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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 

Rezumat. Măsuri de prevenire și control al 
poluării solului în China 

Poluarea solului este o problemă majoră în China. Lucrarea de față 
descrie politicile implementate de guvern spre a remedia situația, fie 
prin prevenirea poluării adiționale, fie prin reducerea nivelului existent 
de poluare. În primul rând, China își pune la punct cadrul legal pentru 
protejarea terenurilor arabile, pentru controlul surselor de poluare și 
pentru evaluarea, managementul și reabilitarea siturilor poluate. În al 
doilea rand, guvernul a întreprins acțiuni pentru îmbunătățirea identi-
ficării și monitorizării surselor de poluare. În al treilea rând, guvernul 
a promovat tehnologii chimice și biologice cu scopul de a scădea nive-
lul de poluare a solului. În ciuda acestor eforturi, încă există provocări 
semnificative. China este caracterizată printr-o considerabilă diversitate 
economică, socială și environmentală, deci politicile uniforme de tip top-
down pot întâmpina probleme serioase în multe areale. Mai mult, in-
stituțiile locale responsabile cu reabilitarea siturilor afectate de acest tip 
de poluare nu dispun de cunoștințele necesare cu privire la standardele 
pentru soluri nepoluate, de tehnologia potrivită pentru inspecția și trata-
mentul solurilor, sau de strategiile de management al unor suprafețe 
extinse. In plus, costurile pentru reabilitarea terenurilor sunt foarte mari, 
estimările fiind între 6 și 11 trilioane CNY, iar potențialul de amortizare a 
cheltuielilor prin reabilitarea solului este redus.  

Cuvinte-cheie: poluarea solului, prevenirea poluării, 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 

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 
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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 12th 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: 
 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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 Local governments need to finalize a detailed 
work plan and submit it to the group of ministries that 

developed the Plan by 2016; 

 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: 
 Heavy metals: cadmium, mercury, arsenic, lead, 

and chromium; 

 Organic pollutants: PAHs (Polycyclic aromatic hy-

drocarbons) and petroleum hydrocarbons. 

3. Industrial pollution: 
 To complete the investigation on the distribution 

and environmental impacts of contaminated industrial 

land use by key industries by 2020; 

 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; 

 To finalize the investigation of the total area of 

contaminated farmlands and the assessment of its 
impacts on agricultural products by 2018; 

 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; 

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

 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 new 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) 

(Zhang, 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. 

 

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 chief—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 

Rezumat. Migrarea laterală a cursului Jiului între 
1864 și 2018. Studiu de caz: sectorul Craiova - 
Zăval 

În ultimii 154 de ani cursul Jiului de la confluența cu Amaradia și 
până la vărsarea în Dunăre a suferit modificări laterale și de 
lungime. Scopul prezentului articol este acela de a evidenția 
aceste modificări și de a le stabili amploarea, cu desprinderea unor 
concluzii legate de viitoarea evoluție a cursului Jiului. Rezultatele 
analizei suporturilor cartografice au arătat că din 1864 și până în 
2018 Jiul s-a scurtat în secțiunea inferioară cu 38,1 km, scăzând 
de la 134 de km la 95,9 km. Scurtarea cursului s-a realizat treptat. 
Astfel, între 1864 și 1910 lungimea cursului a scăzut cu 25,6 km, 
de la 134 km până la 108,4 km. Din 1910 și până în 1970 s-a mai 
produs o scurtare cu 11,9 km, iar între 1970 și 2018, Jiul şi-a 
scurtat cursul cu aproximativ 0,6 km. Cea mai mare distanță dintre 
cursul istoric și cel prezent indică o valoare de 11.22 km la 
vărsarea în Dunăre. 

Cuvinte-cheie: Jiu, diguri,  mișcări neotectonice, coeficient 
de sinuozitate, migrare laterală 

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, Rădoane et al wrote in 2013 ”River channel 

planform changes based on successive cartographic 

data”. The analysed rivers were Moldova and Someșul 
Mic. 

