — Hell (Pokol) lake, VAD — Dolines at the
forest margin
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Then, rain-stimulated experiments were set up on
the soil monoliths. The soil solution was collected, in
order to measure pH, carbonate and hydro carbonate
content. The determination of the water samples’ bi-
carbonate content was accomplished according to the
valid Hungarian Standards Institution (MSZT 448-11:
1986). Microbiological parameters of soil solution
were analyzed for the characterization of microbial-
influenced karst corrosion.

In situ measurement data for the characterization
of microclimate were recorded by a mobile weather
station every two hours: air temperature (at 0, 20 and
100 cm high above ground), the relative moisture of
air, the evaporation at 20 and 100 cm above ground,
wind speed and wind direction every two hours. Soil
temperature, soil pH and carbon dioxide concentra-
tion were also measured.

Soil temperature was recorded by a conventional
mercury soil thermometer, 0.1 °C accuracy Pt, at 5
and 20 cm deep. The soil moisture content was
determined with the help of an Eijkelkamp 14.22 Soil
Moisture Measuring System with Gypsum Blocks
meter, while the pH of soil and soil solution was
measured by a Hanna pH meter.

The measurement of the carbon-dioxide concen-
tration of the soil air, which reveals microbial respira-
tion, has been achieved with the help of Gastec Model
GV-100 car-bon-dioxide pump, which contains 2L and
2LL-type sampling tubes/pipes, side by side/in parallel
with the microclimate measurements, in the same lo-
cations.

In every doline that was selected as a sampling
site, observations and measurements were made and
samples were taken from the north side, south side
and bottom to find out the effect of exposure. The
measurements were accomplished through 2 hour-
long intervals for a whole day, in different seasons.
The applied method was convenient for the demon-
stration of the differences between locations, be-
tween the diverse depths along the soil profiles, and
between the daily dynamics and seasonal distinc-
tions.

In this way, connections were searched between
the microclimatic phenomena and the values/rates of
soil climate (temperature and moisture of the soil, pH,
carbon-dioxide concentration), to identify the spatial
distinctions, diurnal and seasonal changes.

Samples for microbiological investigation were cul-
tivated onto three different culture media, and colo-
nies with various morphology were isolated. After iso-
lating community DNA from the soil samples, clone
libraries were constructed. The phylogenetic identifi-
cation of the bacterial strains and molecular clones
was based on the 16S rRNA gene sequence analysis.

In karst soils and in cover sediments the sampling
was carried out partly by drilling holes, and partly by
the extraction of large ground monoliths combined
with rainfall simulation tests. The physicochemical

(grain composition, pH, humus and carbonate con-
tent, etc.) and microbiological parameters of the soil
solution which percolates through the ground mono-
liths were compared. Measurements were carried out
and assessed according to the appropriate proce-
dures of the MSZT (Hungarian Standards Institution).
This paper presents the partial result of the
complex investigations of epikarst zone which overlap
dolines within two typical karst areas (Gomdor-Tornai
and Tapolca) from Hungary based on multi-criteria
analysis techniques.

Results and Discussions

Study Areas

Our studies were performed within two different
karst regions, in terms of natural environment char-
acteristics and the degree of anthropogenic impacts:
GOmor-Torna karst system and Tapolca karst system.
The aim was to compare the developmental karst pro-
cesses between the two areas, according to the local
natural factors and anthropogenic impacts.

The Gémdr-Torna karst area is located in north-
eastern Hungary, along the Hungarian-Slovakian bor-
der, between the Sajo and Bodva rivers. The sites for
measurements and sampling tests were selected in
Aggtelek Plateau — a subunit of the Gomoér -Torna
karst area and part of the Aggtelek National Park
(which was designed as UNESCO World Heritage) —
and Also-hegy (“Lower Mountain”). Within the Ag-
gtelek National Park over 250 caves were inventoried,
including the 26 km-long Baradla-Domica cave sys-
tem, a cross-border cave that is famous for its out-
standing speleothems.

The Aggtelek Karst consists of mainly Middle Tri-
assic limestones (Veress & Unger, 2015). On the sur-
face of the plateau the perceive karst features are do-
lines and sinkholes. Several doline lakes, blind valleys
and dry valleys with a series of dolines complement
the karst landscape.

In the area, the climate is humid continental with
a long summer and a strong mountainous influence
(Tanacs, 2011). The average mean annual air tem-
pera-ture values vary between 8.5°C and 9.1°C, and
the air humidity is between 90%. The amount of an-
nual precipitation is around 620 mm (Tanacs, 2011).
Natu-ral vegetation consists of forests. Dry oak-for-
ests cover the limestone ridges of the karst plateau.
Dominant species are the sessile oaks (Quercus pet-
raea (Matt.) Liebl.), followed by the Turkey oak (Quer-
cus cerris L.), field maple (Acer campestre L.), horn-
beam (Carpinus betulus L.), and common ash (Fraxi-
nus excelsior L.) (Kotroczd, et al., 2007). Beech
stands (Fagus sylvatica L.) occur in the hollows and
deeper valleys. The presence of the black pine (Pinus
nigra J.F. Arnold) is probably the result of plantation
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works from the beginning of the 20th century (Ta-
nacs, Szmorad, & Barany-Kevei, 2007).

Studies on chemical composition and soil taxon-
omy from GOomor-Torna karst terrains started in the
second half of the 20th century (Zambo, 1986, 1998;
Zambo-Telbisz, 2000). Following Bridges's (1978) and
Stefanovits's (1981) methods, alongside with other
particular in situ and laboratory tests, the prevalent
soils that were described are rendzina and red-earth
soils (Zambd, 1986, 1998; Zamba-Telbisz, 2000).

Later, based on the results of studies, regarding
the correlation between three species composition of
forests and soil proprieties from Haragistya-Lofej for-
est reserve and Szilice Plateau (Tanacs-Barta, 2006;
Tanacs, et al.,, 2007), subtype soils were dis-crimi-
nated according to the World Reference Base for Soll
Resources (Barta, et al., 2009), which was a similar
approach to classification from the Slovakian part of
Gomor-Torna karst terrain  (Rozloznik-Karasova,
1993). Mineral types and content analysis of soils
from this region are given by Knauerné (1992) and
Fekete et al. (2006, 2008).

Compared to the Gomdor-Torna karst, Tapolca karst
area is only a small region. It is located in the western
part of the Transdanubian Mountains, be-tween Bala-
ton Uplands and Keszthely Mountains. The Tapolca
karst system coincides in part with a sedimentary ba-
sin, mainly made up of quasi-horizontal Sarmatian

limestone strata that are called Tinnyei Formation
(Budai, et. al.,, 1999). It is com-posed of various
clayey and calcareous layers, thus water permeable
and impermeable layers are altering in it. Pleistocene-
Holocene alluvial-diluvial sandy and clayey deposits
superimpose Sarmatian limestone discontinuously.
Consequently, patches of open karst alternate with
covered karst, leading to a mosaic-like pattern of Ta-
polca karst terrain.

The Sarmatian limestone that generated the now-
adays general topographic surface with 120-160 m el-
evations is underlaid with Main Dolomite For-mation
and Sédvolgyi Dolomite Formation (Budai, et al,,
1999). In the northern part of the Tapolca basin, do-
lomite formations outcrop as inselbergs above the
surrounding area that has 120-160 m altitude. There-
fore, this area, which displays remnants of Creta-
ceous cone karst peneplain, is the most diversified
morphological part of the Tapolca karst area, where
both paleokarst and recent landforms occur equally
(BUki, et al. 2011).

Small and shallow dolines have been developed
mostly on the brink of dolomite and Sarmatian lime-
stone which explains why they are arranged in rows
in some places and others through merger evolved
into uvalas (Futd, 2003). Many fossilized dolines,
formed during a tropical climate, are filled with red
clay and bauxite.

§

(vr) - red clay rendzina
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In the porous-structured limestone field, the lev-
el of karst water runs along close to the surface, dur-
ing the whole year, which emerges to the surface
when the water is high, feeding/supplying periodic
karst springs.

Three periodic-watered lakes (Alsd, FelsG-Cser,
Névtelen) had been evolved close to Zalahalap, in a
karst hole, coated with watertight layers. In the
northern side of the Tapolca-karst terrain, there is
Lake Pokol (Hell). Its depression is incised on a bas-
alt-bordering karst field and fed by a small stream
dominantly during the rainy period of the year.

Regarding the soil types, there are no peculiar
studies. According to the geological map and 1:
100.000 scaled Agrotopo-maps (www.mta-taki.hu),
the soil cover from Tapolca karst terrain consists of
rendzina types, leptosols and brown forest soils.

In the vicinity of Lake Cser, protosoils and weakly
soiled sediments (Pannonian sand, sandy and pebbly
lacustrine sediments) are dominant. Red-clay sedi-
ments with bauxite fill paleokarst recesses and doli-
nes, whose bottoms are overlaid with colluvium
(Mdga, et al., 2011). Highly eroded soils and the rocky
surface are significant in the area of flat terrains.

Soil profiles in the karst terrains

The results of mineral content and chemical char-
acteristics of soils from the Tapolca Karst ter-rains
were compared to those on the Aggtelek karst ter-
rains (Knauerné, 1992). Three typical soil profiles (T1,
T2, and T3) were analyzed from morphological and

chemical point of view (Fig. 5). Therefore, the clay
and loam fraction of the sample taken from three typ-
ical soil profiles (T1, T2, T3, Fig. 6) of dolines from
Tapolca are similar to the soil profiles of Ag-gtelek.
Also, these soils contain sand fractions in a few per-
cent, due to Pannonian sediments which cover the
surface in patches. Each tested soil sample had car-
bonate content in variable amounts. The hu-mus con-
tent was the highest (6.26%) in the black rendzina
(T1), but this value is still behind the mini-mum rates
of 7-8% that were recorded for rendzina subtypes in
the Carpathian basin, according to Kiss records
(2012). The pH values of all rendzina types are higher
than 6.5 units, and their hydrolytic acidity is minimal.
Hargitai's Q value of two rendzina types (T1, T2) is
higher with two units than the red-clay soils’ in Ag-
gtelek (Knauerné, 1992). This fact shows the for-
mation of humic substances (Buzas, 1998), which are
related to the fields characteristics. There-fore, it can
be explained with dissimilarity of the natural vegeta-
tion and the water type of the sail.

Based on the cluster analysis that included 52 ren-
dzina profiles performed by Kiss (2012), the clas-sifi-
cation of the soils of the Tapolca-karst terrain into
rendzina types is not unambiguous. The mor-pholog-
ical properties and weak structure of the pro-file (Fig.
6), the depth of soil, and the sand content of the sam-
ples gave an intermediary position (in the case of T1,
T2) between the leptosol and rendzina soils, because
the humus content is lower compared to the rendzina

3
4
5
lllegal garbage deposite
T2
N Nyulaszé hill

typical soil.
- 6
9 %
Yo 3 - , T
S
4 S 8 T
3 N
soem
~ Lower Cser lake
Paleokarstic 7 A
doline S
| !

Figure 6: Theoretical N-S soil profile through the Tapolca karst terrain. T3 soil profile (which is

not presented in this picture) is nearby T2 (See Fig. 5). 1- brown rendzina, 2 - limestone, 3
- humic level, 4 - red clay, 5 - coarse sand with high Ca COs content, 6 - doline infill red clay,
7 - weak humic sand, 8 - lake sediment, sandy clay, 9 - black rendzina
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The classification of the T3 soil is even more prob-
lematic: the color and clogging of C layer, the appear-
ance of the clay membrane in the profile reflects the
red clayey origin. However it has a low acidity (pH >
7 value) and, because of the carbonate content of the
upper layer, present cli-mate, fills a part in the recent
development of the soil (water balance processes),
beside the effect of the ballast-rock (dolomite, layer
D).

Microclimate of atmosphere, soil air and soil
proprieties

Climatic and microclimatic factors are important
drivers in the activity of soil biota and implicitly they
are responsible for carbon dioxide production and its
amount from soil air (Jakucs, 1971; Zambo, 2001;
Keveiné Barany, 2009). Also, climate is a mor-phoge-
netic factor in the control of erosion processes and
weathering of rocks, however, in the karst sys-tem it
is an ecological factor which provides the dy-namism
of karst development (Keveiné Barany, 1998, 2009).
On the dolines surfaces from karst areas and closed
recesses microclimate areas evolve, especially where
exposure has a significant role in the spatial and tem-
poral changes of the energy that precede distinctions.
All of these facts have an influence on the formation
of air and soil temperature, the evolu-tion of local dis-
tinctions of soil moisture, the plant-cover of dolines,
the microbial activity of the soil and finally, the for-
mation of spatial differences in the karst corrosion
processes of karst fields (Keveiné Barany, 2009).
Measurements performed within do-lines from both
Tapolca and Gomor-Torna karst dur-ing 2009-2012 re-
vealed that there are microclimate differences in-
duced by the morphometry and mor-phology of doli-
nes. It revealed a significant discrep-ancy in terms of
diurnal air temperature and evapo-transpiration that
is associated with the exposure of dolines.

Our simultaneously-accomplished measure-ments
performed in sampled dolines from Tapolca, next to
Lake Voros, revealed the effect of the vegeta-tion
coverage — rocky grassland versus forest — on the mi-
croclimate of the dolines. In contrast to the previ-ous
site, the whole area of the Derenki dolines is covered
by forest, which dimmed the distinction of tempera-
ture values among the measuring spots. Thus, during
the summer, the results show that in the dolines, next
to Lake Voros, the highest air tem-perature (at 20 cm
above ground) and the largest diurnal temperature
fluctuations (amplitude) have been measured at the
northern edge (VTE) of the dolines (i.e. on the side
exposed to the south) that are covered by rocky-lawn.
During a 24-hour day, air temperature ranged from
23 °C to 31°C. By the reason of the shadow effect,
lower and much more moderate temperature values
have been recorded at the bottom (VTA) and at the
northern exposure stations (VTD) of the dolines.

However, the two stations’ values hardly differed from
each other (21-25°C). Regarding the soil tempera-
ture, they were recorded similar var-iations depend-
ing on position and exposure of the sides of doline
depressions. At 5 cm depth, the soil temperature was
lower than the air temperature, as well as the ampli-
tude (VTD: 19-20°C, VTE and VTA: 16-20°C) (Fig. 7).
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Figure 7: The temperature variation in the do-
lines above ground surface and with the
depth of soil, located in the vicinity of
Lake Voros

In Derenki site (DT) from the Gémor-Torna karst
terrain, the recorded air temperature values were
lower (17-20, 5°C) at all three measuring stations
(DTD, DTA, DTA), than those from Vords doline site
(VT). Soil temperature measured at 5 cm depth (17-
19°C) was much closer to air temperature at all three
stations (DTD, DTA, DTA) than in Vords doline site,
and showed a similar trend, next to the low air tem-
perature values. It should be noticed that tempera-
ture values, air and soil, are slightly higher at the side
dolines with southern exposure than those with
northern exposure (Fig. 8).
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Figure 8: The diurnal temperature variation in
Derenki dolines from from the Gomor-
Torna karst terrain, NV Hungary

By comparing microclimate data recorded in V6ros
doline site (VT), Tapolca karst terrain, with those in
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Derenki site (DT), Gémér-Torna karst terrain, it is ob-
vious that the elevation of the study are-as, the cer-
tain morphology of dolines, which consists of large-
sized, flat bowl-shaped dolines in Derenki and the
small, sheer-sided dolines, next to lake Vorés, along
with the complexity of vegetation cover, play an im-
portant role in the development of dis-tinct microcli-
mates, although it is difficult to identify which of the
factors is defining for temperature-shifting.

The seasonal and diurnal changes of the
carbon dioxide concentration in the soil air

Measurements of CO2 content in soil air on study
sites show a great variance between them, according
to local microenvironment from each station and the
depth at which the measurements were made. Over-
all, the recorded values, measured by a 2L-type pipe
method, ranged from 100 ppm up to 30 000 ppm or
3%.

Within dolines from Vo6rds doline site (VT), the
maximum values of the soil air's CO2 content (>3%)
has been always measured on the bottom, at 20 cm
depth in the soil (VTA) while the lowest values (1-
2000 ppm) were recorded at 5 cm depth in the soil

(Fig. 9).

30000

25000

20000
W VTE 20
mVTES
mVTA 20
EVTAS
VTD 20
VvTD 5

15000

10000

5000

10 1 12 14 15 16 7

5
time (h)

(]

Figure 9: The change of the CO2 concentration
of soil air at the VT (Voros doline) meas-
uring spot

On the cooler, sloppy southern sides (VTD), simi-
larly to the dolines bottom, the CO2 concentrations
were above 10000 ppm (1%). The concentration val-
ues of CO2 soil air at Tapolca were similar to the do-
lines from Derenki site (DT), but were lower than
those from Aggteleki karst terrain. The difference is
supposedly caused by different physical soil charac-
teristics and microbial activity (Fig. 10).
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Figure 10: The sketch of a doline (Tapolca doline — TA) and location of measuring points - Tapolca
karst area. For each point is iIIustrated,the soil profile: TD — southern side of the doline, TS
— soil profile in the bottom of doline, TE — northern side of doline
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At 80 cm depth in the soil from bottom dolines,
carbon dioxide values ranged between 1-2%, which
represent about half or two thirds of the values de-
termined at 20 cm soil depth. Therefore, the gained
results of the field measurements in both karst study
areas are in good accordance with literature data
(Jakucs, 1971; Zhang & Zhang, 1983) and they
clearly certify that the carbon-dioxide production rate
in the soil does not increase directly in proportion to
the depth, but has a maximum value at the depth of
20-40 cm.

Seasonal measurement carried out in all study
sites also validate that the CO2 concentration values
show increasing tendency in the daytime, if there are
no circumstantial disturbing factors, mainly weather
extreme events. However, the highest carbon-dioxide
concentration was recorded during late afternoon and
evening. This tendency occurred more conspicuously
in the case of carbon-dioxide measurements that
were made at deeper levels of soil.

The analysis of the relationship between mi-
croclimate and microbial carbon-dioxide
production in soil with field measurements

Due to the changing weather conditions of July 30,
2011 (high air temperature and sunny sky followed
by a rain storm during the early afternoon) during the
field trip in Tapolca karst area, it has been possible to
investigate the relationship between quickly changing
microclimate and CO2 concentration in soil air as a
result of microbial activity. The hourly evolution of air
temperature at three and soil temperature at three
different above topographic surface and at 5 cm soil
depth shows a direct correlation between increasing
temperature and CO2 content in the first 5 cm of the
topsoil (Fig. 11).
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Figure 11: The diurnal variation of air and soil
(blue line) temperature within the Tapol-
ca doline (Zalahalap) (TA)

The upward linear trend of CO: concentration
lasted until the storm, and then it fell back during the
rainstorm. After that, CO2 concentration raised again
due to of the influence of late afternoon warming

which followed the rain episode. The values, meas-
ured in three different soil depth reveals that a dis-
turbing effect of weather factors was detectable in the
first 20 cm soil profile. As it can be seen in Figures 11
and 12, the effect of temperature decrease on micro-
bial activity was experienced in the first 5 cm of the
soil profile. Furthermore, the cooling effect of the rain
on the soil which slowed down microbial activity was
supplemented by the anoxic environment created by
the replacement of air from soil pores with water and
depletion of available oxy-gen for aerobic bacteria
that are responsible for organic decomposition and
main CO2 producers.

5cm
® 20cm

® 30cm

o

2000 4000 6000

€0, cc. [ppm)

8000 10000 12000

Figure 12: The change of the CO2 concentration
of soil air into TA doline during a summer
rain storm

The results of microclimate and CO2 measure-
ments, performed in parallel, support the previously
recognized fact that meteorological factors affect the
microbial CO2 production from soil (Jakucs, 1971;
Keveiné & Zambd, 1986; Zambo, 1998; Zambd &
Ford, 2003; Szili-Kovacs & Torok, 2005; Szili-Kovacs,
et al., 2009; Keveiné Barany, 2009; Knab, et al., 2010;
Knab, et al., 2012; Knab, et al., 2018). The alteration
of sunny, cloudy and rainy weather may result in sig-
nificant temperature changes in the layers, close to
the surface. Increase in air and soil is accompanied
by the intensification of enzymatic activity of soil bac-
teria and simultaneously, the rate of carbon-dioxide
production.

Although there is a great diversity of soil organ-
isms (plant roots, alga, protozoa, invertebrates),
whose breathing contributes to CO2 content of the
soil atmosphere; their particular contribution is diffi-
cult to differentiate and quantify. Consequently, the
assessment of the respiration of microorganism de-
composing soil organic matter is a suitable method
for determination of CO2 supply to soil.
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The daily dynamics and depth dependence
of the carbon-dioxide concentration from
soil air

The measurements carbon dioxide content of soil
atmosphere within a brown forest soil about 80 cm
thick that has developed on the bottom of a dolines
from Tapolca confirms the results of previous exami-
nations. There is an increasing trend of the Carbon
dioxide concentration in the topsoil and then, gradu-
ally, the organic matter content is diminishing along
with all physical and chemical soil proprieties. Thus,
in the tested soil profile, from the topographic surface
towards the subsoil evolution (Fig. 13), the carbon-
dioxide concentration of soil atmosphere shows an in-
crease from 6000 ppm at 5 cm depth to 15 500 ppm
at 15 cm depth, and only 1500 ppm at a depth of 30
cm.
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| -— 15500 ppm

1500 ppm
8000 EE.V.
zpoo ppm

Figure 13: A 80 cm deep soil profile (TS) in the
Tapolca (Zalahalap) doline (TA) with val-
ues of the measured CO: concentration at
different deep level (See Fig. 12)

Then, the values show slight oscillations between
1500 and 2000 ppm that were interrupted by a peak
(8000 ppm) at 35 cm depth, which may be a conse-
guence of the root level of the plants (Fig. 14).

These results were strongly supported by the bi-
omass determinations that were also made by the mi-
croorganism diversity.
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Figure 14: The changes of CO2 concentration
of the soil air in the TA doline with the
depth of soil

The biomass decreases from the topsoil to the bot-
tom, and the compound of microorganism communi-
ties are strongly different. In addition, the available
oxygen gas involved in aerobic respiration decompo-
sition processes at a depth of 70- 80 cm of soil profile
is very low.

