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ANNOTATION 

 

Jeleapov Ana „Assessment of the anthropogenic impact on pluvial floods of the rivers of 

the Republic of Moldova”. PhD thesis in Geonomic sciences, Chisinau, 2019.  

The thesis consists of introduction, 4 chapters, general conclusions and recommendations, 264 

references, 150 pages of basic text, 165 figures, 17 tables, 191 annexes. The obtained results are 

published in 23 scientific papers. 

Key words: pluvial floods, hydrological and hydraulic modeling, anthropogenic impact, land 

cover, reservoirs, GIS.  

Field of study: geography, hydrology 

Study aim: assessment of changes in pluvial floods characteristics in conditions of 

anthropogenic impact. 

Research objectives: identification and estimation of changes in pluvial flood runoff regime 

under the influence of anthropogenic activity on the basis of static methods; modeling of 

anthropogenic impact on flood waves generation and propagation processes of the pilot rivers using 

hydrological and hydrodynamic models; assessment of flood risk changes in conditions of 

environmental modifications. 

Research methodology. The following methods were used to achieve the purpose and 

objectives of the study: comparative method, Indicators of Hydrological Alterations, Environmental 

Flow Components approaches, genetic method, volumetric method, Curve Number method (SCS-

CN), JAMS/J2000 hydrological model, HEC-RAS hydrodynamic model. Factorial analysis, GIS, and 

statistical methods were also applied in the research.  

Scientific innovation and originality of the work: For the first time for the territory of the 

Republic of Moldova, flood runoff characteristics under stationary and non-stationary conditions 

were estimated and temporal dynamics of pluvial floods under the influence of land cover changes 

and reservoirs operations were determined. Flash floods, flooding and flood wave propagation 

potential was calculated and mapped. Using SCS-CN method, volumetric method and JAMS/J2000 

physically-based fully distributed hydrologic model the impact of land use and agricultural activity 

on flood runoff characteristics was demonstrated. Using GIS and HEC-RAS model, the impact of 

climate change and hydro-technical constructions: reservoirs and levees on flood wave propagation 

through the river bed and floodplain and the spatial distribution of flood risk was estimated.  

The important scientific problem solved consists of assessment of changes in temporal and 

spatial characteristics of flood runoff on the rivers of the Republic of Moldova caused by the 

anthropogenic activity. 

Theoretical significance. Indicators of Hydrological Alterations and Environmental Flow 

Components were identified and comparatively analyzed and land use and reservoirs impact on flood 

runoff characteristics was assessed. Spatial distribution of the indexes of flash floods, flooding and 

flood wave propagation potential on the territory of the Republic of Moldova was modeled. The 

contribution of land cover types and agricultural activities in pluvial flood generation was estimated 

and modifications of flood wave generation and propagation processes under the action of 

hydrotechnical structures, climate change and land management were evaluated. 

Applicative value of the research. Obtained results can be used for development of territorial 

planning activities for mitigation of maximum runoff, optimization of pluvial floods management, 

implementation of structural and nonstructural flood protection measures. Furthermore, the results 

can serve as methodological basis for improvement of national normative documents for 

determination of computed hydrological characteristics.   

Implementation of scientific results. Digital maps on pluvial flood runoff were implemented 

by the Districts Councils of Glodeni and Faleshti for the development of the urban and territorial 

planning and management of the Camenca river basin. The obtained results were used for the 

sustainable management of water resources and hydrological risk situations, reservoirs operation 

optimization by the Basin Water Management Authority, ”Apele Moldovei” Agency. 
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ADNOTARE 

 

Jeleapov Ana „Evaluarea impactului antropic asupra viiturilor pluviale de pe râurile 

Republicii Moldova”. Teza de doctor în științe geonomice, Chişinău, 2019.  

Teza constă din introducere, patru capitole, concluzii generale și recomandări, 264 surse 

bibliografice, 150 pagini de text de bază, 165 figuri, 17 tabele, 191 anexe. Rezultatele obţinute sunt 

publicate în 23 lucrări științifice.  

Cuvinte cheie: viituri pluviale, modelare hidrologică și hidraulică, impact antropic, acoperirea 

terenului, lacuri de acumulare, SIG.  

Domeniul de studiu: geografie, hidrologie 

Scopul studiului: evaluarea modificărilor caracteristicilor viiturilor pluviale în condițiile 

impactului antropic  

Obiectivele cercetării: identificarea și aprecierea modificărilor regimului scurgerii de viitură sub 

acțiunea  activității antropice în baza metodelor statice; simularea impactului antropic asupra proceselor 

de formare și propagare a undelor de viitură de pe râurile pilot utilizând modele hidrologice și 

hidrodinamice; aprecierea modificărilor zonelor riscului la inundaţii în condițiile schimbărilor de mediu.  

Metodologia cercetării ştiinţifice. Pentru realizarea scopului și obiectivelor studiului au fost 

utilizate următoarele metode: metoda comparativă, abordarea Indicatorii Modificărilor Hidrologice, 

Componentele Scurgerii de Mediu, metoda genetică, metoda volumetrică, metoda Numărul de Curbă 

(SCS-CN), modelul hidrologic JAMS/J2000, modelul hidrodinamic HEC-RAS. De asemenea, în lucrare 

se aplică analiza factorială, SIG și metode statistice. 

Noutatea și originalitatea ştiinţifică. Pentru prima dată pentru teritoriul Republicii Moldova, au 

fost estimate caracteristicile scurgerii de viitură în condiții staționare și nestaționare precum și a fost 

determinată dinamica temporală a viiturilor pluviale sub acțiunea modificărilor în acoperirea terenului și 

funcționării lacurilor de acumulare. A fost apreciat și cartografiat potențialul de formare, acumulare și 

propagare a viiturilor pluviale pentru teritoriul țării. Utilizând metoda Numărul de Curbă, metoda 

volumetrică și modelul hidrologic fizic distributiv JAMS/J2000 a fost demonstrat impactul utilizării 

terenului și activității agricole asupra caracteristicilor viiturilor pluviale. În baza utilizării SIG și 

modelului HEC-RAS a fost estimat impactul schimbărilor climatice și a construcțiilor hidrotehnice: 

lacurilor de acumulare și a digurilor de protecție asupra propagării undei de viitură prin albie și luncă și a 

distribuției spațiale a riscului la inundații.  

Problema ştiinţifică importantă soluţionată constă în evaluarea modificărilor caracteristicilor 

temporale și spațiale ale scurgerii de viitură de pe râurile Republicii Moldova determinate de activitatea 

antropică. 

Semnificaţia teoretică. Au fost identificați și analizați comparativ Indicatorii Modificărilor 

Hidrologice și Componentele Scurgerii de Mediu și evaluat impactul utilizării terenului și a lacurilor de 

acumulare asupra caracteristicilor scurgerii de viitură. A fost modelată repartiția spațială a indicilor 

potențialului viiturilor rapide, inundării și propagării undei de viitură pe teritoriul Republicii Moldova. A 

fost estimat aportul categoriilor acoperirii terenurilor și activităților agricole în formarea viiturilor 

pluviale și apreciate modificările proceselor de formare și propagare a undei de viitură sub acțiunea 

construcțiilor hidrotehnice, schimbărilor climatice și managementului terenurilor.  

Valoarea aplicativă a lucrării. Rezultatele obținute pot fi utilizate pentru elaborarea planurilor de 

amenajare a teritoriului în vederea diminuării scurgerii maxime, optimizarea managementului viiturilor 

pluviale, implementarea măsurilor structurale și nonstructurale de protecție contra inundațiilor. De 

asemenea, rezultatele pot servi drept bază metodologică pentru perfecționarea documentelor normativelor 

naționale pentru determinarea caracteristicilor hidrologice de calcul. 

Implementarea rezultatelor ştiinţifice. Hărțile digitale privind scurgerea de viitură au fost 

implementate de Consiliile Raionale Glodeni și Fălești pentru elaborarea planurilor de amenajare a 

teritoriului și gestionarea bazinului hidrografic Camenca. Unele rezultate obținute au fost utilizate pentru 

managementul durabil al resurselor de apă și a situațiilor de risc hidrologic, optimizarea funcționării 

lacurilor de acumulare de către Direcția bazinieră de Gospodărire a Apelor, Agenția ”Apele Moldovei”.  
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АННОТАЦИЯ 
 

Желяпов Анна «Оценка антропогенного влияния на сток дождевых паводков рек 
Республики Молдова». Диссертация на соискание ученой степени доктора геономических наук, 

Кишинев, 2019. 

Диссертация состоит из вступления, 4 глав, общих заключений и рекомендаций, 264 

библиографических источников, 150 страниц основного текста, 165 рисунок, 17 таблиц, 191 

приложений. Полученные результаты опубликованы в 23 научных работах. 

Ключевые слова: дождевые паводки, гидрологическое и гидравлическое моделирование, 

антропогенное влияние, ландшафтный покров, водохранилища, ГИС. 

Область исследований: география, гидрология  

Цель исследования: оценка изменений характеристик дождевых паводков в условиях 

антропогенного влияния  

Задачи исследования: выявление и определение изменений режима стока дождевых паводков 

под воздействием антропогенной деятельность на основе статических методов; моделирование 

антропогенного влияния на процессы формирования и распространения паводочных волн на пилотных 

реках используя гидрологические и гидродинамические модели; оценка изменений зон риска 

наводнений в условиях преобразования окружающей среды.  

Методология научных исследований. Для реализаций задачи и целей исследования были 

использованы следующие методы: сравнительный метод, подходы Показатели Гидрологических 

Изменений, Компоненты Стока Окружающей Среды, генетический метод, объемный метод, метод 

Число Кривой (SCS-CN), гидрологическая модель JAMS/J2000, гидравлическая модель HEC-RAS. 

Факторный анализ, ГИС и статистические методы также применяются в работе.  

Научная новизна и оригинальность: Впервые для территории Республики Молдова, были 

оценены характеристики стока дождевых паводков в стационарных и нестационарных условиях, а 

также была определена временная динамика дождевых паводков под влиянием изменений 

ландшафтного покрова и функционирования водохранилищ. Потенциал формирования ливневых 

паводков, затопляемости и распространения паводочных волн для всей территории страны был оценен 

и картографирован. Используя метод Число Кривой (SCS-CN), объемный метод и гидрографическую 

модель с физическими распределенными параметрами JAMS/J2000 было доказано влияние 

землепользования и сельскохозяйственной деятельности на характеристики стока дождевых паводков. 

На основе ГИС и модели HEC-RAS было оценено влияние изменения климата и гидротехнических 

сооружений: водохранилищ и защитных дамб на распространение паводковых волн через русло- 

пойменную систему и пространственное распределение риска наводнений.  

Разрешенная важная научная проблема заключается в оценке изменений временных и 

пространственных характеристик стока дождевых паводков рек Республики Молдова обусловленных 

антропогенной деятельностью. 

Теоретическая значимость. Были выявлены и проведен сравнительный анализ Показателей 

Гидрологических Изменений и Компонентов Стока Окружающей Среды и оценено влияние 

использования земель и водохранилищ на характеристики паводочного стока. Было смоделировано 

пространственное распределение показателей потенциала ливневых паводков, затопляемости и 

распространения паводочных волн на территории Республики Молдова. Была оценена роль  категорий 

ландшафтного покрова и сельскохозяйственной деятельности в формировании дождевых паводков и 

определены изменения процессов формирования и распространения паводочных волн под 

воздействием гидротехнических сооружении, изменения климата и управления земельными ресурсами. 

Прикладная ценность работы. Полученные результаты могут быть использованы для 

разработки проектов территориального планирования с целью снижения максимального стока, 

оптимизации управления дождевыми паводками, внедрения структурных и неструктурных мер защиты 

от наводнений. А также, результаты можно применить в качестве методологической основы для 

совершенствования национальных нормативных документов для определения расчетных 

гидрологических характеристик. 

Внедрение научных результатов. Электронные карты паводочного стока были внедрены 

Районными Советами Глодень и Фалешты для разработки планов землеустройства и управления 

бассейном реки Каменка. Полученные результаты были использованы Бассейновым Правлением по 

Управлению Водными Ресурсами, Агентством ”Апеле Молдовей” для устойчивого менеджмента 

водными ресурсами и гидрологическими опасными явлениями, и для оптимизация функционирования 

водохранилищ.  
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LIST OF ABBREVIATIONS AND ACRONYMS  
 

ASM I Low Antecedent Soil Moisture  

ASM II Average Antecedent Soil Moisture  

ASM III High Antecedent Soil Moisture  

ASM Academy of Sciences of Moldova 

DEM Digital Elevation Model 

c. City 

E  Nash-Sutcliffe efficiency 

FAO Food and Agriculture Organization 

FFPI Flash Flood Potential Index 

FPI Flooding Potential Index 
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V Reservoir volume 

vil.  Village 

W Flood volume 

WFD Water Framework Directive 

WMO World Meteorological Organization 
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INTRODUCTION 

 

 Actuality and significance of the problem addressed. Floods are the most frequent 

natural disasters recorded globally. For the last century (1900-2014), over 3500 floods had 

occurred, their number has increased significantly especially in the last 20 years when annually 

between 120 and 220 cases of floods were reported [96, 106, p. 7]. The amount of material losses 

caused by floods sets them on the second place after the storms, rising considerably in the last 

decade and exceeding 40 bil. US $ in 1998, 2010, 2011, 2013 [96]. Floods occur in every region 

of the world but higher flood occurrence is specific to states situated in the eastern and southern 

part of Asia, Central America and the eastern parts of North America, Europe (excluding the 

northern part) [104]. However, a bigger vulnerability to these disasters, driven by economic 

resilience capacity, is specific to poorly developed countries such as those from Asia, Central 

America and Europe, including the Republic of Moldova. 

Floods are the most frequent natural disasters, which are recorded on the territory of the 

Republic of Moldova [96, 134], counting 50% of the total number of natural disasters registered 

for last decades (1980-2014), damage share rising to the same values (45%). These have caused 

death of ~70% of total number of victims which died due to natural disasters [96]. Extreme 

climatic conditions (heavy rains and/or fast snow melt due to high temperature) are the main 

factors which determine flood generation on the rivers of the Republic of Moldova [23, 24, 56, 

134, 234]. Floods of pluvial origin produce the biggest material losses. Total damages caused by 

floods which occurred during the period 1947-2014 constitute 583 mil. US $ from which a 

damage of 20 mil. US $ was caused by inundation due to spring floods, losses of 232 mil. US $ 

were determined by summer floods on big rivers and losses of 331 mil. US $ - over 55% of total 

- were caused by fast slope runoff and territory flooding (flash floods) generated by heavy rains 

[57, 62, 131, 227, 248]. Recent extremely intense floods of 2008 and 2010 on the Dniester and 

Prut rivers caused damage of 196 mil. US $. [227, p. 265, 234, p. 6]. Thus, the most significant 

damages are caused by the floods which occur in summer period on big rivers, in conditions of 

large volumes of water brought from the upper parts of the river basins from Ukraine, but 

especially by the floods on small rivers that are caused by excessive slope runoff generated by 

the heavy (torrential) rains with an increasing frequency in recent years. 

River flow is an integrated result of multiple natural factors, such as precipitation, 

catchment storage and evaporation loss, as well as watershed management practices and river 

engineering that alters the river conveyance system over time [79, p. 4]. Thus, any environmental 

features modification causes changes in the results of the equation of generation and propagation 
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of the flood wave. Increasing degree of human impact on the environment remains to be one of 

the main factors determining the flood regime changes.  

In the Republic of Moldova, traditionally, flood protection is achieved through a complex 

of structural and non-structural measures, which are in continuous improvement due to the 

increasing frequency and magnitude of this dangerous phenomenon. The flood generation 

process is subject to changes due to human activity, in particular, through management practices 

of river basins, most of which area is used in agriculture, natural lands being only insular 

distributed. The flood wave propagation process is strongly influenced by the anthropogenic 

impact manifested by rivers training, hydro-technical constructions (levees, reservoirs, etc.), 

most of the rivers being basically transformed into channels, on which courses an enormous 

number of reservoirs are constructed, the link with the floodplain being limited by the flood 

protection levees system. As the rivers of the Republic of Moldova are heavily modified due to 

hydrotechnical constructions as well as the economic activity is quite intense, over 70% of the 

area being used in agriculture [6], and the way of their influence on the pluvial floods generation 

and propagation processes is insufficiently studied, this topic represents a special interest for 

study as well as for identification of those solutions for reducing the anthropogenic impact on 

maximum runoff, as well as the negative effects of floods on society.  

Flood management has a parallel evolution with the development of knowledge of pluvial 

floods generation processes and flood risk. At present, at international level, to mitigate the flood 

risk, currently proposed approach is integrated flood management (aimed more towards „living 

with floods‟), which has replaced the more traditional flood defense approach („fighting floods‟). 

This approach aims to minimize the human, economic and ecological losses from floods while, 

at the same time, maximizing the social, economic and ecological benefits [100, p.1, 122]. For 

the Republic of Moldova, the transition to this approach is of major importance, however 

integrated flood management system implementation requires not only in-depth research, but 

also the awareness of the population and decision-makers regarding the importance of flood-

prone areas.  

It should be noted that although there is a certain number of studies on this topic at national 

level, we find that they reflect the scientific experience of the previous decades. Taking into 

account the fact that more intense occurrence of periods with flood generated by pluviometric 

excesses are attested, it is extremely important to develop a scientific-informational basis on the 

simulation of flood wave generation and propagation processes for further application in order to 

evaluate the impacts of climate change, river training, floodplain and land use changes on flood 

runoff. 
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Estimating the changes occurring in hydrological and social system is the basic objective 

of the scientific decade 2013-2022 of IAHS, called "Panta Rhei - Everything Flows: Change in 

Hydrology and Society". At the conceptual level, during the scientific decade the research is  

focusing on hydrological systems as a changing interface between the environment and society, 

whose dynamics are essential to determine water security, human safety and development, and to 

set priorities for environmental management [160]. In this context, present research, which 

reflects the theme of pluvial floods and assessment of human impact on maximum runoff regime 

of the rivers of the Republic of Moldova, is perfectly integrated in research direction chosen by 

the European scientific community for the next decade. 

Study aim: assessment of changes in pluvial floods characteristics in conditions of 

anthropogenic impact. 

Research objectives:  

 identification and estimation of changes in pluvial flood runoff regime under the 

influence of anthropogenic activity on the basis of static methods;  

 modeling of anthropogenic impact on flood waves generation and propagation 

processes of the pilot rivers using hydrological and hydrodynamic models;  

 assessment of flood risk changes in conditions of environmental modifications 

Research methodology. The following methods were used to achieve the purpose and 

objectives of the study: comparative method, Indicators of Hydrological Alterations, 

Environmental Flow Components approaches, genetic method, volumetric method, Curve 

Number method (SCS-CN), JAMS/J2000 hydrological model, HEC-RAS hydrodynamic model. 

Factorial analysis, GIS, and statistical methods were also applied in the research. 

Scientific innovation and originality of the work: For the first time for the territory of 

the Republic of Molova flood runoff characteristics under stationary and non-stationary 

conditions were estimated and temporal dynamics of pluvial floods under the influence of land 

cover changes and reservoirs operations were determined. Flash floods, flooding and flood wave 

propagation potential was calculated and mapped. Using SCS-CN method, volumetric method 

and JAMS/J2000 physically-based fully distributed hydrologic model the impact of land use and 

agricultural activity on flood runoff characteristics was demonstrated. Using GIS and HEC-RAS 

model, the impact of climate change and hydro-technical constructions: reservoirs and levees on 

flood wave propagation through the river bed and floodplain and the spatial distribution of flood 

risk was estimated.  
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The important scientific problem solved consists of assessment of changes in temporal 

and spatial characteristics of flood runoff on the rivers of the Republic of Moldova caused by the  

anthropogenic activity. 

Theoretical significance. Indicators of Hydrological Alterations and Environmental Flow 

Components were identified and comparatively analyzed and land use and reservoirs impact on 

flood runoff characteristics was assessed. Spatial distribution of the indexes of flash floods, 

flooding and flood wave propagation potential on the territory of the Republic of Moldova was 

modeled. The contribution of land cover types and agricultural activities in pluvial flood 

generation was estimated and modifications of flood wave generation and propagation processes 

under the action of hydrotechnical structures, climate change and land management were 

evaluated. 

Applicative value of the research. Obtained results can be used for development of 

territorial planning activities for mitigation of maximum runoff, optimization of pluvial floods 

management, implementation of structural and nonstructural flood protection measures. 

Furthermore, the results can serve as methodological basis for improvement of national 

normative documents for determination of computed hydrological characteristics. 

Scientific results proposed for defense: 

- assessment of temporal dynamics of flood runoff characteristics of the rivers of the 

Republic of Moldova in conditions of land cover changes and reservoirs operation; 

- mathematical and cartographic models (maps) of indexes of flash floods, flooding and 

flood wave propagation potential as well as of flood runoff and estimation of 

particularities of their regional distribution; 

- improved mathematical models for calculation of flood runoff characteristics in 

stationary and non-stationary conditions as well as of flood volumes which are used to 

assess the influence of land cover types of pluvial flood generation; 

- quantitative assessment of genetic model components for calculation of probable peak 

discharge, in particular, estimation of actual values of flood hydrograph shape 

coefficient and of coefficient of peak discharges control under reservoir impact; 

- hydrological and hydrodynamic models of flood runoff generation and flood wave 

propagation processes simulation and their application for estimation of the effect of 

land cover changes on temporal dynamics of pluvial floods at local and regional level 

and for assessment of impact of reservoir, levees and climate change on flood wave 

dynamics and spatial distribution of flood hazard/risk areas. 
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Approval of scientific results. Scientific value of the research was confirmed at national 

and international scientific conferences: The Dniester river basin: environmental issues and 

management transboundary natural resources (2010, Tiraspol), Water – History, Resources, 

Perspectives (2010, Chisinau), International Conference of Young Researchers (VIIIth edition) 

(2010, Chisinau), Academician Leo Berg - 135 years (2011, Tiraspol), Географические 

исследования: история, настоящее, перспективы (2011, Harcov), Екологічні проблеми 

Чорного моря (2011, Odessa), Актуальні проблеми сучасної гідрометеорології (2012, 

Odessa), Vulnerability and risk assessment using G.I.S. (2012, 2016, Cluj-Napoca), V Danube 

Academies Conference (2014, Chisinau), Modern Hydrometeorology: Topical Issues and the 

solutions (2014, Odessa), GIS (2014, Chisinau; 2016, Cluj; 2017, Iashi), Conferinţa ştiinţifică 

anuală a Institutului Naţional de Hidrologie şi Gospodărire a Apelor din România (2015, 

București), Mediul și dezvoltare durabilă, (IIIrd edition) (2016, Chisinau), International 

Exposition and Summit on the occasion of the World Geographic Information Systems Day 

(2016, Istanbul), Biodiversity in the context of climate changes (2016, Chisinau), Present 

environment and sustainable development (XIIth, XIIIth edition) (2017, 2018, Iashi), 

Transboundary Dniester river basin management: platform for cooperation and current 

challenges (2017, Tiraspol), American Geophysical Union Fall Meeting (2018, Washington). 