Related strictly to the Jiu river, Ionuș (2013), 

wrote: ”Preliminary data on the Jiu River meanders in 
the lower course (South-West Romania)”. This paper 

is a  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 România, 

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 Zăval 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: Szathmári’s Map of South-

ern Romania (Charta României 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 STEREO_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 (Rl), between two points, to the straight-line 
length (Stl) between the these points (Cs= Rl/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 Dâlga 
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 1.55 in 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 – Foișor 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 Bucovăţ, more 
precisely near the Roșieni 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 Vîrâţi), 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 Ţugului, 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-

dium slope 

Section Dist. 
km 

Slope  
(º) 

Section Dist. 
km 

Slope 
(º) 

1 0.44 9.38 22 0.56 2.50 

2 1.37 2.84 23 1.31 4.89 

3 2.04 5.68 24 0.72 3.30 

4 1.11 2.65 25 1.86 5.73 

5 1.08 2.59 26 1.14 2.73 

6 0.40 3.84 27 1.77 3.88 

7 0.50 2.86 28 0.68 6.42 

8 1.15 3.28 29 0.59 3.04 

9 1.06 3.61 30 0.70 5.11 

10 2.10 2.18 31 0.49 5.29 

11 2.80 3.31 32 0.50 5.44 

12 1.44 4.27 33 0.73 6.04 

13 1.31 4.48 34 0.82 4.35 

14 1.70 4.64 35 1.29 1.67 

15 0.27 4.35 36 0.45 4.12 

16 0.34 2.16 37 0.46 6.20 

17 1.28 3.63 38 5.32 3.98 

18 0.73 3.88 39 5.56 4.44 

19 0.69 5.73 40 6.45 3.45 

20 1.73 5.36 41 11.22 2.55 

21 0.83 3.81  

South of Foişor, a village located within Drănic 

commune, the meander that existed in 1864 was cut 

and the Jiu river became more straight-lined, migrat-
ing 1.31 km from East to West (Fig.1). 

In the vicinity of the villages Drănic and Padea, the 
Jiu river did not turn its stream, and it still has a very 

strong meandering course, the wave length of the 

meanders varying from 2826 m to 2879 m and the 
amplitude of the meanders also varies from 1855 m 

to 633 m (Ionuș, 2013). The distance within meander 
curvature that existed in 1864 and the current one 

varies between 1.14 km and 1.86 km 
Beyond the cartographic evidence that the Jiu 

river has changed its course, a number of abandoned 

meanders can be seen on the terrain, such as those 
from Popoveni, Malu Mare, Podari, Bratovoeşti - 

Rojişte, between Tâmbureşti and Căciulăteşti, Sadova 
etc. The sectors between past and present courses 

are covered with a dense floodplain vegetation. 

Changes in the course of the Jiu in the section 
from the confluence with Amaradia to the Danube 

were caused, among other factors, by the low water 
velocity (below 1 m / sec) and by the decreasing 

slope. It was noted that as the slope decreased, the 
distance between the 1864 and the 2018 course 

increased (Table 1). 

We have also calculated the annual migration rate 
(Fig. 2) by dividing the migration amount by the 

number of years in the time period (154 years). 

 

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 lateral 
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 Gângiova. 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 Gângiova, the 

difference between the two channels gradually 
increases from 460 m to 11.22 km in the confluence 

area with the Danube (Fig. 3). 

 

 

Fig. 3: Jiu river channel migration between Gângiova 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 Bătrân" (Old Jiu), 

and could be seen from the south of Craiova until the 
outlet. Then followed the Jieț phase, when the Jiu 

river was flowing along the line of Murta, Dobreşti, 
Căciulăteşti, Sadova, Lişteava, Ostroveni and Bechet. 

Jieț 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 Comoșteni and 
Grindeni. The last phase is that of the Jiu flowing 

under the right slope, spilling into the Danube near 

Copanița 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 

(Coteț, 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 Balş-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 (Rădulescu, 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 Zăval (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 Zăval. 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 
Bratovoeşti (14,4 km, 1,7 m H) were put into 

operation, in 1972 between Rojişte and Murta (13,6 
km, 1,5 m H), but also between Murta and Lişteava 

(15.8 km, 1.5 m H), in 1976 the levee that defended 
Lişteava (5.7 km, 3 m H) and in 1979 the levee 

between Podari and Ţuglui (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. 