Conclusions

In order to understand the effect played by the
different soil types on karst corrosion processes, we
measured the microclimate on the field and the
amount of CO2 in the karst soil. We defined the spa-
tial and temporal quantitative changes of CO2 con-
centration of microbial origin. We investigated the
correlation between microclimate, surface coverage,
exposure, soil depth and the microbial activity (CO2
production). In every case, we measured the highest
values of the CO2 concentration in the bottom of the
sink hole —15-20 cm. We wanted to verify the de-pen-
dency on depth, as well. Starting from the sur-face to
downwards, we found out that the carbon-dioxide
production rate in the soil does not increase directly
in proportion to the depth, but has a maxi-mum value
at the depth of 20-40 cm. These results were strongly
supported by the biomass determinations that were
also made by the microorganism diversity. The bio-
mass decreases from the topsoil to the bottom, and
the compound of microorganism com-munities are
strongly different. Our measurement states that the
meteorological factors also affect the microbial CO2
production from soil. According to our measurements,
the amount of CO2 concentration showed a growing
tendency during the day. We measured the highest
CO2 concentration late in the afternoon. During the
evening, as the temperature dropped, the concentra-
tion of CO2 dropped, as well. The alteration of sunny,
cloudy and rainy weather may result in significant
temperature changes in the layers, close to the sur-
face. Increase in air and soil is accompanied by the
intensification of enzymatic activity of soil bacteria
and simultaneously, the rate of carbon-dioxide pro-
duction.
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Abstract

This paper presents a preliminary analysis/simulation of the
Somesul Rece 1 dam breaking scenario, from the homonym
hydrographic basin, located in the north-eastern part of the
Apuseni Mountains, at a 0.1 % probability tributary flow rate
calculation. The study of the floodplain areas, that occur after the
failure of the Somesul Rece 1 dam, was achieved with the help of
1D hydrological modelling. This type of modelling is one of the
most complex (Cameron et al., 2006), involving both, the
definition of a model with temporal evolution of the dam rupture,
and the simulation of a unsteady flow stream in the downstream
sector. For the dam analysed area and the downstream sector,
several scenarios and modelling of hydrological systems was
achieved, with the help of HEC-RAS 5.0.3 software, developed by
the Hydrologic Engineering Center (U.S. Army Corps of
Engineers).

This free software is the most widely used worldwide in the
domain, particularly by the official agencies, having a continuous
development, given by the involvement of specialists. The
software simplifies the problem of hydrodynamic modelling, due
to the limitation to a 1D model. Because the flood obviously has
a spatial character, GIS software (ESRI ArcGis with the HEC-
GeoRAS extension) were used in determining and defining the
hydrographic elements (channel, talweg, banks etc.) and, also, in
the representation of the results. Maps of the flood-prone areas
have been developed, maps which indicated the magnitude of the
estimated accidental flood downstream. The results of the
simulation were also used to determine the anticipation time.

Keywords: dam break, breach, HEC-RAS, Somesul Rece,
hydrograph

Introduction

Dams have a vital role in water resources
management. In addition to their beneficial role
(multiple uses), dams can be, also, the source of any
catastrophic accidents. Although rare, such events
are of the most extreme, due to the human lives loss
and huge damage caused.

Failure of a dam is defined as the breaking or
displacement of a part of the dam body or his
foundation, resulting that the dam cannot retain
water. This leads to uncontrolled release of a large
volume of water, from the reservoir, in a very short
time.

Rezumat. O analiza preliminara a scenariului de
rupere a barajului in arc folosind modelarea
HEC-RAS si HEC-GEO RAS. Studiu de caz
barajul Somesul Rece 1

Aceastd lucrare prezintd o analizd/simulare preliminarda a
scenariului de rupere a barajului Somesul Rece 1, din bazinul
omonim, situat in nord-estul Muntilor Apuseni, la un debit de
calcul afluent cu probabilitate de 0.1 %. Studiul arealelor
inundabile, care apar dupa ruperea barajului Somesul Rece 1, s-a
realizat cu ajutorul modelarii hidrologice 1D. Acest tip de modelare
este unul dintre cele mai complexe (Cameron et al.,, 2006),
implicand atat definirea unui model cu evolutie temporala a
rupturii barajului, cat si simularea unui flux inconstant de scurgere
in aval. Pentru zona barajului analizat si sectorul din aval am
realizat mai multe scenarii si modelari ale sistemelor hidrologice,
cu ajutorul softului HEC-RAS 5.0.3 dezvoltat de cdtre Hydrologic
Engineering Center (US Army Corps of Engineers).

Acest soft gratuit este cel mai utilizat din domeniu la nivel mondial,
indeosebi de catre agentii oficiale, avand o continua dezvoltare,
datd de implicarea specialistilor in domeniu. Softul simplifica
problema modelarii hidrodinamice, datorita limitdrii la un model
1D. Pentru ca inundatia are evident un caracter spatial, softuri GIS
(ESRI ArcGis impreuna cu extensia HEC-GeoRAS) au fost utilizate,
atat in determinarea si definirea elementelor hidrografice (canal,
talveg, maluri etc.) cat si in reprezentarea rezultatelor. Au fost
elaborate harti ale arealelor inundabile, care au indicat amploarea
estimata a inundatiilor accidentale in aval. Rezultatele simuldrii au
fost utilizate si pentru a determina timpul de anticipare.

Cuvinte-cheie: ruperea barajului, bresd, HEC-RAS, Somesul
Rece, hidrograf

When downstream of a dam there are socio-
economic objectives, it is extremely important to
determine through the high-precision hydrodynamic
modelling, the fracture hydrograph and the
propagation time, in relation with the starting time of
the dam breach formation. These are very important,
to provide a maximal anticipation time of forces
involved in the efforts to evacuate people and
property (Stematiu and Ionescu, 1999).

At the international level, the dam safety has
always been in the centre of the ICOLD (International
Commission on Large Dams) attention, and the
ultimate goal of the taken actions was to reduce the
number of disposals and incidents. The failure of a
dam may cause "material damage exceeding dozens
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of times the cost of the construction and many human
victims" (Popovici, 2012). The progress made in the
design conceptions and construction technologies, in
the supervision of the dam behaviour during it
exploitation, has led steadily in time to the "rate of
incidents or dam disposals decrease” (Rosu and
Cretu, 1998).

In the literature, it is noted that the rate of dam
disposals, before the year of 1900, exceeded 4%,
while in the present this rate stands at less than
0.5%. Moreover, the percentage of dam disposals in
the world has decreased to 2.20% in the case of dams
built before 1951, to less than 0.5% in the case of the
dams built after 1951 (ICOLD, 1995).

The compiled statistics classify, from many points
of view, the main causes of these breakdowns. Here,
the disposal of the foundation, the limited capacity of
the spillways and lesser, the insufficient mechanical
strength, have the largest share (Drobot et al., 2007).

In Romania such cases have been, also, recorded,
examples being the failure of the Belci dam (June
1991), the damage produced to the Teleag
improvement, on the Crisul Repede river (February
1992) or the cracking of the Corndtesti — Olt dam
(April 1997), with a central crack of 2...3 m.

The conclusion that emerges is that although we
are, overall, below the world average of the damages,
one can make a similarity with their casuistry. This
favours the development and application of
theoretical and experimental investigations for the
improvements in our country (Popovici, 2012).

At the end of the XXth century and the beginning
of the XXIth century, the publication of data related
to damage and breaking of several dams in Romania,
favoured the starting of the pioneering studies in this
domain.

The legislative regulations in the last five years
have required to holders of important dams to draw
up the "Plans of action in case of accidents at dams".
These plans are periodically updated to agree both
with the new legislative regulations and with any
changes resulted from the construction or in its
exploitation rules.

"Plans of action in case of accidents at dams" shall
be developed in accordance with the Order of the
Ministry of Environment and Forests/Ministry of
Administration and Internal Affairs (MEF/MAI)
1422/192/2012, order on the management of
emergency situations rules. These plans respect the
purviews of the Government Decision G.D. no
646/2010 for the approval of the National Strategy for
the Management of Flood Risk and the Analysis and
assessment of the risk associated with the dam
normative framework NP 132 of 2011.

Therefore, in last years the "Romanian Waters"
National Administration (RWNA) has conducted the

studies regarding the water management on floods
produced by the damage and breakage of the dams
(A and B categories) under its own administration.

In the Upper Somesul Mic hydrotechnical system,
there are six dams of A and B importance category,
where only the Gildu dam is in the administration of
the "Romanian Waters” Administration and has drawn
up an action plan in case of an dam accident.

The analysis of the dam breakage includes a
detailed study on the causes of the dam failure, on
the technical parameters and on the generated floods
wave, with its impact on the downstream objectives.

The study area and general information
related to the studied dam

Somesul Rece river (Fig. 1) forms, by the union
with Somesul Cald river in Gildu lake, the Somesul Mic
river. This first water course has a length of 49 km, it
springs from the Muntele Mare massif through the
Zboru creek at 1560 m altitude, on the territory of the
Cluj county.

Its drainage basin, positioned between the basins
of Somesul Cald and Iara rivers, overlaps to a great
extent following the Muntele Mare and Gildu
massives, in the north east of the Apuseni Mountains.
The drained surface is 327 km2 with an average
altitude of 1214 m (Atlas Cadastre of Romanian
Waters, 1992).

The natural conditions in the upper basin of
Somesul Mic river, favoured a large-scale
hydrotechnical improvement, which capitalized a part
of the existing natural potential in this area (Fig. 1).
The 860 km2, area of the basin in the section of the
Gildu dam, were the subject of the spatial planning
since the end of the '60s. In this regard, were built
four great dams with reservoirs on the valley of the
Somesul Cald river (Fantanele, Tarnita, Somesul Cald
and Gildu). Also, several intakes and adductions
intended for supplementing the tributary flow into
these four lakes were built in the drainage basin of
Somesul Rece river (Serban, 2007).

The improvement was extended beyond the wa-
tershed, which separates the Somesul Mic and the Ar-
ies basins, by achieving more intakes and adductions
in the upper basin of the Iara river, whose water was
also directed on the reservoirs from the Somesul Cald
river (Fig. 2).

In the first stage of improvement (1968-1980
years) have been realised the largest reservoirs from
the basin. Gildu was the first reservoir given in ser-
vice, in 1972, followed by Tarnita, in 1973 and
Fantanele, in 1976.

Also during the first stage have started the works
on the intakes and the derivations from the basins of
Iara and Somesul Rece, some of these being given in
service (Somesul Rece II system).
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Fig. 1: The location of the study area in relation with national territory and Somesul Mic upper

basin hydropower improvement

In the second stage (1980-1990) the Somesul
Cald river improvement was done, by the given in
service of homonymous reservoir (1983).

The main axis of the secondary improvements is
Iara-Fantanele. Its adduction has a total length of 21
km, of which: 4.7 km between the intakes Iara and
Soimu, 4,9 km between the intakes Soimu ans
Negruta, 4 km between Negruta intake and Somesul
Rece 1 reservoir, 3.7 km between Somesul Rece 1
reservoir and Racatdu intake, and the same length
between Racatdu intake and Fanténele reservoir
(Pop, 1996).

% Hydro-pe station
A~ Gauging station
Je Reservoir

“~ Adduction

Water course
. Watershed

Poiana
Horea

1 Reservoir

10 Km

Fig. 2: The Somesul Mic upper basin hydro-
power improvement

The time elapsed in the post-improvement period,
proven that the adductions and the intakes does not
represents a protection against the flash floods, for
the settlements located downstream. Those 4,89
m3/s, captured on average in the basin of Somesul
Rece river, and even the maximum of 27.8 m3/s,
cannot significantly reduce the threat of flooding, in
case of flash floods with a maximum discharge whose
probability of exceedance is below 10% (Serban et
al., 2009).

Somesul Rece 1 Dam

Somesul Rece 1 Dam (Fig. 1a) is located in Cluj
county on the homonymous river, upstream of the
confluence with Dumitreasa river, of the Maguri-
Racatdu locality and about 40 km upstream of Cluj-
Napoca municipality. The dam is under the
administration of S.C. Hidroelectrica S.A. - Cluj
Hydropower Station Branch.

The construction is an arch with a double
curvature, being one of the largest dams with
secondary role in a complex hydropower
improvement in Romania. Its dimensional parameters
are: 43.5 m height, a length at the crest of 119.5 m
(altitude of the crest 1024.5 m-Black Sea) and include
a concrete volume of 50,000 m3 (Regulation of the

46



Forum geografic. Studii si cercetari de geografie si protectia mediului

Volume XVII, Issue 1 (June 2018), pp. 44-55
http://dx.doi.org/10.5775/fg.2018.058.i

Fantanele Reservoir Exploitation, 2010, "Somes-Tisa”
Water Basin Administration).

The Somesul Rece Dam is located in the gorge
sector of the Somesul Rece river, with its both slopes
steep and a general symmetry of the valley. The
foundation of the dam is composed from volcanic
rocks strong and healthy, respectively granite by
Muntele Mare Mountains.

During the dam construction and exploitation has
not been signaled any kind of dangerous geological
phenomenon. The dam is composed from 14
consoles, where 2 of these forms the high waters
spillway, organized laterally.

The dam represents the first and most important
step of the Somesul Rece river improvement,
otherwise the only intake with storage, followed
downstream by the Somesul Rece II intake. The given
in service of the Somesul Rece 1 dam (1977) is
subsequent to the Fantanele dam (1976).

The Somesul Rece reservoir

The Somesul Rece 1 reservoir plays the role of a
simple intake with tyrolean outlet, but which, from the
needs dictated by the quotas game, it was necessary
to accumulate @ minimum of 0.2 million m3 of water,
for the hydraulic agent to be conducted by gravity into
the Fantanele reservoir.

The main functions of the Somesul Rece 1
reservoir are:
supplementing the tributary flow in the
Fantanele reservoir, for the production of
electricity by hydropower plants located
downstream on the Somesul Cald river;
partial attenuation of flood waves;
recreational.

Flood mitigation is insignificant due to the
extremely reduced dedicated volume, as this function
has not been designed for the Somesul Rece 1
reservoir. However, it can hold a volume of 0.74
million. m3 between the 981,00 m-BS and 1020,5 m-
BS (the last value is Normal Retention Level) and a
volume of 0.26 million. m3 between 1020,5 m-BS and
1024,00 m-BS (Maximal Retention Level), the rest of
the flow being transited through the adduction outlet,
respectively through the bottom and high waters
outlets.

Materials and Methods

The database used in the analysis consists in both
technical as well as hydrological data, collected from
the Archive of the "Somes-Tisa” Water Basin
Administration, Cluj-Napoca.

For the mapping, have been used topographic
maps at scale of 1:25000 and GIS software licensed
from the two institutions involved in this study:
Babes-Bolyai University, Cluj-Napoca, Faculty of

Geography and "Somes-Tisa” Water Basin

Administration, Cluj-Napoca.

Basic data necessary for the HEC-RAS
hydrodynamic model

The study, consisting in the analysis of the values
of maximum flows in influenced regime (IR) and in
natural regime (NR), with different probabilities of
exceedance, as well as the characteristic elements of
the singular flash flood waves type, for the main
cross-sections on Somes Rece river, was made based
on data and the conclusions drawn by the specialists
from “Somes-Tisa” Water Basin Administration
departments.

The data on the type hydrograph tributary in the
reservoir were processed with the CAVIS software,
and the cartographic representation were realised
using ArcMap 10.x software.

In the analysis, were used topographic data,
representing the basis of the hydraulic calculus,
regarding the simulation of production and
propagation of the breaking wave downstream of the
Somesul Rece 1 dam. These data consist in
theNumerical Model of Terrain (NMT), cross profiles
and surveys at bridges on the Somesul Rece river
(Fig. 3). These topographic data have been obtained
within the project “Plan for the Prevention, Protection
and Mitigation of Floods Effects in Somes-Tisa River
basin”, a national project financed through "AXA 5
POS Mediu”.

b.

Fig. 3: Example of surveying (a) and cross
section (b), entered and processed in
HEC-RAS. Source of raw data: PPPDI-
STWBA

In this study, the analysis of the dam rupture and
the modelling of the induced floods was performed
using HEC-RAS. The Hydraulic Engineering Center -
River Analysis System (HEC-RAS) is developed by the
Hydrological Engineering Center of the U.S. Army
Corps of Engineers (USACE).

The HEC-RAS model simulates the flow in the
fluvial channels and in flood prone areas, being
considered an effective model in simulating the
effects of floods downstream of the location of an
event occurrence, in this case the failure of the dam.
The HEC-RAS model uses the failure information and
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the breaking geometry as input data to simulate the
pattern of dam failure.

Cameron et. al., in the paper “Dam failure analysis
using HEC-RAS and HEC-GeoRAS", published in 2006
in the "Third Federal Interagency Hydrologic
Modeling Conference” conference proceedings,
considers that a rivers hydraulics model will be as
good as the data and personnel used to develop it.

Detailed information on the riverbed and flood
prone areas are the main data required to create a
hydraulic model of a river. Data on the land use (used
for the estimation of the Manning roughness
coefficients) and information on the hydraulic
engineering structures (bridges, footbridges, dikes,
supporting walls etc.), are also essential for the
construction of a complete fluvial hydraulic model.
Therefore, the topography plays a major role in the

o

Legend
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“~\_ Banks
Flowpaths
XSCutLines
Bridges
Bloked obstructions

accurate determination of areas vulnerable to
accidental flooding, and for this determination it is
necessary a fair resolution of the topographic surface,
in the form of NMT (Numerical Model of the Terrain)
(Serban et al., 2016).

In this analysis, we considered only the
hydrographic elements of interest. For example, the
tributaries have not been defined anymore, because
their contribution as flow is not significant in the
context of severe flooding values generated by the
failure of the dam. In order, not to complicate the
modeling, these rivers have not been added, keeping,
however, a way to achive the profiles, which consider
these confluences and the altitudinal expansion on
upstream. Figure 4 illustrates the manner in which
study sector was define.

Scale: 1:50.000
0% 06

1 Km

Fig. 4: Image of the downstream sector of the Somesul Rece 1 Dam exposed to flooding in case

it failure, modeled with HEC-GeoRAS

In the study was used the the numerical model of
the land with a spatial resolution of 3 meters, realized
within the PPPDI project. In order to extract the
values of the Manning coefficient, have been use
Corine Land Cover 2012 data. Also, all constructions
(houses, annexes, buildings) situated in the flooding
area have been digitized in advance, constructions
that can have an obstruction role in the path of the
stream. Taking into account the significant potential
of flooding, the study sector was extended
downstream of the dam position, up to the confluence

between Somesul Rece and Somesul Cald rivers, in
Gildu reservoir.

The Somesul Rece valley on the previously
mentioned sector, with a length of 29 km (Fig. 5b),
has been configured in the model, through cross
sections topographically determined at equidistances.
In addition to the mentioned sections, other cross-
sections were interpolated in the HEC-RAS program
between the original cross-sections (Fig. 5a).
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SmSRY_Bresk  Flan \p_2_G01_10245 60016
Somesul Rece Avwl SR1

Fig. 5: The three-dimensional model of the
terrain and the cross-sections arrange-
ment (a.), longitudinal profile down-
stream of the dam sector (b.)

Taking into account the Manning coefficient of
roughness for the minor riverbed and floodplain, have
been used values between 0,045 and 0,09,
depending on the particularities of the section. Loss
of the hydraulic load related to the expansion and
contraction of the riverbed or to natural obstacles, is
included in the model with coefficients between 0.3
and 0.1.

HEC-RAS software is based on solving the Saint-
Venant fundamental equations, the equation of
continuity and moment.

0AT 00 .
ot ox 1T

00 oV A(az+5 )—0

ot T ox T9A G TS )=

where: z = elevation of water surface, m; AT = total
flow area, m2; Q = flow, m3-s—1; qI = lateral inflow
per unit length, m2-s—1; Sf = friction slope; V = flow
velocity, m-s—1.

Equations with partial derivatives (Barkau, 1982),
are the basis of the unstable flow calculus solution in
the HEC-RAS. The numerical solution of these
equations is given by the use of differential finite
method (Bruner, 2008).

Topographic Data

In the modeling topographic data are
necessary, data which characterize the whole
potentially flooding area. The size of these data
should not be underestimated. The floods resulting
from the dam breaching can be significantly higher
than natural flooding. Thus, the topographic surface
needed to be modeled extends on flood plains and
slopes, above the normal levels of flooding. Details
regarding the major structures which can form an
obstruction of flow are, also, required, such as
bridges, footbridges, roads backfill, civil bordering
constructions and the most important river control
structures.

The precision of a simulation study on the dam
breakage is different from that of the watercourses
modelling study, whereas the latter simulates the
natural flooding, which occur in areas defined as
floodable areas. Knowledge of the flow typical
conditions and of the modeling parameters, such as
the roughness of the channel and the flooded
floodplain for these events, is relatively good. For a
dam breaking model, flow conditions consistently
exceed the usual natural events. This means that
there are few calibration data, and the flooded land is
outside of normal floodplain, which makes it difficult
to estimate the roughness and other parameters of
input.

Flow Data

Boundary conditions for the calculations are
necessary. In a subcritical runoff analysis, the
boundary conditions are only required at the
downstream limit of the river system. In a
supercritical flow analysis, the boundary conditions
are required only at the upstream limit of the river
system. In a mixt flow regime boundary conditions at
the open limits of the river system will be provided.

Routing the inflow data throught a Reservoir

HEC-RAS can be used to route an inflowing
hydrograph throught a reservoir with any of the
following three methods (US Army Corps of
Engineers, 2014):

e one-dimensional unsteady flow routing (full

Saint Venant equations);

e two-dimensional unsteady flow routing (full
Saint Venant equations or Diffusions wave
ecuations);

e level pool routing.