Implementation of scientific results. Digital maps on pluvial flood runoff were 

implemented by the Districts Councils of Glodeni and Faleshti for the development of the urban 

and territorial planning and management of the Camenca river basin. The obtained results were 

used for the sustainable management of water resources and hydrological risk situations, 

reservoirs operation optimization by the Basin Water Management Authority, ”Apele Moldovei” 

Agency.  

Publication on the thesis topic: The researches results were published in 23 scientific 

papers including: chapters in monographs - 1, articles in: ISI journals - 2 (2 without coauthors), 

category B journals - 2 (2 without coauthors), category C journals - 3 (1 without coauthors), 

articles in various scientific journals - 12 (7 without coauthor), theses at scientific forums - 3 (2 

without coauthors). 

Key words: pluvial floods, hydrological and hydraulic modeling, anthropogenic impact, 

land cover, reservoirs, GIS.   

Structure and volume of the thesis: The thesis consisted of introduction, four chapters, 

general conclusions and recommendations, 264 references, 150 pages of basic text,  165 figures, 

17 tables, 191 annexes, declaration of responsibility assumption and author CV. The thesis is 

written in Romanian and English languages.  
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Summary of the thesis: In Introduction the importance of studying the pluvial floods 

regime and the anthropogenic impact on it is emphasizes, aim and the objectives of the research 

are formulated, the scientific innovation, the theoretical significance and the applicative value of 

the thesis are justified, information on approval and implementation of the results are presented, 

the chapters are briefly described. 

Chapter I "Assessment of anthropogenic impact on pluvial floods (literature review)" 

presents a description of causes of flood wave generation and propagation processes 

modification under the action of anthropogenic activity from different perspectives (changes at 

the level of land surface and climatic system, at the level of hydrographical basin and river 

floodplain, etc.). A brief assessment of development of studies, in general, about pluvial floods 

and, in particular, about their anthropogenic impact (the influence of land use change, irrigation, 

urbanization, climate change, reservoirs, protection levees, etc.) at national and international 

level is performed. Also, within the chapter, the main methods used for assessing the changes of 

flood runoff in conditions of anthropogenic impact on environment are highlighted.  

 Chapter II "Research methods and materials" contains a description of the research 

strategy to achieve the study aim and objectives, the way of study areas selection and a brief 

overview of utilized direct and indirect methods as well as of the materials needed for their 

application. The main methods are the direct ones that are based on database analysis and 

identification of flood runoff changes due to anthropogenic activity impact. The methods of time 

series quality estimation and the statistical ones for calculations of different probability values of 

flood runoff characteristics are briefly described. Models applied for pluvial floods simulation 

are classified in static and dynamic. Their identification, use and presentation in the doctoral 

thesis is done based on the principle of increasing complexity: from simple to complex, the need 

of the input information being minimal for the static ones and maximum for the dynamic ones. 

The static methods include: SCS-CN, genetic, volumetric methods, the dynamic ones: 

JAMS/J2000 hydrological model and HEC-RAS hydrodynamic model.  

 Chapter III "Emphasis of anthropogenic impact on flood runoff based on direct and 

static methods" includes the results of national monitoring network hydrological database 

analysis, of Hydrological Alteration Indicators approach application and of assessment of direct 

impact of agricultural activities and reservoirs operation on small and large rivers floods. Also, 

the results of flood runoff estimation in stationary and non-stationary conditions are presented. 

The chapter includes the improvement and application of the methodology for identification of 

flash floods, flooding and flood wave propagation potential. The results of static methods 

utilization: the Curve Number, genetic, volumetric model for flood runoff modeling and 
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estimation of anthropogenic impact: changes in land cover, economic activities, reservoirs 

operation on flood characteristics are included. 

 Chapter IV "Evaluation of anthropogenic impact on flood runoff generation and 

propagation processes based on dynamic models" consists of two basic compartments which 

contain assessments of the flood dynamics on the example of pilot rivers. The first describes the 

JAMS/J2000 hydrological model application process and the results of its use for assessing the 

impact of land cover changes over the past 30 years on the flood runoff of the pilot rivers Raut, 

Cainari, Cubolta, Baltsata, Pojarna, Isnovats, Byc, Botna, Ialpug, Salcia Mare, Lunga. Also, 

natural discharge of the Byc river at Chisinau st. was modeled and compared with the monitored 

one from the same station, which is significantly influenced by the Ghidighici reservoir 

operation. The second compartment contains the results of calibration, validation and application 

of HEC-RAS hydrodynamic model on the Dniester and Byc pilot rivers in order to assess the 

impact of climate change and hydrotechnical structures: the flood protection levees and the 

Dubasari and Ghidighici reservoirs on propagation processes of pluvial floods through 

floodplain, on spatial distribution of flood hazard and risk areas, on potential damages and 

affected population.  

 In main conclusions and recommendations the main obtain results, general conclusions 

and recommendations are included. 

 References contain the main bibliographic sources used to perform the research. 

 In attachments there are included additional materials and research results in the form of 

tables, graphs, diagrams, maps, etc. developed during PhD thesis elaboration. 

  



15 

 

1. PLUVIAL FLOODS IN CONDITION OF ANTHROPOGENIC 

IMPACT (LITERATURE REVIEW) 

1.1. Flood wave generation and propagation processes  

Pluvial flood represents a fast increase of level and discharge of a river which causes river 

overflowing and inundation of adjacent territories. Pluvial floods are complex phenomena that 

are part of the water cycle. Main natural factor of pluvial floods generation is atmospheric 

circulation that contributes to occurrence of specific synoptic situations accompanied by 

torrential rains that generate large amounts of precipitation in a very short time. The local 

torrential rains are among the most dangerous precipitations, which create favorable conditions 

for generation of catastrophic floods especially on smaller rivers. The biggest amount of water 

fallen in these circumstances fails to infiltrate into the soil and flows down on slopes, 

concentrating in the rivers beds. The transport capacity of water through the riverbed is exceeded 

and water surplus overflows riverbanks, causing territory flooding. Inundations are ordinary 

natural phenomena in basin evolution. They becomes disasters or catastrophes in case of 

overlapping anthropogenic zones, causing victims and material damages [10, 100, p. 1, 188, p. 

5]. At the present-day, when the number of population and the need for space as a natural 

resource is growing, society uses for economic purposes both basins as natural system as well as 

river beds creating alterations and modifications of pluvial floods generation and propagation 

processes.  

The river basin is an open natural system and operates with inflow of matter and energy, 

their changes under the action of various processes as well as outflows from the system [19, 26, 

27]. Assessment of pluvial flood and influence on human activity on them, performed from the 

perspective of systems theory, considers all processes taking place in the basin and complexity of 

factors, parameters and variables that lead to generation of flood runoff. Distinctive feature of 

anthropogenic impact is resumed to the fact that it creates changes of natural processes by 

installing specific socioeconomic variables that influence on the output characteristics of the 

system - in our case - pluvial floods runoff (fig. A1). 

Human activities and management can alter both runoff generation and discharge 

conditions. It is evident that activities within the catchment area (e.g. agricultural practice, 

urbanization) mainly influence the former, whereas river engineering and management measures 

along the river system influence the latter [78, p. 515]. Considering that the river runoff 

(especially big river runoff) has specific characteristics in different parts of the basin, effects of 

anthropogenic activity can be differently spatially analyzed [taken and modified from 48, p.10]: 
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 Natural conditions of the upper part of the basin (hilly terrain, steep slopes, narrow 

floodplains, shallow riverbeds) in combination with torrential rains cause generation of fast slope 

runoff resulting in flash floods characterized by a high flow velocity and discharge, short flood 

wave concentration and propagation time. Its effect can be amplified by such activities as 

deforestation or excessive overgrazing which lead to reduction of water retention capacity of soil 

or vegetation layer, intensification of slope runoff, and formation of intensive soil erosion;  

 In the middle part of the basin the terrain is less hilly, floodplain enlarges and terraces 

become more noticeable, anthropogenic activity is more prominent. Deforestation, overgrazing 

and agricultural activities lead to intensification of maximum slope runoff and soil erosion. 

Increasing number and area of settlements lead to cover soils with waterproof materials that 

reduce water retention capacity by vegetation as well as soil infiltration, processes which 

generate urban floods with very high discharges and velocities and short concentration time. In 

case of absence of an effective rainwater drainage systems, urban floods cause considerable 

damage and casualties; 

 The downstream part of the basin usually represents plain areas with gentle slopes, very 

large floodplain, meanders, low water velocity, low sediments transport capacity and increasing 

siltation processes. Agricultural activities practiced in river floodplains become vulnerable to 

pluvial floods due to very large expansion of their flood-prone areas. Increasing urbanization 

process and low costs of land within flood-prone areas which attract in most of the cases the 

needy population conditionates the increase of population's exposure and vulnerability to floods. 

Propagation of the flood wave from the upstream part of the basin in combination with local 

floods or backwaters creates conditions for formation of complex floods which usually remain 

for longer periods from several days to several weeks. The lack/inadequate state of floods defend 

hydrotechnical structures can cause rivers overflowing and as a consequence enormous 

economic and social damage. [modified from 48, p.10]. 

The specificity of pluvial flood generation processes differs both at basin level, the most 

devastating being the complex floods, as well as at the size of the river itself, so that the 

environmental changes lead to more pronounced changes of flood characteristics generated 

within small river basins followed by medium and much less the large ones. However, the 

relationship between flood behavior in headwater catchments and the flood behavior of entire 

river basin is often complex and sometimes imperfectly understood [188, p. 97]. 

Estimation of human impact on pluvial flood regime is be performed by analysis of change 

in maximum runoff hydrological characteristics which are classified in:  
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 temporal – pluvial flood generation is a complicated process caused by interaction of a 

broad set of natural and anthropogenic factors, the result of which is the flood wave 

characterized by flood hydrograph, features of which are listed in figure 1.1. [17, 249, 261] 

 spatial – pluvial floods generation causes inundation of rivers floodplains and due to 

agricultural and urban areas extension within the rivers meadows, society increases vulnerability 

of its own territories to flooding. In such a way, flood risk increases (fig. 1.2) which is 

characterized by  

- flood probability  - ratio, expressed in share or unit parts, of number of cases (years) with 

favorable conditions for floods occurrence and sum of years taken into account; 

- flood hazard - natural and/or anthropogenic phenomenon with specific flooding features  

(flooded area, duration, depth, velocity of flood wave propagation, etc.). 

- exposure to floods – quantification of receptors that can be influenced by floods occurrence 

(number population, number and type of goods etc.);  

- flood vulnerability – sensitivity of a community to a flood, susceptibility is determined by 

physical, social, economic and environmental factors [31].   

  

Fig. 1.1. Pluvial flood hydrograph model Fig. 1.2. Flood risk components [119, p.18]  

where:  

Qmax– flood peak (instantaneous) discharge, m
3
/s; 

Qmed – flood mean discharge, m
3
/s; 

W – flood wave volume, mil. m
3
; 

Y – flood depth, mm 

n – flood wave hydrograph shape 

Tcr – rising limb time 

TL – basin lag time  

Tc – flood concentration time; 

Ttot  – total flood wave duration; 

Ca – rising limb; 

Cd – falling (recessional) limb 

According to European hydrological schools researches [108] flood regime changes can be 

theoretically represented by the trend and direction shift of peak discharges time series under the 

impact of anthropogenic activity. Graphically, hypothetical impact of three factors on maximum 

instantaneous discharge as a function of basin area is shown in figure 1.3, where it is noted that: 

in case of narrowing the floodplain (fig. 1.3a) the peak discharge increases proportionally with 

the basin area; increasing of urban area determines rising of peak discharge, especially, in small 
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basins (fig. 1.3b), and climate variability has an effect of both decreasing and increasing of 

discharge regardless basin area. Changes in peak discharge under the influence of anthropogenic 

factors are evaluated not only spatially but also temporally (fig. 1.4). Hydraulic structures 

operation causes significant visible changes of maximum runoff regime (fig. 1.4a), while 

changes of land use and climatic elements cause gradual modification of annual peak discharge 

trend (fig. 1.4 b, c). Changes in the floodplain and riverbed training determine an increase of 

small and medium floods probability, while reservoirs operation reduces the likelihood of 

medium floods (fig. 1.5). 

 
Fig. 1.3. Hypothesized impact of three types of drivers on relative flood peaks as a function of 

catchment scale. (a) River: removing floodplain storage. (b) Catchment: land use change such as 

urbanization, (c) atmosphere: climate change such as changes in rainfall characteristics. The thin 

line and the red arrows illustrate the effect of one of the three groups of drivers on the flood peak 

discharges [108, p. 2738] 

 
Fig. 1.4. Typical types of changes in flood peaks over decades or centuries as caused by (a) 

construction/removal of hydraulic structures, (b) gradual land use change, (c) increasing 

variability of extreme rainfall. Shaded areas represent intra-decadal variability [108, p. 2739] 

 
Fig. 1.5. Hypothesized impact of three types of hydraulic engineering activities on the flood 

frequency curve. (a) River training tends to increase the small floods. (b) Removing floodplain 

storage by constructing levees tends to increase the medium-sized floods. (c) Constructing 

retention basins tends to reduce the medium-sized floods  [108, p. 2752]. 

In the light of assessment of relations society-flood it should be noted that human society is 

adapting to floods during millennia. As an example, there can serve the civilization of Ancient 
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Egypt for which the Nile river floods represented not only a valuable source of water but also 

fertile soil. There can be mentioned also civilizations of Tigris and Euphrates, Ganges and Indus, 

Huang He and Chang Jiang river floodplains which adapted their activities to seasonal 

oscillations of river flow. From another perspective, recent socio-economic progress has recently 

become an important driving force in river basins management and organization of floodplains 

space, which lead to changes of pluvial flood characteristics and flood-prone areas. At present, 

the relationship society - flood is viewed and evaluated from the perspective of human 

accommodation without considering the ties of reciprocity thereby provoking dilemmas such as  

Space for water - Space for people, Cooperation - Conflict  [91, 108, 110]. River floodplains 

management determines formation of several type of connections in humans – river relationship 

formed as a function of  protection measures against the destructive effects of floods:   

- passive, without major interventions in river bed and floodplain; 

- preventive, when first defense measures against flooding were undertaken, partially 

protecting the property and farmland from the effects of flooding; 

- active, when floodplain arrangement activities were performed: river training, banks 

strengthening, levees building, etc. These activities were driven by the increasing process 

of urbanization and, respectively, necessity of settlements protection against floods and 

increasing of safety of people‟s life.  

- complex, which consists of complex arrangement of the river basins. Construction of 

reservoirs, either single or in cascade, allowed redistribution of flood water volumes and 

reduction of destructive effects of floods, thereby raising safety of life and protection of 

downstream agricultural and industrial land. The areas of floods generation and 

propagation were analyzed and treated as integrated functional systems [54, p. 132].  

 It is important to point that although most floods are more or less natural phenomena 

(albeit intensified by human action such as land-use change), the flood risk is largely of human 

origin [188, p. 5]. According to authors [79, p. 437] main anthropogenic drivers causing changes 

in hazard and vulnerability to floods are the following: urbanization, levee construction, river 

training, etc. (tab. A1). The most significant effect on spatial distribution of potential flooded 

areas is determined by hydrotechnical structures aimed to protect and mitigate the flood risk. 

Reduction of runoff section influences spatial and temporal evolution of flood wave and 

determines changes of flood characteristics and of their occurrence probability. 

As a result of evaluation of flood wave generation and propagation processes in conditions 

of anthropogenic activity, it was estimated that modification of flood regime is caused by:  

  Anthropogenic activities which take place on the Earth surface 
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- Changes at bazinal level: agricultural practice, deforestation, urbanization, etc.; 

- Floodplain arrangement activities (riverbed training, construction of reservoirs, levees, 

polders etc.). 

 Changes that take place in climatic system  

- Variation/changes of climate caused by human activity.  

 

1.2. Evaluation of actual level of flood runoff research  

Pluvial flood generation processes are determined both by natural and anthropogenic 

factors. A large series of researches has been devoted to study of flood generation processes 

under the influence of natural factors at both national and international level [5, 7, 9, 10, 14, 19, 

23, 24, 26, 27, 29, 42, 43, 48, 51, 52, 56, 58, 64, 65, 79, 80, 100-102, 108, 109, 188, 208-211, 

232, 234, 235, 236, 241, 261, 262, 264, etc.]. Research on human impact on pluvial floods was 

prompted by the rapid growth of population (and hence by pressures on environment) as well as 

development of modern hydrology (experimental/quantitative) especially for last 150 years. 

Conceptual foundations on floods generation causes and first attempts to calculate the maximum 

runoff dimensions appeared in second half of the 19th century [212]. An important contribution 

in this field was brought by researches made by Irish engineers-hydrologists and in particular the 

development by T. Mulvaney of rational formula which continues to be used today in research. 

The idea of identification of different factors impact on flood runoff on experimental 

hydrological basins also comes from T. Mulvaney. R. Manning (Ireland) noted that drainage 

works can reduce flood concentration time causing an increase of peak discharge, and 

Lombardini (Italy) mentioned in his researches that deforestation leads to faster slopes runoff. 

Floods, caused by heavy rains, on the Loire, the Rhône and the Seine rivers in the '30-40 of 

XIXth century have determined the evolution of a new trend in flood runoff research - flood 

forecast. Hydrological forecasting service created by E. Belgrand (France) served as an example 

for organizing of other such services both in France and in other European countries. E. Belgrand 

managed to identify the connection between generation processes of the Seine flood runoff and 

maximum precipitation, soil infiltration rate, tributaries location and other factors. In the same 

period equations of D. Bernuoli (Switzerland), R. Manning (France), A. Chezy (France), J. C. B 

St. Venant (France) have appeared and are currently used in the research and engineering 

hydrology. French school can be named as founder of hydrology as a science as well as of 

research of flood runoff and flood wave propagation [212]. 

The interwar period is remarked by researches of R. Horton (USA) who developed 

infiltration equation for determining of rainfall excess, of L. R. Sherman (USA) through unit 
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hydrograph theory that consists of converting excess rainfall into flow hydrograph, of E. J. 

Gumbel (Germany) which proposes extreme values distribution for frequency analysis of 

maximum runoff. The postwar period is characterized by a rapid expansion of research in field 

of pluvial floods. Along with raising degree of knowledge on river runoff processes, on the 

drivers that are involved in generation of surface and subsurface runoff based on description of 

natural phenomena, experimental research and hydrological observations data obtained from 

hydrometric stations installed on rivers in the 19th-20th centuries, theoretical approaches on 

flood runoff processes have advanced. International practice of assessing the maximum runoff 

characteristics are widely described in "Расчеты Паводочного Стока. (Методы Расчетов На 

Основе Мирового Опыта)" [261]. In this book, written in the context of International 

Hydrological Decade declared by UNESCO for 1965-1974, there is evaluated international 

experience in determining the flood runoff calculated hydrological characteristic in conditions of 

absence or presence of hydrometeorological information or based on field research; in 

application of distribution curves to calculate the floods and to construct flood hydrographs, in 

identification of the maximum calculated levels of rivers and lakes. Estimation of anthropogenic 

factors impact is found in the section dedicated to methods for calculation and analysis of 

maximum runoff in case of lack or insufficiency of hydrometeorological data. This methodology 

is based on two principles: first one includes regional empirical formulas (such as reduction 

empirical formulas etc.) and the second one - methods that are based on genetic formulas of 

runoff modeling which reflects the definitions of theoretical concepts on slope and river runoff 

generation processes (such as volumetric formulas, formulas that are based on isochrones theory, 

formulas for determining the rainfall maximum intensity, rational method). Anthropogenic 

impact is expressed by coefficients which include changes of relative surface of wetlands, 

reservoirs or forest. Principles and methods of flood runoff calculation, presented in this book, 

are included in the practices and national standards on determination of computed hydrological 

characteristics of ex-USSR countries, the USA, Poland, Great Britain, France, India, 

Netherlands, Germany, Italy, Japan, Spain, Romania, etc.  

The experience of ex-USSR member states in the field of hydrology and water resources 

from the end of the 19th century until '70 of the 20th century can be found in "Очерки и 

развитие гидрологии в СССР" (Overviews and development of hydrology in the USSR) [262]. 

Estimating the influence of natural (land cover, terrain, soils, etc.) and anthropogenic (tillage, 

irrigation/drainage, agro-technical activities, etc.) factors on river runoff was performed based on 

filed researches and water balance experimental stations. The main research conclusion consists 

of that the role of these drivers increases with decreasing of basin area, respectively, for medium 
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and large river basins the runoff is formed under the zonal laws, while for small basins the 

influences of azonal factors are primary [262, p. 69]. Development of theoretical research on 

runoff characteristics was driven mainly by the need for hydrological calculations in order to 

design various hydraulic structures and water management activities. The importance of these 

calculations is determined by the fact that the dimensions of the hydraulic characteristics of 

bridges, pipes, pipelines, highways, railways and hydrotechnical construction of reservoirs 

depend largely by maximum runoff. In such a way, the fundaments of regulations on probable 

peak discharges calculation were laid. The first documents of this kind appeared in 1882 based 

on the methodology proposed by Kestlin which were subsequently modified by contributions of 

G. Dubelir in 1926, M. Protodiakonov in 1932 and 1938, E. Boldaco and N. Cegodaev in 1955. 

In parallel with the activities for development of the norms and regulations on floods computed 

hydrological characteristics, fundamental researches in the field of flood runoff generation and 

propagation have evolved and resulted in well-known methods: the isochrones model (G. 

Alexeev, A. Oghievskii, etc.), volumetric formula (A. Kostiakov, D. Sokolovskii etc.), slope 

water balance (M. Velikanov, A. Befani etc.), regional empirical methods (D. Kocerin, D. 

Sokolovskii, A. Oghievskii, etc.). The influence of natural and anthropogenic factors on water 

resources was performed basically by comparing runoff of rivers which basins are characterized 

by different cover degree of forest, wetlands, lakes/reservoirs etc. However, it was assessed that 

more often one or another river runoff deviation from regional values is determined not by a 

single factor (like forest cover) but by a set of interdependent causes and can be explained by the 

simultaneous impact of terrain, soils, geological strata, land cover, etc. [262, p. 285]. In this 

regard a large number of researches have been made which have identified certain regularities on 

the influence of natural and anthropogenic factors on maximum runoff. Thus, in case of a steep 

terrain the maximal slope runoff increases, and in case of less hilly terrain the flow decreases, in 

the same time with gradual increases of evaporation. Regulation, in the sense of maximum 

runoff reduction, is determined by several factors: karst, significant forest cover and reservoirs 

operation. An important role in potential control of maximum runoff is played by position of 

reservoirs in the basin. It was shown that reservoirs located in the middle and lower parts of the 

basin have a higher capacity to change the maximum runoff compared with those situated 

upstream. Approximately the same rule is observed in the case of wetlands [262]. The impact of 

drainage and agricultural activities was not fully studied and, respectively, represents an interest 

for future research. 