Acknowledgements 

The authors will like to thanks to all the 
researchers quoted in this paper, for their scientific 

help, and to the institutions and specialized sites for 
making available the cartographic documents used in 

research. 

References 

Boengiu, S., Avram,. S., (2009), Bălăcița piedmont. 
A model of formation and evolution”, Zeitschrift fur 

Geomorphologie - Annals of Geomorphology, Suppl. 
2, Vol. 53, Stuttgart, 106 p., DOI: 10.1127/0372-

8854/2009/0053S3-0101. 
Boengiu, S., Vîlcea, Cristiana, Licurici, Mihaela, 

(2011a), Landslides in the Plain Sector of the Jiu 

Valley, Revista de Geomorfologie, nr. 13, ISSN 1453-
5068, Editura Universității din București, p.75-81. 

Callander, R.A. 1969: Instability and river 
channels. Journal of Fluid Mechanics 36, 365-480. 

Coteț, P., (1957), Câmpia Olteniei – Studiu 

geomorfologic (cu privire asupra Cuaternarului), 
Editura Științifică, București. 

Hooke, J.M., 2013. River meandering. In: Shroder, 
J. (Editor in Chief), Wohl, E. (Ed.), Treatise on 

Geomorphology. Academic Press, San Diego, CA, vol. 
9, Fluvial Geomorphology, pp. 260–288. 

Ionuș, Oana  (2014) Preliminary data on the Jiu 

River meanders in the lower course (South-West 
Romania), Forum geografic. Studii și cercetări de 

geografie și protecția mediului, Volume XIII, Issue 1 

(June 2014), pp. 18-24 (7), 

http://dx.doi.org/10.5775/fg.2067-4635.2014.026.i. 

Leopold, L.B., Wolman (1957), River Channel 
Patterns - Braided, Meandering and Straight, United 

States Geological Survey, Professional Paper 282B. 
Nicolescu, E. I.,  (1932) Contribuțiuni la hidrografia 

Olteniei – Bazinul Jiului, Scrisul Românesc S. A., 

Craiova. 
Popescu, M., N., Drăgoescu, I., (1987) Maps of 

recent vertical crustal movements in Romania: 
Similarities and differences, Journal of Geodynamics 

8(s 2–4):123–136. 
Rădulescu, F.,  Mocanu, V.,   Nacu, V.,   Diaconescu 

Camelia, (1996), Study of recent crustal movements 

in Romania: A review, Elsevier Science Ltd., Journal 
of Geodynamics 22(1-2):33-50•September, Great 

Britain. 
Rhoads, B.L., Welford, M.R., (1991), Initiation of 

river meandering. Progress inPhysical Geography 

15(2), 127–156. 
Savin C.,  (1990), Resursele în apă ale Luncii Jiului, 

Editura Scrisul Românesc, Craiova. 
Planul de Management al Riscului la Inundaţii 

Administraţia Bazinală de Apă Jiu, 
accesat:http://www.rowater.ro/dajiu/EPRI/Planul%2

0de%20Management%20al%20riscului%20la%20In

undatii.aspx. 
xxx Atlasul Cadastrului Apelor din România (1992). 

https://www.openstreetmap.org/#map=11/44.09
07/23.2131 

http://www.charta1864.ro/charta.html  

http://www.geo-spatial.org/download/harile-
austriece-1910-reproiectate-in-stereo70  

http://digitalarchive.mcmaster.ca/islandora/object
/macrepo%3A9659.  

http://www.geo-spatial.org.