Generally, full unsteady flow routing (one-or two-
dimensional) will be more accurate for both the with
and without breach scenarios. The unsteady flow
routing method can capture the water surface slope
through the pool as the inflowing hydrograph arrives,
as well as the change in water surface slope that
occurs during a breach of the dam (US Army Corps of
Engineers, 2014).
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In this study, we use the most accurate
methodology - full dynamic wave (one-dimensional
unsteady flow routing - full Saint Venant equations).
To model the reservoir using full dynamic wave
routing with HEC-RAS, we model the pool with one-
dimensional cross sections throughout the entire
reservoir.

Catchment Hydrology

Tributary hydrograph, reservoir status at the time
of the dam breaking and the downstream base flow
conditions can be combined, to have a significant
effect on the predicted flooding scenario, depending
on the size and nature of the reservoir and of the
dam.

Boundary Conditions

In this analysis, the limit condition provided in the
upstream, is the tributary hydrograph calculation type
with the assurance of 0.1%, and the downstream

limit condition is the normal depth. This option uses
Manning's equation to estimate a level for each
calculated flow. To follow this method, the user must
enter a friction slope in the vicinity of the downstream
limit condition.

The lymnimetric key is another option, that is used
as a downstream condition limit. The tributary
hydrograph of laterally side input is used as an
internal limit. This option allows the user to bring the
tributary contribution in a certain point along the river.

Scenario of the dam-break

Constructed dams can be categorized in two large
groups: gravity and arch dams (Fig. 6). Gravity dams
rely on their weight to resist the forces imposed upon
them. Arch dams, with the arch pointing back into the
water, use abutment reaction forces to resist the
water pressure force. They can be made of concrete
or masonry.

Cross section Plan view

Upstream slope

(a)

N

\Dowustreanl y
abutment

Plan view

o

Toe

Cross section

x\

abutment

(b)

Fig. 6: Schematic picture of (a) gravity and (b) arch dams

The failure of a structure can be partial or
complete. Failure of a dam can be sudden or gradual.
A sudden failure is associated with concrete dams,
gravity or arch dams. The Malpasset Dam in southern
France, an arch dam of 66.5 m in height and
maximum designed reservoir capacity of 55 million
m3, is described to have failed explosively on 2
December 1959, water storage was emptying in
about an hour (Hervouet, 2000).

If breaching is initiated, the further development
is faster than for earthfill dams under the same
conditions. This observation allows modelling of the
concrete arch dam failure events simply as a sudden
(gate opening) process (Zagonjolli, 2007).

This approach, though appropriate for concrete
and arch dams that usually exhibit a failure within a
relatively short duration of time - similar to sudden
failure - did not provide insight into the breach
modelling processes except for the flood wave
movement in the downstream channel (Dressler,
1954). A thin plate representing the dam was located

in a rectangular ‘channel’, and its removal simulated
instantaneous failure of the dam.

The shape of the hydrograph breaking at the peak
flow is influenced by the level and volume of water in
the reservoir at the time of the breach, by the size of
the dam and, most importantly, by the vulnerability to
erosion of the dam type and by the assumed scenario
for breakage. For example, a concrete fragile
structure will have a much faster development of the
breach compared to a weight dam built from local
materials, cohesives, well compacted and well
stabilized by vegetation. Because the hydrograph of
the flow can greatly vary depending on these factors,
it is necessary to conduct a careful analysis of the
dam breaking parameters.

For the concrete dams, especially at the arch dams
or with abutments, the total breaking takes place in a
very short time, of a few minutes. The flow rates in
the riverbed exceed the flow rates of the natural
catastrophic flood. The features of the rupture
hydrograph and of the flood wave, depends on the
height of the dam, the volume of the reservoir, the
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breaking model of the dam and the hydraulic
characteristics of the riverbed downstream. For the
arch or multiple arch dams , it is considered that the
duration of the damage is very short, about seconds,
in the calculation taking frequently and coating the
instant destruction, though practically volatilization of
dams is impossible.

In this study, we have considered the discharge
over the crest (overtopping) as the main cause of the

breakage of the dam, caused by the tributary runoff
hydrograph with 0.1% insurance, correlated with the
partial blockage of the high waters discharger.

For the failure scenario of the arch dam with
double curvature, there were used the standards of
the United States Army Corps of Engineers (USACE),
indicated in the guide to Using HEC-RAS For Dam
Break Studies, HEC 2014 (Table 1).

Table 1. Concrete arch dam breach characteristics (source USACE, 2014)

Over- Average Horizontal Component | Failure
Failure mode | Dam Type | flow/Weir Breach of Breach Side Slope | Time, tf
Coefficients | Width (H) (H:V) (hours)
Concrete
Overtopping Munti- 3.1 (LO'SXL) to Valley wall slope <0.1
Arch

In this analysis, for the breaking scenario of the
Somesul Rece 1 dam, we believe that the breach will
form in 6 minutes, representing the rapid and almost
complete disposal of the arch dam (Fig. 7). In this
scenario, the dischargers of the dam will be adapted
in accordance with the rules of construction
exploitation at high waters. In Figure 7 is shown both
the shape and time of the breach formation.

EBaCn MOC | breach Frogression |

reach Kepar (optional) | Farameter Laicuator

To assess the behavior of the model, an input
hydrograph is necessary to show the variations of
discharges for a certain period of time. A calculated
type tributary hydrograph with the 0.1% assurance
was imported in the model. The simulation was made
for an unstable flow-regime of 45 hours duration.

Ereach Method:  |User Entered Data _» |

Center Station

Final Bottom Width: 30

1040
Final Bottom Elevation: 994
Left Side Slope

Right Side Slope: 1.27
Ereach Weir Coef: 3.1

1030
Breach Formation Tine (hes): 0.1

FahwreMode:  [Overtopping

simSR1_Break

Plan: p_2_001_10245 6872018

Trigger Faikure at: [y ey

Starting WS 10245

290
0

Fig. 7: The shape of breach

Results

After setting the parameters and complete the cal-
ibration in the control section of the Somesul Rece
hydrometric station, the model determined the level
of the free water surface and the flow hydrographs,
using a two minutes calculation interval, which gen-
erates a very accurate hydrograph. A shorter period
would generate an even more accurate hydrograph,

but also a very large amount of data, while a longer
interval of time would produce a less accurate hydro-
graph.

The flow passes through critical velocity to the
downward slope, in this case the characteristics of the
breaking wave including: the maximum level, the
debit, the variations of water level in the reservoir up
to the dam failure, the average velocity on the section

(Fig. 8).

51



Arch dam failure preliminary analysis using HEC-RAS and HEC-GEO RAS modeling. Case study Somesul Rece 1 reservoir

simSR1_Break Plan; lp 2 Q01 102445 S132018

Le-gend

r 7
WS Max W3

Eround

.
Bank Sta

eund

et

Legend
e —|
WS 22APR2015 0400

Graund

-

Bank Sta

Graund

Ineff

e

Fig. 8: 3D multiple cross section plot for the most important settlement (Somesul Rece village)

traversed by the river

Features of the hydrograph of the Somesul
Rece 1 dam breaking

The rupture hydrographs shall be determined by
assimilating the drainage of water from the lake with
a flow over a spillway with a sill wide, whose task and
sizes are reevalued at the successive calculation

times. These hydrographs are characterized by a
shorter period of the time increase, as forthe total
time (minutes) as compared to those for the natural
hydrographs.

Also, values of accidental maximum flows much
higher than that of natural maximum flow are
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characteristic, in our case 17 times higher than the
flow rate with the 0.1% assurance, (Fig. 9 a and b).
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Fig. 9: Levels and flows hydrographs - a. Section immediately downstream of the dam; b. The
last section from the Gilau lake entrance

In our case scenario, the breaking wave flow
comprises, also, the tributary flash-flood flow into the
lake, because the breach is formed as a result of the

discharge over the canopy of the dam.

The Somesul Rece river narrow corridor,
downstream of the homonym reservoir, has a gorge
like aspect, with numerous narrowing and widening
areas of the valley. This aspect, alongside with the
roughness elements of the major riverbed, makes the
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amplitude of the generated flash-flood peak to be
considerably reduced, along these 29 kilometers,
from 4450 m3/s, registered immediately downstream
of the dam, up to 555 m3/s at the entrance in the
Gilau reservoir. Although the attenuation is more than

R X AN :
Fig. 10: Flooding map for Somesul Rece Village

Flooded area

The resulting flooding map, offers informations
about the areas with flooding risk , the accidental
wave with a rapid acceleration and the turbulent
supercritical flow, which propagates in the
downstream area (Fig. 10). On the gorge sectors, the
level of energy increases significantly with the
propagation of the wave through the narrow and
steeper valleys. A vulnerability map was drawn up for
Somesul Rece village to make people aware about the
risks of flooding. It includes the area exposed to the
flood and the time of anticipation, which can be
effective in reducing the damage caused by the flood
and reduce the number of victims.

For our scenario, the propagation time of the dam
breaking wave is 1.5 hours up to the confluence with
the Gildu lake, a sector of 29 km in length.

Conclusion

This paper highlights the high risk of exposure for
the socio-economic objectives located downstream of
the Somesul Rece 1 dam, in case of dam failure. In
the mountain area, the spatial typology of the
villages, located along the watercourse, determines a

consistent, the water height at the maximum level of
the flashflood is sufficient to inundate nearly half of
the Somesul Rece- village and generate significant
damages (Fig. 10).

Cross section location,

Flooding area

A Hydrometric station
B <tation At::::‘l Max Min Ch
A WSL (m) El(m)
(HH:MM)
1191  1:40  434.57 428.24
{ 10 1:43  428.94 423.02
5 1:46 42639  420.24
0.7 1:50  423.88 419.54

high risk for the population in case of a dam break.
The results revealed by the modeling in the HEC-RAS,
have shown that the accidentally wave arrive in the
first village (Maguri Racatdu) in a few minutes (18
min), with a flow rate of 2061 m3/s, and spreads very
quickly downstream. The good synchronization
between the wave arrival time and the peak debit (or
the maximum water depth with no appreciable
distinction) indicate that the water profile poses a
very steep front, which is typical for accidental waves,
which propagate through the riverbeds with a big
slope.

The identification of flooded areas, of the flooding
depth, of the water velocity and the of the flood
duration, as well as the impact of the flood on the
affected areas, are very important for decision-
making, emergency evacuation and early warning.
This study is also important when designingthe high
waters spillway capacity, in particular for the arch
dam. The importance of implementing an alarm
sirens system should not be neglected, in case of
failure of the dam. The Somesul Rece 1 dam failure
might even endanger the objectives located at a
further distance, i.e. up to the entrance of the
homonym river in Gildu lake.
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Abstract

Water is the most important resource for the humankind, thus
understanding hydrological processes could be considered a vital
task. Therefore, the main aims of this papers are to assess: (i) the
current status of hydrologic field experiments; (ii) the techniques
and the stages of the field hydrologic experiments at the micro-
scale/plot-scale. Microscale hydro-logical studies are important
both socially and - economically as they emphasize the role of key
factors (e.g. slope) in the utiliza-tion of water resources, the
identification of critical hydrological thresholds for mobiliz-ing, the
propagation of soil particles in water flows and also the time it
takes for pesti-cides, nutrients, and heavy metals to be mobilized.
The key to conducting a success-ful hydrological microscale
experiment lies in performing repeated at-tempts in the field.
From an economic point of view, expedition (temporary)
hydrologic field experiments are beneficial, as they shorten the
working peri-od and reduce the financial costs of the data
acquisition process.

One of the challenges of experimental hy-drology is the
manipulation of "upscaling" or the statistical approach taken
towards gath-ering and processing data.

Keywords: Aydrologic experiment, field, plot scale, runoff

Introduction

An experiment is a scientific concept about a test
or a simulation/manipulation for the purpose of dis-
covering something unknown, proving an impact,
exploring an effect, or validating a hypothetical prin-
ciple (Hinkelmann and Kempthorne, 2008).

Experimental research can provide a good basis
for understanding the mechanisms of processes
(Huang et al., 2015), and for making future predic-
tions (e.g., water budget; erosion rates).

The principle of an experiment involves studying
the relationship between independent variables
(spatially and temporally represent inputs) and de-
pendent ones (output).

Conducting an experiment may also contribute to
answering some qualitative questions and the re-

Rezumat. Experimente cu apa - Introducere in
hidrologia experimentala

Apa este cea mai importanta resursa pentru omenire, prin urmare
intelegerea proceselor hidrologice poate fi considerata o sarcina
vitald. Astfel, obiectivele principale ale acestei lucrari sunt: (i)
stadiul actual al experimentului hidrologic de teren; (ii) tehnicile si
etapele experimentului hidrologic de teren la mi-croscara (scara
parcelei). Studiile hidrologice la microscara sunt importante, atat
din punct de vedere social, cat si din punct de vedere economic,
deoarece subliniazd rolul factorilor conditionali (de ex. panta) in
utilizarea resurselor de apa, in bugetul sedimentelor (identificarea
pragurilor hidrologice critice pentru mobilizarea si propagarea
fluxului de particule de sol) precum si timpul necesar pentru
propagarea pesticidelor, a substantelor nutritive si a metalelor
grele. Cheia pentru a efectua un experiment hidrologic de succes
la microscara consta in realizarea de incercari repetate in teren.
Din punct de vedere econom-ic, experimentele de teren,
expeditionare (tem-porare) sunt benefice, deoarece scurteaza
perioada de lucru si reduc costurile financiare ale procesului de
achizitie a datelor. Una dintre provocarile hidrologiei experimentale
este manipularea "upscaling" sau abordarea statis-tica pentru
colectarea si prelucrarea datelor.

Cuvinte-cheie: experiment hidrologic, teren, scara parcelei,
scurgere lichidd

sults may lead to finding optimized solutions (Dear,
2015). History has recorded many valuable and well
known famous experiments, such as those carried
out by Archimedes, a Greek physicist, engineer, in-
ventor, and astronomer (showing us that an object
immersed in water always displaced a volume of
water equal to its own volume); by the English phys-
icist and mathematician Newton (who uncovered the
law of universal gravitation, which states that a par-
ticle attracts every other particle in the universe
using a force that is directly proportional to the
product of their masses and inversely proportional to
the square of the distance between them); and by
the Russian physiologist Paviov (the conditioned
reflex experiment) etc.

In almost every discipline, science development re-
quires experiments. The main areas of activities which
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necessarily require field experiments are biology,

chemistry (e.g., cosmetics; pharmacology) and tech-

nology in its broadest sense (automotive, robotics
etc.). In earth sciences, experiments can be also per-
formed in the following disciplines among others:

- ecology: chemical transport (urea) in unsaturated
soils; nutrients (Neagoe et al., 2014; P3aun et al.,
2015);

- geomorphology (Huang et al., 2015; Cantén et al.,,
2018);

- environmental science and physical geography
(Benavides-Solorio and MacDonald, 2001);

- pedology (Mircea et al., 2015; Laufer et al., 2016);

- agronomy (Dinca et al., 2012);

- hydrology (Stanciu and Zlate, 1988; Gu et al.,,
2013).

A hydrologic experiment is a complex process, as
it intentionally imposes a treatment on a sample
plot, resulting in the collection of hydrometric data,
which must be subject to rigorous analysis for vali-
dation (Ma et al., 2017).

Due to their complexity, experimental field stud-
ies require a broad spectrum of knowledge from
different disciplines, such as hydrology, pedology,
phytology etc. (Song et al., 2015). Hydrological ex-
periments can be performed in the laboratory (short
term) or, most often, in the field with two working
regimes: stationary (quasi-permanent), or expedi-
tionary (temporary) (Wescoat, 2017).

From an economic point of view, the cost of
maintaining experimental or representative hydro-
logical stations involves high financial efforts and
time-consuming. Often, due to economic issues,
some hydro-meteorological activities are being re-
duced, and one of the most pressing is the closure
of the experimental basins (EBs) (Toebes and
Ouryvaey, 1970).

For example, in Russia, after 50 years, the Koly-
ma Water-Balance Station (1948), a unique scientific
research hydrological and permafrost catchment EB,
was closed in 1997 (Makarieva et al., 2018). Also, in
Romania, the number of representative basins in
2018 was reduced to 14, compared to 40, as they
existed in the 1980 (Blidaru, 1980). A fortunate ex-
ception is the most long-lived and fully equipped EB
with a focus on hydrological research in Romania,
namely the Voinesti Experimental Basin — the former
Station for the Experimental Hydrology of Voinesti -
which started around 1964 (Minea et al., 2018).

Plot-scale experimental studies are designed to
understand interrelationships between processes
involving hydrological, ecological, and geomorpho-
logical factors (Sheng, 1990; Linsley, 2009). In this
respect, Boix-Fayos et al. (2006), with regards to
issues pertaining to soil erosion, and field plot exper-
iments have identified and analyzed several " restric-
tive' factors regarding the suitability and perfor-
mance of a field experimental design e.g.:

temporal and spatial scales of measurements,
the representation and disturbance of natural
conditions,

the complexity of ecosystem interactions.

In fact, there is no standard methodology regard-
ing the study of hydrological processes by means of
field experiments (infiltration, runoff, and erosion
rates), but there are a big number of examples of
good practices, such as Toebes and Ouryvaev
(1970); Hudson (1993); Humphry et al. (2002). The
current hydrometric technique evolved so that
changes in time resolution and new measurements
emerged (e.g., the ability of water level sensors to
obtain and store a precise data).

Therefore, in this paper, we seek to assess: (i)
the current status of hydrologic field experiments;
(ii) techniques and phases of the field hydrological
experiments at plot-scale. We also discuss a number
of "raised issues" (such as plot scale size, synthesis
or a regionalized perspective) in the research litera-
ture and field experiments.

Research method

A great deal of hydrologic experimental work in-
volves understanding the experimental setup. Based
on the literature review background and personal
field observations and experiments (setup or design)
we depicted the most important steps to be followed
in hydrologic field experiments.

The main scientific method consisted in literature
screening of a number of references found in scien-
tific databases such as Scopus and ISI of Web Sci-
ence. The methodological approach of this paper is
based on literature interpretative (office) and ex-
ploratory (field) activities.

The literature review in experimental hydrology is
one of the research branches of the hydrological
sciences and represents the basis for studies of ob-
servation, understanding, and prediction of water re-
sources processes (Rui et al.,, 2013). The element
that stands out is the experiment itself.

Hydrologic experiments might be classified ac-
cording to different criteria, such as domain, scale
(size); place (in the laboratory and/or on the field).

Field experimental hydrology

A field hydrologic experiment should facilitate the
testing of several hypotheses - an analysis of a rain-
fall event that can be tested by experimentation —
and allow for identifying solutions and for making
predictions), (Fig. 1).

The overriding principle for experimental design
(a runoff plot up to a block of runoff plots) is to
keep the setup as simple as possible (Kinnel, 2016).
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Figure 1: Experimental aspects with micro-
portable rainfall simulators were set up
in the field to simulate rainfall events on
plots receiving runoff, suspended load,
and sheep manure (Aldeni hillslopes,
2017, Source: G. MINEA)

For a microscale experiment, the researcher
should use e independent variables (e.g., rainfall
intensities, soil moisture; nutrients concentration), in
order to observe the effects on the dependent varia-
bles and establish the causal relationship between
variables (e.g., precipitation-runoff) (Bagarello et al.,
2014; Prima et al., 2018). Sheng (1990) claims that
standardization of plot design and management
practices should be considered in order to avoid
mistakes. In order to be valid, a hydrologic experi-
ment must essentially have the following three char-
acteristics (Blume et al., 2017):

- Be representative;

- Allow for duplication (manipulation/control;

comparison of different measures);

- Be adequate for undergoing a statistical treat-

ment (e.g., linear regressions, ANOVA).

The control refers to the use of control group and
controlling the effects of extraneous variables on the
dependent variable in which researcher is interested.

Hydrologic scale area

The hydrologic scale area can be distinguished
into different groups such as microscale (1 sq cm —
1 sq km - simulation of elementary hydrological
processes), mesoscale (1 sq km —1 Mio sq km -
Continents), and macroscale (1 Mio sq km — Glob-
al), (Figure 2). The problem of the scales has been
considered a crucial topic among the hydrological
scientific com-munity (Dooge, 2013). The size of

experimental plots can vary depending on the goal
of each research:

micro-plots (1 sq cm up to one or two square
meters, known as monolith);

small-scale (e.g. ~100 sq m);

hillslopes/field plots (e.g., 1 ha up to 1 sq km)

(Becker and Nemec, 1987; Hudson, 1993).

Bloschl and Sivapalan (1995) considered that
small length scales are associated with small time-
scales or hydrological processes at the pedon scale.
Also, other significant lengths and time scales for
hydrology process sizes (e.g., the experimental plot:
10 m length and 10 s time) were elaborated by
Dooge (1986). Hydrologic microscale area can vary
from plot to the basin (small catchment):

- Microplot (used for studying runoff-infiltration,
erosion, etc.). For example, Kidron (2007) analyzed
runoff yield for measuring over crusted (i.e., surfac-
es covered by 1-3 mm of cyanobacterial crust) and
scalped 3.6-6.3 sq m plots at the Hallamish dune
field (Negev Desert, Israel); also, Sui et al. (2016)
used treatments of control and micro-basins with
block space of 65 cm, 75 cm, and 85 cm. Malvar et
al. (2008) selected various monitored runoff and
erosion following wildfires on bounded plots of the
same dimensions as the plots (0.28 sq m). It is also
remarkable that Seitz et al. (2016) determined sed-
iment delivery and runoff volume using micro-scale
runoff plots (0.4 m x 0.4 m);

- Plots, commonly used for studying runoff, infil-
tration, snowmelt, erosion, and sediment production
processes); pan evaporimeter (Stan et al, 2016) or
for installing lysimeters (Matusek et al., 2016);

- Basin or - Experimental Basins (EBs): it uses to
serve primarily a research tool and represents the
best facility for teaching practices of collection, han-
dling, and analysis of hydrometrical data (UN-ESCO,
1983). From a hydrological point of view, EBs are
typically natural laboratories, which play an im-
portant role in understanding the dynamics of ge-
netic (natural or simulated rainfall) and key (soil,
land use, vegetation type, anthropogenic activities,
etc.) factors that influence the overland flow, sus-
pended sediment discharge (Minea and Morosanu,
2014; 2016) and connectivity processes (Keesstra et
al., 2018). A typical example of the experimental
hydrographic basin is the Valdai Scientific-Research
Hydrological Laboratory, also named Valdai Branch
of the State Hydrological Institute (SHI), Russia -
established in the 1930’s (Uryvaev, 1953, quoted in
Gu et al., 2013).