Catastrophic floods that occurred in last decades on the rivers of Europe as well as 

prognosis of increasing intensity and frequency of extreme climatic events that cause flood 
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generation led to development of comprehensive studies on of flood regime changes performed 

by groups of researches from scientific centers on flood problems from European countries: 

Austria, Sweden, Italy, Czech Republic, Poland, Germany, France, Spain, Switzerland, etc. [79, 

108]. These researches are mainly focused on estimation of modification of flood regime as well 

as its generating factors (torrential rains) based on the time series analysis, highlighting regional 

flood changes in terms of increasing/decreasing runoff characteristics, spatial and temporal 

changes in the number and consequences of floods and assessment of future scenarios of runoff 

regime. Researches on anthropogenic impact on maximum runoff were described in [79, 108], 

some results being shown in figures 1.3-1.5 and table A1. 

 An overview of the size and frequency of catastrophic floods on the rivers of the 

Republic of Moldova is provided by both hydrological monitoring data as well as archival 

documents that contain valuable information about the spontaneous nature of this phenomenon 

[23, 140]. Information on floods between Carpathians and the Dniester river can be found in 

different historical documents, chronicles, descriptions of foreign travelers that visited 

Principality of Moldova. According to historical documents chronology of catastrophic flood on 

the Prut and Dniester rivers covers a period of seven centuries [23, 52, 140, 264]. Church 

documents and other archive materials contain descriptions on the flooding of the Dniester in 

1146, 1230, 1572, 1649, 1668, 1700, 1730, 1757, 1814, 1823, 1827, 1864, 1882, as well as of the 

Prut in 1812, 1825, 1827, 1841, 1843, 1889 and 1893 [23, 234]. Instrumental observations of 

rivers runoff of the Republic of Moldova are conducted by the SHS from 1878 when first 

hydrological station was opened on the Dniester river in Tighina town. By 1940 the number of 

stations increased up to 20. In 1953 water balance station Baltsata was opened and in 1957 - 

hydrological station on the Dubasari reservoir. In 1950 the first pluvial flood forecast is issued, 

and in 1953 - forecast of pluvial flood runoff volume [38]. By the beginning of the 70s, there 

were already 76 hydrological stations on the rivers and lakes of the Republic of Moldova, at over 

50% of which measurements on river discharges were performed. Subsequently, in the process 

of hydrological monitoring, some of the hydrological stations were closed between 1987-1995 

[56]. In 2006 the process of automat hydrological stations installation is initiated, first on the 

Raut r. than on the Prut and Dniester rivers [20]. In 2010 international codes in 4 colors for 

warning about dangerous meteorological and hydrological phenomena were introduced in 

practice based on which the population is informed about the type and characteristics of 

hydrological risk and recommendations about actions to be taken in case of hydrometeorological 

hazards occurrences [38]. Currently national network of hydrological monitoring of surface 

water is made up of 60 hydrological stations [20]. However, to optimize the monitoring network, 
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the number of stations should be extended especially for establishment of an effective floods 

management [35, 238]. It is important to take into account the basin principle for meteorological 

and hydrological stations location so as meteorological stations can reflect the synoptic situation 

from the hydrological basin allowing development of coherent hydrological prognosis, especially 

for small rivers. During the period of instrumental observations of river runoff there were 

recorded floods that caused devastating flooding on the Prut river in 1959, 1965, 1969, 1970, 

1971, 1975, 1991, 1996, 1998, 2008, 2010 [29, 55, 77], on the Dniester river in 1911, 1941, 

1955, 1969, 1980, 1989, 2008, 2010 [29, 140]  and on small rivers in 1948, 1949, 1956, 1963, 

1968, 1971, 1973, 1984, 1989, 1991, 1994, 1998, 1994, 1999, 2005 [14, 29, 234]. 

 In bibliographic resources of the Republic of Moldova a big number of publications 

recently written and dedicated to description and analysis of information about pluvial floods 

and their characteristics can be found [29, 52, 56, 58, 59, 234, 241]. From the most recent 

publications, in [56] there were systematized the research results on flood generation factors, 

hydrological data analysis, as well as a summary of international experience on flood research 

and development of effective flood protection measures. In [29] there are presented the general 

aspects, types, damages, risk aspects, examples, measures for mitigation and reduction of risks 

caused by floods as well heavy rains – as main flood generation driver. In another book [58] the 

floods are characterized from the perspective of occurrence period, duration, maximum water 

volume, levels and discharges, as well as there are described catastrophic floods which 

determined significant losses to the country. Description and analysis of flood generation and 

propagation processes manifested in recent years can be found in research studies and papers 

written by  O. Melniciuc, N. Lalykin, N. Arnaut etc [23, 24, 49, 51, 56, 77, 129, 134-136, 140, 

229, 232, 234-236, 241, 244 etc.]. Thus, in the bibliographic sources a detailed assessment of the 

main pluvial floods characteristics and inundations caused by them is performed.  

Development of researches at national level and performing construction and/or 

reconstruction activities of hydro-technical structures designed to protect settlements and 

agricultural lands from flooding is mainly driven by damage caused by catastrophic floods. Thus, 

following the destructive effects of floods in the '40s of last century, first reservoirs (e.g. the 

Dubasari, Ghidighici res.) and flood protection levees on the Dniester, Byc, Botna etc. were 

built. As a result of the floods of 1969 construction and strengthening of hydraulic structures had 

continued and intensified (e.g. the Costeshti-Stynca, Novodnestrovsk res. were built). After 

completion of protection infrastructure construction, floods risk approach has gained a new 

perception, which has been identified as a potential risk in case the hydraulic structures may not 

provide adequate protection. As a result, the focus of protection activities was shifted to small 
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and medium rivers where floods caused by torrential rains occur practically annually [35, 227]. 

Catastrophic floods on small and medium sized rivers which occurred in 1991, 1994 resulted in 

performing of new studies on flood protection such as development of flood protection scheme 

for settlements of the Republic of Moldova, conducted by the Institute ACVA-project in 1996-

1998 [34, 60]. In the end of research there were identified the flood-prone areas on the rivers of 

Moldova and there was estimated that 659 settlement with a population of 103 ths. inhabitants 

are situated in the risk areas [60, 238]. However, the considerable number of calculations that 

has been included in 40 volumes, mostly refers to assessment of flood-prone regions for 1% 

probability calculated using the methodology from old normative documents [23, 56, 234]. 2008 

and 2010 floods accelerated occurrence and development of extensive studies in the field of 

floods like those presented in [23, 24, 176]. For investigation of problem of pluvial floods, there 

were used and applied new methods and models integrated in software that constituted a new 

stage in research and evaluation of maximum runoff. 

Research on processes of pluvial flood generation on the rivers of the Republic of Moldova 

is based on regional and international methodological principles. The first studies dedicated to 

maximum runoff were performed by: V. Slastihin [234, 262], A. Befani [208-210, 234], N. 

Lalykin [56, 229], O. Melniciuc [23, 49, 51, 232, 234-236, 238, 241, 243] and others. The main 

content of this research is studying and adapting of empirical and volumetric methods for 

determination of computed hydrological characteristics of pluvial runoff of the rivers of 

Moldova and Ukraine. A special interest in the floods study is represented by researches 

performed by specialists from State Ecological University of Odessa, and in particular by A. 

Befani, E. Gopcenco [208-210, 217, 218, 237] devoted to assessment of flood runoff in Ukraine 

and Moldova, which have contributed to development of a new approach – the genetic one – in 

flood research. The largest researches in the field of pluvial floods of the rivers of the Republic 

of Moldova were performed by O. Melniciuc [23, 49, 51, 232, 234-236, 238, 241, 243]. Within 

his publications there are highlighted theoretical and practical approaches of flood research on 

both permanent as well as intermittent rivers of the country. Basing on these studies [208-210, 

217, 218, 234, 237], there were developed methodological recommendations for normative 

documents for determination of computed hydrological characteristic which were approved by 

Ministry of Regional Development and Construction of the Republic of Moldova to be used in 

practice in the field of designing of water management activities for the rivers of Moldova [17, 

18]. These documents have replaced the old normative acts published in 1983 [247, 249]. 

Assessment of flood wave propagation processes through the floodplain using modern 

hydraulic models and GIS began practically as a results of the catastrophic floods of 2008 
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formed on big rivers. As an example, the projects performed by IEG can be mentioned [23, 24], 

which basic objective consisted of simulation of flood wave in case of dam break of the 

Costeshti-Stynca res. situated on Prut r. and of the Dubasari res. situated on the Dniester r. using 

hydrodynamic model HEC-RAS (USA). As a result, hydrodynamic models were developed of 

the pluvial floods of 0.1, 0.5 and 1% probability and flood hazard/risk areas, depth and velocity 

were estimated [11, 23, 24, 77, 136, 140]. During the time, the same model was used to assess 

flood-prone areas of the small rivers of Moldova [128, 133, 134]. The project "Management and 

technical assistance support to Moldova flood protection" financed by the European Investment 

Bank [176] can serve as another example. In this project, flood hazard and risk areas of 0.1, 0.5, 

1% probability were modeled using commercial hydrodynamic model InfoWorks, and 

programme of flood risk management measures for the entire territory of Moldova was 

developed. This programme involves the implementation of a comprehensive management 

system and monitoring of rivers through structural and nonstructural measures for protection 

against flood risk. The results of this project can be used to adapt the FFD in Moldova.   

The first attempts for assessment of human impact on rivers runoff were performed in the 

second half of the 20th century and were consolidated by a group of authors N. Lalykin, V. 

Vodogretskii, I. Jelezneak, etc. in the form of normative recommendations published in 1986 

[245]. The water balance concept serves as methodological basis for developing methods for 

estimation of human impact on the river runoff: agrotechnical and deforestation activities, 

irrigation and drainage, urbanization, construction of reservoirs. This book [245] focuses on the 

major changes of the river average annual and seasonal flow, and less, of maximum/minimum 

winter/summer runoff due to human impact. Assessing the effect of urbanization on flood runoff 

is recommended to be performed using the rainfall maximum intensity equation and method of 

comparison with analogical rivers, estimation of reservoirs impact, depending on the presence or 

absence of data about their characteristics, is performed by using the coefficient of flood controll 

or by the coefficient of flood decrease depending on position of a reservoir or a cascade of 

reservoirs on the river stream. In this book there are given examples of calculating the impact of 

different human activities on the rivers runoff from different regions of former URSS including 

some rivers of Moldova. Further development and improving of such normative acts was not 

made.  

Recommendations for runoff estimation can be found in normative documents for 

determination of computed hydrological characteristics [17, 18] where two basic groups of 

methods are included: analysis of time series of maximum runoff hydrological characteristics 

and pluvial flood modeling. As well as in international practice, first stage of hydrological data 
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analysis consists of time series quality evaluation using method for estimation of homogeneity 

and stationarity of hydrological characteristics (Dixon and Smirnov-Grabbs, Fisher and Student 

criteria, etc.). In the case of lack of hydrological data, reduction and genetic methods for 

maximum runoff modeling are recommended for application. Of all anthropogenic activities, 

within the normative document, there is assessed only the influence of land cover and reservoirs 

on flood runoff in form of coefficients integrated in certain equations. Thus, for estimation of 

more detailed anthropogenic factors impact on floods regime additional researches are needed.  

Evaluation of the impact of anthropogenic activities within the river basin on flood 

runoff  

Landscape arrangement activities cause both increase as well as decrease of pluvial flood 

runoff. Flood runoff rising is determined by the processes of urbanization, deforestation, 

irrigation, agricultural activities, mainly due to increase of impervious surfaces, decrease of  

water retention capacity by vegetation cover and of soil water infiltration, and as effect to a 

larger contribution of slope runoff. Reduction of pluvial floods effect is conditioned by operation 

of reservoirs located both in the river basin as well as on the stream which decrease flood runoff 

due to retention and distribution of flood volume within the reservoir [17, 54, 108, 155, 188, 

234]. The land cover types classification from the perspective of assessing the degree of 

anthropogenic change of the environment was made on the basis of the analysis of the scientific 

literature [228] and presented in table A2. 

An important influence on flood generation processes is made by land use. Globally, the 

most popular procedures for estimation of this factor impact are analysis of empirical data as 

well as mathematical modelling, especially, in combination of GIS techniques [198]. In addition, 

application of hydrological models such as physically-based fully distributed models becomes 

more and more popular [100, 103, 156, 165, 174, 199]. Land use changes from one season to 

another or by substitution of a type/crop with the other one. In order to estimate the maximum 

runoff changes, the modeling of land cover type spatial distribution for several periods of time is 

used, and both real and analytical land use scenarios are produced. 

Agricultural activities have a significant impact on soil layer. These influence its physical 

characteristics (soil porosity, water and air regime, etc.) during irrigation process, under the 

impact of agricultural techniques, etc. As a result of compaction process under the influence of 

agricultural activities, the mineralogical component increases by approx. 60%, decreasing the 

water and air content by 30% and 70%, respectively [213, 219]. Field experiences conducted 

within the country territory (Calarasi district) to assess the changes in soil permeability on 

different land cover types resulted in the fact that in the forest it is 2.5 times (6.17 mm/min) 
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higher than on land with vineyards, 10 times higher than on root crops (0.69-0.64 mm/min), and 

17 times higher than on land cultivated with vegetables. The permeability of land occupied by 

roads is tens and hundred times smaller than of the cultivated one [213, p. 24]. Thus, the 

agricultural activity determines the increase of the flood runoff characteristics, however, the rate 

of the increase should be determined by special studies. In researches [49, 243, 244], it was 

suggested to estimate the impact of debris flow on the flood runoff kinematics for slope runoff 

characteristics assessment. As a result, a new model for estimation of slope flood runoff velocity 

was proposed, which, in case of a sediment concentration of a weight of 0.3-0.5 of the total water 

volume, show a significant increase by 1.5-2.5 times of runoff real velocity from cultivated 

slopes and of runoff characteristics drained into the river network.  

At present, according to national normative documents, assessment of land use impact can 

be performed by estimation of hydrograph shape which is included in genetic equation for 

calculation of probable peak discharges. However, currently, there is no specific methodology 

for estimating the flood runoff changes under the influence of land use, because the impact of 

this factor was insufficiently studied [245, 246]. 

The impact of irrigation on pluvial flood runoff is ambiguous: on the one hand, the water 

volume used for irrigation needs is reduced from reservoirs, fact which allows a higher floods 

storage, on the other, the flood runoff can rise due to the increased soil moisture resulted from 

irrigation and, respectively, reduced infiltration capacity. Assessment of river average and flood 

runoff regime changes due to irrigation is based on models that describe the laws of water 

infiltration into the soil, soil moisture antecedent characteristics [170, 211, 214, 221, 224, 230, 

232, 233, 234, 258, 259, 263]. Considering that the share of irrigated area within the river basins 

of the Republic of Moldova has decreased significantly over the last 20 years, the impact of this 

factor has diminished considerably. From another point of view most of the irrigated areas are 

currently located in the floodplains of big rivers, the Prut and Dniester rivers, and additional soil 

moistening made by the irrigation process can contribute to the subinundation of agriculture 

lands in case of a heavy rains. 

One of the processes that have been developed rapidly in recent decades causing 

significant effects on river runoff is urbanization. In international research literature the effect 

of urbanization on pluvial floods is evaluated from different perspectives. One of them is related 

to estimation of temporal variations of hydrological characteristics of maximum runoff due to 

intensification processes of urbanization and another one - to assessment of spatial changes in 

flood risk/hazard areas. Together with population movement to cities, often the flood-prone areas 

are used to meet the spatial needs for housing construction, thus increasing exposure and 
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vulnerability to floods. In conditions of rapid growth of urban territories and demographic 

expansion, the pluvial sewerage system fails to capture and redistribute the increasing volumes 

of surface water and cause flooding of territories [151]. 

Researches on effect of urbanized area on runoff have started in the 60s of the last century 

and resulted in the rapid development of urban hydrology, especially, a big number of urban 

hydrology handbooks, rainwater management guidelines and manuals, and regulations for 

sewerage systems construction within urban areas were written. The anthropogenic impact 

assessment procedure is based on the analysis of monitoring data or hydrological modeling [63, 

117, 119, 141, 151, 155, 183, 186]. 

The impact of urbanization is highlighted from the perspective of basin size, degree of 

urbanization and settlements position within the basin. As the basin is smaller, the greater is the 

impact of impervious surface on flood runoff and vice versa (fig. 1.3b) [108, 141]. In [186] it is 

mentioned that depending on position of settlements within the hydrographic system, the flood 

can have to peaks, one being caused by runoff from the urban areas and the second being 

generated from the upstream rural areas. The same opinion was expressed by authors [117] who 

assumed that in such a case peak discharge values will decrease but flood duration will increase. 

In [141] it is mentioned that under the impact of urbanization, there is observed the increase of  

discharges of 50% probability (2 year floods) by 100-600%, those of 10% - by 20-300%, and 

those the rarest, such as 1% probability, - by 10-250%. The authors of [183] performed a 

comparative analysis of runoff formed within urbanized and partly natural river basins of 

Atlanta, USA, and discovered that the peak discharges of the urbanized basin are 30-100 times 

higher compared to the other one. 

At national level, modern methodology of urbanization impact assessment can be found in 

normative documents for calculation of pluvial sewerage system and assessment of maximum 

allowable emissions of pollutants from urbanized territories [18]. Specifics of existing methods 

consists in the principle of assessing the impact of this factor not by correction coefficients, but 

by determination of direct runoff generated by heavy rains or snow melt by normalization of 

infiltration losses for various land cover areas of the urbanized territory. The model of pluvial 

floods runoff calculation from urbanized territory is based on the reduction or genetic equations 

structure. It should be noted that among modern methods for determining the maximum runoff 

characteristics there are no concrete recommendations for assessing the impact of urbanization 

on floods generation processes. This can be explained by the fact that in the past urbanization 

share was not high and the impact of this factor on the maximum runoff in real conditions was 

considered insignificant.  
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Assessment of climate changes impact of flood runoff 

The main flood generation factor is the climatic factor. Changes in climate regime 

elements cause changes in characteristics of the flood runoff as well. A large number of 

scientific papers have been dedicated to the phenomenon of climate change [16, 53, 61, 71, 82, 

87, 88, 99-102, 123, 124, 159, 163, 175, 182, 193, 227, etc] and it is widely mediated both at 

national and international level. Although scenarios of future climate indicate a likelihood of 

increasing intensity of heavy rains and flood hazard in many areas, analysis of time series of 

monitoring network observations to date does not necessarily confirm this. The general statement 

that there is a signal in series of severe floods is supported by several studies, while others report 

that non-stationary behavior of flood flow series could not be detected. There is a discontinuity 

between some observations made so far, where increase in flood maxima is not evident and 

model-based projections for the future, which show a clear increase in intense precipitation and 

floods, over many areas. However, flood risk has increased in European countries as a 

consequence of the increase in exposure to floods and damage potential as a result of social and 

economic advances. Nevertheless, it is clear that where increase in flood risk has occurred, it has 

been largely caused by direct anthropogenic influences [79, p. 453-455]. 

At national level, researches [16, 193] show that for the last decades the main 

characteristics of daily maximum precipitation - flood generator - have slight upward trend. 

Simulations show that these trends will increase towards the end of the century and will cause a 

growth in maximum runoff characteristics, an increase of likelihood and intensity of river and 

flash floods as well as expansion of flood-prone areas. For example, according to estimations 

[234, 238] integrated impact of climate change and human activities on the Dniester river flood 

runoff will increase the coefficient of variation by more than 1.5 times, and the values of peak 

discharges of 1% probability (likely to occur once in 100 years) will move to 3% which means 

that the exceeding probability will be already 30 years. In the book [227, p. 268] there were 

estimated regional changes of maximum runoff of the Dniester river basin for both the warm 

period and for the whole year. Thus, by 2050 year, flood frequency (number of days) will 

decrease by approx. 12%, especially, in the lower part of the basin, in the Raut and Botna 

tributaries basins the decrease will constitute over 20%. During the warm season, compared to 

annual data, it is expected an increase of days with floods in the upper part of the Dniester river 

basin with 20-30%, in the middle part - with 10-20%, and a decrease of them with approx. 20% 

in the lower one. However, despite reducing the number of floods, their intensity will increase. 

Respectively, during the warm season the intensity is expected to increase with over 30-40% in 
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upper part, and up to 65% in the lower one. In the middle part it is assumed that flood 

characteristics will decrease because of controlling effect of reservoirs.  

Assessment of climate change on flood of the rivers of Europe, including those of the 

Republic of Moldova, performed recently basing on projections of the Vth report of the IPCC 

expert group [71, p. 2253], shows that the peak discharges of 1% probability tend to increase 

towards the end of the century, especially, a higher increase will be specific for the internal 

rivers of the country located in the central and northern part (fig. 4.67). 

 Assessment of impact of rivers hydromorphological modifications on floods 

River floodplains are the most favorable regions for economic activity, especially for the 

development of agriculture, due to smooth plain terrain, soils of high productivity and presence 

of water resources. Thus, in order to make economic activity more efficient and to protect it from 

the undesirable effects of hydrological hazards, floodplains and river beds are subject to training 

and arrangements activities which cause certain pressures both on river hydrological regime and 

on neighboring ecosystems. The most significant pressures are conditioned by the interruption of 

connectivity, namely:  

- changes of river beds transverse profile: reservoirs, dams etc.  

- changes of river beds longitudinal profile: construction of channels, levees, polders, 

lateral reservoirs, etc. 

Hydraulic structures (protection levees) and river training increase flood wave velocity 

and discharges because of narrowing floodplain but also significantly reduces the flood-prone 

areas however when operating period is over or in case of engineering errors that can cause 

destruction of hydrotechnical structures, the effect of floods is ten times more disastrous. At 

present, in the international literature there are more and more scientific papers devoted to 

estimation of effect of hydrotechnical constructions by application of hydrodynamic models in 

order to assess the protection levees or reservoirs dams breach impact. Also, monitoring data are 

thoroughly analyzed to evaluate the signal of change in the time series as a result of 

hydrotechnical constructions operation. The impact of river training and protection levees 

construction determines the increase of the small and medium floods and reservoirs effectively 

regulate the medium floods (fig. 1.4a, 1.5a, b, c) [66, 100, 121, 181, 197]. 

Flood protection activities on rivers of the Republic of Moldova consist mainly in 

correlation and cumulative effect of the non-structural measures (hydrologic monitoring, flood 

prognosis and warning, population education, institutional and professional capacity building, 

harmonization of national legislation, land arrangement, population assurance programme etc.) 

but especial of structural ones (rivers training, banks consolidation, construction of permanent 
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and non-permanent reservoirs, levees and polders, pluvial sewage system, etc.) [238, p. 83-84]. 

These are oriented to control the process of propagation of the flood wave through the bed-

floodplain system. 

One of the most effective methods of flood protection is the reservoirs construction [66, 

204, 238, 242, 244]. These were created to meet various economic needs (fishery, irrigation, 

electricity generation, recreation, etc.) as well as to regulate the river flow during flood events 

and droughts. But despite the presence of a big number of ponds and reservoirs (over 3000) 

situated in the limits of the Republic of Moldova, with a total volume of about 150 mil.m
3
, they 

play a minor role in flood protection system of small rivers [238, p. 85]. Thus, the peak 

discharges of 10-25% probability will decrease by 2-42%, those of 5% - by 3-32% and those of 

1% by only 2-16% [244, p. 164]. In order to regulate the maximum runoff of large rivers 

(Dniester and Prut), the most efficient is Costeshti-Stynca reservoir, built on the Prut river. 