 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XVII, Issue 1 (June 2018), pp. 21-30 (10) 
http://dx.doi.org/10.5775/fg.2018.031.i 

21 

Considerations on the Influence of Micro Urban Heat 
Islands to the Temperature - Humidity Index During 
July 2017 in Craiova City Centre  
Daniela ROȘCA1, Adrian ROȘCA2,* 

1 University of Craiova, Faculty of Electrical Engineering, 107, Decebal Bld., 200404, Craiova, Romania  

2 University of Craiova Faculty of Horticulture, 13, Al. I. Cuza Street., 200585, Craiova, Romania  
* Corresponding author, adrosca2003@yahoo.com 

Received on <22-02-2018>, reviewed on <30-03-2018>, accepted on <05-04-2018> 

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 

Rezumat. Consideraţii privind influenţa insulelor 
de cădură urbane asupra indicelui temperatură - 
umiditate în luna Iulie 2017 în centrul oraşului 
Craiova 

Conform Administraţiei Naţionale de Meteorologie, luna iulie a 
anului 2017 a fost cea mai fierbinte lună iulie din ultimul deceniu, 
cu una dintre cele mai lungi perioade cu temperaturi caniculare 
din ultimile decade. In Oltenia, precum şi în oraşul Craiova, a 
trebuit să fie anunţate avertizări de cod galben sau portocaliu. In 
vederea evidenţierii stării reale de disconfort termic resimţită de 
populaţia din Craiova, au fost efectuate cercetări experimentale 
privind măsurători micrometeorologice pentru determinarea 
temperaturii şi umidităţii reale care contribuie la stabilirea indicelui 
de confort termic local. În conformitate cu rezultatele cercetărilor 
experimentale, confirmate şi prin utilizarea termoviziunii, în centrul 
Craiovei au fost identificate cinci microinsule de căldură local urbane 
(MUHI). Pentru trei străzi şi o piaţă publică, chiar şi pentru valori 
reduse ale umidităţii, datorită temperaturilor mari, în aceste zone 
fierbinţi media indicelui de confort termic a fost 94,93, şi senzaţia 
de disconfot termic ar fi făcut necesare măsuri speciale de 
protecţie. Parametrii micrometeorologici determinaţi în aceste 
patru zone fierbinţi au fost comparaţi cu cei obţinuti în English 
Park, unde datorită prezenţei vegetaţiei şi a umbrei arborilor, 
valoarea medie a indicelui de confort termic a fost de 84,87, deci 
senzaţia de disconfort termic af fi necesitat măsuri de protecţie 
adecvate. În vederea studiului intensităţii şi distribuţiei spaţiale în 
MUHI, pentru măsurarea temperaturii suprafeţelor din MUHI fost 
utilizată termoviziunea, ca metodă complementară de evaluare a 
disconfortului termic. Lucrarea prezintă relaţii de interdependenţă 
dintre temperatura aerului deasupra pavimentului, şi temperatura 
pavimentului şi a pereţilor clădirilor în MUHI din centrul Craiovei. 
Lucrarea prezintă câteva metode practice care ar putea fi utilizate 
pentru reducerea temperaturii pavimentului şi a pereţilor clădirilor, 
care ar contribui la scăderea indicelui de confort termic din MUHI 
din oraşul Craiova. 

Cuvinte-cheie: insulele de căldură local urbane , zone fierbinţi, 
indice temperatură – umiditate, termoviziune 

 

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 
km2, 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 

the last century, Craiova registered the highlest 

mean monthly temperature (28.5oC) in July, and 
maximum absolute monthly temperature peaking at 

41.5oC (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, 17th 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 (Marinică and Marinică, 

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 15th to24th, 
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 24th, 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 (Marinică and 
Chimişliu, 2009; Marinică and Marinică, 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: Băileşti 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 Băileşti 71.0°C, the diurnal 
thermal amplitude being of about 45°C (Marinică and 

Marinică, 2014). In Oltenia Region, September 2012 

was excessively warm, when for 14 days, the maximum 
temperature values were comprised between 30o 

and 35oC (Marinică and Marinică, 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 36.7oC (July 30, 

2015), 34.2oC (July 14, 2016) and 38.4oC (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; Roşca and Roşca, 

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 
(Roşca and Roşca, 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 
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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 number 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; Marinică 

and Marinică, 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 35oC. 

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) (Roşca and Roşca, 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 (Roşca 

and Roşca, 2015).  
The present paper presents a similar overview for 

all the days of July 2017 (excepting colder and rainy 
days of the 3rd and 16th of July), in the same hot 

spots studied in 2015.  