In Romania, experimental research designs have
been set up in several geographical regions in par-
ticular to study the dynamics of soil erosion under a
variety of land-uses. The opening of experimental
centers/basins (e.g., Cean, Perieni, Podu-Iloaiei,
Aldeni) during the 5-6" decades of the twentieth
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century created favorable conditions for more in-
depth studies, which provided an important insight
into the succession of agents-processes-forms, al-
lowing the first empiric quantitative evaluations on
landslide morphodynamics (Radoane and Vespre-
meanu-Stroe, 2016).

Hydrologic scale time

The relationship between the microscale and
tem-poral process scales in hydrology is founded
upon the intensity of various phenomena and the
antecedent conditions (Kikuchi et al., 2015).

The most important element that impacts the
time scale of a hydrologic experimental study is

‘ Classifications ‘

determined by the runoff plot characteristics (Skgien
et al., 2003), such as the size, shape, and orienta-
tion (Bagarello et al., 2013).

The lifetime of runoff plot processes can span
from a few seconds (Hortonian flow) to several
hours (see Fig. 2). It is safe to affirm that the short-
est durations are specific to the field experiments
based on “events time’ (Fig. 2). There are also
longer runoff plot processes, taking up to 24h and
which can be found on soil water balance plots for
subsurface and base flow (Figure 2). All characteris-
tic space-time scales need to be interpreted with
caution (Skgien et al., 2003).
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Figure 2: Classification of time-scales and associated activities in hydrology (from Becker and
Nemec, 1987) with a focus on minimum time-space characteristic at event scales (from

Skgien et al., 2003)

Techniques and steps of the field hydrologic
experiment

The scientific way to fulfill every objective of a
hydrological study is by doing continuous measure-
ments of variables and field observations.

Also, great attention should be paid to reduce ef-
forts aimed at minimizing the effects of failures dur-
ing the experiment.

Instrumentations — For the identification of
runoff processes at micro-scale, rainfall simulators
and micro-simulators may be used (Iserloh et al.,,
2013). Preferential flow can be followed by dye trac-
ers (e.g., Brilliant Blue FCF) (Pecly and Fernandes,
2017; Stefano et al., 2018). The choice of automatic
devices (e.g., water level recorders, sediment sam-
plers) must be made depending on the purpose and
the budget of the study (Diyabalanage et al., 2017;
Mohammadkhan et al.,, 2011). Usually, only robust

equipment should be chosen, for which the repairing
and maintenance service is readily available (Sheng,
1990). Complementary, manual data collections
using simple devices/ techniques are also necessary
(e.g., soil probes; sediment samples) (Taguas et al.,
2015, 2010).

Measurements — are the main operations and
the direct way through which quantitative data are
pro-duced (e.g., rainfall depth; discharge series)
with regard to the causal effect between independ-
ent and dependent variables. Hydrologic data stag-
es concern the collecting and analyzing hydrometric
data and the examination of the effect of an inde-
pendent variable on a dependent variable (Higson
and Singer, 2015). A good hydrologic dataset (quan-
titative and qualitative data series) involved in ex-
perimentation allows for results’ validation and may
be up-scaled and/or generalized by means of ex-
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trapolation (Ben Slimane et al., 2015; Merchan et al.,
2018).

Observations - are complementary, systematic
type of activity consisting of attentively watching and
examining phenomena (e.g., time concentration, river
bank degradation, etc.). The observer, based on an
established protocol, must collect, during the experi-
ment, the information that would highlight any in-
consistencies between rainfall, infiltration and flow
(e.g., lag time: peak discharge time) (Biddoccu et al.,
2016; Evans, 2005).

Hydrometric data are valuable, demanding im-
portant capital and human resources (Hamilton,
2012). The quality and seriousness of the observer
and/or researcher are the keys to the success of an
experiment. Techniques to remember when perform-
ing observations:

- field observation sheet should provide supplemen-
tary information (notes) regarding atmospheric phe-
nomena, land use changes, morphological landscape
evolution etc. (Cerda et al., 2018).

- field photograph - complements the informational
table by capturing important moments in time (e.g.,
rainfall drop, splash erosion, infiltration time, runoff,
and surface storage during a natural or artificial
rainfall) as well as documents details about the
space and require extensive note taking (Marzen et
al., 2015).

Automated (measuring) activities need to be du-
plicated by systematic observations in order to avoid
loss of information (e.g., leakage times, pipe collec-
tor does not clog the grass or clump). These obser-
vations must be carried out permanently throughout
the experimental period (rainfall-runoff, snowmelt-
runoff) in order to allow the intervention in acci-
dents in order to prevent damage to installations
and the failure of experiments.

Failure of experiments

In the scientific world, it is admitted that “/ailure
to reproduce results is a normal part of how science
works” (Open Science Collaboration, 2015). Failures
of hydrologic experiments are a part of fieldwork.
When planning a hydrological experiment, it should
be considered that any field experiment is vulnera-
ble. The vulnerability can occur when the analysis of
the effect associated with technical and climatic
factors does not take into account all the means of
prevention, elimination/avoidance. Possible cause of
failure during experiments:

- from the technical point of view: it is not possi-
ble to have absolute control over extraneous varia-
bles (e.g., nozzle clogging of rainfall simulator);
instrumental errors (accidental loss of measured
data; clogging water tanks and wrecking water lev-
els; mistaken setting of the data logger);

- environmental: field-based exploitation requires
knowledge of weather forecasts in order to avoid
wind influence through windshield use and the effect

of high temperatures (high evapotranspiration); the
impossibility of varied hydrological testing of land
plots with various soil properties and with different
slopes; or destruction of devices due to animals or
insects.

Steps of the field hydrologic experiments

The scientific methodology of hydrologic field ex-
periment involves a series of steps that are used to
investigate a natural or simulated event. The inde-
pendent variable of microscale hydrologic studies is
the rainfall or snowmelt event, which makes possible
the research of different hydrologic parameters:
infiltration rate, runoff discharges or volume, lag
time, erosion rate. A protocol should be followed
when performing an experimental study (Humphry
et al.,, 2002; Kibet et al., 2014). The stages of the
hydrological field experiment are as follows: plot
homologation and instrumentation (Fig. 3). Scientific
homologating of field plot should consider two crite-
ria: representativity and accessibility (Stroosnijder,
2005).

A runoff plot must be considered representative
of a basin if it meets a few criteria (Kavian et al.,
2017; Wirtz et al., 2010): it is relatively homogene-
ous in soil and vegetation and exhibits uniform phys-
ical characteristics. Also, the soil use under a plot
may be deliberately modified for study purposes,
e.g., an hydrohill catchment with 512 square meters
of concrete aquic-lude (Weizu and Freer, 1995).

Once the research objective has been established
(e.g., quantitative identification of intensive grassland
erosion), maps and site plans will be analyzed and
field-based mapped to identify site variants (Cunha et
al., 2017). After finalizing the chosen variant, the
topographic elevation of the approved land shall be
carried out at a scale of 1: 100 - 1:2000, depending
on the size and number of parcels.

The plots, regardless of their number (a runoff
plot; a paired-runoff plot; a block runoff plots), will
be placed with the large side perpendicular to the
level curve, even if it is not parallel to the parcel plot
(Boix-Fayos et al., 2006). The cardinal orientation of
one of the small sides must be northward. Thus, a
pair of parcels may have the shape of a valley ac-
cording to the shape of the land.

When placing plots, one should also consider:

- the road network accessibility;

- the agreement on land accessibility, regard-

less of ownership (public/private);

- avoiding the influence of adjacent and un-

wanted factors (e.g., uses and experiments on

adjacent plots, adduction network, evacuation
network, cabinets with appliances, etc.).

All adjacent experimental runoff plots will be
mapped at the right/adequate scale using conven-
tional signs so as to create a detailed and overall
picture of the experimental area/perimeter.
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Figure 3: Workflow of the hydrological experiment protocol

Hydrological field experiment protocol

The protocol of a hydrological field experiment
for the rainfall-runoff study describes how it will be
experimented and should include the following ele-
ments (Fig. 3):

a) set a hypothesis - desk documentation - es-
tablish-ing the hypothesis and the experimental
method (e.g., what is the effect of vegetation on the
forma-tion of water resources, how it affects the
chemical concentration of the fruit trees, the water
in the soil, the anthropogenic perturbation of the
hydro-logic cycle); literature review books and pa-
pers, topographic and soil vegetation maps, aerial
images, guidance and any other sources relevant in
relation to the research problem being investigated
(perform simulations for products; evaluate, inter-
pret and justify simulation results);

b) establish the experimental protocol:
choosing the members of the experimental
team (observer/technician/hydrologist) and setting
work tasks;
geomorphological condition: slope, aspect,
land use; accessibility;
plot setting (dimensioning; round and rec-
tangular shape; arrangement);
vegetation study (appearance; cover);
setup of the necessary equipment for meas-
urements (water level sensor, volumetric water con-
tent sensors, label collection bottles) and observa-
tions (land plotting guide);
proper choice, design and/or dimensioning
of tools for dealing with extreme situations (e.g.,
water tanks can be clogged quickly when erosion
rates are high);

¢) planning of the experiments (establishing
the calendar and a minimum and maximum number
of experiments with the artificial rainfall installation
in relation to the objectives of the research; artificial
rain intensity: 0.5 mm/min, 1 mm/min, 2 mm/min);

weather and environment conditions research; con-
sultation of weather forecasts to avoid weather con-
ditions that are unfavorable to the experiment, e.g.,
intense wind; knowledge of antecedent conditions,
e.g., API3, soil moisture);

d) field setup - because the validity and re-
peatability of an experiment are directly affected by
its construction and/or execution, setup and instal-
lation of devices, taking great care when creating
the experimental design is very important; pretest-
ing available tools/devices (e.g., setup; calibration;
control measurement; data tests download);

e) test the hypothesis — for example, perform-
ing a rainfall simulation; repeating the experiment
will extend the hydrologic series, and minimize the
effect of experimental errors and reach a more accu-
rate conclusion;

f) analyze the results (water balance, statisti-
cal analysis, hydrologic modeling) and write the out-
comes, communicate conclusions respectively.

Challenges and social awareness of hydro-
logical experiment fields

As we above-mentioned, hydrological experiments
under filed conditions allow us describing the main
water processes and issues at different spatiotem-
poral scales of the most important natural source for
the humankind and ecosystems. However, despite the
increasing number of publications and diversity of
methods as confirmed several editors of the most
important hydrological journals (Quinn et al., 2018),
further work is still necessary in order to consider the
hydrology as a policy-relevant science (Takeuchi,
2004).

As several authors confirmed, soil erosion (Gar-
cia-Ruiz et al.,, 2013), water pollution (Liu et al.,
2017) or flash floods (Alaoui et al., 2018) among
others, do not have clear patterns, origins and con-
trol measures and further research must be con-

61



Playing with water — An introduction to ex-perimental hydrology

ducted using hydrological experiments under field
conditions.

The use of experiments in hydrology also allows
us including an obviated key factor in earth science
stu-dies, the human impacts (Lu et al., 2018). Hy-
drologists and related researchers should pay atten-
tion to other disciplines such as geomorphology
(Seeger, 2017) or soil science (Rodrigo-Comino et
al.,, 2017) in order to make more consistent their
results combinating different points of view and
increasing the representativity.

Conclusion

In this paper, the manners of obtaining hydrolog-
ical data at the microscale, as well as the protocols
of a hydrological (rainfall-runoff) field experiment
were indicated.

Runoff plots are important hydrometric tools for
hydrological studies. From an economic point of
view, expedition (temporary) hydrological land ex-
periments bring benefits as they shorten the work-
ing period and reduce the financial costs of the data
acquisition period. The key to a good hydrological
experiment at microscale consists of repeated at-
tempts in the field (pretests, carefully designed and
maintained) and seriousness.

One of the challenges of experimental hydrology
is the manipulation of "upscaling' data (see Canton
et al., 2018) generalized by extrapolation, and statis-
tical approach. Dooge (1986) depicts that “a great
contrast between statistical physics and statistical
hydrology in regard to the sizes of the aggregates
involved and, in the fact, that the hydrological phe-
nomena of major interest involve transient rather
than equilibrium behavior.”

However, from event scales of minutes to hours
at microscales, quantifying extreme rainfall rates
remains a challenge.
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Abstract

The current study shows the estimation of drinking water supply,
future trends and related issues in Varanasi City, India. Varanasi
(from 25°13'N to 25°24'N latitudes and from 82° 54'E to 83° 04’E
longitude) is one of the most important and historic city located
almost in the Middle Ganga valley in the northern plain of India.
For the convenience of civic administration, the city is presently
divided into 90 wards and for the purpose of extending adequate
and safe water supply facilities to the entire area, the city has
been divided presently into 16 water supply zones of which 5
zones lie in the trans-Varuna area and the remaining 11 zones in
the cis-Varuna area. The present work is based on the secondary
sources of data which are obtained from Water Supply
Department (Jal Sansthan), Nagar Nigam (Municipal Corporation)
of Varanasi. In the first phase of the study, data pertaining to ward
wise generation of water supply is collected from Water Supply
Department, NNV (Nagar Nigam Varanasi). Informal focused
group discussion, PRA (Participatory Action Research), and
observation technique were applied to get the first hand
information about the water supply scenario in the city. In the
second phase of the study, Arc GIS 10.1 software was used to
create maps for estimation of water supply management. The
population growth in Varanasi from 2011 to 2041 is estimated to
have a growth of 21% in 30 years at a rate of 2.25 % per year.
This growth rate is considered in the model from 2011 to 2041 to
predict the water demand in the city. The data was collected from
various municipalities as per the office records. It is estimated that
the amount of drinking water requirement forecasted for 2021,
2031 and 2041 is 0.49, 0.76 and 1.17 Billion liters per day
respectively in Varanasi City. These data show that with an
increase in population, the water demand is also increasing
decade after decade. Increasing population growth rate,
decreasing surface water resources, overexploitation of
groundwater, deterioration of ground water quality and poor
sewage treatment are the major water supply related issues in
Varanasi city, India.

Keywords: drinking water supply, overexploitation of
groundwater, forecasting method, increasing population

Introduction

Rapid and unplanned urbanization especially in
developing countries promotes environment related
morbidity including the inability of Municipal
Authorities to meet the growing demand of an ever
increasing population for basic urban services such as
drinking water supply.

Rezumat. Estimarea aprovizionarii cu apa
potabila si tendintele sale viitoare in orasul
Varanasi, India

Studiul actual prezintd estimarea aproviziondrii cu apa potabila,
tendintele viitoare si problemele aferente acesteia in orasul
Varanasi, India. Varanasi (care se intinde de la 25°13'N la 25°24'N
latitudine nordica si de la 82° 54'E la 83° 04' E longitudine esticd)
este unul dintre cele mai importante orase istorice situate in valea
Gangelui mijlociu din cdmpia nordica a Indiei. Administratia civica
a Impartit orasul in 90 de cartiere si pentru extinderea instalatiilor
adecvate si sigure de alimentare cu apa pentru intreaga zona,
orasul a fost impartit in prezent in 16 zone de alimentare cu apa,
din care 5 zone se afla in zona trans-Varuna si celelalte 11 zone
sunt in zona cis-Varuna. Lucrarea de fata se bazeaza pe sursele
secundare de date obtinute de la Departamentul de Aprovizionare
cu Apd (Jal Sansthan), Nagar Nigam (Societatea municipald) din
Varanasi. In prima faza a studiului, datele referitoare la generarea
de aprovizionare cu apa a cartierelor sunt colectate de la
Departamentul de Aprovizionare cu Apa, NNV (Nagar Nigam
Varanasi). Au fost realizate discutii de grup informale, PRA (Studiu
de actiune participativd) si a fost folosita metoda observatiei
pentru a obtine informatii primare cu privire la scenariul de
aprovizionare cu apa din oras. In a doua faza a studiului, software-
ul Arc GIS 10.1 a fost utilizat in vederea credrii de harti pentru
estimarea managementului aprovizionarii cu apa. Cresterea
populatiei din Varanasi in perioada 2011-2041 este estimata la o
crestere de 21% in 30 de ani, cu o ratd de 2,25% anuald. Aceasta
ratd de crestere este luatd in considerare in modelul din 2011 pana
in 2041 pentru a anticipa cererea de apa in oras. Datele au fost
colectate de la diferite municipalitati, conform finregistrarilor
administrative. Se estimeaza cd, cantitatea de apa potabila pentru
2021, 2031 si 2041 este de 0,49, 0,76 si respectiv 1,17 miliarde
de litri pe zi in orasul Varanasi. Aceste date arata ca, odata cu
cresterea numarului populatiei, cererea de apa creste de
asemenea de la decadd la decadd. Marirea ratei de crestere a
populatiei, scaderea resurselor de apd de suprafatd,
supraexploatarea apelor subterane, deteriorarea calitatii apelor
subterane si tratarea redusa a apelor uzate sunt principalele
probleme legate de aprovizionarea cu apa din orasul Varanasi,
India.

Cuvinte-cheie: alimentarea cu apé potabils,
supraexploatarea apelor subterane, metoda de previziune,
cresterea populatier

On account of rapid increase in urban population,
the gap in demand and supply of basic services is
increasing continuously. According to the primary
source of drinking water reported by Census 2011
nearly 70% households have access to tap water, out
of which 62% have access to treated tap water. Thus,
nearly 40% of urban households have no access to
public supply, and have to depend on other sources
of water. Moreover, not all the households that have
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access to public supply have access to it within the
premise. Only 49% of households have access to
piped water supply within their premises.

In over 50 years of political independence and
economic development, India has not been able to
ensure the most basic of human needs — safe drinking
water — for all its citizens. Rural areas include the
largest number of people without access to safe water
but, in common with many developing countries, the
fastest growing unserved populations live in urban
and peri-urban areas. Given the primacy of drinking
water as a national objective (Government of India,
1999) and recent policies of devolution through
private sector participation and local governments,
we ask: How can urban India alleviate its household
level drinking water deprivation, in the near-to-
medium term, and in cost-effective ways? This
question, and this policy shift, is central to resource
planning not only in India, but in many low-income
nations struggling to provide universal access to
drinking water. No major Indian city has a 24 hour
supply of water, with 4 to 5 hours of supply per day
as the norm. This compares to the Asian- Pacific
average of 19 hours per day supply. These averages
conceal a great deal of heterogeneity within cities.
Dubey, 1976 in his study of Kaval towns of Uttar
Pradesh highlighted the problems of water supply and
sewerage system. Singh and Kumra, 1997 have
examined the impact of Ganga Action Plan (GAP)
launched at Varanasi in June 1986 on the quality of
water of river Ganga- main source of water supply in
Varanasi city, taking water samples from six
maximally used Ghats. Radhakrishna, 2008 in his
monograph ‘Water supply and sanitation in Indian
context’ emphasized to increase the capacity of
treatment of waste water in cities where sewage
treatment plants have been installed. He has advised
to install treatment plants in all the cities with a
population of more than 100,000 persons. In a survey
of Delhi households with in-house connections,
Zérah, 2000 finds that 40% had 24 hour supply of
water, while more than 25% had under 4 hours a day
of service. MclIntosh, 2003 notes that consumers
without 24-hour supply tend to use more water than
those with continuous supply because consumers
store water, which they then throw away to replace
with fresh supplies each day (Iglesias, 2002).

Under current conditions, all Mediterranean
countries also face significant problems due to the
unbalanced distribution of water resources, conflicts
among users and between countries and it seems
most likely that climate change will lead to an
intensification of these problems. Projected
population growth is a way to measure gaps in water
availability. Continued increase in domestic water

withdrawals and demands led to the recognition of
the importance of water necessary for ecological
sustainability (Chaves and Alipaz, 2007). The water
balance for the Oueme—-Bonou catchment has been
calculated for the period of 2002 to 2025, with 2002
as the basis year (Giertz et al., 2010).

Recently, the Geographical Information Systems
(GIS) have become an integral and useful tool in
spatial and statistical analysis in water resources
management (Udovyk, 2006). An attempt has been
made in this paper on mapping urban water demands
using multiple criteria analysis. The water
management framework is necessary when
estimating the present and future urban water
demands for proper planning, development and
management of water resources (Mohan et al., 2011;
Chaurasia et al., 2013). Moreover, the anticipated
urban water demands and the construction of the
water supply and distribution system are essential in
development planning of regions (Cihakova, 2006).

Drinking Water Risk assessment calculations
assume that an average adult ingests approximately
2.0 | of water per day (Van Engelen et al., 2007). The
water demand predictions can be achieved by various
techniques, such as: time extrapolation; single
coefficient requirement methods; multiple coefficient
requirement models; multiple coefficient demand
models; and disaggregated water use forecast
models (Baumann et. al.,, 1997; Pradhan, 2003;
Mohan et al., 2011). According to a recent report of
Central Pollution Control Board (CPCB, 2008) on
“State of the Environment-Varanasi” there is an acute
shortage of water because the distribution system is
not well developed. The finding of the CPCB indicate
that supply of water is only 60 Ipcd in the Trans-
Varuna area which is lower than the prescribed
norms.

Study Area

Varanasi enjoys a commanding position on the
crescent shaped left bank of the Ganga river (fig.1).
The city is located on the proper ridge which forms
the northern bank of the Ganga river at a distance of
over 5 km (Rai & Nathawat, 2013; Rai & Mohan,
2014). This part of the city is quite above the normal
flood level. The city is 76.21m above the sea level.
Varanasi (250 13'N to 250 24'N latitudes and from 820
54'E to 830 04'E longitude) is one of the most
important and historic city located almost in the
middle Ganga valley in the northern plain of India. It
is locate at a distance by rail of 696 km from Kolkata,
1505 km from Mumbai, 797 km from Delhi, 143 km
from Allahabad, 230 km from Gorakhpur and 301 km
from Lucknow- the capital of Uttar Pradesh.
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Figure 1: The location of the study area

From the very beginning, the Ganga river is
serving as an important route of movement to
facilitate the transportation of goods and traffic in
addition to water supply to the city and as a natural
defence barrier.