According to the project data, as a result of flood wave propagation through reservoir, the inflow 

peak discharge of 1% probability should be reduced by 76% and the one of 0.1% - by 40% [238, 

p. 85]. Thus, the real peak discharge of Prut river of up to 4000 m
3
/s (inflow discharge) will 

decrease to 500-700 m
3
/s (outflow discharge) [55, p. 99]. Dubasari res. located on the Dniester 

river has a minor effect on regulation of discharge of rare probability (0,1-1%), reducing the 

peak discharge by 4-7%. The highest contribution to decreasing the small and medium sized 

rivers floods is attributed to Ialoveni res., which leads to reduction of the peak discharge of 0.1% 

by 34% and of 1% by 55% [234], followed by Ulmu res. which decreases the probable flood 

discharges by 25% and 41% and Ghidighici res. that diminishes them by 13% and 32%. 

According to the project data, the other reservoirs on small and medium sized rivers have a lower 

impact on flood runoff, on average modifying the peak discharge of 0.1% and 1% by 6-17% and 

by 10-30%, respectively [234, p. 174]. However, reservoirs siltation process should be 

considered, which during operation period, negatively influences the flood regulation capacity. 

For example, the most silted reservoirs are: Comrat (Ialpug r.) - 70%; Congaz (Ialpug r.) - 66%; 

Dubasari (Dniester r.) - 52%; Ghidighici (Byc r.) - 46% [238, p. 86]. Considering this fact, the 

very presence of reservoirs increases flood risk because of dams breach probability. Gratieshti 

dam breach as a result of heavy rains in the summer 2005 [61, p. 60], what caused flooding of a 

large region including a part of mun. Chisinau, is a good example that demonstrates the above 

statements. Thus, to identify the real impact of reservoirs on flood runoff there must be 

performed inventory activities for all reservoirs and their hydraulic structures, undertaken 

measures to strengthen or liquidation of them as well as optimization of methodology for 

estimating this factor impact on maximum runoff. 
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Distribution of pluvial flood volumes through the floodplain is limited by flood protection 

levees built along large rivers: the Prut and Dniester, as well as the medium-sized rivers: the Byc, 

Raut, Botna Lunga, Cogylnic, Ialpug etc. Embankment works were carried out during '50-70 of 

last century and have resulted in the protection of 93 settlements and 87500 ha of floodplain 

from inundation [35, p. 4]. The flood protection levees on the Prut river were designed and built 

to protect against floods with exceedance probability of once in 100 years, with estimated peak 

discharges of 1260 m
3
/s [55, p.20]. The dimensions of existing flood protection structure from 

the Dniester River floodplain, downstream of Dubasari reservoir to the river mouth, are designed 

to resist to the peak discharges equal to 2600 m
3
/s. Currently, hydraulic structures operations 

period exceeded 50 years, so their protection capacity has decreased. By 2010 it was estimated 

that there is a need of reconstruction activities for 80 km of levees (of 220 km total length) on the 

Dniester River and for 120 km of levees (of 150 km total length) on the Prut river [35, p. 5]. 

Levees failure during in 2008 and 2010 floods events, when over 5000 ha of land were flooded 

(2008), confirms the need to perform strengthening and reconstruction works of flood protection 

hydraulic structures [227, p. 265].   

Modification of flood runoff regime as a result of environmental changes as well as current 

trends of transition from traditional flood control methods to integrated flood management will 

lead in future to a re-evaluation of the methodology for estimation of hydrotechnical structure 

specifications as well as of protection strategies and life with floods. It becomes increasingly 

obvious that floods require a multidisciplinary, multi-institutional approach both as prevention 

methods and especially as intervention procedures and actions. This assumes the approach of 

difficulties in assuring the management of consequences of a flood not only in terms of the 

problems faced by a single institution but a complex multidisciplinary approach, providing a 

large overview, a complete puzzle of institutional involvement, which would ensure the 

integration of efforts of everyone involved. Activity of every institution is influenced by the 

actions of other institutions; possibly having a deep impact on their functionality, being 

necessary to take into accounts these interdependencies [48, p. 2]. 

In the Republic of Moldova the most important role in flood protection is played by 

cooperation and best practices for management and prevention of flood consequences of the 

responsible institutions: SHS, Civil Protection and Emergency Situation Service of the Ministry 

of Internal Affairs, Agency Apele Moldovei, etc., all institutions of the Operational Centre for 

Steering in Emergency Situations created to optimize the reaction in case of to disasters and 

emergencies [15]. International cooperation for flood management is of a particular importance. 

A progress in this area has been achieved in recent decades by signing a number of treaties, 



34 

 

agreements on cooperation between Moldova and neighboring countries in terms of a better 

management of water resources, floods, climate change adaptation, etc. [1, 2]. Implementation of 

joint research projects has accelerated the activities for development of  transboundary flood 

management and the creation of joint working groups for optimization of international 

cooperation, raising awareness, adaptation and resilience to flooding [82, 83, 175, 196].  

1.3. Classification of methods for evaluation of anthropogenic impact on pluvial 

floods  

In the literature for assessment of flood regime changes, two main methodological 

principles are recommended: analysis of time series of main hydrological characteristics and 

modeling of pluvial flood generation processes and flood wave propagation trough the floodplain 

[17, 18, 100-102, 108, 261]. 

First methodological principle includes methods of direct assessment of flood regime 

changes based on analysis of data from monitoring network. The comparative analysis of the 

hydrological data collected in condition of natural evolution of the river basins as well as during 

the impact of anthropogenic activity reflects the trend of flood runoff modification under the 

influence of one or another human factor. One of the most effective approaches is currently 

considered „Indicators of Hydrologic Alteration‟ (IHA) [177] which is applied, in most of the 

cases, for estimation of impact of reservoirs operation on river runoff [127, 168 etc.]. The same 

team proposed the range of variability approach (RVA) with the aim of setting the streamflow-

based river management targets that incorporate the concepts of hydrologic variability and 

aquatic ecosystem integrity [127, 178]. Realization of this approache is performed using special 

software IHA [195], where 33 IHA characteristics (monthly mean values, annual minima and 

maxima of 1, 3, 7, 30, 90 days and their date of occurrence, number of zero-flow days, base flow 

index, number and mean duration of low and high pulses, number of cases of significant flow 

increase/decrease), grouped into 5 classes: magnitude, duration, timing, frequency, and rate of 

change, as well as Environmental Flow Components (minimum monthly flow, extreme low flow, 

flow pulses, small and large floods) for pre- and post-impact periods are calculated. Also, there 

should be mentioned alternative designs for assessment of runoff change based on data 

availability that can be also applied: (1) Paired-Before–After Control–Impact (BACIP), (2) 

Before–After (BA), (3) Control–Impact (CI), (4) Hydrological Classification (HC) and (5) 

Predicted Hydrological indices (HP) (fig.1.6) [167]. 

Often, monitoring data which would represent the river hydrologic regime for pre- and 

post-impact period, are absent or are of a low confident level. In these conditions, quantification 

of human impact can be performed by comparative analysis of data from hydrological 



35 

 

monitoring network situated in river basins characterized by the same flow generation conditions 

but with different anthropogenic factors. [17, 186, 247, 260, 262]. 

 
Fig. 1.6. Flow diagram representing the Hydrologic Alteration Assessment protocol [translated 

from 167, p. 472] 

 Another way to assess the flood regime change consists of estimation of temporal and 

spatial homogeneity of hydrological characteristics. Statistical inhomogeneity of maximum 

runoff time series can be caused both by natural as well as by anthropogenic factors. In both 

cases, random nature of maximum runoff characteristics is breached, and therefore there should 

be applied methods of converting information from inhomogeneous into statistically 

homogenous like water balance and regression methods [17, 18, 21, 108, 205, 206, 234, 245, 

246, 247, 249, 253, 256, 257]. In order to quantify the statistical homogeneity of time series 

there are applied criteria like Dixon, Smirnov-Grubbs, Fisher and Student etc.. Also, statistical 

methos can be used for identification of differences in the values of computed hydrological 

characteristics and statistical parameters for pre- and post impact periods. In addition, there can 

be tested and used other several methods: Kolmogorov–Smirnov, Kuiper, confidence interval, 

and ecosurplus and ecodeficit [150]. 

Another group of methods for assessment of anthropogenic factors impact on pluvial runoff 

includes indirect methods for pluvial floods generation and propagation processes modeling. 

Generation and propagation of flood wave is characterized by a high spatial-temporal variability 

of hydrological processes. Understanding of these processes is crucial for mitigation, protection 

and management of floods and flooding, but their mathematics reproduction is difficult because 

of their complexities. Therefore, abstraction is necessary to understand or control some aspects 

of their behavior [194, p. 9]. Simplified representation of hydrological processes occurring 

within a basin is performed by hydrological models what have been rapidly evolved in the last 
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40 years and are used in various fields of hydrology and water management. The big number and 

differentiated configuration of hydrological models is due to many objectives for which they 

were created. According to [194] the origins of rainfall-runoff modelling in the broad sense can 

be found in the middle of the 19th
 

century arising by the need to response to three types of 

engineering problems: (1) construction of sewerage system, (2) of drainage systems, and (3) of 

reservoir. Certainly, the rational method and its variations may be considered as the first 

generation of hydrological models. The modified rational method, based on the concept of 

isochrones or isolines of equal travel time, can be considered as the first basic rainfall-runoff 

model based on a water transfer function whose shape and parameter were derived by means of 

topographic maps and the use of Manning‟s equation to evaluate the different travel times. The 

'50s of last century are characterized by rapid progress in the development of hydrological 

models in particular of conceptual models followed by the appearance of models with 

concentrated parameters (lumped models) which were built in '60s. In the '70s stochastic models 

and real time forecasting models have appeared, and in the '80s – physically-based distributed-

parameter models were developed. The next stage of development of hydrological models is 

characterized by the development of large-scale models, allowing the assessment of large rivers 

runoff, and the simulation of global changes that can be caused by various factors such as, for 

example, climate change [194, p. 1-1 - 1-4]. Classification, description and comparison of 

different models can be found in many papers [7, 86, 95, 100, 101, 103, 109, 125, 153, 157, 166, 

181, 194]. 

Classically, models can be grouped into deterministic and stochastic. The two types of 

models are differentiated by random nature that characterizes or not the variables that compose 

the model. Deterministic model can be considered if any of the variables is not random, 

stochastic model is when one or more its variables are random [7, 95, 194]. However, most of 

the models are deterministic. Stochastic models have their advantages such as, for example, from 

one point of view, their concept is simple and allows description of heterogeneity when spatial or 

temporal information is limited, and from another point of view, they provide to the decision 

makers the opportunity to evaluate uncertainty associated with forecasts [95, p. 27]. 

Usually, the hydrological models are classified depending on hydrological processes that 

are represented, needed database, spatial representation, time and purpose. Based on the analysis 

of models types that represent a certain level of reality, hydrological models can be divided into: 

- data-driven, empirical or stochastic, black-box models  - do not represent hydrological 

processes but are based on data from hydrological measurements both as input data as well 

as output data.    
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- knowledge-based,  theoretical or physically-based, white-box models that have the best  

representation of hydrological processes, and integrate a big number of components   

- conceptual or grey-box models are intermediate models between black-box and white-box 

models, and represent in a very simple way the physical laws [153, p. 17-18]. 

Spatial discretisation is presented in lumped models where the basin is considered as a 

single entity and spatial variation is ignored; in distributed models that depend on resolution of 

the database and processes variety, boundary condition, characteristics of the hydrological basin, 

input and output data are defined by the user; in semi-distributed models where spatial variation 

is represented by a limited number of entities [95, 194]. 

Another criterion of models classification is temporal variation [95, 194], respectively a 

certain number of models do not take in consideration temporal variations of events, others are 

limited to simulation of short-time events such as floods, and others can continuously simulate 

the hydrological processes being able to represent several runoff components (such as surface 

runoff, baseflow or interflow).   

Anthropogenic factors can be represented in hydrological models both as coefficients that 

reduce or increase flood runoff as well as can participate in floods generation and propagation in 

physical form. Complex studies of human impact on the maximum runoff can be performed by 

application of hydrological models that integrate both spatial and mathematical models and can 

represent, in a clear way, the whole range of factors that determine flood generation. In this 

respect, the most successful models are fully-distributed physically-based models that simulate 

continuously physical processes of flood wave generation. These models require a big set of 

input data but allow evaluation of a significant number of anthropogenic factors that influence on 

maximal runoff generation: land cover, irrigation, urbanization, water use and other activities 

that can be evaluated on bazinal level. Well-known hydrological models of this kind are the 

following: Wasim-ETH, SWAT, MIKE SHE, LISTFLOOD, JAMS/J2000 etc. [95, 153, 194].  A 

detailed analysis of development and particularities of physically-based hydrological models can 

be found in [74, 76, 95, 125]. 

 Assessment of morphological modification of the river bed and floodplain caused by 

anthropogenic or natural processes is performed using hydrodynamic models. In comparison 

with the hydrological ones, these models are limited to strict region: the river floodplain, and 

simulate the physical processes of the river runoff in the limits of river bed and floodplain. The 

results of such models are usually represented by risk/hazard maps, water depth and velocity, etc. 

Thus, this type of the models is referred to spatial delineation of flood wave characteristics and 

their changes under the impact of hydrotechnical construction, floodplain management activities, 
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river training, etc. Hydrodynamic models can be used to simulate the impact of planned 

hydraulic structures in the floodplain and respectively are widely used in civil engineering. 

According to [197] hydrodynamic models be classified in one-dimensional (1D) and two-

dimensional (2D)  models as a function of spatial schematization, the formulation of the 

governing equations or according to the numerical method applied. Commonly used 

hydrodynamic models are considered: MIKE11/21, HEC-RAS, LISFLOOD-FP, TELEMAC, 

SOBEK [153, 194]. 

Application of hydrological or hydrodynamic models assumes that these would represent 

as best as possible the natural phenomena, thus they must meet certain conditions of accuracy. 

Execution stages of a qualitative model are resumed to the model building, calibration and 

validation, analysis and evaluation of results as well as its application to simulate different 

scenarios. Calibration is the process of 'adapting' the model to the individual conditions of the 

pilot region. As much of hydrological models (like conceptual, physically based models etc.) are 

based on methods that can be applied in any region of the world, specific values are attributed to 

their parameters and variables that characterize environmental components of the study areas. 

The basic purpose of the calibration is to identify the values of these parameters in such a way 

that the simulated hydrological characteristics (such as, for example, discharges) may correspond 

in the best way with those observed. Calibration can be performed manually (by trial and error 

method) or can be automated (called optimization). Among the most widespread algorithms for 

optimization are genetic algorithms SCE-UA (Shuffle Complex Evolution - University of 

Arizona) [94], Branch & Bound [118], radial basis function method (RBF) [107]. Manual and 

automated calibrations have advantages as well as disadvantages. The process of manual 

calibration often is difficult, time consuming, and its quality depends largely on the quantity and 

quality of input data, modeler qualification, understanding of the processes occurring within the 

system and thus can be subjective. Automatic calibration, performed using specific algorithms, 

does not need assiduous effort from modeler but requires significant computer resources. In 

some cases, automatic calibration fails to make the connection between parameters and 

associated processes and outcomes do not make hydrological sense [166, 194]. Thus, utilization 

of both calibration methods for more accurate estimation of the model parameters is evident. As 

a rule, modeled values do not coincide perfectly with the measured (observed) for different 

reasons. Any model is a simplified representation of reality and does not perfectly reflect the 

hydrologic system and from the very beginning is determined to contain certain errors. 

Occurrence of errors during hydrometeorological measurement as well as existence of the 

parameters indirectly or approximately estimated (due to lack or too costly experimental data) 
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represent typical causes of errors in modeling. Therefore, it is generally impossible to find values 

for the model parameters that will result in ideal simulations. Considering this fact, in practice, 

methods are used for model quality assessment which are based on modeled and measured 

values of hydrological characteristics. Two methods are commonly used: the first consists of 

graphical comparative assessment for coincidence between modeled and measured values, and 

the second one deals with implementation of quantitative statistical objective functions such as 

standard regression, dimensionless techniques and error indicators, Nash-Sutcliffe criterion, 

PBIAS etc. [161]. Model quality assessment process is, as usual, continued by estimation of 

uncertainty and sensitivity of the parameters used in the model for evaluation of those which 

play the most important role in runoff process as well as cause more or less errors during 

simulation. Sensitivity of the model parameters can be performed using: PEST [93], simple 

deterministic sensitivity analysis [75], Sobol‟ Global Sensitivity Analysis [189].  Evaluation of 

uncertainty of hydrological or hydraulic parameters is performed using different methods like: 

GLUE (generalized likelihood uncertainty estimation method) [76], BMA (Bayesian model 

averaging) and MME (multi-model ensemble method) [154]. A Framework for Understanding 

Structural Errors (FUSE) to diagnose differences in hydrological model structures is presented in 

[81]. 

Development of up-to-date software allows a quite fast assessment of flood risk 

components for gauged rivers as well as for those insufficiently studied such as small rivers of 

the Republic of Moldova. Together with rapid development of information technologies and 

their application for virtual simulation of surrounding world, risk management becomes more 

efficient and assessment of areas under action as well as intensity of hydrological hazards 

becomes more accurate. Management of hydrological risk situations is an imperative field of 

contemporary world and its effectiveness is based on an integrated approach of hydrological and 

hydrodynamic modeling for assessment of processes of maximal slope runoff generation as well 

as of flood wave propagation through the floodplain.  

Current studies from national and international literature on flood regime show that 

anthropogenic activity significantly influences the flood generation and propagation processes. 

Taking into account the fact that the problem of identification and understanding of changes of 

the maximum runoff characteristics of the rivers of the Republic of Moldova is fragmentarily 

researched and reflects the experience of the previous decades but complex studies have not been 

carried out so far we consider that present research is necessary and fits into the current global 

trend regarding pluvial floods studies. Considering mentioned facts, the important scientific 
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problem consists of assessment of changes in temporal and spatial characteristics of flood runoff 

of the rivers of the Republic of Moldova caused by the anthropogenic activity. 

Study aim: assessment of changes in pluvial floods characteristics in conditions of 

anthropogenic impact. 

Research objectives:  

 identification and estimation of changes in pluvial flood runoff regime under the 

influence of anthropogenic activity on the basis of static methods;  

 modeling of anthropogenic impact on flood waves generation and propagation 

processes of the pilot rivers using hydrological and hydrodynamic models;  

 assessment of flood risk changes in conditions of environmental modifications. 

 

1.4. Conclusions to chapter 1 

 

1. On the basis of the bibliographic sources studies, the theoretical aspects that, in general, 

characterize the relationship society - floods, and, in particular, explain the changes of the 

flood waves generation and propagation processes as a result of anthropogenic activity were 

highlighted. It was identified that the pluvial flood regime is influenced by: anthropogenic 

changes which take place on the Earth surface which include, arrangements of the river 

basins, from one side, and, of the river floodplain from the other, as well as the modifications 

which take place in the climatic system. 

2. Based on the analysis of international experience in the field of floods and human impact on 

maximum runoff, we can conclude that assessment of anthropogenic activity effect is 

performed using several classes of methods. One of them consists of direct analysis of 

hydrological information. Another methodological concept is resumed to hydrological 

modeling application. Thus, mathematical modeling methods can be utilized for calculating 

hydrological characteristics and components of anthropogenic activity by using specific 

coefficients. On the other hand, integrated hydrological and hydrodynamic models can be 

implemented to simulate the pluvial floods and to apply scenarios of anthropogenic impact 

and climate change.  

3. Based on analysis of the bibliographic sources, the scientific problem, aim and objectives of 

present research were formulated as well as main methods and study strategies were identified 

in order to perform the assessment of anthropogenic impact on flood runoff of the rivers of 

the Republic of Moldova.   
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2. METHODS AND MATERIALS OF RESEARCH 

2.1. Research strategy  

Analyzing the world and national research centers experience in the field of study of the 

anthropogenic impact on pluvial floods, it was found that at present there is no single 

methodology recognized as mandatory or recommended in this field. However, on the basis of 

evaluation of international researches results and local possibilities, a set of basic methodological 

approaches for identification of the anthropogenic activity effect on generation and propagation 

of pluvial floods of the rivers of the Republic of Moldova were established and applied. These 

were based on the use of indexes to estimate the flash floods and flooding potential, methods of 

statistical analysis of hydrological data, on application of classical mathematical models as well 

as complex hydrological and hydrodynamic modeling. The schematic structure of planned 

activities for realization of the aim and objectives of the PhD thesis is presented in figure 2.1. 

The applied methodology, in a simplified manner, is described below and the results of its 

utilization are presented in next chapters.  

A particular attention within the study was paid to the analysis of time series of pluvial 

flood characteristics and identification of the signal of changes under the impact of 

anthropogenic activity. Also, assessment of the potential for flash flood generation and territory 

inundation was performed based on factorial analysis of the general natural and anthropogenic 

characteristics of the river basins and on FFPI and FPI application [158, 187, 201]. In addition, 

Flood wave Propagation Potential Index (FPPI) was developed and used to assess the impact of 

main factors (natural and anthropogenic) on flood wave propagation through the river floodplain. 

The next stage of the research was based on application and improvement of the 

methodology for calculation of anthropogenic factors impact on the flood runoff which exists in 

national normative documents [17, 18]. These documents concentrate the methodology of time 

series statistical analysis and of assessment and modelling of hydrological characteristics and of 

flood wave hydrographs of different probability for conditions of hydrometeorological data 

availability, insufficiency or lack. In the mathematical models, the anthropogenic factors are 

represented in the form of coefficients of the flood runoff values correction. As the use of 

correction coefficients cannot fully reproduce all anthropogenic processes, in addition to existing 

approaches, experimental data of the Baltsata water balance station were used to identify the way 

the maximum runoff changes under the land use impact. Also, the SCS-CN model (developed by 

the US Natural Resources Conservation Service) [190] was applied to assess the flood runoff and 

its variations under the impact of land use both differentiated at country level as well as for 
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representative pilot rivers. In order to assess the other characteristics of the flood runoff, namely 

the pluvial flood volume, the volumetric method was used, which was improved in order to 

calculate the contribution of the land cover types to the total flood volume generation.  

Subsequently, the researches focused on the modelling of river runoff generation processes 

using the physically-based fully distributed hydrological model JAMS/J2000 developed by the 

Department of Geographic Information Science, Institute of Geography, Friedrich-Schiller 

University of Jena, Germany [126, 142-149, 203]. The model is based on the water balance 

equation and its combination with the Hydrologic Response Units allows spatial assessment of 

both natural and anthropogenic factors effect on runoff generation as well as application of 

different scenarios of land use changes and climate elements variation to evaluate their impact on 

flood runoff. On one hand, the application of the JAMS/J2000 model integrates both 

mathematical and spatial models, and requires a large number of input data as well as time to 

perform calibration, validation and results analysis; on the other, it allows the evaluation of a 

significant number of processes and natural and anthropogenic factors that cause floods runoff.  