Thus, the present paper considers Craiova MUHI 

for five places: three rehabilitated streets (Panait 

Moşoiu, Lipscani, Theodor Amann Streets), Prefecture 
Square and English Park, respectively. 

The experimental research considered the 
direction and the geometry of these five places: Panait 

Moşoiu 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 (Roşca and Roşca, 2015).  

Craiova city is located in the S-W of Romania, 
with the city centre situated at the intersection 

between the parallel 44o19’01.70” N lat., with the 
meridian 23o47’50.99” E long. The NAM’s 

meteorological data are provided by the CRMC’s 

meteorological station (44o18’37.90” N lat.; 
23o52’03.32” 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 MAP and H MAP), 

respectively. Air temperature and air relative 

humidity were measured with hygrometer (Lutron 
HT - 3009: humidity accuracy ± 2% R.H; 

temperature accuracy 0.50C). 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 ± 0.80C; 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 

(TMPS) and the maximum temperatures of the grass 
and trees canopy in the park (TMGP), and the streets’ 

buildings and pavement temperatures (TIR.PS) and 
the park’s grass and trees canopy temperatures 

(TIR.GP) 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 (TMAS, 

HMAS); THIMAP = f (T MAP, H MAP), where T MAS 

represents the average of air maximum 
temperatures measured on the streets and 

Prefecture Square and T MAP 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 μm spectral range; resolution 324 x 256 
pixels; NETD < 0.045oC). 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 ε = 1, 
distance d = 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 ε = 0.92 was 

selected. According to the same professional tables, 
the emissivity for grass ε = 0.97, for leaves ε = 

0.98, for bark ε = 0.94; therefore, for the vegetal’s 

emissivity, the mean of those mentioned materials, ε 
= 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 (TIR.PS) and in 
English Park (T IR.GP) 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 2oC.  

Results and discussions 

Table 1 presents the daily data provided by NAM 
(TNAM and HNAM), the data obtained during the 

experimental measurements (TMAS and HMAS; TMAP 

and HMAP; TMPS; TMGP; TIR.PS; TIR.GP), the calculated 

THI (THINAM; THIMAS; THI MAP) 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 - 31.9oC; 14 days with 

high temperatures 32.1 - 38.4oC. 

There were four intervals with successive days 
when the temperature exceeded 32oC:   1 - 2 July 

(38.4 - 32.4oC); 9 - 13 July (32.3 - 35.6oC); 21 - 24 
July (32.8 - 36.7oC); 29 - 31 July (32.1 - 33.7oC); 

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 

DAY 
NAM VALUES MEASURED PARAMETERS VALUES 

INFRARED   
VALUES    THI NAM THI MAS THI MAP 

T NAM H NAM T MAS T MAP T MPS T MGP H MAS H MAP T IR.PS T IR.GP 

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 31.7 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 39.4 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 TMPS = 43.89°C, and of the park’s 

vegetation TMGP = 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:  

TMAS - TNAM = 8.66°C; HMAS - HNAM = 13.04°C; 
TMAP - TNAM = 3.11°C; HMAP - HNAM = 17.2°C. 

Consequently, even THINAM = 77.13 (alert state), 
the real thermal comfort on the streets and in 

Prefecture Square THIMAS was 12.84 grater 

(discomfort state), and even in English Park THIMAP 

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 (TIR.PS) and the maximum 

temperatures of the streets’ pavement measured 
using contact method / wire thermo - couple (TMPS) 

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 (TIR.GP) and the one 
measured using contact method / wire thermo - 

couple (TMGP) 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:  

TIR.PS - T MAS = 5.24°C;  TIR.GP - TMAP = 4.73°C; 
TIR.PS - 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.  

The narrow arrangement of buildings along the 

city’s streets forms urban 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...62.7oC (Li1 and Li2). 

The temperatures on the pavement (light gray 

color synthetic granite) near the fountain’s water 
sprinkle was 56.5...58.5oC (Li 3 and Li4). 