For the convenience of civic administration the city
is divided into 90 wards and for the purpose of
extending adequate and safe water supply facilities to

the entire area, the city has been divided presently
into 16 water supply zones of which 5 zones lie in the
Trans-Varuna area and the remaining 11 zones in the
Cis-Varuna area. As per 2011 Census, Varanasi city
has a total population of 11, 98,492 (municipal
corporation) of which 6, 35,140 are males and
5,63,352 are females. The total number of
households in the city were 1,90,835 and the
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household density was recorded as 24 household/ha.
The population density of the city is 150 persons/ha.
About 70.30% of the population of city is literate. The
sex ratio of the city is of 887 females/1000 males.

Materials and methods

The paper is based on the secondary data sources
which are obtained from the Water-Supply
Department (Jalkal Vibhag), Municipal Corporation,
Varanasi. In the first phase of the study, data
pertaining to ward wise generation of water supply is
collected from Jalkal Vibhag, Municipal Corporation of
Varanasi. Informal focused group discussion, PRA
(Participatory Action Research) and observation
technique were applied to get the first hand
information about the water supply scenario in the
city. The secondary data sources include documents
of ULB's relevant government reports, documents and
study reports, and other similar documents were
consulted for writing the paper. The data regarding
the population is obtained from the Census office of
Lucknow. Data on generation of water supply is
calculated by multiplying the urban population by the
amount of water demand in Million Liters per Day
(MLD) (table 1). In the second phase of the study,
ArcGIS was used to create maps for estimation of
water supply management. The original map of
Varanasi city was scanned and registered/geo-
referenced to specify its location by inputting
coordinates. Thereafter, the collected data for various
water supply zones and locations were given as input
parameters for the supply of municipal water
management maps for Varanasi city using ArcGIS
applications.

Table 1: The current status of water supply
demand and supply details

No. Description Total

1 Population 17.16 Lack

2 Current Water 257 MLD
Demand

3 Water Extracted ---

4 From Ganga River 120 MLD

5 From Deep Tube 190 MLD
Wells

6 From Mini Tube 11 MLD
Wells

7 Supply Side After 292 MLD
Losses

8 Current Deficit 43 MLD

9 Total 321 MLD

Source: Water Supply Department (Jal Sansthan),
Varanasi, 2013

Varanasi is divided into 2 district areas Cis-Varuna
and Trans-Varuna. The former includes the old city
and the areas of Lanka towards south-west and
Lahartara zones. The Trans-Varuna area consists of
Civil Lines and developing areas of Shivpur, U.P.
College, Pandeypur and Paharai Zones. For the
purpose of water supply, the city is divided into 16
water supply zones of which 5 zones lie in the Trans-
Varuna area and the remaining 11 lie in the Cis-
Varuna whereas Lahartara zone lie outside the
municipal boundary. Further the whole city has been
divided into four zones for the purpose of water
supply (table 2).

Table 2: The zone wise distribution of tube

wells
Zone No. of Large | No. of Mini
Tube wells Tube wells

North 52 30
South 28 8
Central 37 35
Zone-4 23 7

Total 140 80

Source: Water Supply Department (Jal Sansthan),
Varanasi, 2013

The maximum number of tube wells (52) is
installed in the north zone owing to non-availability of
water supply from Ganga river. Besides the
development of the new residential areas, Chetganj
(Zone 4) and Dashaswamedh (Zone 4) have only 23
tube wells due to partial supply of drinking water from
the Ganga river. There are altogether 140 tube wells
which are operated in four zones. The town has
adequate perennial source of water in Ganga river,
which provides approximately 38% of the total water
supply. Another 57% of the water supplied is obtained
out from tube wells and remaining 5% is supplied by
publicly and privately owned Hand pumps (table 3 &
fig. 2).

Table 3: The sources of drinking water supply

Source | Capacity | Per Water Supplied
(MLD) cent

Ganga 125 38 Water supply to

River Bhelupur  water

works

Tube 190 57 Jal Sansthan

wells

Hand 15 5 Public and Pri-

pumps vately owned

Total 330 100

Supply

Source: Water Supply Department (Jal Sansthan or
Jalkal), Varanasi, 2013
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H River Ganga
B Tube wells

Hand pumps

Figure 2: The source of drinking water supply

15% are lost in the water treatment process and
20% are lost in transmission as assumed by the Jal
Sansthan. The raw water from the Ganga river is lifted
and pumped at Bhadani pumping station and
transported to Bhelupur Water Works where it is
treated, stored and distributed in the entire Trans-
Varuna area and some recently developed localities in
Cis-Varuna area. The water is also distributed to
different storage tanks dispersed all over the city.
There are 17 overhead tanks (capacity, 17.8 mid)
along with 7 underground reservoirs. The existing
storage capacity is insufficient to take care of the
present as well as the future demand of the city. The
present distribution system of water supply is more
than 100 years old and hence prone to leakages.
Sometimes the sewer lines cross the water supply
lines posing a risk of contamination of the water
supply. It has been estimated that the loss of water
through leakage and poor maintenance of pipelines is
99 MLD, i.e. 30% of water is lost due to leakage in
pipelines (according to a report of Jal Sansthan). As
a result, it creates the situation of deficit water per
day in the city.

Looking at the population of the city, the water
requirement is approximately 276 MLD but Jal
sanathan is able to provide only 231 MLD. Due to
leakage (30%) 99 MLD water go as waste. However,
a total of 330 MLD water is produced by Jal sansthan.
The water is being supplied at the rate of 130 liters
per capita per day against the recommended norms
of 150 liters per capita per day by CPHEEO. The total
domestic requirement for 2011 had been calculated
in a spatial domain, using population data and the

consumption rate per capita. Data shows that about
156 MLD water is being supplied against the total
requirement of about 180 MLD, with a gap of about
24 MLD, there is also marked spatial variation in water
demand and supply across the city (table 4). The total
water demand per day varies from 0.13 MLD to 0.58
MLD. It is observed in fig. 3 that the high deficit is
greater than 0.5 (Requirement of Water Supply-Total
Water Supply) and it is is found in Rajghat and
Mawaiya. It also indicates that the water supply does
not commensurate the required demand for water
anywhere in Varanasi City.

1 1

VARANASI CITY
WATER DEFICIT
(DEMAND-SUPPLY GAP)

Million Litre Per Day

B <o
[ o205
B -os 2 1 o 2

2'sTOE

Figure 3: The water deficit (Demand — Supply
Gap) within Varanasi city

Table 4: The ward wise water supply, requirement and water deficit in Varanasi City

Require- Water Sup- Require- Water Sup-
ment of Wa- | ply (Ipcd) ment of Wa- | ply (Ipcd)
ter  Supply ter  Supply
No. Name of Wards (Ipcd) No. Name of Wards (Ipcd)
1 Lahartara 2533500 2195700 46 Benia 2144100 1858220
2 Indrapur 2311650 2003430 47 Ishwargangi 1829100 1585220
3 Chhitanpur 3045450 2639390 48 Harhasarai 1686450 1461590
1141920 Madhema- 1028100 891020
4 Narayanpur 1317600 49 | heshwar
2180360 Kameshwar 2555550 2214810
5 Tarna 2515800 50 | Mahadev
6 Nadesar 1876200 1626040 51 Raja Bazar 1783500 1545700
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7 Pahariya 2550750 2210650 52 Saptsagar 1994700 1728740
8 Kamalgarha 3155400 2734680 53 Bramhnal 1431750 1240850
9 Kalishahullapur 2439000 2113800 54 Goladinanath 1154700 1000740
10 Jalalipura 2398650 2078830 55 Pandariba 1899600 1646320
11 Rasulpur 1935600 1677520 56 Nariya 2477850 2147470
12 Nawapura 3028200 2624440 57 Pandeyhaweli 2272050 1969110
3195660 Lallapura Ka- 2199750 1906450
13 Sareyan 3687300 58 | lan
14 Aliapura 1206000 1045200 59 Basaniya 1570350 1360970
1304810 Lallapura 1532100 1327820
15 Saraisurjan 1505550 60 | Khurd
16 Madanpura 1930200 1672840 61 Hukulganj 1916250 1660750
17 Rajghat 3879300 3362060 62 Lahangpura 1297950 1124890
18 Natehar 2026800 1756560 63 Luxa 1506250 1218750
19 Ghausabad 2949300 2556060 64 Durgakund 1510950 1309490
20 Ramrepur 2073900 1797380 65 Tulsipur 1749450 1516190
1268800 Tillbhandes- 1989300 1724060
21 Sikraul 1464000 66 | hwar
22 Daranagar 2438250 2113150 67 Bangalitola 1442850 1250470
23 Taktakpur 2826000 2449200 68 Sunderpur 1506900 1305980
24 Senpura 1276950 1106690 69 Kalbhairav 1675050 1451710
25 Mawaiya 4347900 3768180 70 Rewaritalab 1144200 991640
26 Jaitpura 2253000 1952600 71 Karaudi 2305200 1997840
27 Sarnath 2465700 2136940 72 Sigra 1644900 1425580
28 Shivpurva 2992650 2593630 73 Shivpur 1503300 1302860
29 Baluabir 2370750 2054650 74 Vinayaka 1483350 1285510
30 Salempur 2032800 1762760 75 Bajardiha 2093550 1814410
2276560 Sarai- 1826100 1582620
31 Khojawa 2626800 76 | goverdhan
32 Lokochhitupur 3510150 3042130 77 Bhelupur 2178150 1887730
33 Dhupchandi 2838450 2459990 78 Katuapura 1353750 1173250
34 Jagatganj 2697750 2338050 79 Naibasti 1151400 997880
35 Dashaawamedh 1776750 1539850 80 Onkleshwar 1524150 1320930
36 Kamalpura 2773050 2403310 81 Jangambari 1410600 1222520
37 Baghara 2604450 2257190 82 Paharpur 1482000 1284400
38 Sarsauli 2297700 1991340 83 Chetganj 1614000 1398800
39 Shivala 1450950 1257490 84 Khajuri 1167000 1011400
40 Pearikala 1449750 1256450 85 Kamchcha 1849200 1602640
41 Ramapura 1420050 1230710 86 Jolha 1758450 1523990
42 Rajmandir 1749900 1516580 87 Pisachmochan 1213800 1051960
43 Prahladghat 1756050 1521910 88 Ghasivaritola 1176750 1019850
44 Garwasitola 1656600 1435720 89 Bhadaini 1535400 1330680
45 Kazipura 1569150 1359930 90 Nagwa 1292100 1119820

Source: Water demand estimated on the norm of CPHEEO (150 |pcd) and water supply estimated per capita
by the Water Supply Department of Varanasi (130 [pcd).

Estimation of water demand in each year
up to projected year

It can be observed that the water demand per day
is gradually increasing decades after decades and the
figures also indicate the average liter per capita per
day of water supply within this region up to projected
year (table 5).

The future quantities of water supply are closely
linked to economic growth given un-changed water
supply intensities in economic and human activities.
Again the water supply is directly proportional to the
rate of change of population. A mathematical
calculation is the ultra-process beginnings with the

estimation of future population based on the average
increase in population of last two decades and then
there is calculated the future amount of municipal
water supply as following:

Future population (Pf) = Po (1+R/100) y

Po= Initial Population,

R= Percentage of growth rate = {(x1+x2)/2}/10,
x1&x2 is the population increasing percentage of last
two decades and

y = years.

The rate of increasing population varies decades
after decades.
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Table 5: The population and Water Supply Demand Projection of Varanasi up to Projected

Year
No. Year Population Population Water Supply De- Water Supply Demand
(Million) mand (Million Liters/Day) | (Billion Liters/Day)
1 2011 1198492 1.2 328.8 0.32
2 2021 1457579 1.5 486.0 0.49
3 2031 1874945 1.9 752.4 0.76
4 2041 2376749 2.4 1168.8 1.17

Source: Calculated from the data of Jal Sansthan of Varanasi City

The average increasing rate is 29% for 2011-2021,
22% for 2021-2031and 23% for 2031-2041.

Future amount of Water Demand per day

Water Demand (Wd) = (Pf) x (Wc)

Pf = Predicted population, and

Wc = Water consumption (Million Liters/day).

The projections for urban water demand in 2041
were made by factoring expected growth in
population and estimated water consumption per
capita. The population data collected from census of
India as per the report of technical group on
population projections constituted by the national
commission on population of the office of the
Registrar general & Census commissioner of India.
The population projection is calculated by the

forecasting method. The population growth in
Varanasi from 2011 to 2041 will have a growth of
21% in 30 years at a rate of 2.25 % per year. This
growth rate is considered in the model from 2011 to
2041 to predict the water demand in the city. The
data were collected from various municipalities as per
the office records. It is estimated that the amount of
drinking water requirement forecasted for 2021, 2031
and 2041 are 0.49, 0.76 and 1.17 Billion Liters per
day respectively in Varanasi City. This data shows that
with the increasing of population, the water demand
also increases decade after decade. The population
versus increase of water demand of year wise from
2011 to 2041 is obtained from the forecasting method
shown above (fig.4).

Population and Water Demand Projection up to Projected Years in
Varanasi City

==§==Population Projection

1 )
._-'-—_?L/ == Water Demand Projectl'on
0.5

Population(Million) &
Water Demand (Billion Liter/Day)

Years

2011 2021 2031 2041

Figure 4: The population and water demand projection up to projected years in Varanasi City

Conclusion and suggestions

The future water demand is analysed by the
forecasting method, illustrating the estimates of
water demand from 2011 to 2041 which shows that
if the growth of population and the growth of water
demand rate increases per day it will be increasing
proportionally. The supply of water in Varanasi city is
going to be a big challenge in future. The rapid

increase in population, depleting water resources and
enhanced consumer needs are going to create a
difficult situation.

The market oriented development is creating new
needs in sectors like entertainment industry and
tourism, construction industry, adapted new
technologies pushing up water needs, more supply in
shopping malls, and so on. Simultaneously, the
alarming rise in pollution levels in surface water
bodies and even in groundwater is added to this
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situation. The demand is likely to increase to 0.49,
0.76 and 1.17 Billion Liters per Day by 2021, 2031
and 2041 respectively. It is not an easy task to provide
required amount of water to the city population as the
flow and volume of water in Ganga river has
considerably decreased. Besides the river water is
polluted.

The water supply systems in Varanasi suffer from
inadequate operations and maintenance. Lack of
operations and maintenance is a major cause of
distribution losses, and also affects the longevity of
the system. Most households in the city do not receive
adequate water. Often, the non-availability of water
or water scarcity is cited as a reason. However, the
major challenge in the city is the huge distribution
losses which account for a significant amount of the
non-revenue water in the city.

These losses are both physical due to decrepit
pipes and lack of maintenance, and also monetary
losses, due to incomplete metering and billing. The
physical losses occur in three main ways: the
leakages in the distribution mains, leakages at
storage tanks, or leakages at service connection
points. The present distribution system of water
supply is more than 100 years old and hence prone
to leakages. In some cases, the sewer lines cross the
water supply lines posing a risk of contamination of
the water supply. The preventive maintenance of the
water supply lines through leak detection at regular
intervals would prevent not only the contamination
but also reduce the physical losses and line loss of
pressure.

The frequent leakage and conflict points should be
geo-detected and mapped for easy identification and
prompt action. The water supply at the end consumer
should also be monitored regularly and water testing
kits should be distributed in the ward council for ease
of the consumers and detection of possible
contamination. The storage capacity is insufficient in
the new extension areas of the city and there is no
proper water system for slums. Therefore, an urgent
need is felt for a comprehensive water policy for the
city which is suitable and satisfactory to the growing
needs of the citizens. The prevailing ‘adhocism’ in
protecting, enhancing and conserving water needs to
stop. In order to encourage the citizens, the municipal
authority has to organize awareness programmes for
the water supply management in the city.
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Abstract

Urban green infrastructures are now considered key elements in
improving residents’ quality of life and creating an appropriate
framework for the development of sustainable cities. One of the
most efficient method to evaluate the state and performance of
urban green infrastructure is using different types of indicators.
The indicators for evaluating the benefits, ecosystem services and
the role of green infrastructures for the process of sustainable
development represent important tools for decision and policy
makers. Indicators provide information that can be easily
interpreted by decision and policy makers and they facilitate the
process of planning, monitoring and evaluation of green
infrastructure in urban areas. The focus of our study is to
establish which indicators are used for underlining the structural
and functional diversity of urban green infrastructures. This paper
aims to highlight the indicators and indices being used in
Romanian urban areas for measuring their sustainability that
include green infrastructures, in the wider understanding of the
concept. Throughout the paper, different examples of indicators
and indices are provided, emphasizing that by using the proper
set of indicators and indices, city authorities can tag a sustainable
development label for certain areas. However, an unbiased
assessment using some sets of indicators and indices are not
always providing unbiased or realistic outcomes.

Keywords:
sustainability

indicators, urban green infrastructures,

Introduction

Urban settlements are confronted with a series of
environmental, economic and social problems
affecting both their structure and functions (Ioja et
al., 2014). New challenges such as globalization,
emigrant crises or environmental changes have
determined international organizations promoting
policies and strategies (Habitat I and II, Local
Agenda 21, European Urban Charter, Millennium
Declaration, Metrex, etc.) with the objective of
achieving a sustainable development of cities
(Schaffler&Swilling, 2013).

Sustainable urban planning aims at approaching
problems in a holistic manner by considering specific
scale issues (Norton et al., 2015), integrating the
vision of policy makers (Vandermeulen et al., 2011)
or selecting the right solution for development
(Govindarajulu, 2014). The integration of all aspects
in urban planning requires a more strategic,
interdisciplinary and socially-inclusive process that

Rezumat. Indicatori de evaluare a rolului
infrastructurilor verzi in dezvoltarea urbana
durabila in Romania

Infrastructurile verzi urbane sunt considerate elemente cheie pentru
fmbunatatirea calitatii vietii rezidentilor si crearea unui cadru adecvat
pentru dezvoltarea oraselor durabile. Una dintre cele mai eficiente
metode de evaluare a starii si performantei infrastructurilor verzi
urbane consta in utilizarea a diferite tipuri de indicatori. Indicatorii de
evaluare a beneficilor, servicilor ecosistemice si a rolului
infrastructurilor verzi in procesul de dezvoltare durabild reprezintd
instrumente importante pentru factorii de decizie si cei politici.
Indicatorii oferd informatii ce pot fi usor interpretate de catre
decidentii politici and faciliteaza procesul de planificare, monitorizare si
evaluare a infrastructurilor verzi urbane. Studiul nostru se
concentreaza pe stabilirea unor indicatori ce ar putea fi folositi pentru
a evidentia diversitatea structurald si functionald a infrastructurilor
verzi urbane. Scopul acestei lucrari este de a sublinia indicii si
indicatorii utilizati in arealele urbane din Roménia pentru a cuantifica
sustenabilitatea infrastructurilor verzi, pentru o profunda intelegere a
acestui concept. Pe parcursul lucrarii sunt propusi o serie de indicatori,
subliniind faptul cd, prin utilizarea setului corespunzator de indici,
autoritdtile locale pot eticheta un anumit areal ca avand o dezvoltare
urband durabild. Cu toate acestea, o evaluare obiectiva pe baza unui
anumit set de indicatori, nu ofera intotdeauna rezultate realiste.

Cuvinte-cheie: indicatori infrastructuri verzi urbane,
durabilitate
increasingly uses green infrastructures in the

decision-making process (DG Environment, 2012) as
a way to contribute to achieving sustainability and
resilience goals (Church, 2015).

A sustainable city is a challenge of present
society (Ferrer et al.,, 2018) as it imposes a new
approach in organizing the urban space and
connecting urban functions, a demanding task for
old urban areas passing throughout history, through
successive and sometimes antithetic patterns of
planning. Direct effects are present in the
transformation of traditional grey infrastructures into
modern and sustainable ones (Nitd et al., 2018)
following the objectives of sustainable development.
On the other hand, the race for sustainability
sometimes reduces or eliminates local differences in
the structural and functional diversity in sectors of
the city and, nonetheless, as sustainability is a
catalyst for globalization, cities aiming in achieving
this goal are likely to lose their authenticity due to
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the fact that urban areas no longer address to local
community but they address to a globalized world.

The use of green infrastructures in urban
planning has increased as it is capable of
contributing to a wide variety of policy objectives
and goals in a sustainable manner
(Bianchini&kHewage, 2012). Green infrastructures
represent an instrument of achieving these goals,
with their ecological, social and economic benefits
being beyond doubt (Tzoulas&James, 2010).
Planning with green infrastructures calls for different
kinds of information compared to classical processes
(Giordano, 2012), especially assessments
considering their multifunctionality and the
achievement of environmental, economic and social
objectives (DG Environment, 2012).

Green infrastructure was originated as a concept in
the 19™ century in the search of connecting both parks
and other urban areas for the benefits of population
and also the conservation and connection of natural
protected areas for the benefits of biodiversity
(Benedict&McMahon, 2006). Urban green
infrastructures are represented by a network consisting
of: central areas (parks, urban forests, cemeteries,
sport facilities), corridors (street alignments, water
bodies, protection patches) and stepping stones
(compact areas of small sizes — institutional gardens,
residential green spaces) (Nita, 2016).

Urban green infrastructures are a concept with a
multitude of visions (Newell et al., 2013) but
represent in the broadest definition connected
networks of multifunctional areas supporting
ecologic and social processes (Ioja et al., 2014).
Green infrastructures exhibit connectivity and
multifunctionality as underlying features, covering a
range of varying elements. Green infrastructures are
defined by a series of characteristics that allow their
evaluation: critical mass (minimal dimension of an
element that can be considered as green
infrastructure), benefits provided to the population,
multifunctionality (the variety of their functions for
society and nature also), the replacement of a
traditional infrastructure and the degree of anthropic
involvement in their maintenance (IEEP, 2011).

The main aim of the present paper is to establish
which indicators are used for underlining the
structural and functional diversity of urban green
infrastructures. The main objectives are (i)
establishing typologies of indicators according to
aspects of urban green infrastructures they assess
and (ii) evaluating the current situation of indicators
used in planning documents for evaluating urban
green infrastructures.