 

Fig. 2.1.  Schematic structure of planned activities for development of PhD thesis  

Besides the hydrological processes modelling, attention was paid to the process of 

propagation of the flood wave through the river floodplain. For this, the hydrodynamic model 

HEC-RAS developed by U.S. Army Corps of Engineers, USA [113-116] was applied. Flood 

wave simulation is performed by application of the module for unsteady flow modeling which 

involves the development of virtual model of the river floodplain and representation of its natural 
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and anthropogenic elements, activities that were performed using HEC-GeoRAS extension for 

GIS [112] and subsequently HEC-RAS [113]. After the process of model calibration and 

validation, the specifics of flood wave propagation through the river floodplain modified by 

anthropogenic activities (flood protection levees, reservoirs) were estimated. 

Application of indirect methods for flood estimation is conditioned by the presence of 

certain risks due to methodology imperfection, lack of detailed field researches and ability to 

calibrate and validate modeling results. 

 

2.2. Study areas  

Usually, rivers are classified in the three categories: large, medium and small based on 

different factors: river basins area, main stream length and order, local terrain peculiarities 

(mountain, plateaus, plains), research aim as well as proposed study methodology [7, 36, 37, 65, 

68, 78, 225]. In the present study, rivers classification was made considering floods generation 

and propagation processes, existing database and methods for estimation of maximum runoff, 

river length, basins area and the share of land cover types.  

The runoff generation in the small river basins differs from that formed in the larger ones 

from several considerations: small river basins are totally covered by the maximum precipitation 

generating distinctive floods, the dynamics of genetic factors is relatively large, the influence of 

natural and anthropogenic factors is significant, in comparison, in the large river basins 

precipitation events cover only parts of their surface, at different moments of time, the effects of 

natural and anthropogenic factors are generally smaller. Finally, it can be concluded that the 

maximum runoff is formed in small basins, concentrating and computing in time and space in 

large river basins [7, 37]. For these reasons, for the present study, rivers whose basins have an 

area of up to 200 km
2
 have been classified as small rivers considering the fact that flash floods 

are formed within this basin type [65, p. 2]. The Prut and Dniester transboundary rivers fall into 

the category of large rivers and the basins whose runoff is formed entirely on the territory of the 

country and whose area exceeds 200 km
2
 were grouped in the middle-sized rivers category. 

Based on the principles outlined above, GIS techniques [73, 173] utilization and river network 

analysis [105], the main large, small and medium-sized rivers of the Republic of Moldova were 

delimitated which constituted the study areas of the present research. 

Estimation of FPPI and of anthropogenic activities impact on the flood runoff through the 

correction coefficients integrated in the traditional mathematical methods recommended by the 

normative documents and national and regional literature was performed for: the direct 

tributaries of the Prut r. - 15 rivers, of the Camenca r. (Prut River tributary) - 3, of the Racovats r. 
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- 1, of the Dniester r. - 7, of the Botna r. - 3, of the Byc r. - 3, of the Ciulucul Mic r. - 1, of the 

Raut r. - 8, of the Danube r. - 2, of the Ialpug r. - 4, of the Lunga r. - 1, of the Salcia Mare r. -1, 

of the Black Sea - 1 (figures 2.2, 2.3), in total - 50 small and medium rivers whose runoff is 

formed on the territory of the Republic of Moldova.  

In order to assess the FFPI and FPI as well as to estimate changes in flood runoff using 

SCS-CN model, 789 elementary river basins (basin area ≤ 200 km
2
) were semi-automatically 

delineated (fig. 2.4). For the same aim, 982 elementary territorial-administrative units (fig. 2.5) 

were considered: 13 municipalities, 53 towns and 916 villages and communes (hereinafter 

communes) [47]. Elementary river basins have been delineated, also from the point of view of 

predominance of natural vegetation, such as forest, but also of landscapes heavily modified by 

human activity, in particular, through urbanization processes and agricultural activities.  

   

Fig. 2.2. Distribution of small and 

medium rivers length  

Fig. 2.3. Basins of small and 

medium rivers  
Fig. 2.4. Small rivers basins area 

More detailed research to estimate the changes in flood runoff under the effects of land use 

changes for the past 30 years has been done for 8 pilot rivers (fig. 2.7). They were delineated on 

the basis of geographic position, river basin area and its integration within the boundaries of the 

Republic of Moldova. Thus, the representative rivers of the central, northern and southern part of 

the country were selected: Cainari, Cubolta, Raut (Baltsi st.), Baltsata, Byc, Botna, Salcia Mare, 

Lunga. Maintaining the idea that the anthropogenic impact is noticeable, especially within small 

river basins, the pilot basins were divided into 102 small basins (fig. 2.7) for which flood runoff 

changes were estimated based on the SCS-CN model utilization. 

The hydrological monitoring data represent the basic pillar for estimation of the maximum 

runoff changes using direct methods as well as for choosing the methods for calibration and 
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validation of the different models applied for simulation of the country's rivers floods, including 

those with no hydrological stations. For the present research, from the hydrological monitoring 

network 26 hydrological stations located on small and medium rivers and 6 stations - on large 

rivers with times series > 30 years were selected (fig. 2.6) [3, 12, 13, 32].  

Modeling of flood runoff complex processes using J2000 model was performed for 11 

pilot rivers (fig. 2.7) of which hydrological information exceeds 20 years and can be used for  

calibration and validation of constructed models. Pilot areas selection was based on the 

availability, quantity and quality of environmental components information: 

hydrometeorological data, soil composition, geological structure, components of anthropogenic 

activity, and so on. The selected pilot rivers are Cainari r. - Sevirova st., Cubolta r. - Cubolta st., 

Raut r. - Baltsi st., Baltsata r. - Baltsata st., Byc r. - Chisinau st., Pojarna r. - Sipoteni st., Isnovats 

r. - Syngera st., Botna r. - Causheni st., Salcia Mare r. - Musait st., Ialpug r. - Comrat st., Lunga - 

Cheadyr-Lunga st.. The methods of hydraulic modeling were applied to simulate the dynamics of 

the flood wave through the Dniester and Byc rivers, especially for the middle and lower parts. 

   

Fig. 2.5. Territorial-administrative 

units area 

Fig. 2.6. Hydrological stations 

used in the research [based on 32] 

Fig. 2.7. Pilot rivers basins 

 2.3. Direct methods 

 Methods of hydrological time series quality assessment 

Assessment of hydrological information quality is the decisive factor for selection of 

methodology and for assurance of estimations regarding computed hydrological characteristics 

of the studied rivers. Time series quality is estimated by testing its stationarity and homogeneity, 

classically performed using the statistical criteria of Smirnov-Grabss, Dixon, Fisher, Student 

broadly described in the national standard document [17]. Homogeneity evaluation according to 
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Fisher's criteria, selected for the present study, is performed by comparing Fcalc values 

determined based on the application of equation (2.1) and their critical limits, Fcritic represented 

in the tables of [17, p. 173]: 

      Fcalc= ζ
 
X

2
 / ζ

 
X+1

2
 ,      (2.1) 

X  - time series variance. 

If Fcalc<Fcritic, the assumption of time series temporal homogeneity is not rejected. In the 

case of time series inhomogeneity detection, they are returned to homogeneous stationary 

conditions by the water balance and regression methods utilization. 

In addition to the homogeneity analysis, the stationarity assessment is carried out which 

estimates the independence of the values of the hydrological characteristics time series from one 

year to the next one. To evaluate the random functions stationarity, the autocorrelation 

coefficient [234] is used which is calculated using the equation: 
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Qi   values of peak annual discharge of flood runoff  (replaced by Yi and by Yivara - for 

values of flood runoff depth and, respectively, for summer runoff depth); 

Q  average value of flood runoff discharge (replaced by Yi and by Yivara - for mean values 

of flood runoff depth and, respectively, summer runoff depth). 

In case when r(η) = 0, and on the graph the linear trend coincides with the trend of the 

multiannual averages, then the random sequence is considered stationary and can be name the 

Markov's simple chain. If r(η) ≠ 0, statistical parameters determination is done by assigning the 

correction coefficients [17, 234]. 

Methods of determination of computed hydrological characteristics 

Determination of computed hydrological characteristics shall be performed in accordance 

with the normative documents of each state developed for argumentation of the hydrotechnical 

construction projects. In the national normative document [17], the assessment of the main flood 

runoff characteristics is based on application of methods of statistics and probability theory as 

well as mathematical modelling using the hydrological information from the monitoring network 

stations. Classically, the calculation of hydrological characteristics of 0.1 to 10% exceedance 

probabilities is performed. Parameters required for data statistical analysis are as follows: 

average (mean) value of flood runoff characteristics Q , Y , 
varaY ; coefficient of variation Cv, 

coefficient of skewness Cs, random mean square error ε, coefficient of autocorrelation, r(η). 
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Traditionally, the identification of statistical parameters Cv and Cs is performed using the method 

of moments (for cases where Cv≤0,5) and the method of maximum likelihood [17, 260]. Taking 

into account the high variability of flood runoff characteristics, the acceptable method of 

identification of statistical parameters is maximum likelihood method. If the extreme values of 

the studied characteristics highly deviate from the theoretical ordinates in the zone of low 

probabilities ≤5%, the use of short distribution is recommended. The random mean square errors 

are calculated considering r(η) [17]. Once the statistical parameters Q , Y , 
varaY , Cv, Cs have been 

determined, the computed hydrological characteristics based on the probability theory are 

estimated. In the practice of hydrological and geographic research of time series (discharge, 

depth, average or maximum volumes, etc.), the models describing the empirical and theoretical 

probability curves are widely used [21, 260]. In the present research, for estimation of annual 

empirical probability of flood characteristics values the Weibull equation was used, and of the 

theoretical one - the asymmetric binomial distribution or Pearson type III and three-parametrical 

gamma-distribution according to Kritski-Menkel ordinates [17]. It should be emphasized that the 

Kritski-Menkel distribution can be used for any Cs/Cv ratio, the Pearson type III distribution is 

implemented if Сs/Сv2 [17]. 

For regional evaluation of runoff characteristics, the reduction model was applied which 

consists of [7, 19, 234]: 

      𝑞𝑚𝑎𝑥 ,% =
,%mq

(𝑆+1)𝑚 1       (2.3) 

where: 

𝑞𝑚𝑎𝑥 ,% - specific discharge of exceedance probability P%, m
3
/s/km

2 

S - river basin area, km
2
 

m1- exponent of the power function (of reduction) 

,%mq  - elementary specific discharge of exceedance probability P%, m
3
/s/km

2 

Estimation of spatial distribution of statistical parameters and of the flood runoff 

characteristics was performed with the help of GIS techniques using spatial modeling methods 

IDW, Kriging, Topo To Raster [72]. 

Hydrological alteration indicators  

The decision regarding the direct effect of reservoirs or other impact factors on flood 

runoff is influenced by the presence of hydrological information (fig. 1.6.) [167]. From all 

existing approaches (fig. 1.6), the best way to assess the anthropogenic impacts on flood runoff 

of the rivers of the Republic of Moldova is analysis of hydrological information for pre- and 
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post-impact, pre/post-control periods and as a result determination of Hydrological Alteration 

Indicators and Environment Flow Components [177-180]. Of the total number of indicators, for 

the present study, only those referring to pluvial flood runoff phase were selected, and their 

dynamics was assessed using the IHA software [195]. Also, alternative indicators such as the 

coefficient of peak discharge attenuation, coefficient of hydrograph shape are calculated, a 

comparative analysis coefficients of variation as well as probable discharges is performed for 

pre- and post-impact periods. In addition, maximum water level dynamics and riverbed 

hydromorphological modification due to hydrotechnical structures construction were analyzed. 

 

 2.4. Static models 

 Indexes of flash flood, flooding, flood wave propagation potential  

 Assessment of potential for generation and propagation of floods was done by combining 

the natural and anthropogenic factors classified according to runoff potential and application of 

the FFPI [158, 187], FPI [201], FPPI indexes. For these indexes modelling 19 factors that 

reflect flood generation and propagation processes were used (fig. 2.8). Factors classification 

was performed according to their characteristics and the impact on the surface runoff generation 

by attribution of a score from 1 (low potential) to 5 (high potential). Weighted values of each 

factor were evaluated by estimation of the share of surfaces occupied by different classes 

integrated into  Decision Making Matrix in Microsoft Excel [90]. Mapping and derivation of 

needed factors were performed in ArcGIS, QGIS and SAGA GIS environment [73, 173, 184]. 

Modeling of FFPI was made in GIS using Weighted Sum function. Assessment of FFPI and FPI 

was performed using spatial data of the factors distributed on entire river basins. On the other 

hand, evaluation of FPPI was made by using data describing riverbeds state.  

 

Fig. 2.8. GIS database for assessment of FFPI, FPI and FPPI 

SCS-CN method 

Estimation of flood runoff depends on quality and quantity of hydrologic data which often 

are absent or insufficient. In such cases, the best option consists of application of indirect 
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methods. A big popularity for flood runoff calculation was gained by SCS-CN (USA) [190]. A 

great advantage for application of this model is utilization of GIS techniques for calculations and 

spatial representation of input data and results (fig. 2.9). Thus, in present study, the SCS-CN 

model was used for assessment of regional variation of the flood runoff depth in the elementary 

small river basins and territorial-administrative units of the Republic of Moldova.  

Flood runoff generation depends on many factors that as usual are difficult to estimate due 

to their complexity. SCS-CN model is based on the conventional representation of the maximum 

retention potential during rainfall [7, p. 113], which is influenced by  land cover types, soil 

hydrological group and extreme precipitation which is based on water balance equation that was 

subsequently modified for different purposes: 

    𝑌 =  𝑃 −  𝐼𝑠 −  𝐼 −  𝐸 −  𝑑                (2.4) 

where:  

𝑌 - direct (surface) runoff, mm  Is -  infiltration capacity, mm E - evapotranspiration, mm 

P - rainfall, mm I - interception, mm d - other types of retention 

 Main equation, used in present study, for implementation of SCS-CN model is the 

following [84, 89, 171]:  

      𝑌 =
 𝑃𝑃−0.2∗𝑆𝑝  

2

𝑃𝑃+0.8∗𝑆𝑝
     (2.5) 

where:  

PP - maximum precipitation, mm 

Sp - potential for water retention, mm, which is estimated by: 

       𝑆𝑝 =
25400

𝐶𝑁
− 254     (2.6) 

where:  

CN - the curve number which results from the intersection between land cover and soil 

hydrological group [65, p. 17]. CN was estimated depending on antecedent soil moisture 

conditions: low moisture or dry soils (ASM I), average soil moisture condition (ASM II) and high 

moisture or wet soils (ASM III).  

All the factors that are integrated in the SCS-CN model: soil, precipitation, land cover as 

well as calculated CN, Sp and Y itself can be spatially represented using GIS techniques. 

Schematic representation of steps for estimation of flood runoff using SCS-CN model and GIS is 

represented in figure 2.9.  
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Fig. 2.9. Schematic representation of flood runoff calculation using GIS techniques and SCS-CN 

model 

Utilization of SCS-CN model is suitable for evaluation of human impact on runoff 

expressed by land cover changes, modification of soil texture and moisture conditions under 

agricultural activities, climate variations.  

 

Genetic method 

In the normative documents of the Republic of Moldova [17], floods modelling is based on 

mathematical methods, in particular, on the genetic and reduction ones. It should be noted that 

these methods are widely used both at regional as well as local level for ungauged rivers [260, 

261], however, some of their components are based on measured data. Both types of equations 

use coefficients that reflect to some extent anthropogenic activity. The genetic method of 

calculation of the peak discharge of a certain probability is represented by the equation: 

    

 P
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,%,%     (2.7) 

where:  

A  - river training coefficient 










0T
tC - flood wave flattening coefficient 

0T  - slope runoff duration, hours, on the territory of Moldova is equal with 2,5 hours 

Ct  - river flow duration equal to ratio between river length and water velocity, hours  

,%mq - elementary specific discharge of probability P%, m
3
/s/km

2
, which is calculated as:   
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28.0 .       (2.8) 

where:  

n - variable that establishes the slope runoff hydrograph shape (hereinafter hydrograph 

shape coefficient) 
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𝑛+1

𝑛
 - coefficient of irregularity in time of slope runoff 

Rk - water retention coefficient  

0,28 - dimensions coefficient 

,%mY
 
- flood runoff depth of certain probability P, %, which is calculated by equation: 

     
Vmm PPY ,%,%        (2.9) 

,%mPP - maximum precipitation of certain probability P, %, mm  

V  - flood runoff coefficient, which depend on river basin area  

P  - coefficient of transfer from one probability to another  

The impacts of agricultural activities on flood runoff can be expressed from the 

perspective of changes in slope runoff that is determined by the variable that establishes the 

slope runoff hydrograph shape n, integrated into equation for calculation of coefficient of 

irregularity in time of slope runoff. At present, for the conditions of the Republic of Moldova, 

the average value of n is equal to 0.4 [17]. This exponent evaluation will allow estimation of the 

land cover impact on the flood runoff. The coefficient of irregularity in time of slope runoff is 

equal to the ratio between flood peak and mean discharge of the flood hydrograph, respectively, 

n being equal to:  

      𝑛 =
𝑄𝑚     

𝑄𝑚𝑎𝑥 −𝑄𝑚     
           (2.10) 

where: 

Qmax - flood peak discharge, l/s           𝑄𝑚
      - flood mean discharge, l/s 

Differential estimation of the n value can be performed in the case of analysis of flood 

runoff that is generated on certain surfaces covered by specific land use type. Thus, for the 

assessment of the impact of agricultural activity data from experimental hydrographic basins and 

platforms are needed, such as those of Baltsata water balance station which functioned during the 

period 1954-1994.  

The anthropogenic factor represented in the equations for probable peak discharge 

calculation is referred to reservoirs operation. The coefficient showing this factor impact is 

calculated by: 

      
LfC 


1

1
      (2.11) 

where:  

C - coefficient depending on flood runoff depth, 

Lf  - weighted share of reservoirs area in the river basin (%)  
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Assessment of weighted share of reservoirs area in the river basin can be performed using 

the equations of table 2.1:  

Table 2.1.  Equation for calculation of 
Lf   

Basic equation recommended by the normative 

document [17] 

Alternative equation recommended by the 

normative document [17] and other researches 

[234, 247, 249, 260] 

                   8.2

2
 L

L

f
f

          
(2.12) 

        

)/100( 2

1

SfSf ii

n

i

L 




       
(2.13) 

where: 

Lf - share of reservoirs area in the river basin, % 

iS - basin area of reservoir i, km
2
 

if - area of the reservoir i, km
2 

 As it can be seen, in the normative documents one can find the methodology of calculating 

the impact of two anthropogenic factors: the reservoirs operation and agricultural activities. This 

assessment is carried out using specific coefficients and indices. The results of this methodology 

application as well as certain proposals for improvement and regionalization of the results are 

shown in chapter 3. 

 

Volumetric method  

Runoff volume is a value that sums up the volumes generated on all surfaces within the 

river basins. It can also be represented as a product between the flood depth and the river basin 

area. The flood depth can be estimated using different methods. Within the national normative 

document regarding pluvial sewerage system and evacuation of maximal allowable pollutants 

from urbanized areas  [18, 63],  the total volume of flood runoff is estimated by the equation: 

     SYW m,%% *10 , m
3
 ,           (2.14) 

where: 

,%mY - runoff depth of P%, mm, which is recommended to be identified by expression:   

     
Smsm PPY  %,% )(      (2.15) 

S - territory area, ha 

)( s - the function of reduction in time of torrential rain (equal to 0,45 in case of 

torrential rain of 20 minutes according to [18])  

,%mPP - daily maximum sum of precipitation of certain probability P, %, mm  
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S - weighted mean coefficient of the runoff from urbanized area calculated by  

    SSSSS nnS /)...( 332211    ,   (2.16) 

where: 

n 1  - runoff coefficient from a certain urbanized area  

nSS 1  - share of the certain urbanized area, % 

Runoff coefficient can be estimated, also, based on recommendation [65, p. 9] using the 

equation:  

     𝜂𝑆 =
 𝑃𝑃m ,%−0,2∗𝑆𝑝 

2

𝑃𝑃𝑚 ,%(𝑃𝑃𝑚 ,%+0,8∗𝑆𝑝)
     (2.17) 

Thus, for floods volumes calculation, initially, the flood depth from different land cover 

types was estimated which was then transformed into runoff volumes, and their sum resulted in 

total flood volume value. Subsequently, the dependency between the share of volumes generated 

on different land cover types and the share of their surfaces was determined. Calculation of flood 

volume values from different surfaces was performed based on equation 2.14 and of runoff 

coefficient - according to 2.17. The advantage of this methodology consists of the fact that 

determination of flood volumes is done by estimating the contribution of each land cover type to 

the total flood volumes. 

 According to some estimations, methods that include calculation of runoff coefficients 

have advantages and disadvantages. According to [219], comparison of runoff coefficients of the 

rising and falling limb of the hydrograph and mean runoff coefficient indicates its overestimation 

for the first phase and its underestimation for the second one. In the case of the maximum phase 

these values are practically equal. The advantage of using the methods with runoff coefficient 

estimation consists in their high popularity and in the fact that estimation of these coefficients in 

different geographic regions is based on observations made in the field. Runoff coefficients 

depend to a large extent on the antecedent soil moisture. They will increase by 2-3 times in the 

case of well-wetted soil due to past precipitation or irrigation process (in the case of arable land 

or grassland they may increase from 0.3 to 0.7) [219, p. 336]. Runoff coefficients depend, also, 

mostly, on soil texture, type of its processing, as well as on vegetation cover, on the river basin 

size and, obviously, on the amount of precipitation [219, p. 339].  

 

 2.5. Dynamic models 

 Simulation of flood runoff generation processes using JAMS/J2000 hydrological model 

 Basic concepts 
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 Modification of the pluvial flood generation regime is influenced by a set of natural and 

anthropogenic factors that influence the rivers runoff, and the greatest challenge, in these 

conditions, is to evaluate the effect of these two factors both in combination and separately. In 

order to respond effectively to this challenge, the JAMS/J2000 hydrological deterministic 

physically-based fully distributed continuous model was applied (fig. A2) [98, 126, 142-149, 

156, 164, 165, 169, 185, 202, 203]. The main aim of this software is to develop the virtual 

models of different river basins for water resources management, for identification of appropriate 

strategies for solving environmental problems, etc. This model is capable to represent a wide 

range of hydrological processes taking place within river basins, but also includes hydrodynamic 

methods for flood wave simulation. Integration of the Hydrologic Response Unit (HRU) in the 

J2000 model makes it suitable for large-scale application, including for modeling of extreme 

events such as pluvial floods. Hydrological processes are modeled within different modules, 

allowing them to be added or removed depending on the aim of modelling. An advantage of the 

model consists of the possibility to use both spatial and temporal data. Runoff simulation is 

based on internationally recognized methods and the free access to program codes and 

algorithms allows modification or replacement of modelling methods [169, 185, 203]. 

 The JAMS/J2000 model algorithms try to describe the process of the water cycle in nature. 