Li1

Li2

Li3

Li4
25.4

63.7 °C

40

60

FLIR Systems

  

°C

30
35
40
45
50
55
60

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

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...48.6oC (Li1 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...44.1oC (Li1 and Li2) and 50.6...53.9oC (Li3 

and Li4), respectively. 
Figure 4 depicts representative thermal images 

and temperature graphics recorded for Panait Moşoiu 
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 45oC (Li1 and Li2). Due to the dark color 
pavement, the maximum temperature of this surface 

was 54.1... 54.9oC (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.

Li2

Li1

Li3

Li4 13.3

59.9 °C

20

40

FLIR Systems

  

°C

20

30

40

50

Label Min Max Avg

Li1 36.6 48.6 40.1

Li2 36.8 47.4 39.8

Li3 44.5 55.3 52.3

Li4 46.4 51.4 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…40.3oC / 
36.6...37.1oC (Li1 and Li2), and the grass / ground 

(sunny and shady zones) maximum / average 

temperature was 38.8…45.5 oC / 32.8...38.4 oC (Li3 
and Li4). 
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Li4 27.3

59.9 °C
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Label Min Max Avg

Li1 34.4 43.4 38.6

Li2 35.9 44.1 38.2

Li3 41.2 50.6 44.2

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 m2 (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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Li1 35.3 45.0 38.4

Li2 37.0 45.0 39.3

Li3 47.4 54.9 51.9

Li4 44.9 54.1 51.8
 

Fig. 4: Thermal images and temperature graphics recorded along Panait Moşoiu Street 
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Li1 34.1 40.3 37.1

Li2 34.2 39.7 36.6

Li3 29.7 38.8 32.8

Li4 32.9 45.5 38.4
 

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

 
To a large extent, the rehabilitation of the streets 

analyzed in this paper considered the use of the 

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. 6: Digital model of modular temporary shady 
cover for Panait Moşoiu Street 

 

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 Moşoiu and Theodor Amann Streets.  
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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 

(40.120C), 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 34.570C, and 49.68%, respectively. Even if the 

mean temperature was 5.550C 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 (Gömör-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, CO2 pro-duction,, 
karst corrosion 

Rezumat. Analiza relației dintre microclimat și 
producția microbială de dioxid de carbon din 
sol în zonele carstice Ta-polca și Gömör-Tornai, 
Ungaria 

În cadrul zonelor carstice, sistemul epicarstului este un mediu 
complex și senzitiv care se dezvoltă ca interfață între profilul de 
sol și zona vadoasă. Epicarstul este o zonă de alterare/meteorizare 
a rocilor carbonatice formată prin procese abiotice și abiotice. În 
această lucrare sunt prezentate rezultatele unei investigații 
complexe care a avut loc în epicarstul ce corespunde dolinelor din 
cadrul a două regiuni carstice (Gömör-Torna și Tapolca) din 
Ungaria folosind tehnici de analiză multicriterială în vederea 
identificării factorilor de control a proceselor carstice precum și 
pentru a determina diferențieri teritoriale și sezoniere ale 
proceselor de disoluție specifice epicarstului. Datele obținute au 
fost comparate luând în considerare gradul de impact antropic din 
cele două zone carstice eșantionate. După patru ani de măsurători 
și observații, rezultatele obținute indică existența variațiilor 
sezoniere, diurne și spațiale semnificative ale parametrilor fizici, 
chimici și biologici ai învelișului de sol care acoperă și influențează 
epicarstul din zonele carstice studiate. 

Cuvinte-cheie: epicarst, microclimat, sol, producția de CO2, 
coroziunea carstului 

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, 

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

tury. 
At the beginning of the 21st 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; Bárány, 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 soil, 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 & Zámbó (1986), Zámbó (1998), Zámbó & 

Telbisz (2000), Zámbó & Ford (2003), Szili-Kovács & 

Török (2005), Szili-Kovács et al. 2009, Keveiné Bárány 

(2009), Knáb 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 Gömör-Torna karst, the sites for sur-
veying were located in three division of it: the Ag-

gtelek Plateau, Alsó-hegy and Szilice Plateau (Fig. 2).  
 

 

 
 

 

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

Aggtelek, VT – Lake Red (Vörös) 
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