Typologies of indicators for assessing
urban green infrastructures

Green infrastructure indicators can be found in a
variety of forms: from simple qualitative or
quantitative approaches to complex models
accounting for indirect benefits or co-benefits. It is
always useful to frame indicators into typologies,
allowing both scientists and public administrations to
select the most relevant ones.

1. Descriptive and performance indicators

One of the first methods of delineating indicators
used in evaluating the contribution of urban green
infrastructures to the sustainability of the city is that
with two simple categories: descriptive and
performance. This simple delineation, used by other
studies (de Groot, Alkemade et al., 2010) is very
useful in connecting indicators with their
contribution to sustainability: state indicators
concentrate on the number or surface
(characterizing multiple elements of urban green
infrastructures), while performance indicators
determine the contribution of those elements to the
general objectives of the city (Fig. 1).

It is notable that state indicators are easier to
calculate and interpret the results, while
performance indicators require both good data
sources but also in-depth understanding of the
mechanisms controlling environmental, social and
economic processes at city-level. Both descriptive
and performance indicators can be calculated at
various spatial scales.

2. Indicators of benefits

A second approach in delineating indicators is in
categories according to the specific benefits which
we are trying to achieving from urban green
infrastructures. Given their multifunctionality, this is
challenging, as most of the times green elements
provide multiple benefits and even co-benefits at
city level (Raymond et al., 2017), but most of the

authors delineate indicators on three main
categories of benefits: ecological, social and
economic.

Ecological benefits regard improving air quality
through carbon sequestration and filtration of
pollutants, reducing erosion due to rainwater or
diminishing the negative effects of noise pollution
(Badiu et al., 2016). Ecological indicators can be
represented therefore by: Amounts of sequestered
Carbon (kg/ha/year), Pollutants (PM10 and PM2.5,
S02, NO2, CO, 03, CO2) retained by trees or other
vegetation  (tons/ha/year), Changes in air
temperature in vegetated surfaces (°C), Water
retention in vegetation and soil (tons/sqgkm) or
Percent of permeable surfaces (% of constructed
spaces).
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While some of these indicators are easy to
calculate and represent (Fig. 2 — percent of
permeable surfaces in urban areas) for most of
the ecological indicators intensive studies are

required, especially given the high diversity of
species and processes in urban green
infrastructures and results are not always easily
understood by various stakeholders.

N

—+

Number of urban parks

Surface of urban parks (acres)
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- Gardens of commercial areas
Institutions gardens - Gardens of industrial areas

Impermeable surface
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Level of playgrounds utilization
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Water retention capacity
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by vegetation

0 05 1 2
s Kilometers

Fig. 1: Examples of state and performance indicators of urban green infrastructures in Constanta,
Romania

Social benefits cover a wide range of aspects
from the aesthetic improvement of urban landscape
to the provision of recreation spaces, providing
opportunities for socialization, areas for different
sports and improving the general health state of the
population. In respect, social and cultural indicators
are represented by: number of public recreation
sites (no.), accessibility to urban green
infrastructures (no. of inhabitants situated at a
minimum distances), number and magnitude of
events organized in urban green infrastructures (no.
of participants), frequencies of Vvisits (no. or
duration).

If accessibility (Fig. 3) and other descriptive
social indicators are relatively easy to calculate
especially using GIS techniques, for other indicators

such as social cohesion, health improvement or
opportunities for socialization, their calculation is
difficult due to data deficiencies and the lack of a
clear connection between the wurban green
infrastructure and its benefits.

Economic benefits include elements such as real-
estate changes, reducing energy consumption or
providing direct economic incomes from activities
associated with elements of wurban green
infrastructures.  Economic indicators can be
represented by the real-estate value of buildings in
the proximity (euro/sgm), monetary value of
medicinal species (euro), reduction of medical
expenses (euro/year), energy consumption for air
conditioning (euro/year) or the biomass capacity in
urban areas (Fig. 4).
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Fig. 4: Economic and descriptive indicator - biomass capacity in urban areas
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Indicators evaluating the benefits of urban green
infrastructures represent useful instruments for
decision makers and in the same time facilitate the
communication between experts and non-experts.
Their separation into ecological, social and economic
indicators makes it easier to relate them to the
sustainable development goals as established at city
level (Gavrilidis et al., 2017).

3. Indicators for ecosystem services

One of the most recent approaches regarding the
urban green infrastructures benefits is linked by the
quantification of urban ecosystem services. Through
the evaluation of ecosystem services provided by
urban green infrastructure, a tangible value is
attributed to these benefits, which is more efficient
to manage by the decisional authorities. For the
evaluation of ecosystem services in urban
environments, the European Commission has
published the report Mapping and assessment of
urban ecosystems and their services (Rocha et al.,
2015) which presents a series of indicators used for
quantifying the provision, regulatory and cultural
services.

According to the classification of ecosystem
services at urban level, they are indicators for the
evaluation of urban green infrastructures

(i) provision services - biomass quantity of big
and mature trees per forest surface (t/ha), number
of species which present medical value, the

harvested quantity (no./ha, euro/ha (kg or t)/ha) or
forest cover (%);

(i) regulatory and support services - quantity of
carbon sequestrated in the trees canopy (t/ha), the
capacity of water storage in vegetation and soil
(t/sgkm), reduction of green gas emissions (%),
trees shading area (urban climate regulation) (sqm),
trees cooling potential (t C/ha) or ecological prints
(tC02);

(iii) cultural services - suitable space for open
air cultural activities (m2), recreational potential
(between 0 and 1), spatial distribution of runners
and bikers (number of runners and bikers/
hour/km), kids playgrounds surface (m2).

Most frequently such indicators are interlinked,
as urban green infrastructures provide a wide range
of ecosystem services in the same time (Fig. 5),

increasing their potential for improving the
sustainability of a city.

Presence of indicators in planning
documents

Previous studies have analyzed the presence of
green infrastructures in planning and strategic
documents at urban level (Nitd et al., 2017) and
demonstrated that despite their importance there
are frequently seen as marginal spaces of urban
development. Planning documents  contain
numerous indicators for assessing elements of urban
green infrastructures: temporal dynamic of surfaces
occupied by urban green infrastructures, newly
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established surfaces of urban green infrastructures,
forest surfaces, managed green surfaces, distance
covered by street alignments, number of green

areas such as playgrounds, surface of sport facilities,
surfaces of green areas per capita.
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Property value near
urban parks

Distribution of running
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Fig. 5: The variety of ecosystem services delivered by an urban park in Bucharest

It is obvious that most of the indicators are
simple descriptive ones, indicating only the state of
green at city level. For a better connection between
the wurban green infrastructures and the
sustainability of cities one should also include
performance indicators assessing the ecologic,
economic and social benefits of urban green. These
indicators should be organically integrated both in
public policies but also in legislation at various
geographical scales (Badiu et al., 2016).

Public administration should seek to firstly create
a database of urban green infrastructures in
accordance with the reality which could assist in the
calculation of indicators and further down to
achieving the sustainability goals. In addition,
besides indicators which are mandatory to calculate
at city level, administrations should develop
complementary indicators distributed among all
categories, considering in equal manner the social,
economic and environmental components, and being
part of an integrated system of urban monitoring.

Green infrastructures should have their specific
place in the urban ecosystems, in a complementary
or often hybrid relation with other infrastructures.
The change in the population consumption models
will determined profound structural and functional
changes in the distribution of wurban green
infrastructures, aimed at integrating spaces such as
playgrounds, areas for pets or area designated for
concerts or markets. In their search for contributing
to the sustainability of the cities, urban green

infrastructures could be developed on abandoned
lands (including those with water or soil challenges),
open spaces inside the built-up areas (brown-fields)
or alternative locations (green roofs or walls).

Conclusion

The article presents the main categories of
indicators assessing the contribution of urban green
infrastructures to achieve urban sustainability and
presented three main typologies: descriptive and
state indicators, indicators assessing benefits and
those focused on the evaluation of ecosystem
services. We found that currently indicators used in
planning documents for evaluating urban green
infrastructures are mostly simple descriptive
indicators. Our results emphasize the need to
complementary use different types of indicators in
analyses, rather than just descriptive ones and also
push for the integration of indicators’ results in the
process of urban planning.
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Abstract

In a world of technology, where the increasing urbanization tries
to cope between sprawl and the need to actively manage a
sustainable land and resources use, transportation remains
among the main challenges for physically active cities like Craiova.
The city is the major growth pole located in South-West Oltenia,
which connects most of the settlements in the region (both rural
or urban) economically and socially. Thus, the transportation
system represents the key element in the relation between time
and place in this metropolitan area in a continuous development
process. While the city expands, the transportation network,
inherited from the past, suffers a slower transformation, despite
the increasing demand for mobility coming from both passengers
and freights. The spatial analysis of new residential areas
emerged in the continuous process of urban expansion indicate
an additional pressure on the existing road infrastructure and
which intensifies especially during peak hours on the access
routes to the city and city center. Starting from the analysis of the
spatial structure and distribution of the pre-existent rural
structure, the present study tries to emphasize the need for an
innovative and integrated infrastructure that should connect at its
best space, services and people in terms of speed, capacity and
cost efficiency. First, using the GIS mapping methods, the authors
present the spatial distribution of the transport infrastructure that
is correlated with population density and land use, also analyzing
the areas with high density of jobs and elements of the urban
landscape that may generate attractivity. A special attention is
paid to the urban form - street pattern relation, exemplified by
case studies in problematic intersections of Craiova city. All these
factors are important in order to establish the present capacity of
the urban transportation system during peak hours, and what are
the main deficiency of the transport system: traffic jams, insuffi-
cient parking places, need of new connections in public
transportation. The results of the research may be used to
improve passenger transport inside the city of Craiova and may
also suggest some solutions that mitigate for the introduction of
new concepts like car sharing, electric public transportation,
hybrid vehicles or new alterna-tives for peoples’ movement.

Keywords: urban transport, connectivity, passengers
and freight movement, urban land use

Rezumat. Utilizarea metodelor GIS pentru
analiza caracteristicilor spatiale ale sistemului
de transport urban in orasul Craiova

Intr-o lume a tehnologiei, in care cresterea urbad incearcd s& facd
fata extinderii si necesitdtii de a gestiona in mod activ o utilizare
durabild a terenurilor si a resurselor, transportul ramane printre
principalele provocari pentru orasele fizic active precum Craiova.
Acesta este cel mai important pol de crestere din sud-vestul
Olteniei, care conecteaza majoritatea asezarilor din regiune (atat
rurale, cat si urbane) din punct de vedere economic si social.
Astfel, sistemul de transport reprezintd elementul cheie in relatia
dintre timp si loc in aceasta zond metropolitana intr-un proces de
dezvoltare continud. In timp ce orasul se extinde, reteaua de
transport, mostenita din trecut, sufera o transformare mai lenta,
in ciuda cresterii cererii de mobilitate provenind atat din partea
pasagerilor, cat si a transportului de marfuri. Analiza spatiala a
zonelor rezidentiale noi aparute in procesul continuu de
expansiune urband indica o presiune suplimentara asupra
infrastructurii rutiere existente si care se intensifica, in special in
timpul orelor de varf, pe rutele de acces catre oras si in centrul
acestuia. Pornind de la analiza structurii spatiale si a distributiei
structurii rurale preexistente, studiul de fatd incearca sa sublinieze
necesitatea unei infrastructuri inovatoare si integrate care sa se
conecteze la cel mai bine spatiul, serviciile si persoanele in ceea
ce priveste viteza, capacitatea si eficienta costurilor. In primul
rand, folosind metodele de cartografiere GIS, autorii prezintd
distributia spatiald a infrastructurii de transport corelata cu
densitatea populatiei si utilizarea terenurilor, analizand de
asemenea zonele cu densitate mare a locurilor de munca si
elemente ale peisajului urban care pot genera atractivitate. O
atentie deosebita este acordata relatiei dintre structura urbana si
a tramei stradale, exemplificata prin studii de caz in intersectii
problematice din orasul Craiova. Toti acesti factori sunt importanti
pentru a stabili capacitatea actuala a sistemului de transport urban
in timpul orelor de varf si care sunt principalele deficiente ale
sistemului de transport: blocaje de trafic, locuri de parcare
insuficiente, nevoia de legaturi noi in transportul public.
Rezultatele cercetdrii pot fi utilizate pentru a Tmbunatati
transportul de cdldtori in interiorul orasului Craiova si pot sugera,
de asemenea, unele solutii care promoveaza introducerea
conceptelor de partajare a autovehiculelor, transportul public
electric, vehiculele hibride sau alternative noi pentru deplasarea
oamenilor.

Cuvinte-cheie: transport urban, conexiune,
transportul persoanelor si al marfurilor, utilizarea
urband a terenurilor
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Introduction

The rapid urban expansion during the last decade
caused by the socio-economic growth of modern so-
ciety based on technology has major repercussions
on urban mobility (Gonzalez M. et al, 2008). Besides
the environmental impact, most urban centers face
problems concerning the mobility, the transport infra-
structure being overcome and causing frequent traffic
jams (Jingyuan Wang et al., 2014), which reduce the
efficiency of car transport by increasing the time
travel for relative short distances, augmenting the
fuel consume and producing air pollution (Belik, V. et
al., 2011; Pengjun Zhao, 2010).

Nowadays, mobility is essential for the economic
development to take place, both locally and region-
ally, influencing the people wealth fare and that is
why policy makers must focus of transport efficiency
and sustainability. Although the road density is high,
for most cities it became insufficient and road exten-
sion is not a viable solution anymore, especially inside
the cities, mainly because of urban land use (high
price land, historical centers closed for traffic circula-
tion). Also, extending the road infrastructure and en-
couraging urban mobility based on motorized trans-
portation generates a vicious circle which will cause
the exponential increase of the number of cars
(Gutiérrez J & Garcia-Palomares J.-C., 2008).

In EU, most cities face problems regarding the ur-
ban transport, which generates not only deficiencies
in the movement of people and freights, but also a
high level of pollution. In this respect, it was decided
to find viable solutions by discouraging individual car
movement and promoting the collective transporta-
tion or by developing non-motorized transportation
means. Thus, all big European cities must have a sus-
tainable urban mobility plan, the main objective of
which is to improve accessibility of urban areas and
providing high-quality and sustainable mobility and
transport to, through and within the urban area. It
regards the needs of the “functioning city” and its hin-
terland rather than a municipal administrative region
and contributes to a better overall performance of the
trans-European transport network and the Europe's
transport system as a whole (CE, 2013).

Although Craiova experiences a relatively recent
urban sprawl, the city deals with the increase of car
number and the intensification of road traffic in both
the city center and urban fringe. So, the car use in-
creased, same as the distances covers daily, with the

mention that most of the times the time and distance
relation is not optimal. (Banister, D., 2008). Because
of this ratio, the transportation costs increase for all
type of transport (Mir Shabbar Ali et al., 2014). As
many other big cities, Craiova develops a spatial
structure based on the individual car transportation.

Study area

Craiova is one of the seven urban growth poles in
Romania (along Brasov, Cluj-Napoca, Constanta, Iasi,
Ploiesti and Timisoara), being the largest city in South
West Ol-tenia Development Region. In the given
context, Craiova municipality polarizes most of the
economic activity in the region, exceeding the limits
of its metropolitan area due to the socio-economic
connections established with the rest of the nearby
urban and rural set-tlements. There is a strong
connection between the transport infrastructure and
the urban influencing area of Craiova, creating a
functional metropolitan area slightly different from
the one officialy established by the Law 215/2001,
Law 351/2001, Law 350/2001, Govern-ment
Ordinance no 26/2000, Law 246/2005 and based on
the Decission of the Local Council of Craiova no
297/27.11.2008 (fig. 1).

The metropolitan area of Craiova holds 54% of the
population within Dolj county (75% of the population
in the metropolitan area lives in Craiova). The
population of 304,089 inhabitants (INS, 2017) is
unevenly distributed on the urban area of the city
(105.39 sq km out of which 81.41 sq km urban area),
with a density of 3,310 inhabitants/sgkm (Table 1).
The metropolitan area represents 20% of the total
surface of Dolj county (fig. 1). The urbanization rate
in the metropolitan area is high, as demographically,
82% of the popula-tion is concentrated in three urban
centers and only18% lives in the rural area.

Table 1: Table 1 — Spatial and demographic
changes in the urbanized area of Craiova

1992 2011 Change |
Population 307,077 | 311,909 | 1.55%
Urbanized area | 58,80 81,41 27.77%
(sq km)
Population den- | 5,222 3,831 -
sity (pers/ sq 36.31%
km)

Source: calculations made by the author using
statistical data
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Fig. 1: Location and limits of the study area

Data and Methods

Several specific tools have been used in ArcGIS
10.5 for the processing and geospatial representation
of statistical data and raw information. The initial
mapping stage began with the collection of available
data and the creation of the geospatial database, us-
ing both vector and raster data to create a spatial da-
tabase. For the use of data from different sources in
later integrated analyses, they were spatially homog-
enized using GIS applications that provide specially
designed data management tools for defining or
transforming projections, as well as georeferencing.
As a toolbox, GIS allowed us to perform spatial anal-
ysis using geoprocessing functions such as map over-
lay, connectivity measurement, and buffering. There
were also used the Spatial analyst functions and mod-
elling for statistical and land use transport analysis.

The study focuses on analysing the access and
coverage of public transport in relation to residential,
commercial and job connected areas. The analysis of
the coverage to a public transportation line started
from the density of transport lines and exiting sta-
tions. Two areas of interest have been established for
analysis by applying a 200 meters and a 500 meters
buffer around the transport lines using the Euclidean
(straight line) distance. The land use categories

within the buffer area, mapped on SPOT 5 images and
1:5,000 orthophotoplans, were reclassified in three
categories: residential (including new residential
area), commercial (including commercial areas, in-
dustrial and educational) and other (including green
areas, services and other). The public transport, serv-
ing especially these land use categories, is analysed
with an emphasis on the residential areas because of
their rapid development during the last period in Cra-
iova. The overlapping and intersection between the
sections determined by the two buffers and layers
containing information about the land use, functional
areas and population density (processed statistical
data) were performed in order to determine the resi-
dential surfaces covered by the public transport. The
sums of the land cover categories have been con-
verted in percentages related to the total area used
subsequently to compare the two situations resulted.

In order to identify urban traffic issues on some
road sections and in critical points, the second part of
the study focuses on collecting and processing the
data needed to calculate the speed and travel time on
several streets. In this respect, we selected several
intersections and four road sections (each being one
km long), located on four of the most circulated major
road arteries, for which field observations and meas-
urements were made during a week period. Data re-
garding the road traffic came from field observations
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made during a week in three daytime periods: 8:00 —
9:00 a.m, 12:00 — 13:00 p.m. and 17:00 — 19:00 p.m.
Also, road traffic data for Craiova and for the same
time intervals was analysed; it was offered live by
Google Maps (http://www.mapparade.com/map-of-
craiova-in_ro-mcza). All information had been pro-
cessed and data resulted were used to calculate the
mean travel speed, in one direction, toward the city
center (U.S. Department of Transportation, 2007).
The final results were spatially modelled in the GIS
environment.

Discussion

In order to understand the traffic problems, the
authors pay a special attention to the interaction be-
tween transportation and urban land use, which is re-
sponsible for the dayly mobility trends in Craiova
(worked-based obligatory movements, like commut-
ing or professional ones, and voluntary movements
connected to commercial or leisure activities personal
or tourists” movements) (Rodrigue J.-P., 2017). There
is a strong link between the activities carried out de-
pending on transport and its attractiveness, which in-
fluence the urban land use, the latter generating the
activities. Staring from the circular relation between
the determinants of this equation, there were identi-
fied three areas with different features of mobility and
transport modalities (fig. 2):

- The historical city center in which the pedestrian
area prevails, and the car access is re-stricted to lo-
cals (access by barriers) and to special services and
supply, regulated by a strict hour interval. Nearby
there are public transport terminals and connection
stations, but there are no bike lanes and no bike
rental centers. The activities specific to CBD dominate
this area, where a number of public institutions (City
Hall, Prefec-ture) and prestigious education establish-
ments (University, 3 high schools), as well as numer-
ous tourist attrac-tions are located (within a radius of
0.5-1 km). This area is characterized by a high density
of urban constructions and a high concentration of
finance activities.

- The central area (which includes the historic cen-
ter) is the destination for most of the daily move-
ments (mandatory or voluntary). Due to the various
activities carried on in this area which concentrates a
high number of jobs, but also the direct access to the
historic center, the car traffic is intense throughout
the day, the waiting time in traffic is high (from 10 to
45 seconds) and the driving speed is low (average 30
km/h). Accessibility to public transport (bus and tram)
is very high. In this area, be-sides walking, people can
use the bike routes along Calea Bucuresti boulevard
to access the central and core area.

- Periphery / suburban area characterized by the
recent urban sprawl, where car transport (mostly in-
dividual) predominates and transport infrastructure
occupies important areas (Avram S. et. al, 2010).
Other land uses are attributed to new residential ar-
eas in continuous development, industrial and com-
mercial spaces, as well as sports facilities.

The three areas identified are relatively concentric,
being bounded by important traffic arteries that pro-
vide transit (to the east, towards Bucharest or to the
west) or access to the central area, or bordered by-
passes.

Starting from the relation between urban form and
urban spatial structure, accessibility and agglomera-
tion are the key elements that generate the main fea-
tures of the urban transport in Craiova city. Thus, the
first part of the study focuses on the accessibility of
residential areas (especially the new residential areas
within the suburban area) to collective transportation
and identifies the problematic areas. The access of
population, living in peripheral areas of the city, to
transport system is very important as they depend on
it for daily movements (work, school, shopping), us-
ing mostly personal cars. By identifying the coverage
of the collective transport in these areas, the study
highlights the need of improving the accessibility to
bus or tram routes and the possibility of shifting the
transport preferences from individual to collective.
Although the population densities in these areas are
low (fig. 2) compared to the ones in the rest of resi-
dential areas, they represent the main cause that
generates intensive road traffic on collecting streets
and increases the travel time and costs.