Thus, water is originally generated by precipitation. Subsequently, it is distributed differently on 

the land surface. One part flows directly into the river, phenomenon specific of urban areas, the 

other part is subject to retention processes that depend on vegetation and soil type. The water 

infiltration into the soil plays a primordial role in the runoff generation process. Water coming 

directly from precipitation or interception from the vegetation layer is distributed and 

accumulated in the soil pores. When the soil reaches saturation point, water excess accumulates 

and flows over the land surface. Soil water is redistributed to the geological layers that 

accumulate and/or generate the groundwater runoff, or move it back by capillary rise. Some of 

the precipitation water is returned to the atmosphere through evapotranspiration processes of 

vegetative and soil layer. This depends on the textural characteristics of the soil, its depth, 

moisture, hydraulic conductivity and vegetation type and state. The water transport from one 

hydrological response unit to another is regulated by the parameters of the lateral runoff, and the 

flood wave propagation through the riverbed is made on the basis of the kinematic wave concept. 

As a result, four runoff types are obtained and by summing them up the pilot river flow is 

estimated (fig. 2.10). The detailed description of all the processes that are integrated into 

JAMS/J2000 can be found in the model's author and team publications [98, 142-149, 156, 164, 

169, 185, 202, 203] and on JAMS/J2000 web site [126].  
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Fig. 2.10. Conceptual framework of J2000 model 

 Spatial and temporal data base  

 The stage of database preparation for JAMS/J2000 model consists of collecting, analyzing 

and evaluation of the quality and quantity of hydrometeorological and spatial data as well as the 

HRU delineation. At this stage, the specifics of the study areas, the basic characteristics of the 

nature components and the potential causes of the errors or the uncertainties of the modeling 

results are identified. 

 The temporal data base required for hydrological study in J2000 consists of the following 

daily data: air temperature (maximum, minimum, mean), precipitation, wind speed, air relative 

humidity, sunshine duration and river discharge. The database is integrated into the River Basins 

Information System - a web-based temporal and geospatial information management system (fig. 

A3, A4). It provides user-friendly functions for data storage and download as well as for data 

analysis and management [144, 202]. Existing data can be analyzed from the point of view of 

location, parameters type, altitude, distance between stations, as well as correlations of different 

parameters and their tendency estimation can be performed. It is also possible to connect to the 

international free access database such as WMO [200], NOAA National Climate Data Center 
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[162]. Depending on the links formed between the time series, interpolation of the data for the 

stations with discontinue information can be performed by applying the following interpolation 

methods: inverse distance weighting, inverse distance weighting with altitude correction, linear 

interpolation, linear regression. At the end of temporal data processing, they can be exported in 

the format required for integration into the J2000 model, and data aggregation according to the 

required aim can be made: from the daily data, sums, averages, maxima, minima for different 

time periods: monthly or yearly can be extracted.  

 The spatial representation of the different environmental and anthropogenic components is 

accomplished by creating a unique spatial object - Hydrologic Response Unit (HRU) - which 

sums up all elements of nature: land cover, DEM, soils and geological layer. The HRU 

delimitation is performed with the help of the GRASS HRU web service [185]. The combination 

of spatial thematic layers is carried out in such a way as to distinguish polygons of 

heterogeneous structure containing information about all the components of the environment 

necessary to estimate the slope runoff and, finally, the accumulated water within the river bed. 

The created polygons are interconnected and the link between them is provided by the elements 

in the attribute table. In the delineation process, additional layers, generated of DEM, are 

performed such as: slope, aspect, flow direction, flow accumulation, river network, subbasins, 

etc.. The regionalization and mapping of different HRU-based components provides an 

opportunity to analyze the conditions of pluvial flood generation at local and regional level [126, 

169, 185]. 

 Processing, calibration and validation of hydrologic model 

 Once meteorological and hydrological data have been analyzed, corrected and evaluated, 

and HRU delineation was made, the stage of the hydrological model building should be 

performed. As HRU already contains information on spatial components (soil, geology, DEM, 

land use), meteorological elements are attributed to them. The combination of the study methods 

algorithms and the temporal and spatial components is performed in the JAMS (fig. A2) which 

includes the J2000 algorithms and in such a way the unique hydrological model for each river is 

built. 

 The hydrological processes simulation in JAMS/J2000 model is carried out in the 

independent modules: Regionalization, Radiation, Interception, Snow, Soils, Groundwater and 

Reach Routing (fig. A2). Each module has its own calibration parameters and is built in such a 

way to be maximally independent of others. Taking into consideration that present research is 

focused on simulation of the flood runoff that is formed during the warm period of the year, the 

importance of the Snow module was maximally diminished.  
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 The modeling of specific runoff generation processes is based on the water balance 

equation, which allows the evaluation of inputs, losses/accumulations as well as outputs from the 

system (fig. 2.10). The spatial distribution of input environmental components is performed by 

delineation of HRU, and of meteorological data is accomplished by their regionalization through 

the J2000 model. Subsequently, the rainfall water losses/accumulations from/in basin are 

estimated in terms of evapotranspiration, soil retention, vegetation, geological layer. The final 

step is determination of the final result: slope and river runoff.  

 Strategies of calibration, validation of model parameters  

 The basic strategy of the model calibration and validation process is to identify the 

calibration parameters that characterize water losses/accumulations in the soil, vegetation, 

geological layers as well as those resulted at evapotranspiration, which best represent the reality 

of the studied river basins. In the calibration process, the model's efficiency is determined by 

comparing the modeled and measured river runoff. Classically, the calibration and validation 

process is performed simultaneously, the modeling period being conventionally divided into two: 

one being used for parameter calibration and the other - for validation. For daily continuous 

models, the calibration and validation periods should be over 5 years. Validation can also be 

performed by using calibrated parameters for runoff modeling of another river with similar 

runoff conditions [164]. 

 Calibration is done, in combination, by both manual and automatic approaches. Manual 

calibration is performed using the trial and error method, a process that is usually long and 

cannot always provide a reliable result, however the parameters that have a significant effect or 

vice versa which variation has no impact on modeling results can be estimated (manual 

evaluation of model sensitivity). For automated calibration OPTAS module of JAMS/J2000 

model is applied, which incorporates the following methods: SCE (Shuffle Complex Evolution) 

[94], DIRECT [97], Branch and Bound [118], Gutmann Method [107] and others, the most 

recommended being the first two. Within this module, the user specifies the number of 

calibration parameters, the upper and lower limits of their values determined during the manual 

calibration process, the optimization criteria, and the calibration periods depending on the 

research aim, such as the summer period, the flood period (peak discharge, hydrograph 

rising/falling limbs), average runoff period and so on. Automatic identification of optimal 

calibration parameters is performed through a large number of iterations (over 10000) and 

efficiency functions that determine the model quality. Automatic calibration is an effective 

alternative to manual calibration, but its results do not always represent the reality, thus both 

types of calibration were used during modeling. For evaluation of model quality Nash-Sutcliffe 
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(E) efficiency function as well as its logarithmic form (lnE), the regression function of modeled 

and measured data (R
2
) and the mean error in % (PBIAS) were used [161]:  

     𝐸 = 1 −
 (𝑂𝑖−𝐽 𝑖)

2

 (𝑂𝑖−𝑂 )2        (2.18) 

      ln 𝐸 = 1 −
 (ln 𝑂𝑖−ln 𝐽 𝑖)

2

 (ln 𝑂𝑖−ln 𝑂 )2       (2.19) 

     𝑅2 =  
  𝑂𝑖−𝑂   𝐽 𝑖−𝐽   

   𝑂𝑖−𝑂  2   𝐽 𝑖−𝐽   
 

2

      (2.20) 

     𝑃𝐵𝐼𝐴𝑆 =
 (𝑂𝑖−𝐽 𝑖)

 𝑂
∗ 100     (2.21) 

where:  

O and J are values of measured (real) and modeled runoff. 

These functions are the most known and widely used throughout the world. The Nash-

Sutcliffe efficiency coefficient (sensible to peak discharge) and its logarithmic form (sensible to 

mean discharge) were used to assess the dynamics of the hydrological model; and PBIAS was 

calculated for water balance assessment. Determination of model quality based on the efficiency 

values is presented in table 2.2. 

Table 2.2. General performance ratings for hydrological models results statistics [161, p. 891] 

Performance rating E PBIAS 

Very good 0,75 - 1,00 <±10 

Good  0,65 - 0,75 ±10 - ±15 

Satisfactory 0,50 - 0,65 ±15 - ±25 

Unsatisfactory ≤0,50 >±25 

For the parameters calibration process, the information presented in the local [6, 25, 28, 50, 

56, 67, 207, 213, 219, 225, 234, 236, 239, 240] as well as international literature [30, 98, 147, 

156, 164, 203], and the recommendations of expert in the field were considered. 

 

Data postprocessing and results analysis 

Analysis and visualization of modeling and optimization results is performed in JADE 

module. Using this component, temporal (TimeLoop) and spatial data cube (HRULoop) can be 

examined in different ways. Measured and model temporal data (evapotranspiration, river runoff, 

interception, etc.) can be compared by correlation and estimation of the time series statistical 

values (average, coefficient of variation, standard deviation, and others). 

For spatial analysis, it is possible to select and represent measured and modeled data for 

one and all HRUs. Data temporal aggregation for the user's needed time step in the form of mean 
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and sum, etc., and the spatial aggregation of the model values for a given number or for all HRU 

polygons. Spatial data can be extracted and viewed in .shp format in GIS.  

 Simulation of flood wave propagation processes using HEC-RAS hydrodynamic model 

 Basic principles  

Modification of the flood wave propagation process through the riverbed under the 

influence of anthropogenic impact is determined by floodplain arrangements activities, 

especially, for aim of water resource, floods management (river training, reservoirs, protection 

levees and others), of agricultural purposes (arable land, drainage/irrigation channels, etc.), of 

infrastructure (roads, railways), of naturalization of river streams (protection strips, forest strips, 

wetlands, etc.) etc. Assessment of these changes impact is performed usually by hydraulic 

modeling. This is based on the virtual representation of the floodplain (through cross sections) 

and the river flow modeling using various propagation methods: the momentum, continuity 

equations, etc. In the present study, for the mentioned aim the HEC-RAS model - Hydrologic 

Engineering Center's River Analysis System - of the US Army Corps of Engineers [113] was 

applied. The HEC-RAS consists of a graphical user interface, separate components for hydraulic 

analysis, storage and data management capabilities, graphics and reporting facilities (fig. A5). 

The HEC-RAS model is widely applied by a large number of users due to calculations and 

modeling efficiency, to presence of reference and user manuals, web consultation to solve 

emerging issues, and to free software distribution. [113-116]. This program allows modeling of 

1D steady flow, 1D and 2D unsteady flow, sediment transport and water quality. In steady flow 

module, the river flow is modeled using a single water flow value, while in unsteady flow 

module, the flood wave can be represented both in temporal dynamics by applying measured or 

modeled hydrographs of different probabilities, either in the spatial dynamics through the river 

bed and floodplain. A major advantage of the model is the ability to simulate the unsteady flow 

in 1D and 2D based on world-recognized methods: Saint Venant equations and Diffusion Wave 

equations [113-116].  

Preparing the spatial database in HEC-geoRAS 

In order to perform the flood wave hydraulic modeling, it is of prime importance to create 

a high-precision virtual model of the river floodplain (geometry). In this sense, it is essential to 

represent in digital form all natural and anthropogenic components such as: river network, land 

cover, levees, road infrastructure, buildings, etc. The DEM used in present research was done by 

LIDAR approach being of 1m resolution [176], and for greater accuracy and assessment of 

bathymetric data and floodplain characteristics, information from satellite imagery [152] and 

field research (fig. A6) was utilized. Thematic layers required for project geometry were created 
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in the ArcGIS environment [73] through the HEC-GeoRAS plug-in [112]. These are: river (river 

centerline), river banks, flowpaths (the lines indicating flood-prone areas), cross-sections, 

ineffective flow areas, lateral structures, levees, blocked obstructions (may influence the flood 

expansion, for example: buildings of urban areas), land cover types with Manning values for 

water velocity calculation, water accumulation areas.  

Modeling of flood wave hydrographs of different probabilities 

Application of HEC-RAS model can be done for modeling of the measured flood events, 

whose hydrographs are accumulated in the SHS archive, as well as for simulation of the flood 

wave of a certain probability. For flood wave hydrograph construction, there are needed: the 

values of peak discharge of certain probability, estimated according to the methods outlined 

above, the ordinates of the new hydrograph and the main characteristics of the pluvial floods: the 

flood rising limb time (Tcr), the asymmetry coefficient Ks (equal to ratio of flood depth for rising 

limb time and total flood depth) [17]. The ordinates and abscises of the computed hydrograph are 

determined by the equations:  

     %,, * Pmim QYQ       (2.22) 

     Cri TXt * ,        (2.23) 

where: 

X, Y – computed flood hydrograph relative ordinates [17] 

Processing, calibration and validation of hydraulic model 

Once all the layers have been created in GIS environment, a single data base is created that 

is imported into the HEC-RAS for project geometry calibration and immediate modeling. In the 

HEC-RAS environment, two modules for river flow simulation are integrated: steady flow in 1D 

and unsteady flow in 1D/2D (fig. A5). In case of unsteady flow modelling in 1D the continuity 

[115, p. 2-32] and momentum [115, p. 2-33] equation are used.  

For calibration, validation and sensitivity evaluation of model geometry in the HEC-RAS, 

data from field researches on floodplain and river bed were used for cross-sections processing, 

for correcting the bathymetry, land cover, levees, bridges. The necessary coefficients for 

hydrotechnical structures, in particular, for floodplain reservoirs, are calibrated according to their 

operation rules. The number of cross-sectional profiles was determined based on river floodplain 

landscape specificity and accuracy degree required for estimation of free-water surface flow 

values in the HEC-RAS environment. Also, coefficients that influence the water velocity through 

the riverbed, such as the Manning roughness coefficient were analyzed. Mentioned coefficient 

was determined using special tables [114] and information on vegetative component of the river 
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bed and floodplain. Another calibration element is protection levees. Their position was assessed 

on the basis of topographical maps [25], satellite images [152] and DEM, and their height was 

determined during the field researches. As a result of geometry processing, the model is run and 

calibrated using measured flood hydrographs from hydrological stations situated along the river. 

Quite sensitive elements are computation interval, boundary and initiation conditions that can 

influence the model stability and, therefore, must be determined with accuracy. Models quality 

evaluation is performed using the efficiency criteria applied in the case of hydrological 

modeling. In the end of calibration and validation process, the model is utilized to simulate low 

probability floods. Application of the model, including recommendations on strategies to 

develop a qualitative model, is widely described in the User's Manual [116]. 

Results visualization 

Visualization of flood wave modeling results is possible in a number of ways: graphical,  

tabular and spatial. The modeling results of discharges, water level, velocity, rating curves, 

simulated hydrographs, and of many other variables of cross-sections and longitudinal profiles 

can be examined in the form of tables or graphs. The view of flood-prone area in HEC-RAS can 

be performed from the X-Y-Z three-dimensional perspective. Particularly useful is HEC-RAS 

Mapper module, which allows spatial modeling of flooding boundary, water depth and velocity 

and their product, time of concentration, duration and recession of a certain water depth etc. For 

results analysis and generalization, the desired numeric information can be extracted in HEC-

DSS format or copied in Excel. Spatial data can be extracted and analyzed in GIS environment.  

Estimation of flood risk, affected population and potential damages 

Flood risk is a function of hazard, exposure and vulnerability of population and material 

goods to floods occurrence (fig. 1.2) [31, 151]. Modeling of the hazard and its characteristics: 

spatial distribution, water depth and velocity, flooding duration is achieved by applying the 

hydrodynamic modeling. In present study, in the risk equation, the hazard is represented by flood 

intensity calculated as product between water depth and velocity (fig. 2.11) of probable floods of 

10, 5, 1, 0.5, 0.1%. Determination of exposure to floods was made on the basis of overlapping 

the land cover and the hazard area, thus assessing the potentially flooded urban, rural, 

agricultural and natural areas. Their vulnerability to floods was identified based on assessment of 

material damages that may occur as a result of respective territories flooding. Thus, according to 

[176], the highest material losses will be caused by the flooding of settlements and industrial 

areas, the medium - of agricultural areas and the lowest - of natural areas (fig. 2.12). According 

to this principle, it was estimated that the category of high vulnerability to floods will include the 

rural and urban areas, the category of medium vulnerability - arable land as well as vineyards 
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and orchards, and the one of small vulnerability - lands covered by forest, shrubs, pasture and 

grassland. Finally, overlapping the spatial information obtained from the process of flood 

intensity and flood vulnerability assessment resulted in the flood risk determination that was 

classified based on the matrix in table 2.3. The number of affected people was estimated as a 

product between population density and settlement potentially flooded area. According to [176], 

severely affected people will be considered those located in the area where the product between 

water depth and velocity (to which 0.5 was added) will be between 1.5 and 2.5, and the very 

severely affected people will be those of the area where this product will be > 2.5.  

  
Fig. 2.11. Flood intensity [65, p. 28] Fig. 2.12. Relationship of flood depth and caused 

damages [performed based on 176] 

Table 2.3. The matrix of flood risk assessment 

Flood risk 
Vulnerability to flood 

high medium low 

F
lo

o
d
 

in
te

n
si

ty
  high high high medium 

medium high medium low 

low medium low low 

 

 2.6. Research materials  

Application of the methods described above can be done only in case of availability of a 

particular database, the complexity of which depends on the specificity of the method. For 

utilization of methods for assessment of FFPI, FPI, FPPI, only spatial databases of the 

environment and river network components are needed, while hydrological modeling requires a 

full set of spatial and temporal data as well as a detailed knowledge of hydrological processes. 

Assessment of flood runoff computed characteristics is performed on the basis of the 

measurements made within the SHS hydrological monitoring network. For the present study, the 

preliminary analyzed information on flood runoff characteristics for 26 hydrological stations on 

small and medium sized rivers (fig. 2.6) from the water state cadastre [13] was used.  
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In order to apply the continuous modelling, a complex understanding of the hydrological 

processes and a large set of spatial and temporal data is required, the needs of which are 

described and included in the applied programs algorithms (tab. 2.4, 2.5). The hydrological and 

climatic data were extracted from the SHS [3, 12, 13, 216, 220, 231, 254, 255] and NOAA [162] 

and WMO [200] archives and integrated into the Moldova River Basins Information System 

(Moldova RBIS) - a platform created to optimize the databases management (fig. A3, A4). In 

order to fill the gaps of meteorological observations, the interpolation methods integrated in 

Moldova RBIS were applied. In this regard the basic method was IDW. Figure A4 shows an 

example of representation of the real and interpolated data of the Soroca meteorological station. 

For climatic elements regionalization, the meteorological stations situated within the river basins 

or at least directly adjacent to them were considered: Baltsi, Chisinau, Corneshti, Soroca, Shtefan 

Voda, Baltsata, Ocnitaa, Drochia, Edinets, Dondusheni, Byrladeni, Glodeni, Ryshcani, Anenii 

Noi, Strasheni, Basarabeasca, Cimishlia, Hynceshti, Chisinau Byc, Calarashi, Sevirova, Cubolta, 

Leova, Cahul, Cheadyr-Lunga, Comrat (SHS [3], NOAA [162], WMO [200]). 

Valuable runoff data were obtained during operation of water balance station located in 

the Baltsata river basin, these were systematized in the „Материалы наблюдений Молдавской 

воднобалансовой станции (Materials of observations performed at water balance station of the 

Republic of Moldova)" for 1954-1994 [231]. These yearbooks represent a special fund of data, 

which includes information on river and slope runoff, on evolution of land use changes, agro-

technical activities, hydrometeorological and hydrogeological elements within the river 

subbasins of the Baltsata river basin: Vinogradnyi, Stantsionyi, Vishnevyi and Sagaidachnyi, etc. 

Table 2.4. Temporal data base  

Data Description Temporal resolution  Source 

Hydrologic 

data 

- discharges, m
3
/s 

 

- runoff depth, mm 

 

- levels, m 

 

Daily, pluvial flood  

maxima 

Daily, pluvial flood  

maxima 

Daily, pluvial flood  

maxima 

- SHS archive [3, 12, 13, 

216, 220, 231, 254, 

255] 

- [222] 

Meteorological 

data 

- mean temperature, °C 

- maximum temperature, °C 

- minimum temperature, °C 

- precipitation, mm 

- relative humidity, % 

- sunshine duration, hours 

- wind speed, m/s 

Daily  

Daily  

Daily 

Daily, annual maxima 

Daily 

Daily 

Daily 

- SHS archive [3] 

- NOAA [162] 

-  WMO [200] 
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 Estimation of land use changes, both temporally and spatially, was performed for a period 

of over 30 years. For development of spatial representations of land use types, GIS and remote 

sensing techniques [73, 173, 184] as well as topographical maps at scale 1: 50000 of 1982 and 

2013 [25] and satellite images LANDSAT MSS, TM, ETM [152] were used. Also, based on the 

analysis of hydrological yearbooks, periodical publications on surface water resources [231, 

254], as well as special publications [6, 28] the share of land use categories within river basins 

was identified. Spatial distribution of soil texture was extracted from [25] and of geological 

substrate from [207].  

 SRTM data [191] were used as DEM for flood runoff processes modeling at river basin 

level. For simulation of the Dniester and Byc rivers flood wave propagation processes, digital 

elevation model of the floodplains (1m resolution) developed using LIDAR performed within the 

project [176] was used as database. Hydrotechnical structures (flood protection levees, reservoirs 

dams, bridges), roads, railways are well represented within this DEM. Also, for hydraulic 

modeling, the data on floodplains land cover, as well as the flood runoff hydrological 

characteristics including flood wave hydrographs were used. For rivers geometry calibration in 

HEC-RAS, field investigations were carried out for a better understanding of the terrain, 

vegetation, human pressure, flood protection levees of the Byc river floodplain on the section: 

the Ghidighici res. - the river mouth (fig. A6), as well as of the Dniester River on the section: 

Hrushca - Talmaza vil. which correspond to the middle and lower course of mentioned rivers.  

Table 2.5. Initial spatial database 

Data Description Format GIS Source 

DEM 
Digital elevation 

model 

Raster,  

35 m, 1m 

- SRTM [191],  

- LIDAR [176] 

River network Rivers, lakes  
Vector 

(line, polygon) 
[25, 105] 

Hydrological and 

meteorological 

stations  

Coordinates of 

hydrological and 

meteorological 

stations  

Vector (point) [32] 

Soils Type, texture Vector (polygon) [25] 

Geology Geological structure Vector (polygon) [207] 

Land cover 

- urban/rural 

settlements, 

- arable area,  

- orchards, 

vineyards, 

- pasture, grassland,  

- forest  

- water, wetlands 

Vector 

(polygon) 

 free satellite images [125] 

- LANDSAT MSS, TM, ETM 

 topographic maps [25] 

- scale 1:50000 developed in 1982 

- scale 1:50000 developed in 2013 

 bibliographical sources [6, 231, 

255] 

 FAO 2004 [28] 
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2.7. Conclusions to chapter 2  

1. As a result of the analysis of international experience and local possibilities for assessment 

of the anthropogenic impact on flood runoff, the research strategy of the PhD thesis 

realization was identified and described. 

2. Selection and delimitation of the study areas was performed using a large number of 

factors such as pluvial flood generation and propagation processes, rivers morphometric 

characteristics, existing hydrological information. 