As the main growth pole of the region, the urban-
ised area of Craiova is continuously expanding, and
the residential land use registered the most rapid
growth during the last decade. Although the city is
growing, the public transportation system did not reg-
istered major improvements, the only growing statis-
tic being for the number of cars. There are 350 cars
to 1,000 inhabitants in Craiova and 296 cars to 1,000
inhabitants in the metropolitan area.

Regarding the public transport, the city has a num-
ber of 140 buses out of which 17 are modern, pur-
chased in 2014 and 17 have less than ten years of
operation, the rest of 106 buses being older. Besides
the buses, there are also 29 trams (older than 30
years) and 66 minibuses (33 belonging to a private
company which provides services of public transport).
The average life time in operation of buses is 15.47
years and 12.54 years for minibuses. The minibuses
from the private company have an average operation
of 4.15 years (Urban Mobility Plan of Craiova, 2017).
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From the first observations over the routes of pub-
lic transport density and spatial distribution, the most
reachable areas using this type of transportation, in a
limited amount of time and a limited walking distance,
are the old city center and the central area surround-
ing it (fig. 2). These areas can be accessed by bus
lines (coming from different parts of the city) and by
tram. Also, the density of stations is very high. As we
are interested in the access of the population to the
public transport, for our study we selected two situa-
tions in order to show the minimum distance and
walking time to a bus station. For the first scenario,

we used a 200 meters buffer around the bus line
routes and their stations and in the second scenario
a 500 meters buffer was applied. After spatial model-
ling different amount of geographic data, processing
and overlaying the layers containing spatial infor-
mation about the urban land use, urban density, func-
tional areas, public transport routes and stops along
these routes, the GIS data base was queried and sev-
eral calculations had been made. The final data were
converted in percentages for a better comparison.
The results showed the following situations (Table 2):

Table 2: Urban land use within the selected buffers

Total area Residential Other land use
Buffer | (sq % of total | (sq % of | % of total | (sq % of | % of total
km) urban area km) buffer area | urban area km) buffer area | urban area
200m | 21.74 | 26.70 11.21 | 51.56 13.76 10.53 | 48.43 12.93
500 m | 40.63 | 49.90 19.69 | 80 24.18 15.51 | 20 19.05

Source: calculations made by the author

The analysis shows that the total area covered by
the 200 meter buffer from all the existing bus lines
cover about a quater (26.7 sgkm) of the total urban

area, while the area included within the 500 meter
buffer almost 50% (Table 2). These results show that
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almost half of the activities existing within this area
have access to the public transportation (fig. 2 & 3).

The ,other” areas, except the residential ones,
include the following types of urban land uses within
the buffer area: commercial (including commercial,
industrial and educa-tional), green areas, services
and other. Also, from the total area covered by the
200 meters buffer, the central area has 3.87 sgkm,
while the 500 meter buffer includes 5.43 sgkm from
the central area. The green areas represent about
10% of the area covered by the 200 meter buffer and
14.34% of the area included within the 500 meters
buffer.

In terms of accessibility, the following areas have
been identified where public transport offers no
service or low service levels (fig. 3):

 the eastern part of the city: the Carpen Street
and the northern and eastern parts of Bordei district

where the largest new continuous residential area has
been devel-oped in the last decade;

o the wastern part: the area located westward of
Raului Street and both sides along the Stirbei Voda
boulevard, both areas with new residential areas in
development;

e the southern area: Veteranilor si Hipodrom
districs, residential area mainly with individual
households.

These neighborhoods require improved access to
public transport by extending the existing routes or
providing new ones. These areas can, however, raise
problems of prof-itability either because they have a
very low population density (due to the predominance
of individual households), especially in the south and
northeast, where there are also un-occupied lands or
because they have a poor road infrastructure like in
the southwest and western areas.

Legend

%  Public institutions and touristic attractions

Tramline Population density

% under 15
7Y, 15-100
101-500
501-3.000
3.001-10.000

Bus lines

| new residential

Byke rental center

B existent /77, 10.001-20.000
proposal [ == 20.001-30.000
y - REEXS over 30.001
4
~ Density of collective transport lines
— \
{ \
o155 EEllsi-es
T [[1st-25 lest-s
[ 251-4 |l s1-9s1
s

4,5
km

Fig. 3: Map of accessibility to public transport (bus lines and tramline) in relation to population
density and main touristic objectives located in the central area

The raw data collected, as well as the field
observations, showed two trends in road traffic
congestion that contribute to traffic jams and
increased waiting times. The analyzes showed that
the main road arteries crossing the city from north to
south (Amaradia street and Carol boulevard) and
from east to west (Calea Bucuresti, Al Cuza, Caracal
boule-vards) linking the access and entering points
into the city, the residential areas and the city center
are the most crowded roads. Also, the number of
vehicles transiting these arteries varies between
1,000 up to 2,500 cars/ day. The spatial interpolation

of data shows that the most probable cause of the
road blockage is on the arteries connecting the
northern part of the city (Simnicul de Sus, Bariera
Valcii) and its southern part (Mofleni where the
ecologi-cal waste platform of the city is located), but
passing through the central area. The second route is
along the European road E70, which connects
Bucharest and Timisoara and cross-es the city from
east to west (fig. 4). Craiova is not only a production
center, but also a big consumption center, therefore
urban activities include also a large amount of freights
es-pecially at the main access points in the city and
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on the city ring roads. Most of the indus-trial and large
warehouses are located along the north ring road of
the city. The heavy traf-fic is not allowed in the city,
but there are some hot spots at the intersections
connecting the main roads.
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The traffic intensity map (fig. 5) shows that there
is a tendency of agglomeration toward the center,
caused also by the numerous activities located within
the perimeter enclosed by Dacia and Decebal boule-
vards, Henry Ford and Caracal streets and Calea
Bucuresti and Tineretului boulevards. Also, this is the
area with the highest density of jobs (fig. 2). The ac-
tivities determined by the urban land use tend to take
advantage of the value of a specific location. This
value is connected to the accessibility to public

transport of special infrastructure, closeness to the
city center, production centers or market places. The
value of the land determined by its use is also very
important. The more valuable a location, the more
likely agglomeration will take place. The organization
of various activities is hierarchical, determined by the
relationships between the agglomeration and acces-
sibility at the local and regional levels (Rodrigue J.P,
2017).

Conclusion

The road network extension to new areas of urban
growth is not considered a solu-tion by the authors;
a better alternative would be the improvement of the
access to public transport by setting up new routes or
stations, modernizing buses and increasing their
frequency. Although, recently upgraded, the tramline
is one-way and only provides a link between the
eastern and western parts of the city, with a reduced
frequency on extended routes. Increased accessibility
to public transport can also have the effect of
decentralizing the activities located in the city center
that can be relocated to the periphery with a higher
level of accessibility. Through an increased
accessibility, some locations may become more
valuable for a range of activities, but at the same
time, cheaper for development than in the central
area. In addition to the development of suburban
areas and the emergence of new services
(educational, banking, commercial, health) that may
determine residents from the new residential areas to
reduce the number of movements, there is also a
nega-tive effect materialized in the increase of land
value.

Although the road traffic in the central area has
been improved by modernization works like the
construction of the supended and the underground
passages, it remains among the busiest intersections,
having the longest waiting times in traffic. Also, the
main boulevard that crosses the city (Calea Bucuresti
continued with Calea Severinului) and connecting the
arteries (Amaradia, A. I. Cuza, Carol Carol) are very
crowded mostly due to the use of personal cars.

As in most large cities, the lack of parking places
is another aspect that creates traf-fic problems in
Craiova. The time spent to find a parking space in the
central area, alt-hough there is an underground
parking place for small cars, determines drivers to
spend more time in traffic or to park irregularly thus
blocking the traffic or the access of buses to stations.

Sustainable transportation should be though
measures and metropolitan develop-ment plans
issued by local authorities. The management of
transpotation should aim the control of local
development in the urban fringe of Craiova city. It is
also recommended to increase the length of bicycle
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tracks, including in the historical part of the city, as
well as rent centers. This measure was already
foreseen in the Urban Mobility Plan of Craiova. The
improvement of urban road traffic can also be
achieved by using components of traffic management
systems, in particular through optimization softwares
or by increasing the number of video surveillance
intersections or by increasing the number of traffic
boards with informative messages, both for public
transport and car traffic.

If we understand the relationship between urban
form, land use and transport, one can find the best
solutions to regulate the transport and movement of
people and freights.

Another solution for solving part of the traffic
problems may be the regulation of urban access by
using road user charging schemes for certain areas
like city center. Also taxation can be applied
depending on the technical specification of cars, but
defining these features may be rather difficult.
Although few European cities use urban road user
charging, some take into considetarion to regulate
the traffic of diesel cars in the future. Craiova may
consider one of these options, as the first step in
limiting traffic in central areas was taken by mounting
access barriers for residential areas within the old
town.

Traffic fluidity is measured by the amount of
transportation costs. Additionally, the more time ones
spends in traffic the more one increases the air
pollution which directly affects human health. Thus,
concepts like car sharing, electric public
transportation, hy-brid vehicles or new alternatives
for peoples’ movement may be a viable solution to re-
duce traffic, transporation costs and additional
pollution.
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Abstract

Urban growth is a worldwide phenomenon, but the rate of
urbanization is very fast in developing countries like India. It is
mainly driven by unorganized expansion, increased immigration,
rapidly increasing population. In this context, land use and land
cover change are considered central components in current
strategies for managing natural resources and monitoring
environmental changes. Uncontrolled momentum of urban sprawl
and land use change raises many issues which might have both
positive and negative effects. This sprawl can be effectively
monitored using remotely sensed data from different dates by
digital analysis of the imagery using change detection techniques.
The present study aims to examine the change in urban sprawl,
land use/land cover (LU/LC) over a time point and assesses the
pattern of sprawl through GIS technique. The geographical area
of Varanasi district is 1535 sg.km including 1,371.22 km2 rural
area and 163.78 km2 urban area, its population is 3,676,841
persons in 2011. It consists of eight blocks namely Baragaon,
Pindra, Cholapur, Chiraigaon, Harahua, Sevapuri, Arajiline and
Kashi Vidyapeeth. The spatio-temporal study of LU/LC as well as
settlement is carried out for two time points 1990 and 2016. The
data source used for analysis is Landsat MSS and Landsat OLI.
The analysis mainly focused the urban growth along with
landuse/landcover changes using digital image processing
techniques like Maximum Likelihood Classifier algorithm for
Supervised Classification and NDVI vegetation index. The trend of
sprawl is notably higher in the urban centers than in the revenue
villages.

Keywords: urban growth, land use, NDVI, remote sensing.

Introduction

Land-use is inclined by economic, -cultural,
political, historical and land-tenure factors at
multiple scales. Land-use referred to as man’s
activities and various uses which are undertaken
upon land. Urbanization is inevitable, when pressure
on land is high, agriculture incomes are low and
increasing demographic pressures become excessive

Rezumat. Cartarea expansiunii spatiale urbane
si a schimbarilor in utilizarea terenurilor folosind
tehnica geoinformatica in Districtul Varanasi,
Uttar Pradesh, India

Expansiunea urbana este un fenomen mondial, iar rata de
urbanizare este foarte rapida in tarile in curs de dezvoltare, cum
este cazul Indiei. Aceasta se datoreaza in principal expansiunii
neorganizate, imigratiei sporite, populatiei in crestere rapida. In
acest context, utilizarea terenurilor si acoperirea terenului sunt
considerate componentele centrale ale strategiilor actuale de
gestionare a resurselor naturale si de monitorizare a schimbarilor
de mediu. Avantul necontrolat al dezvoltarii urbane si al
schimbarilor in utilizarea terenurilor ridicd numeroase probleme
care ar putea avea efecte pozitive, dar si negative. Aceastd
extindere urbana necontrolatd poate fi monitorizata eficient
utilizand date apartinand teledetectiei, de la momente diferite,
prin analiza digitald a imaginilor, utilizand tehnici avansate de
detectare a modificarilor.

Prezentul studiu isi propune sa examineze modificarile referitoare
la expansiune urbang, la utilizarea terenurilor/acoperirea terenului
(LU/LC) pe o perioada de timp si sa evalueze modelul de extindere
prin tehnici SIG. Aria geografica a districtului Varanasi este de
1535 kmp, incluzand o arie rurala de 1371,22 kmp si o arie urband
de 163,78 kmp, iar populatia era de 3676841 persoane in 2011.
Se compune din opt unitdti administrative: Baragaon, Pindra,
Cholapur, Chiraigaon, Harahua, Arajiline si Kashi Vidyapeeth.
Studiul dinamicii spatio-temporale a utilizarii/acoperirii terenurilor
s-a efectuat pentru doua repere temporale: 1990 si 2016. Sursele
de date utilizate pentru analiza sunt Landsat MSS si Landsat OLI.
Analiza s-a concentrat n principal asupra cresterii urbane,
fmpreuna cu schimbarile in utilizarea/acoperirea terenurilor
utilizand tehnici de procesare a imaginilor digitale, cum ar fi
algoritmul de clasificare a riscurilor maxime pentru clasificarea
supravegheata si indicele de vegetatie NDVI. Tendinta de
extindere necontrolata este semnificativ. mai mare in centrele
urbane decat in unitatile administrative rurale.

Cuvinte-cheie: expansiune urband, utilizarea terenurilor,
NDVI, teledetectie

as is the case in most developing countries of the
world.

In India, a vast majority of the population lives
in urban areas or regularly commutes in and out of
urban areas. Urban sprawl poise to handicap
effective allocation of limited resources and
infrastructure facilitation becomes challenging to the
authorities. Sprawl seems to threaten every chance
of sustainable development of a country as it
encroaches in to other important land-uses such as
agriculture, wetland, forest, open spaces and
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recreational parks. In order to prevent this type of
growth, monitoring urban development through
measures such as legislation, zonation, preparing
master plan etc. has become imperative. Across
developing countries there is not growing awareness
and concern about urban growth, which has
different background in the cities of China, Europe
and North America. Land development has been out
of control and the construction land has kept
expanding blindly, especially in the marginal areas of
some metropolises. Nowadays urban areas
experience fast growth due to enormous population
growth, rapid industrialization, economic
development and specific economic policies adopted
by governments and immigration of people from
villages to cities. Accelerated urban growth is usually
associated with and driven by the population
concentration in an area. The extent of urbanization
or its growth drives the change in land use/cover
pattern. The rapid changes of land use and cover
are often characterized by uncontrolled urban
sprawling, land degradation or the transformation of
agricultural land to farming resulting enormous cost
to the environment (Sankhala&Singh, 2014).
Uncontrolled urbanization has been responsible for
many of the problems our cities experience today,
resulting in substandard living environment, acute
problems of drinking water, noise and airpollution,
disposal of waste, traffic congestion etc.

Remote sensing imageries and techniques
showed considerable potentials for urban growth
and land-use analysis. Land-use and land-cover
classes (LU/LC) are important indicators for
understanding the connections between
surroundings and human activities which can be
efficiently obtained from satellite imageries through
image classification. The availability of remotely
sensed data from multiple dates enables to carry out
studies on multitemporal urban modeling. The
extent of urban areas can be automatically identified
from satellite imagery using machine learning
algorithms. Change detection analysis can be carried
out to measure the changes between two LU/LC
maps from different periods of time.

Recently, remote sensing has been used in
combination with GIS and Global Positioning
Systems (GPS) to assess land-cover change more
effectively than by remote sensing data only (Dewan
et al,, 2012; Boori et al.,, 2015a). It has already
proved useful in mapping urban areas and as data
source for the analysis and modeling of urban
growth and land use/land cover change (e.g.,
Rodriguez-Galiano&Chica-Olmo, 2012; Grey et al.,,
2003; Herold et al., 2003; Wilson et al., 2003).

Remote sensing data is very useful because of its
synoptic view, repetitive coverage and real time data
acquisition. The satellite data in digital form
therefore, enable to accurately compute various land

cover/land use categories and help in maintaining
the spatial data infrastructure which is essential for
monitoring urban expansion and land-use studies
(Mukherjee, 1987). The purpose of using GIS is
that maps provide an added dimension to data
analysis, which brings us one step closer to
visualizing the complex patterns and relationships
that characterize real-world planning and policy
problems. Visualization of spatial patterns also
supports change analysis, which is important in
monitoring social indicators. This in turn should
result in improving need assessment. The objectives
of this paper is to explain remote sensing and GIS
applications in various stages of planning,
implementation and monitoring of the urban area.

Overview of Change Detection Techniques
in Urban Areas

A variety of change detection techniques are
available for monitoring land use/land cover
changes. These techniques can be grouped into two
main categories: post-classification comparison
techniques and enhancement change detection
techniques (Nelson, 1998).

The post-classification technique involves the
independent production and subsequent comparison
of spectral classifications for the same area at two
different time periods (Mas, 1999). Post
classification techniques have the advantage of
providing direct information on the nature of land-
cover changes. The classification process used with
these techniques can be either supervised or
unsupervised. Sohl (1999) reported accuracies of 96
per cent for the identification of new forest land and
62 per cent for new agricultural land using a post-
classification technique in a semi-arid environment.
Furthermore, Sohl (1999) noted the accuracy of the
method for providing users with a complete
descriptive comparison between images. Pilon et al.
(1988) employed post-classification in combination
with  a simple enhancement technique to
differentiate areas of human induced change from
areas of natural change. Mas (1999) also obtained
the highest accuracy with this technique in a study
comparing six different techniques.

Enhancement Change Detection Techniques
involve the mathematical combination of images
from different dates which, when displayed as a
composite image, show changes in distinctive colors
(Pilon et al., 1988). The enhancement change
detection techniques have the advantage of
generally being more accurate in identifying areas of
spectral change (Singh, 1989).

Image Differencing Technique

Image differencing is a technique by which
registered images acquired at different times have
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DN values for one band subtracted from the
corresponding DN values from the same band in the
second image to produce a residue image, which
represents the change between the two dates
(mass1990). Ridd&Liu (1998) reported image
differencing was fairly effective in its ability to detect
change in an urban environment, with TM band 3
producing the highest accuracies. Sunar (1998) and
Sohl (1999) reported that the image differencing
technique was extremely straightforward, but with
the qualification that image differencing technique
becomes slightly more complicated when using
multiple bands, instead of single bands, due to the
difficulty of interpreting the colors of multiband false
color composites.

Normalized Difference Vegetation Index

The Normalized Difference Vegetation Index
(NDVI) estimates the vitality of vegetation by
exploiting the known gap in vegetation reflectance
between the visible and near infrared channels.
Common change detection methods include the
comparison of land-cover classifications, multi-date
classification, band arithmetic, simple rationing,
vegetation index differencing and change vector
analysis (Jomaa, 2003). The NDVI is calculated as a
normalized ratio (ranging from -1 tol from the NIR
and the red band and emphases apparent
vegetation (Sabins, 1996).

Study area

Varanasi district comes between 25°10’ to 25°37’
N latitude and 82°39" to 83°10’ E, lies in eastern
Uttar Pradesh, India (Fig. 1). Physiographically, it lies
in the Middle Ganga Plain. The district is bounded by
river Gomati and Jaunpur district in the north,
Mirzapur in south, Sant Ravidas Nagar Bhadohi in the
west and Chandauli district in the east. This district is
divided in to eight blocks, namely: Araziling,
Baragaon, Chiraigaon, Cholapur, Haruha, Kashi Vidya
Peeth, Pindra and Sewapuri. Morphologically, the
study area is covered by the alluvial deposits of
Quaternary age. Ganga is the main river of the
District. Geologically the district is made of Gangetic
alluvium formed by the deposition of the sediments
brought by the Ganga river and its tributaries. The

tributaries are Gomti, Varuna, Asi, Banganga,
Chandra Prabha and Karmanasa, that drain the area.
It consists mainly of sand, silt and clay mixed by
kankar at a few places. The area comes under
subtropical monsoonal climate characterized by
seasonal extremities. January is the coldest month
with  mean maximum temperature of 23°C.
Sometimes, the minimum temperature may go
around 5°C during December and January, coupled
with occurrence of dense fog. June is the hottest
month with mean maximum temperature around
35°C. However temperatures’ soaring above 40°C is
not uncommon, with occasional rise above 45°C
under the impact of heat wave and hot air blowing in
May and June, locally named /oo. The average annual
rainfall of the district is around 110 cms bulk of which
is received from the south west monsoons during
June to September, August the rainiest month.

Data used and methodology

Survey of India toposheet (1:50,000) and
satellite data Landsat (TM) of 1990 and Landsat 8
(OLI&TIRS having 30 m resolution) of 2016 has
been used. The Survey of India toposheet and
satellite images have been geometrically corrected
and rectified using ERDAS Imagine 14.

The study area map was prepared from SOI
topographical sheets on 1:50,000 scale. The
settlement in the study area, during 1990 and 2016
were derived from the Satellte images and
werecompared with one another to carry out change
detection studies for the period 1990 and 2016.The
same classes were then visually interpreted from the
1990 satellite data by using the common image
interpretation elements. Necessary field checks were
carried out and corrections were made at required
places. Then, the software such as Arc GIS 10.3 and
Erdas imaginel4 were used to prepare the urban
settlement cover changes during 1990-2016.

Change Detection Methods adopted

The change detection techniques will be
discussed, using the two main categories, post
classification comparison techniques and
enhancement  change  detection  techniques
described in the literature section.
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Figure 1: Location of the study area

93




Mapping spatial urban growth and land use change using geoinformatics technique in Varanasi District, Uttar Pradesh, India

Table 1: Details of Landsat images used in the study

Satellite sensor Path/Row Date of aquisition Cloud coverage
Landsat-5 TM 142/42 February,18™, 1990 no
142/43
Landsat 8-OLI TIRS | 142/42 February, 31, 2016 no
142/43

Geometric and Radiometric Correction

The images were co-registered to each other
using ground control points (GCPs). Hundred GCPs
were collected and the number of GCPs was reduced
to ten in order to achieve an acceptable RMS error.
The RMS error was 0.44. The X RMS error was 0.36
and the Y RMS error was 0.25. The images were
resampled with cubic convolution (3). Both of the
images’ pixel spacing was set to 30 m. The images
were then atmospherically corrected using
calibration files in the software (ENVI-5.3).

Radiometric correction was performed on the
images using pseudo-invariant features (PIFs).
Google map was used as reference to verify the
nature of the features.

Image analysis

Image Classification Techniques

In this study, Anderson classification system
(Level 1) was adopted for the selection of LU/LC
classes. This approach is most appropriate to prepare
land use/cover maps from remote sensing data,
specifically Landsat data (Alrababah&Alhamad 2006,
Rozenstein&Karnieli 2011, Zhu&Woodcock 2014). A
total of 100 training areas were selected on the
image, checked with field survey and seven LU/LC
classes were made. These signatures were used for
supervised classification incorporating maximum
likelihood classification (MLC) algorithm that was run
with a feature-space non-parametric decision rule.
Afterwards, all classes are merged into suitable seven
classes using recode function.

Post-Classification processing

Supervised classification provides unsatisfactory
classification results because of Spectral confusion.
Spectral similarity of various objects causes such
confusion. For example, barren land and agricultural
fallow land; settlement and open forest each are
often erroneously classified into other class. To avoid
such problems, post-classification processing of the
classified maps was employed in the study. The post
classification processing included in this study is
recoding of classified erroneous classes to
appropriate classes based on digitized polygons of
LU/LC classes obtained from Google earth image

and satellite images. For this operation, hundreds of
polygon that cover the patch of built-up area,
agricultural land, barren land, river channels, open
and dense forests were digitized on Google earth
image. Most of the built-up area, barren lands and
river channels were digitized; while some selected
part of agricultural land and forested area were
digitized. For the fine tuning, small patches of built-
up, barren and agricultural land in the most
confusing part were also digitized. The digitized
polygons were converted into AOI and within AOI
LU/LC image were changed by recoding. Finally, to
remove ‘salt&paper’ noise that quite appears in
digital image processing, a majority filter (3X3 filter)
was employed for three classified images.

Results and discussion

Change detection

The analysis reveals the following information
and changes also shown in clearly in Table no. 2.
This will help the planners and other researchers for
further research at both micro level and macro level.
The changes are mostly cause of human inference
which affects the natural ecosystem one or other
way. The normal temperature raised significantly
compares with last 3 decades this result of
urbanization and settlement expansion.

It is apparent that urban expansion is maximum
than all the other land classifications. In short, the
results have shown that there is a significant
increase in urban expansion leading to a significant
drop in fallow land, marshy land and barren land
during the study period. It is thought that the main
explanation for the rapid increase in urban area is
population growth, migration from rural areas to
Varanasi city and more general economic
development. The marsh area has decreased from
0.69 per cent in year 1990 to 0.07 per cent in the
year 2016. It is noticed that a heavy flood in
Varanasi in 1978 which increased marsh land during
early time periods. During the study, it is shown that
the area under the vegetation or orchards has
increased from 1990 (6.13 per cent) to 2016 (9.65
per cent). It shows gradual increase from 1990 to
2016, due to people’s increased awareness and to
the governmental plan.
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Table 2: Area Distribution of Land Use Land Cover (%) and change in area (%)

Change in area (%)
LU/LC Classes Area (%) 1990 Area (%) 2016 1990-2016
Water body 2.75 1.99 -0.76
Fallow Land 40.12 10.07 -30.05
Crop Land 4191 53.07 +11.16
Sand Bar 0.95 1.28 +0.33
Barren Land 0.96 0.03 -0.93
Built Up Area 6.94 23.82 +16.88
Vegetation 6.13 9.65 +3.52
Marsh Land 0.69 0.07 -0.62
Total Area 100 100 -

Note: Positive (+) values indicate gain in the area whereas negative (-) values indicate loss in area
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Figure 2: LULC Map of 1990 &2016

Normalized difference vegetation index
(NDVI)

NDVI is calculated from the visible and near-
infrared light reflected by vegetation. NDVI has
proved to have an extremely wide (and growing)
range of applications. It is used to monitor
vegetation conditions and therefore provide early
warning on droughts and famines. Calculations of
NDVI for a given pixel always result in a number
that ranges from minus one (-1) to plus one (+1); 0
means no vegetation, (0.8-0.9) indicates the highest
possible density of green leaves. 0 to -1 indicated
higher red reflectance than NIR. Water typically has

an NDVI value lower than 0, bare soils between 0
and 0.1 and vegetation over 0.1.

The NDVI analysis reveals that: (1) decrease in
NDVI between two scenes will be the result of new
development and (2) increase in NDVI between
two scenes will be the result of forest re-growth;
(3) urban changes in red signal may be unrelated
to vegetation (Source: NSAS Earth Observatory).

The NDVI of multi-temporal data result (Fig. 3)
shows that there is increase in built-up area. The
urban extent of Varanasi city has increased
tremendously: the built-up area has changed from
6.94% in 1990 to 23.82% in 2016.
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classification. The accuracy and KAPPA statistic of
the classified image checked with the help of
accuracy assessment. The overall accuracy of the
image is given in the Table no. 3.

Accuracy assessment

The ground truth data collected with GPS were
used as the reference for assessing the accuracy of

Normalized Difference Vegetation Index(1990) Normalized Difference Vegetation Index (2016)

I 119607105 - 0013096187
I 0013996187 - 0 100874827
) o0.103874827 - 0.164603637
[ 0164603637 - 0.21804499
I 021804499 - 0269057191
I 0269057191 - 0.317640239
I 0317640239 - 0 36865244
I 036265244 - 0 49082067

Figure 3: NDVI Map of 1990 &2016

Table 3: Overall accuracy of classified images

I 0 115607195 - 0013996187
B 0013996187 - 0.103874827
[ 0.103874827 - 0164603637
[ 0164600637 - 0 21804499
I 021804499 - 0260057191
B 0269057191 - 0317640239
I 0317640239 - 036865244
[ 036265244 - 0 49982667

Year Overall accuracy
1990 84%
2016 90%
Settlement (1990) Settlement (2016)

- River
Il settiement

I settement

Figure 4: Settlement Map of 1990 &2016
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Settlement Changes
(1990-2016)

Settlement 1990
- Settlement 2016
B River

Figure 5: Settlement changes from 1990 to 2016

Conclusion

Urban dynamics research provides vital clues for
evolving appropriate land use policy for sustainable
management of natural resources. The results
clearly reveal the significance of the use of multi-
temporal Landsat data which offers an accurate and
economical way of mapping and conducting analysis
on the changes in LU/LC during the study period
1990-2016. Geographical information system (GIS)
have been used in this study to provide spatial
inputs and preparing maps for comparing changes.

The study has identified several patterns and
trends of the changes in LU/LC in the area. It is
apparent that the built-up areas resulting from
urban expansion hold primary position as compared
to all the other land classifications. In short, the
results have shown that there is a significant
increase in urban expansion leading to a significant
drop in agricultural land-use and vegetation during
the study period. Urban sprawl is taking place
continuously at a faster rate in outskirts and buffer
regions. It is thought that the main explanation for
the rapid increase in urban area is population
growth, migration from rural areas to the Varanasi
city and more general economic development.
Identification and analysis of the sprawl patterns

would help in effective land use planning and
environmental management in urban area.
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Abstract

The data analysed in the present study show that the human
resources potential of the Western Region is limited in nature and
characterised by disparities that are multidimensional from both
the quantitative and the qualitative point of view. When we
consider the region in terms of its administrative sub-units, we
find areas that have human resources that are surplus to
requirements but insufficiently developed and structurally
unbalanced (Hunedoara county), others with high-quality but
numerically limited human resources and with great potential for
attracting them from other areas (Arad and Timis counties) and a
case of an area whose human resources are both insufficiently
developed and deficient from a quantitative point of view (Caras-
Severin county).

Keywo rds: human resources, workforce/labour force,
unemployment, Western Region, Romania

Introduction

The Western Region in its present-day boundaries
includes a historic territory (Banat) in which human
resources have always constituted an important
developmental element and, at the same time, have
given rise to major concern regarding their retention
and their maintenance at a satisfactory level within
this local area. In whole-country terms, this region
has for almost two centuries been a statistical low
point demographically, with weak natural population
dynamics and insufficient inward movement of
population.

Many writers (Pavel, 2000, Popa et.al., 2007, Rusu,
2007) ascribe this situation to a specifically “Banat
type” demographic behaviour characterised by a low
birth rate. This was borrowed from the Swabians who
settled here and who influenced the indigenous
population in a number of their cultural practices,
including that of not producing more than one child
per family (the Swabians were a large community,
originating in southern Germany and in other parts of
the Hapsburg Empire, who were brought to Banat as
colonists from 1716-1718 onwards after its freeing
from Ottoman control).

Whereas in other parts of Romania a higher birth
rate was encouraged, by both external agencies — the
State, the Church — in Banat, this originally Swabian
custom struck deep roots, the principal motive being

Rezumat. O evaluare a potentialului resurselor
umane din Regiunea de Vest a Romaniei

Datele analizate in acest studiu arata ca potentialul resurselor
umane din Regiunea Vest este limitat din punct de vedere natural
si caracterizat prin disparitdti care sunt multidimensionale din
punct de vedere cantitativ si calitativ. Cand luam in considerare
regiunea din punct de vedere al subunitdtilor administrative,
exista zone care au resurse umane excedentare cerintelor, dar
insuficient dezvoltate si dezechilibrate din punct de vedere
structural (judetul Hunedoara), altele cu resurse umane de inaltd
calitate, dar cu resurse limitate numeric si cu mare potential de
atragere a acestora din alte zone (judetele Arad si Timis) si cazul
unei zone ale carei resurse umane sunt insuficient dezvoltate si
deficitare din punct de vedere cantitativ (judetul Caras-Severin).

Cuvinte-cheie: resurse umane, fortd de muncé, somaj,
Regiunea de Vest, Romania

a wish to keep the family’s possessions in the hands
of only one person. In addition, during the past half-
century, during which there has been substantial
movement of population into Banat, this anti-natalist
behaviour pattern has even spread to the incomers,
who have thus not succeeded in modifying the
demographic development of the region in a radical
and long-term way.

However, the area we are dealing with in this study
(the Western Region) also includes, besides the three
counties which make up “administrative” Banat
(Timig, Caras-Severin and Arad), the county of
Hunedoara, a space which is different from Banat
from the point of view of human resources, but that
lies at the point where influences from Transylvania,
Oltenia and, of course, Banat itself intermingle. The
human resources potential of the Western Region of
Romania thus starts from premises which tend to
accentuate imbalances, disparities and polarities; it
cannot be assigned any homogenising or uniform
descriptors. Such a hypothesis is not entirely a risky
one if we bear in mind the great social, political and
economic changes which have come upon the
Romanian society in the past six decades and that
have inevitably left their mark on human resources.

Methodology

Human resources potential is a relatively new cat-
egory of classification and is particularly popular in
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approaches with a bias towards economics. “Human
resources refers to the totality of the people within a
given space, viewed simultaneously in quantitative
terms (as a number) and qualitatively (their level of
competence, education, professional training, health
etc.). This concept thus provides a link between the
number and demographic structure of the people who
make up a group, on the one hand, and their level of
competence (knowledge, aptitudes, familiarity with
working etc.) on the other.” (Batey, 2002, 54)

Labour resources (quantitatively the most im-
portant category of the total population) is used to
refer to that section of the population which pos-
sesses that combination of biological, physical and in-
tellectual traits which makes possible their direct and
permanent participation in some useful socio-eco-
nomic activity (Preston et.al., 2001). Labour re-
sources (the active element in society, engaged in
production or in the service sector) are conditioned
by two sets of factors: demographic ones, in that
their volume is influenced to a major degree by de-
mographic variables (birth rate, death rate, average
life expectancy etc.), and socio-economic ones, since
the age limits (especially the upper limit) associated
with these resources can change as a function of fac-
tors that are socio-economic in nature (degree of eco-
nomic development, legislation regarding the age of
retirement etc.).

However, in reality it is not the case that all those
capable of working are actually in employment. This
is a consequence of specific socio-economic condi-
tions, which differ widely from one state or region to
another (the structure of the economy, its ability to
provide jobs, the pace at which the economy is de-
veloping, the retirement age etc.), of tradition, of dif-
ferent levels of professional training, of the number
of years normally spent in full-time education, of the
proportion of the whole population who are pursuing
studies of some kind, of the length of military service
and the proportion of the population serving at any
one time, etc. For this reason, within any population
we may speak of the active population on the one
hand and the non-active population on the other (Un-
gureanu, Muntele, 2006).

The term ‘active population’ is, unfortunately,
quite vaguely defined. It is normally used to refer to
all those who wish to work, irrespective of whether
they actually manage to do so in a settled and unin-
terrupted way, and therefore includes those in tem-
porary work, those providing some form of unpaid as-
sistance, generally within the family, young jobseek-
ers, those carrying out their military service and even
the unemployed (Rowland, 2006). Nor is the non-ac-
tive (provided for) population more precisely defined.
In principle, those who are financially dependent on

the active population — family members, retired peo-
ple, school and university students etc.) — are consid-
ered to be non-active (Ulrich, 1997).

From a qualitative point of view, human resources
potential is closely linked to the term development
(Guest, 1997, Lecaillon, 1990, Mathur, 1999, Etz-
kowitz and Klofsten, 2005, Gennaioli et.al, 2013). Be-
cause, on the one hand, development with its multi-
ple dimensions cannot be conceived of in the absence
of suitable human potential, and because, on the
other hand, development ought to have as its princi-
pal aim the proper satisfaction of essential human
needs. The term *human potential’ is clearly not a syn-
onym for the term *human development’, although a
number of links between the two concepts do exist.
The quality of human resources depends most of all
on schooling and all the factors by which this is influ-
enced, but this in turn operates in close connection
with other factors such as health and level of access
to means of communication. The greater the invest-
ment in education and schooling, the higher the hu-
man resources potential. Academic studies agree that
the development of human resources comes about
not only via the teaching provided in school but also
through people learning on their own and studying on
their own, and for this the existence of some acces-
sible means of communication is a prerequisite
(Becker et.al., 1997).

At the same time, investment in the health of the
human resources is directly connected to their level
of education and to access to the mass media, since
an appropriate amount of medical knowledge cannot
be acquired if means of communication are insuffi-
ciently developed. At a theoretical level, the logical
sequence of the causal links between the three
abovementioned factors shows that the higher the
level of education in a region, the more developed its
means of communication will be, and that the level of
investment in health is higher or lower as a function
of the level of communication. In practice, problems
may appear when dealing with these causal links, due
to an overload of available data that strains efforts at
qualitative analysis. In our study we will investigate
these correlations on the basis of the following sets
of data: people in high school or university as a pro-
portion of the total active population (those aged 15-
59) as an index of access to schooling; number of PCs
per thousand inhabitants as an illustration of access
to communication; number of doctors per thousand
inhabitants, an index that suggests how easy or diffi-
cult it is to access medical and health services (Pike,
2006).

Given these causal links of a conceptual nature,
our analytical approach may be angled from two prin-
cipal directions — quantitative and qualitative — on the
basis of which arguments are the most relevant at a
regional level. Among the quantitative arguments
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(those susceptible to statistical analysis), the number
of the population capable of working — the human re-
sources pool of any area of land -, the degree to which
the paid workforce is employed in service industries
and the rate of unemployment can reveal essential
characteristics that are directly linked with the devel-
opment potential of the region concerned. Alongside
this, looking now from a qualitative point of view, a
number of specific features can be outlined on the
basis of such indicators as the degree of training of
the human resources, their level of access to means
of communication and the state of their health. Theo-
retical studies show that these all have a decisive im-
pact on the growth of the human resources potential
of any given geographical area (Merlin, 1997).

Results

The quantitative evaluation of the human re-
sources of the Western Region

A limited pool of labour resources

Although the focus of our study is on the recent
period (1998-2014), it is useful to be aware of the
context within which the volume of labour resources
rose and fell at a national level in the first decade af-
ter the events of December 1989. This background

picture was characterised by a brief period of growth
in labour resources until 1992, followed by a substan-
tial decrease almost up to the beginning of the new
millennium, when the balance was redressed. This
situation can be explained as the result of phenomena
that are well known: a decrease in Romania’s overall
population, demographic ageing and an upward trend
in emigration. Although the level of labour resources
in the Western Region has fluctuated, it does display
a number of characteristic stages which are to a large
degree the effect of the economic and social phenom-
ena that have shaped Romania in the last few dec-
ades (fig. 1). In absolute terms, the volume of labour
resources shows a generally decreasing trend until
1994; this corresponds to the period of falling popu-
lation and severe economic recession that Romania
experienced in the 1990s. The 1994-2002 period
shows a fluctuating volume of labour resources; this
stage covers the years when Romania was transition-
ing to a market economy and also takes in 1998, the
year when large numbers of the workforce began to
emigrate. The appreciable growth seen over the
2002-2014 period, although averaging only 5% at a
regional level, is explainable in terms of a bulge in the
adult age group accompanied by a fall in the numbers
of children and young people, due, obviously, to a fall
in the birth rate and a reduction in natural vigour.
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Fig. 1: The evolution of labour resources in Western Region (1990-2014)

(Source: National Institute of Statistics)

Although a certain amount of imprecision is
involved, knowing what proportion of the total
population of a defined area is formed of potential
working population (labour resources) can provide a
reasonably accurate picture of the extent to which
that area is well supplied with labour resources.
According to the definitions used by demographers,
what is regarded as the potential working population
is the population aged between 15 and 59 — the ages
which, broadly speaking, indicate when a person joins
the labour force and when they retire. Figure 4, which

shows the distribution of the potential working
population according to where people live,
demonstrates that the largest reserves of human
resources are concentrated in the urban parts of the
region (the towns of Timisoara, Arad and Resita in
particular), followed by a relatively compact area that
comprises the flatter country parts of Arad and Timis
counties. The hilly/mountainous areas of each county
are the most lacking in terms of their volume of labour
resources.
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The qualitative evaluation of the human
resources of the Western Region

Data from table 1 and figure 3 indicate that
counties where a higher proportion of the population
is in school also have more developed
communications. While it might have been expected
that the city of Timisoara, through its status as one
of Romania’s major university centres, would give

Timis a high ranking in the proportion-of-population-
in-school table, Arad comes as a surprise, ranking
second within the region, but far ahead of Hunedoara
and Caras-Severin counties. Arad’s exceptional
position in terms of education and communication
could give rise to interesting hypotheses about the
origins of the ‘tides’ of human resources that flow
towards the two regional hubs (Timisoara and Arad)
and the qualitative distinctions between them.
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Fig. 3: Coverage of labour resources in medium and higher education

The other two counties, Caras-Severin and
Hunedoara, follow the same sequence of correlation
as regards the indicators under consideration, with
the one exception that Hunedoara is ahead of Arad in
terms of access to healthcare. Why does healthcare
not follow education in this case? The answer is not
far to seek if we appeal to other variables such as the
degree of urbanisation, higher in Hunedoara county

than in Arad county, it being well known that medical
personnel are more concentrated in urban areas.
Settlement by settlement (fig. 12), the highest
proportions of population in school are naturally
found in university centres (Timisoara and Arad),
followed by county towns, smaller urban centres and
finally main villages that have high schools.

Table 1: Qualitative indicators of the human resources in Western Region

Indicators (2014) Arad
Number of physicians (%o) 2,7
Number of PCs (%o) 11,9
Proportion of school population in total 14,6

population (15-59 years) (%)
Source: National Institute of Statistics, 2014

Caras- Hunedoara Timis Western
Severin Region
1,9 3,0 5,7 3,7
9,9 10,5 17,2 13,0
9,5 10,6 18,2 13,9
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Discussion

The variables taken into consideration above are
relevant at the regional level to the extent of which
the social mechanisms through whose agency they
come about can also be identified. This is, of course,
a matter of the cumulative effects of lifestyle, the way
in which the development of the private sector is
achieved, the correlation between the distribution of
scarce resources within society, education etc. At the
same time, it should be emphasised that the devel-
opment of human resources is strongly linked to the
material capital each county has at its disposal, and
the level of healthcare and educational provision is in
direct proportion to this. In the case of the Western
Region, as elsewhere, the poorer counties (Caras-
Severin and Hunedoara) are the ones with a lower
quality of human resources, which implies a degree
of dependence of the development of human poten-
tial on the existence of material resources.

Bringing together the data analysed, we may draw
the conclusion that the human resources potential of
the Western Region is limited in nature but exhibits
multi-dimensional disparities from both a quantitative
and a qualitative point of view. The administrative
boundaries which divide up the region delimit territo-
rial units which have a surplus of human resources
but where these are insufficiently developed and
structurally imbalanced (Hunedoara county), others
with a limited amount of high quality human re-
sources and a high potential for attracting human re-
sources from other areas (Arad and Timis counties)
and one case of a territorial unit whose human re-
sources are both insufficiently developed and lacking
from the quantitative point of view (Caras-Severin
county). Identifying the spatial disposition of human
resources potential can be a useful jumping-off point
for the planning of regional policy, which in order to
achieve its main objective, the reduction of disparities
in development, will need to take into consideration,
among other factors, the disadvantages that stem
from the underuse of human potential on the one
hand and from overestimating it on the other.

Conclusion

The distribution of human resources potential
within the Western Region cannot be uniform for so
long as the boundaries of this unit of territory contain
within them historical spaces that have evolved in
different ways over time, each with its own
demographic, social and economic personality. Often,
however, boundaries within the region follow the lines
of force of the distribution of human potential, and
the quantitative and qualitative characteristics of this
potential constitute the foundation of the entire
edifice of regional social differentiation. There is

strong empirical evidence to show that it is
educational level that to a large extent determines
access to healthcare and the possession of means of
communication. From a quantitative point of view,
however, the region’s labour force reserves are
limited. Since its internal labour surpluses are for the
moment unable to relocate, movement into the
region from outside will be required in the future in
order to meet the needs of any sustained
development. Redeploying the region’s own
underemployed human resources (found in Caras-
Severin and Hunedoara counties) is no easy matter;
it would require either large-scale retraining of the
workforce or the deliberate siting of industrial
enterprises in areas that are not attractive from an
investment point of view.
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