3. The methods chosen for research differ depending on input data, study areas, river basin 

surface, modeling processes, etc. Direct methods application to assess the changes in flood 

runoff characteristics is based on a thorough analysis of hydrological time series. For 

hydrological and hydrodynamic models utilization, it is necessary to have a good 

knowledge on flood runoff processes and a very detailed basis both of temporal data: 

hydrological and meteorological observations, as well as spatial ones: land use, soil 

texture, geological structure, digital elevation model. Although some models parameters 

will be estimated only conceptually due to the insufficiency or unavailability of necessary 

information, the use of runoff modeling methods, in particular hydrological and 

hydrodynamic models, will significantly stimulate the understanding of the runoff 

processes and, respectively, the improvement of the measures of dangerous hydrological 

phenomena management.  
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3. ESTIMATION OF THE ANTHROPOGENIC IMPACT ON FLOOD RUNOFF 

USING DIRECT AND STATIC MODELS  

 

3.1. Qualitative analysis of hydrological information  

Estimation of temporal variation of pluvial floods characteristics  

Highlighting peculiarities of pluvial floods characteristics was made based on the analysis 

of hydrological measurements data accumulated in SHS archive. Due to historical fluctuations of 

the number of stations within national monitoring network, for the present study, stations with 

time series exceeding 30 years of observations were selected (tab. B1). Based on the 

hydrological data analysis, the average values of maximum runoff characteristics (tab. B1) were 

calculated as well as the most significant pluvial floods estimated as a function of peak discharge 

and its empirical probability (≤15%) were emphasized (tab. B2). 

The largest floods are recorded on the large rivers the Dniester and the Prut, followed by 

the medium and small-sized rivers. The average multiannual peak discharge of the Dniester river 

is estimated at approx. 1300 m
3
/s (Hrushca st.) while the one of the Prut river - at 1119 m

3
/s 

(Shirautsi st.) (tab. B1, B2). The peak discharges have amounted to 4500 m
3
/s for the Dniester 

river (Hrushca st.), recorded in 1969, and to 4090 m
3
/s for the Prut river (Shirautsi st.), in 2008. 

The Prut and the Dniester tributaries are characterized by much lower values of peak discharges. 

The highest peak discharges are specific to the Raut r., the average being 55 m
3
/s and the 

maximum - 449 m
3
/s (Jeloboc st.), observed in 1991. Average multiannual peak discharges over 

10 m
3
/s are specific for the Vilia, Cainari, Cubolta, Raut (Baltsi st.), Isnovats, Byc, Botna, 

Taraclia rivers, peak discharges being equal to 349 m
3
/s, 166 m

3
/s, 59.6 m

3
/s, 59.4 m

3
/s, 59.6 

m
3
/s, 222 m

3
/s, 104 m

3
/s and 184 m

3
/s. Average peak discharges <5 m

3
/s were estimated for the 

Draghishte, Ciuhur, Rybnitsa, Iagorlyc, Lunga, Salcia Mare rivers, peak discharges being of 40 

m
3
/s, 14,5 m

3
/s, 27,2 m

3
/s, 26,9 m

3
/s, 33.2 m

3
/s and 27.7 m

3
/s, respectively. The trend of 

temporal change in multiannual peak discharges varies from one river to another (fig. B1-B26). 

A downward trend is specific for the most of the monitored rivers, with particular emphasis on 

the left-bank tributaries of the Dniester river as well as on the Ciulucul Mic and the Cogylnic 

rivers.  

The flood runoff depth differs from one river to another, so values over 22 mm are specific 

for the large rivers (the Prut, the Dniester). The values of mean flood runoff over 4 mm are 

characteristic for the Prut river tributaries, the Raut r. and Byc r.. Averages over 8 mm are 

recorded for the Delia, Pojarna, Vilia rivers. The multiannual trend of flood runoff depth is 

generally stable or downward. An upward trend was registered for the rivers the Taraclia, 



67 

 

Iagorlyc, Isnovats, a downward one - for the Draghishte, Byc, Botna, Rybnitsa, Cogylnic, Salcia 

Mare, especially for the Lunga, Molokish, Ichel, Baltsata, and relatively stable - for the Ciuhur, 

Cubolta, Raut, Ciulucul Mic, Pojarna, Camenca. 

Flood runoff volume, as other hydrological characteristics, differs from one river to 

another. The largest volumes are recorded in case of pluvial floods that occur on the large rivers, 

thus mean volume on the Dniester r. exceeds 1000 mil.m
3
 and the one on the Prut river - 400 

mil.m
3
. Average flood volumes formed on the tributaries are much smaller, less than 5 mil.m

3
 

(except the ones from the Raut r. with mean values of 34 mil.m
3
). Average flood runoff volume  

below 1 mil.m
3
 was determined for the Baltsata and Isnovats r. as well as for the majority of the 

left-bank tributaries of the Dniester r. and for the rivers in the Danube-Black Sea basin.  

Usualy, a certain link between hydrological characteristics is established. Relationship 

between flood volumes values and peak discharges, basin area as well as total flood duration of 

24 gauged rivers is presented in figures 3.1-3.3, R
2 

being at the limit of allowable limits. A less 

obvious situation is specific in case of assessment of regression function between time series of 

peak discharges and flood runoff depth (tab. B3). R
2
 with values less than 0.5 was estimated for 

the rivers the Baltsata, Byc, Cainari, Ciuhur, Draghishte, Ialpug, Ichel, Molokish, Pojarna, Raut, 

Salcia Mare and Vilia r.. The smallest R
2
 (~0) was calculated for the Taraclia, Rybnitsa, 

Cogylnic, Ciulucul Mic, Isnovats r. The relationship absence between these hydrological 

characteristics is caused, in particular, by the intensive anthropogenic activity within the river 

basin: river runoff regulation by reservoirs, urbanization, agricultural activity, and also due to 

errors in observations. However, identification of anthropogenic impact by correlation of the 

discharges and the maximum runoff depth cannot be considered a norm. This is evidenced by the 

presence of a high R
2
 for Byc r. (Chisinau st.) with the value of 0.85, whose runoff is regulated 

by Ghidighici res.. It should be noted that, until its construction, R
2
 was equal to 0.95.  

Pluvial floods duration fluctuates significantly, the highest being for large rivers. Thus, for 

the Dniester r. (Hrushca st.) it is 16,6 days, and for the Prut r. (Shirautsi st.) - 13,5 days, the flood 

rising limb time being of 5,8 days and 4 days, respectively. The floods on the tributaries of the 

Prut river have a duration of 9-11 days, rising limb time being 0.5-2.1 days. For the left-bank 

tributaries of the Dniester river, floods continue 4-11 days, rising limb time being 1.6-3.9 days. 

Floods duration of the right-bank tributaries differs, spatially, from one river to another, being 

over 10 days for the Cubolta, Raut, Ciulucul Mic, Byc, Botna r., rising limb time being 2-5 days. 

The correlation of rising limb time and the total flood duration indicates an obvious logical 

dependence between these characteristics, which denotes that 25-35% is flood rising limb 

duration and 65-75% is falling limb time from the total flood duration (fig. 3.4). 
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Fig. 3.1. Relationship 

between flood volume 

and average peak 

discharge 

Fig. 3.2. Relationship 

between flood volume 

and river basin area  

Fig. 3.3. Relationship 

between flood volume 

and total floods duration  

Fig. 3.4. Relationship 

between rising limb 

time and total duration 

of the floods  

Particular attention was paid to the intra-annular distribution of pluvial floods. Flood 

runoff hydrographs are characterized by a simple form, with a single peak, and in the case of 

rainfall duration and intensity variation, two and more peaks may occur. Usually, the month with 

the highest share of pluvial floods is considered to be the month when the biggest amount of 

precipitation is reordered - June. To assess the changes in the monthly occurrence of the floods, 

the pluvial floods annual peak discharges were analyzed by summing them up for time periods of 

20 years. Taking into account the fact that the starting year of river runoff monitoring differs 

from one river to another, the whole monitoring period was divided into 4 time periods of 20 

years each: 1930-1950 (period I), 1951-1970 (period II), 1971- 1990 (period III), 1991-2010 

(period IV). Of these, periods III and IV can be considered homogeneous since in the early '70s 

the most hydrological stations were installed and operated without interruption. The period after 

1991 was classified by the IPCC [123, 124] as a reference period in which climate change is 

detected and thus the analysis of flood runoff for the last two decades represents a particular 

interest. Therefore, a greater emphasis was placed on evaluation of the changes in pluvial floods 

monthly manifestation for the period III and IV, and in the case of the presence of time series for 

periods I and II, these were also highlighted. In the case of the Dniester river, during 1970- 1990 

the maximum number of floods had been observed in July, and in March, May, October, 

November they had not occurred. During the IV period, the number of floods had decreased 

significantly in July and had increased in April, floods had occurred also in early spring (March), 

as well as in the last two months of autumn. In the case of the Prut river, one can see a 

redistribution of the maximum number of floods from May (40%) in period II to June (37%) in 

period III and to August (30%) in period IV. 

Based on analysis of the floods on the big rivers tributaries, it was observed that in case of 

the rivers of the northern part of Moldova, maximum pluvial floods occurrence is moved from 

June to July (the Vilia, Cainari, Cubolta, Raut, Molokish, Camenca r.). In case of the Draghishte, 

Ciuhur rivers, the floods maximum number is currently registered in July, moving from August 
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(in period III). For the Delia r., the shift takes place from July in the 3rd period, to June in the 4th 

one. In case of the Baltsata r., in the 2nd period the maximum number of floods was registered in 

June, in the 3rd period - in May and in the 4th - in July. For the rivers in the southern part of the 

country the way of flood manifestations continues to be the same, the maximum being recorded 

in June, decreasing in May and July, occasionally occurring in other months of the year (the 

Cogylnic, Salcia Mare, Lunga r.). It can be noticed that during the past periods the pluvial floods 

had occurred mainly, with a share of ~ 35-40% in a single month, at present a redistribution of 

their number can be observed, their monthly share decreasing <30% in the month characterized 

by floods maximum number and increasing in the spring/summer or autumn months. A share of 

35% continues to be registered for the Byc r. (Chisinau st.) and Iagorlyc r., the maximum 

number of floods being shifted from June in 2nd period, to July in the 3rd, and to May in the 4th 

one.  

Thus, we can conclude that the maximum flood event month is now July for the northern 

part of the republic, June for the central and southern regions. We can also mention about the 

occurrence of pluvial floods in their nonspecific months such as those of spring or autumn, as 

well as the increase of nonuniform distribution of number of pluvial floods in the other months 

than the month with highest number of flood events. 

Calculation of hydrological characteristics in stationary and non-stationary conditions 

The need to assess the homogeneity and the stationarity of the hydrological time series is 

determined by the fact that random theoretical functions do not fully interpret the laws of 

multiannual variations of the flood runoff characteristics. In other words, by assessing the time 

series homogeneity, it is estimated whether they fall on not within normal distribution limits. In 

the case of deviation from the null hypothesis, methods of correcting the initial information are 

used. The violation of homogeneity laws can be caused both by natural factors (influence of 

abundant groundwater supply, wetlands, karst presence, etc.), as well as by anthropogenic 

processes (impact of flood regulation, deforestation, agricultural activities, urbanization, etc.). 

Based on application of Fisher homogeneity criteria [17], it was found that the most of time 

series (85%) are subject to mentioned laws and do not require further correction (tab. B4-B6). 

Respectively, the empirical probability curves correspond (at a certain level of assurance) to the 

theoretical ones (Pearson III distribution, Kritski-Menkel three-parametrical gamma-distribution) 

and finally allow the estimation of computed hydrological characteristics of a likelihood of 0.1-

10%.  

Taking into account the fact that the river basins of the Republic of Moldova are 

influenced by anthropogenic activity, the main factor determining the non-stationarity of the 
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hydrological processes is supposed to be the anthropogenic one. Thus, it can be assumed that the 

higher the impact of economic activity is on the hydrological processes within the river basins, 

the higher the autocorrelation coefficient r(η) would be. Based on the analysis of data from 25 

hydrological stations, it was identified that the time series of peak discharge and flood runoff 

depth for most of studied rivers are characterized by a relatively low r(η) which indicates that the 

hydrological processes within the river basin may be considered quasi stationary (tab. B4-B7, 

fig. B27-B29). The values of r(η) are in the limits of -0.16-0.35 for peak discharge, of -0.31-0.53 

for flood runoff depth and of -0.19-0.69 for summer runoff depth. Thus, a low anthropogenic 

impact is estimated in case of peak discharger and flood runoff depth, and a significant one - of 

summer runoff depth. This fact may have several explanations. One of the reasons is the 

perspective of hydrological data analysis. In case of flood runoff, time series of annual maxima 

were analyzed which consist of a single value per year, and in case of summer runoff the average 

runoff depth formed during warm period was evaluated which sums up the values of runoff of 

different genesis (both of medium and/or maximum rain, as well as of groundwater supply). 

Thus, the anthropogenic impact extends to the process of all summer runoff events generation, 

and, in the case of floods, it is resumed to a single event per year. A specific situation is attested 

in case of the left-bank tributaries of the Dniester river where values of r(η) are > 0.5, these rivers 

hydrological regime differs from the others due to significant groundwater supply, fact which 

can explain high values of r(η).  

In order to assess the changes in the floods runoff characteristics in stationary and non-

stationary conditions, equations for recalculation of the statistical parameters in dependence on 

autocorrelation coefficient r(η) can be applied. In national normative recommendations and in 

literature [17, 234] the equations for recalculation of ε are proposed in which r(η) is included. To 

calculate the values of the flood and summer runoff characteristics, these equations were 

transformed and resulted in the equations from the table 3.1.  

Table 3.1. Equations for hydrological characteristics calculation depending on r(η) 

Equations for hydrological characteristics calculation when autocorrelation coefficient is:  

r(η) = 0 r(η) ≤ 0,5 
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where: 

Q  - average value of peak discharges calculated in stationary conditions (substituted by 

Y   and by varaY  - for estimation of average values of flood runoff and summer runoff depth), 
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Q   - average value of peak discharges calculated in non-stationary conditions (substituted 

by Y   and by varaY  - for estimation of average values of flood runoff and summer runoff depth). 

By comparing the values of the flood and summer runoff calculated using equation 3.1, 

without taking into account r(η)  and the values resulted from application of the formula 3.2, the 

degree of change of the flood runoff characteristics under anthropogenic factor impact can be 

evaluated. Thus, the coefficient of change of the flood runoff characteristics under the action of 

anthropogenic activity ak  is proposed for further utilization and consists of:  

     

QQka
 /      (3.3) 

To exclude the impact of errors in the dataset, calculations were made in conditions when ε 

has been attributed maximum admissible values of 10% [234]. As a result, it was estimated that 

significant changes were observed in case of summer runoff, 19%, lower in case of flood runoff 

depth, 12%, and the smallest, 4%, - of peak discharge of pluvial floods (fig. 3.5-3.7, tab. B8). 

   
Fig. 3.5. The relationship between 

peak discharges calculated in 

stationary and non-stationary 

conditions  

Fig. 3.6. The relationship 

between flood runoff depths 

calculated in stationary and 

non-stationary conditions 

Fig. 3.7. The relationship 

between summer runoff depths 

calculated in stationary and 

non-stationary conditions 

A numerical experiment was also performed in order to estimate the changes in the flood 

runoff characteristics for several scenarios: different values of r(η)  – 0-0,7, of number of years of 

time series - 10-60 and of 
X  - 5-30% while maintaining ε =10% condition. The analytic 

approximation of the calculations performed on the basis of the numerical experiment is 

presented in the form of tables and corresponding graphs in table B9, figures B30-B34. From 

these data, it follows that:  

 the influence of the length of hydrological observations (number of years) on the 

calculations results is less than the one of the time series variance; 

 the exponent of local dependence power in conditions of different values of Cv and the 

time series variance is constant -0.5. On the graphs basis, the desired value of the flood runoff 

characteristics can be determined; 

 in case of increasing r(η) and decreasing variance and number of years of time series, 

flood runoff characteristics value increases significantly. 
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Analysis of time series can be a method to identify the impact, but not a way to explain the 

processes taking place within river basins. For the detailed assessment of anthropogenic 

influence it is necessary to estimate the hydrological processes at the river basin level by using 

the methods of modeling the flood runoff characteristics and the natural and anthropogenic 

components.  

Determination of computed hydrological characteristics 

The assessment of computed hydrological characteristics determines the quality level of 

hydro-technical constructions projects in the field of water management. Thus, the more accurate 

and guaranteed these characteristics values are, the higher the safety level of the hydrotechnical 

structure is and, respectively, as higher the quality of hydrotechnical construction is, the more 

efficient the hydrological systems management, the assurance of the economic activity with 

water resources and the protection of the population from the undesirable effects of hydrological 

disasters are. For estimation of computed hydrological characteristics, the statistical parameters 

were evaluated on the basis of developed methods for conditions of time series statistical 

homogeneity for the 26 monitored rivers. Subsequently, the peak discharges, flood and summer 

runoff values with exceedance probability of 0.1-10% were determined. The results of estimation 

of statistical parameters of the flood runoff characteristics are shown in figures B35-B37, tables 

B4-B7. Coefficient of variation Cv and coefficient of skewness Cs constitute 0.85-2.22 and 2.2-

7.8 for the peak discharges, 0.5-1.9 and 1.25-7.4 for the flood runoff depth, and 0.15- 1,25 and 

0,45-6 for the summer runoff depth. Errors > 25% are recorded, mostly, in case of rivers in the 

southern part of the country. Error values indicate a rather unsatisfactory confidence level of 

flood runoff characteristics for Cv ≥0.5.  

Based on statistical parameters estimation and application of the methods of probability 

curves construction, the hydrological characteristics of return periods of once in 10, 20, 100, 200, 

1000 years were calculated and represented in tables B10-B11. In hydrological practice, for 

simplification of different probability values estimation, the coefficients of transfer from one to 

another probability are used. These coefficients are calculated based on the construction of 

dependency graphs. In figures B38, B39 the graphs that generalize the statistical information for 

all rivers considered in the present study are presented. Thus, if the value of flood runoff of 1% 

probability is known, the flood runoff values  of 0.1; 0.5; 3; 5; 10% probability can be estimated 

with quite high confidence level (91-99%). The shift from one value to another is performed by 

multiplying the coefficient λP to the runoff value of 1%. λP for peak discharge and flood runoff 

depth are shown in table B12. As it can be seen, the λP values of the present research do not 

differ much from the previous studies conducted both on the territory of the Republic of 
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Moldova and abroad [17, 36, 37, 249], fact that indicates a fairly high confidence level of the 

values of computed hydrological characteristics. At the same time, for estimation of the flood 

runoff characteristics of a certain probability for the poorly studied rivers, the map of 1% flood 

runoff spatial distribution constructed based on Kritski-Menkel three-parametrical gamma-

distribution method and GIS techniques (fig. B40) was developed and is propose for utilization. 

The reduction model is one of the universal mathematical methods for determining the 

flood runoff. For assessment of this model basic components, the regression function of the 1% 

specific discharge and river basins was calculated (fig. B41). As a result, one of the universal 

parameters was calculated - the exponent of the power function (of reduction), m1 [37]. Its value 

was estimated at 0.62, and is comparable with the results of the regional estimations (for the 

eastern zone of Romania it is 0.5-0.55 [36]). Subsequently, the elementary specific discharge for 

the 26 monitored rivers was calculated based on the reduction method. Afterwards, using GIS 

interpolation methods (Kriging, IDW [72]), the spatial representation of the given characteristic 

was achieved in condition of excluding the impact of azonal and intrasonal factors on flood 

runoff (fig. B42).  

It should be noted that flood characteristics spatial modeling was performed based on the 

interpolation of the hydrological information considered for the center points of the river basins 

taken into account. As it can be seen, the spatial distribution of the modeled characteristics is 

non-uniform. The 1% probability flood runoff depth increases from south to north and from east 

to west. The highest values were modeled for the central western as well as for the northern part 

of the country, where the values reach 80-84 mm, the minimum values being estimated for the 

southern part of the country being below 20 mm (fig. B40). The maximum values of elementary 

specific discharge are estimated for the northern part of the country, fact which corresponds to 

the peculiarities of flood runoff generation on the territory of the Republic of Moldova and the 

adjacent areas. The minima are specific to the central and southern part of the country reaching 

values of 5 m
3
/s/km

2
. The average value for the territory of the Republic of Moldova, obtained as 

a result of spatial modeling, is 5.65 m
3
/s/km

2  
being slightly higher than the calculated value 

based on hydrological information equal to 5.42 m
3
/s/km

2
. The maps in figures B40 and B42 can 

be used to assess the flood runoff characteristics for poorly studied regions from the hydrological 

point of view and represent a complement to the national normative document. 

 

 3.2. Assessment of changes in pluvial floods characteristics based on monitoring data  

Land use and pluvial floods on small rivers  
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 One of the most representative fields of anthropogenic activity is the land use and terrain 

arrangements, a fact that leads to change not only the environment aspect but also the natural 

processes such as flood runoff. In order to identify these transformations it is necessary to make 

direct qualitative and quantitative observations. An immense number of field experimental 

estimations on water runoff were carried out during the operation period of the water balance 

station in the Baltsata river basin (1954-1994) [231]. In its limits, hydrological stations to 

monitor the runoff of 8 rivers (Tohatin, Baltsata, Vinogradnyi, Cruzeshti, Sagaidachnyi, 

Stantsionyi, Vishnevyi, Soloviinyi river) and 2 pairs of runoff stations (platforms) were arranged, 

also annual evaluations and descriptions of land use and of natural components was performed. 

A more complete database is present for a small number of rivers: Stantsionyi, Vishnevyi, 

Vinogradnyi, Sagaidachnyi, Baltsata, as well as for the 4 runoff stations (fig. 3.8). They served 

as areas for detailed study, their characteristics, updated using QGIS [173] and information from 

national data fund [25], are presented in tables B13 and B14. The time series were divided, 

analyzed and compared for the periods when a specific land use type is predominant with the 

aim to identify the shift and differences in flood runoff due to modifications in terrain 

management.  

 The practical value of hydrological information is represented by the fact that flood runoff 

on 1, 2, 3, 4 runoff stations is generated in the same climatic conditions, but differs due to  land 

use, 2 stations being covered by natural vegetation, while the land of the other 2 being processed 

for agricultural purposes. Based on analysis of information of multiannual observations, the 

values of flood depth and volumes, average and peak flood discharge, duration, coefficient of 

flood hydrograph shape n, as well as evolution of land cover changes were assessed. For this 

purpose, 347 flood hydrograph were analyzed, out of which 177 extreme hydrological events are 

specific to the runoff stations (tab. B15, B16).  

 As an example, the flood hydrographs as well as the map of spatial distribution of 

precipitation of July 3, 1975 from the Baltsata r.b. are shown in figures 3.9-3.15. Based on 

comparative analysis of the discharges generated on the runoff stations, a significant difference 

of their values can be observed, the maxima being recorded at the stations where the land cover 

is represented by the maize and tilled field (stations 1 and 2), and the minima - by pasture 

(stations 3 and 4). The peak discharge at station 1 is 150 times higher than that at station 4 and 

75 times higher than that at station 3, in condition when slope is 2 times higher for stations 3 and 

4. The values of n fall within the limits: 0,33 for cultivated land, 0,91 for pasture. The runoff 

depth differs greatly from 0.212-0.29 mm in the case of floods formed on platforms 1 and 2 and 

only to 0.005-0.007 mm for stations 3 and 4 (tab. 3.2).  
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Fig. 3.8. Components of water balance station, 

within the Baltsata r. b. 

Fig. 3.9. Sum of precipitation of  July 3 1975  

 An objective comparative analysis of the flood discharge of July 3 1975 generated on the 

left and right bank tributaries of the Baltsata river is more difficult due to differences in basins 

characteristics (area, slope, hydrological soil groups, land cover, etc.). The land cover types of 

the Vinogradnyi river basin are represented by: arable - 49%, pasture - 44%, vineyards - 7%, of 

the Sagaidachnyi r. b. arable - 75%, vineyards - 12%, of the Stantsionyi r. b. arable - 73%, 

vineyards - 18%, of the Vishnevyi r. b. arable - 93%, pasture - 3%, vineyards - 4%. Respectively, 

the predominant share of the land cover types is the arable being of 70% in the Sagaidachnyi and 

Stantsionyi river basins, vineyards with a share of 12-18%, and only in the Vinogradnyi r. b. the 

proportion of processed and unprocessed land is approximately the same. The highest values of 

the peak and average discharges are specific for the Vishnevyi r. followed by the ones of the 

Stantsionyi, the precipitation in both cases exceeding 40 mm, and land cover being practically 

totally arable in the case of the first basin, and in the case of the other one, the value of this type 

decreasing in favor of vineyards. High values of the peak and average discharges are recorded 

also for the Sagaidachnyi river, the rainfall being much smaller and the land cover being similar 

to the one of the Stantsionyi r. b. The lowest values of peak discharge are specific to the 

Vinogradnyi r., the land cover being practically divided between arable and pasture, fact that 

leads to a higher water retention compared to the neighboring basins. Values of n for the left-

bank tributaries of the Baltsata r. (Stantsionyi r., Vishnevyi r.) are 0.24 and 0.32, and for the 

right-bank ones (Vinogradnyi r., Sagaidachnyi r.) these are twice higher, in conditions when their 

basins slope is bigger by ~ 1.55 times, and precipitation - by 1.5-2 times smaller. The results 

analysis shows that n value changes within large limits from 0.24 to 0.72. In the case of the 

Vishnevyi r., in the basin of which the arable land is predominant, n is 0.24, which can be 

compared to that from the Stantsionyi r. b. but also from runoff station 1 where the same type of 

land cover is detected.  
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Fig. 3.10. Flood hydrographs of 

runoff stations 1 and 2, flood 

event of 3.07.1975 

Fig. 3.11. Flood hydrographs of 

runoff stations 3 and 4, flood event 

of 3.07.1975 

Fig. 3.12. Flood hydrographs of  

the Vinogradnyi r., flood event of 

3.07.1975 

   
Fig. 3.13. Flood hydrographs of   

the Sagaidachnyi r., flood event 

of 3.07.1975 

Fig. 3.14. Flood hydrographs of 

the Stantsionyi r., flood event of 

3.07.1975 

Fig. 3.15. Flood hydrographs of  

the Vishnevyi r., flood event of 

3.07.1975 

Table 3.2. Flood runoff characteristics,  July 3, 1975 

Qmed, 

l/s 
n 

Qmax, 

l/s 

Volume, 

m
3
 

Depth, 

mm 

Duration, 

min 

Qmed, 

l/s 
n Qmax, l/s 

Volume, 

m
3
 

Depth, 

mm 

Duration, 

min 

Runoff station (platform) 1 The Stantsionyi river, S=5.49 km
2
 

3.00 0.33 12.00 7.20 9.00 40.0 1076 0.32 4390 57110 10.38 885 

Runoff station (platform)  2 The Vishnevyi river, S=4.23 km
2
 

2.12 0.37 7.90 5.08 6.35 40.0 2631 0.24 13800 35514 8.42 225.0 

Runoff station (platform) 3 The Vinogradnyi river, S=2.96 km
2
 

0.08 0.85 0.16 0.18 0.23 40.0 626 0.46 1980 17279 6.08 460 

Runoff station (platform) 4 The Sagaidachnyi river, S=4.13 km
2
 

0.04 0.91 0.08 0.13 0.16 55.0 1649 0.72 3950 6924 1.77 70.0 

 Assessment of flood characteristics of runoff stations which are characterized by a single 

land cover type but also of the Baltsata river tributaries, in the limits of which a variety of land 

cover types is observed, was performed according to the same principle. The average values of 

maximum runoff characteristics for the flood events that occurred during the periods with the 

prevalence of certain land use types are summarized in tables B15, B16. 

 The land cover of runoff stations 3 and 4 throughout the observation period is 

characterized by a single land cover type, namely pasture, on the other hand, the land of the 

runoff stations 1 and 2 was used, in generally, as tilled land or cultivated mostly with annual 

crops (potatoes, maize, oats, wheat, cucumbers, etc.). The share of land use in the Stantsionyi, 

Vishnevyi, Vinogradnyi, Sagaidachnyi, Baltsata river basins differ both spatially and temporally. 

Thus, the Sagaidachnyi r. b. is characterized by a predominance of arable land in average of 67% 
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and orchards and vineyards (thereinafter perennial plantations) of 20%, their areas varying 

between 50-82% and 0-47%, respectively. In this river basin, natural vegetation practically is 

absent. The land cover of the Vinogradnyi r. b. is characterized by the predominance of the 

arable land, with a bigger share, and of the pasture, with a smaller share, for the period 1962-

1977. In 1978 it is noticed that the share of arable and pasture is equal to that of perennial 

plantations, which subsequently grow in the area and become predominant. Thus, two periods of 

different land use are observed, in the second - the share of forest increased to 17%. The same 

regularity is also observed in the case of the Stantsionyi r. b., where in the first period (1960-

1981) the arable land and the perennial plantations are predominant with an average share of 

70% and 20%, respectively, and in the second (1982-1994) - their share is reversed. Also, the 

land use change in the Vishnevyi r. b. was estimated, where the arable area with a average share 

of 86% is predominant in the first period (1960-1978) and in the second period (1979-1994) - the 

diversification of land cover type is observed, the arable decreasing to 64% but increasing the 

share of forest and other types (tab. B15 and B16).  

 Based on comparative analysis of the flood runoff characteristics, it was found that for 

stations 3 and 4 which were covered by pasture, the values of average discharge are lower by 35-

70 times, of average peak discharge - by 50-85 times, of flood volume and depth - by 30-53 

times compared the ones of stations 1 and 2. Flood runoff duration is bigger by 1.5 times for the 

stations 3 and 4, which leads to a reduction of the slope runoff velocity and of disastrous effect 

of floods. 

 Evaluation of differences in hydrological characteristics of the right and left bank 

tributaries of the Baltsata river for periods with the predominance of certain categories of land 

use was carried out for the Vinogradnyi, Stantsionyi, Vishnevyi rivers. Comparative analysis of 

the flood average discharge and average peak discharge of the left bank tributaries (Stantsionyi 

and Vishnevyi r.) show that in the case of the Vishnevyi r. they are 2-3 times higher than those of 

the Stantsionyi r.. The values of these two characteristics for the second period for both rivers are 

higher despite the fact that the arable areas decrease by 20-30% in favor of perennial plantations 

and forest. This can be explained by transition of extreme precipitation that caused larger floods 

occurrence and respectively determined discharges increase for the second period (fig. B43, 

B44). However, floods average volumes do not change essentially and are practically identical 

for both rivers. Runoff depth is characterized by minor changes from one period to another. 

Average values of flood discharge characteristics specific for the Vinogradnyi r. are much lower 

for the second period. This can be caused by formation of synoptic situations favorable to 
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extreme floods occurrence in the first period, which determined the values of average and peak 

discharge to be about 2 times higher for this time lapse (fig. B45). 

 Particular attention was paid to the flood hydrograph shape coefficient because the 

landscape features play an important role in slope runoff specifics and, respectively, in river 

runoff generation. The average values of n estimated for the runoff stations differ, being minimal 

for the stations with tilled soil and arable land and maximal for the pasture-covered platforms. 

The average value of n within the river basins is in the range of 0.44-0.71, the minima being 

recorded for the Vinogradnyi r. where the share of the processed land is 59% and the 

unprocessed  - 37%, and the maxima for the Stantsionyi r. and the Baltsata r. where land use is 

characterized by a variety of processed lands. The average value of n, in terms of the prevalence 

of arable land with a share of more than 50%, is, on average, equal to 0.55, and in the case of 

perennial plantations this coefficient amounts to 0.63. Consequently, we can conclude that the n 

value of 0.4 - recommended by the normative document [17] - is specific for arable land, which 

is generally reasonable for the territory of the Republic of Moldova considering the fact the share 

of arable land exceeds 50%. However, estimation of this value only at the level of the runoff 

stations is not sufficient because at the basin level a variety of land use types is observed and a 

methodology for assessing this coefficient is needed which would be easy and fast applied. An 

attempt to develop such a methodology is presented in the subchapter 3.5.  

 Controlling the pluvial floods by hydrotechnical constructions  

 In the Republic of Moldova, a set of measures is undertaken for protection against the 

negative effects of floods, among these the hydrotechnical structures are the most efficient: 

reservoirs and protection levees. In case of monitoring data presence, the reservoirs impact on 

the flood runoff is assessed by analyzing hydrological characteristics for pre/post-impact, 

pre/post-control (Before-After, Control-Impact, fig. 1.6) periods. Information on inflow and 

outflow discharges is only available for reservoirs: the Novodnestrovsk (partially) and the 

Dubasari reservoirs situated on the Dniester river, the Costeshti-Stynca res. - on the Prut river 

and the Ghidighici res. (partially) - on the Byc r. Thus, it was possible to evaluate the impact of 

four reservoirs on floods.  

 For assessment of the impact of the reservoir cascade from the Dniester river, there were 

analyzed comparatively hydrological characteristics from Zalishchyky st. (situated upstream the 

Novodnestrovsk res.), Hrushca st. (situated downstream the Novodnestrovsk res.), Dubasari st., 

Bender st. (situated downstream the Dubasari res.) for three periods: 1
st
 period 1887–1955 years 

- corresponds to natural runoff, 2
nd

 period 1956–1982 years – after construction of levees and 



79 

 

during the Dubasari res. operation, 3
rd

  period from 1987 till present – the period of entire flood 

protection system operation (including Novodnestrovsk res.) (fig. 3.16).  

 The flood runoff from the Dniester river is caused by maximal precipitation from the 

upstream part of the basin situated in Ukrainian Carpathians. In natural conditions (before 

reservoirs operation) spatial reduction of peak discharge was determined by increasing basin area 

and floodplain width. The flood hydrograph of 1948 (fig. 3.17) can serve as an example that 

shows the way of food wave attenuation, especially, the change of hydrograph shape and the 

decrease of peak discharge values (fig. 3.16) due to accumulation of water volumes within the 

floodplain from the downstream part of the Dniester river basin. Peak discharge attenuation 

coefficient (K), calculated as ratio between peak discharges from Zalishchyky st., situated in the 

upstream part of the reservoirs, and Bender st., positioned in their downstream part, for period of 

natural runoff is relatively constant, on average being of 0.40 (tab. 3.3). During Dubasari res. 

operation period the flood wave dynamic has changed its character. As an example, in the figure 

3.18 the flood hydrograph of 1969 flood is represented, from which it can be observed the 

change of flood hydrograph shape from classical triangular in the upstream part (Zalishchyky 

and Hrushca st.) to trapezoid in the downstream (Dubasari st., Bender st.), as well as reduction of 

peak discharge from Zalishchyky to Bender. However, flood regulation capacity of this reservoir 

is only 30% from total capacity (flood control volume is 144 mln.
3
). Thus, in case of generation 

of a flood of low probability, with a peak discharge >3000 m
3
/s, and a volume over >2 mlrd. m

3 

the value of outflow peak discharge would decrease only by 12-15%, in comparison with the 

inflow one. In essence, the flood wave of such a dimension flows in transit through the reservoir 

[140]. During the operating period, as a result of siltation processes, the basic reservoir 

parameters have changed significantly. The flood regulation storage decreased from 630 mln.m
3
 

(in 1956) to 401 mln.m
3
 (in 1982) [251]. The decrease in regulation capacity resulted in the 

increase of K and peak discharge outflowing from this reservoir. Thus, the average K for the 

second period is 0.58, increasing its value during the years 1956-1982 from 0.5 to 0.6 (tab. 3.3).   

 After construction of Novodnestrovsk res. the regulation of peak discharge has become 

more efficient, this caused the decrease of K to 0.52 and of the flood risk. However, the flood 

hydrographs of July-August 2008 (fig. 3.19) show that the flood waves which passed through the 

Dniester reservoirs cascade are characterized by peak discharge that exceed the allowable values 

(2600 m
3
/s) both at the Novodnestrovsk, as well as the Dubasari hydropower plants, fact that 

caused the overflowing and inundations of the river floodplain. The detailed analysis of inflow 

and outflow flood hydrographs from reservoirs shows the presence of some reserves that would 

allow avoiding the flooding of the downstream terrains. However, the evacuation schedule was 
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organized in such a way that a major risk situation had occurred which forced the 

Novodnestrovsk hydropower plant service to evacuate from the reservoir a peak discharge of 

3500 m
3
/s, fact which led to a disturbance of floods control regime. From the Dubasari res. the 

peak discharge was 3480 m
3
/s, thus exceeding the allowable limits with 880m

3
/s. 

Table 3.3. The change of K under the impact of reservoirs situated on Dniester r. 

Period I: 1887-1955 Period II: 1956-1982 Period III: 1987-2010 

Year 
Peak discharge, m

3
/s 

K Year 
Peak discharge, m

3
/s 

K Year 
Peak discharge, m

3
/s 

K 
Zalishchyky Bender Zalishchyky Bender Zalishchyky  Bender 

1900 3730 1270 0,34 1969 5970 3000 0,50 1989 2700 1510 0,56 

1906 3070 1260 0,41 1970 2950 1730 0,59 1998 4080 1800 0,44 

1913 4120 1400 0,34 1974 3300 1960 0,59 2008 5600 2610 0,46 

1948 3420 1730 0,51 1980 3910 2490 0,64 2010 2765 1700 0,62 

Average                             0,40 0,58 0,52 

  

  
Fig. 3.16. Flood peak discharge, Dniester r. Fig. 3.17. Flood hydrographs of 1948, Dniester r. 

  
Fig. 3.18. Flood hydrographs of 1969, Dniester r. Fig. 3.19. Flood hydrographs of 2008, Dniester r. 

 The impact of the Novodnestrovsk res. was evaluated also on the basis of analysis of the 

time series of the pluvial flood peak discharges from Hrushca st. as well as their probability 

distribution for the periods before and after its construction (fig. 3.20). It was estimated that the 

average peak discharges for the second period is with 552 m
3
/s lower than for the first one, and 

the peak discharges of 0.1-20% probability decrease with 905-3586 m
3
/s (35-41%). Cv changes 

insignificantly from 0.54 to 0.48. The comparative analysis of the discharges of 1-10%, 
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estimated on the basis of the dataset from the Dubasari res., and probable peak discharge from its 

Operation Rules indicates that the estimated probable peak discharges for the operation period 

are smaller with approx. 320-700 m
3
/s (fig. 3.21), the reservoir having a lower effect in 

regulating the maximum runoff (12-15%). As a result of the analysis of the time series from 

Bender st., it was determined that the average values of peak discharges for the three periods are 

1183 m
3
/s, 1356 m

3
/s and 1088 m

3
/s, being lower for the period of the entire flood protection 

system operation. Cv is 0.34, 0.43 and 0.44 for the three periods. However, the probability 

distribution shows an increase in the peak discharges of low and medium probability (0.1-10%) 

with ~ 22-44% in the second period, and with 1-21% in the third period, in comparison to those 

of the first period (fig. 3.22). The increase in extreme values can be explained by the fact that 

flood wave, flowing in conditions of anthropogenic impact, propagates through a narrower 

floodplain, limited by the levees, fact which determines the increase of both the discharges and 

levels, but also by the flood control by the Dubasari res. and by occurrence of extreme synoptic 

situations that favored generation of more significant floods during the second and third periods 

compared to the first one. However, the flood protection system reduces the probable peak 

discharges of 10-20% by 1-6%. The flood protection system has a greater effect in regulating the 

flood runoff with the probability of up to 10%, especially during the period after the 

Novodnestrovsk res. construction. Thus, this reservoir has a more significant positive influence 

in the regulation of the flood runoff compared to the Dubasari res.   

   
Fig. 3.20. Distribution of peak 

discharges of different 

probabilities, Dniester r., 

Hrushca st. 

Fig. 3.21. Distribution of peak 

discharges of different 

probabilities, Dniester r., 

Dubasari st. 

Fig. 3.22. Distribution of peak 

discharges of different 

probabilities, Dniester r., 

Bender st. 

 Assessment of reservoirs impact on the Dniester r. floods was also performed by analyzing 

characteristics of the Environment Flow Components: high-flow pulses, small floods, large 

floods. Large floods, with peak discharges exceeding 2600 m
3
/s (reference peak discharge for 

levees) at Hrushca st., were recorded in 1969, 1974, 1980 before the Novodnestrovsk res. 

construction and in 2008 after beginning of its operation. Small floods (with peak discharges 

exceeding 1200 m
3
/s - the multiannual average of peak discharges for entire monitoring period at 
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Bender st.) are bigger in number. For the years 1945-1955 (before the Dubasari res. 

construction), at Bender st. on average 1 case of small floods in 2 years was recorded. In the 

period after reservoirs operation beginning, average number of these events was 1,5 events per 

year at Hrushca st., 0,8 events/year at Bender st. in the second period and 0,4 events/year for 

both stations in period III. During the Dubasari res. operation, in the upstream (at Hrushca st.) 3 

small floods were registered in 1968, 1976, 1978, 1980, 1981, in the downstream (at Bender st.) 

the same number being recordered only in 1968, and in the other mentioned years their number 

decreasing to 1-2 events. In the years after the Novodnestrovsk res. construction in the 

downstream more than 2 small floods/year were not recorded, but the number of years without 

small floods has increased (fig. 3.23). The average value of small floods peak discharges (fig. 

3.24) was for the years 1945-1955 - 1692 m
3
/s (Bender st.), for the period of only the Dubasari 

res. operation - 1670 m
3
/s at Hrushca st. (in its upstream part) and reduced to 1600 m

3
/s at 

Bender st. (downstream from the Dubasari res.), and for the period after entire flood protection 

system construction: 1442 m
3
/s at Hrushca st., and 1634 m

3
/s at Bender st.. On average, small 

floods duration was for the Dubasari res. operation period - 25,4 days at Hrushca st. and 65 days 

at Bender st., and for the period after the Novodnestrovsk res. construction: 24 days at Hrushca 

st., and 50 days at Bender st..   

Annual frequency of high-flow pulses of ±30% (cases with peak discharges between 

310/470-1200 m
3
/s) is characterized by values between 2 and 9 events /year (on average 3,2 

events/year) with an average discharge of 664m
3
/s for the 1945 - 1955 at Bender st.. In the years 

following the Dubasari res. operation, the average frequency of high-flow pulses is 7,8 

events/year at Hrushca st. and only 2,8 events /year at Bender st., the decrease of the number of 

these events under reservoir impact being even with 8-10 events. In this respect, examples can 

serve the years 1972 and 1977 when at Hruscha st. 11 and at Bender st. only 2-3 high-flow 

pulses were registered. A similar situation is specific for the Novodnestrovsk res. post-

construction period. But in this case the number of high-flow pulses at Hrushca st. has increased 

considerably, in 1997-1999 even 19-24 events/year being recorded, in the same years at Bender 

st. the number of these events is already of 3-9, i.e. 2-8 times less (fig. 3.23). The average peak 

discharges of high-flow pulses are 530 m
3
/s at Hrushca st., 674 m

3
/s at Bender st. during the 

Dubasari res. operation and 496 m
3
/s at Hrushca st., and 632 m

3
/s at Bender st. after the 

Novodnestrovsk res. construction. Their duration is approx. the same at Hrushca st. - 4,5 days for 

all periods, and at Bender st. - 23,8 and 15 days for periods II and III (fig. 3.24).  
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Fig. 3.23. Number of cases of small floods and 

high flow pulses, the Dniester r. 

Fig. 3.24. Average peak discharge of small floods 

and high flow pulses, the Dniester r.. 

To avoid inundation of the adjacent territories, in the 1950s the levee system was built on 

the Dniester r.. It should be noted that the maximum allowable discharge taken as a reference for 

levees levels is 2600 m
3
/s. During the operation period, this value was exceeded 4 times at 

Hrushca st. (1969, 1974, 1980, 2008) (fig. 3.16). The maximum water levels of 1969 and 2008 

flood events exceeded the average values by 3-10 m, and in certain portions they exceeded those 

of the levees, so significant areas were flooded (fig. 3.25). According to the monitoring data, it 

was estimated that the maximum water level values on the section between Soroca - Hrushca vil. 

exceeded the levee levels. Upstream and downstream of the Dubasari res. water levels got very 

close to the levees critical values, thus, some sectors were covered by water. As a result of the 

floods, dozens of villages and several cities were flooded, such as Soroca, Rybnitsa, Bender, 

Tiraspol.  

 
Fig. 3.25. The dynamics of maximum water level of the floods on the Dniester r.  

Assessment of the impact of the main flood protection hydrotechnical structures on the 

flood runoff from the Prut r. was performed on the basis of the analysis of maximum discharges 

and levels from the stations Shirautsi, Corpaci, Costeshti-Stynca res., Braneshti, Ungheni, 

Leusheni, Leova, Brynza for two time periods: before and after the Costeshti-Stynca res. 

construction (fig. 3.26, 3.32, 3.33). K was calculated as the ratio between peak discharges from 

the stations located in the upstream parts of the Costeshti-Stynca res.: Corpaci st. and Shirautsi 
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st. as well from Ungheni st. (from downstream) (tab. 3.4). The value of this coefficient before 

reservoir construction is on average 0.41, and during its operation it has decreased to 0.29, this 

fact indicating a higher flood control capacity in the conditions of flood protection system 

functioning. As examples, in figures 3.27 and 3.28 there are represented the flood hydrographs 

of 1975, prior to the Costeshti-Stynca res., and of 2010, during this hydrotechnical structure 

operation period. As it can be observed, flood hydrograph shape at Shirautsi st. is unchanged and 

the one from Ungheni st. is substantially modified, from a triangle to a trapezoid, indicating a 

significant impact on the flood wave dynamics expressed by the Costeshti-Stynca res.. Reference 

outflow discharges from the reservoir are 700 m
3
/s (1% probability), and those for the levees 

constructed previously to the Costeshti-Stynca res. are 1260 m
3
/s. The peak discharges values 

had exceeded the limits of 1% during propagation of flood events in 2008 and 2010 but these 

were much lower than the ones of the levees. However, taking into account the degradation 

processes of these hydrotechnical structures, built in the 50s-60s of the 19th century, their 

protection degree has decreased, fact proved by their failure as a result of the 2010 floods and by 

inundation of the settlements situated in the Prut river floodplain.  

Table 3.4. Change of K under the impact of the Costeshti-Stynca res from the Prut r. 

Period I: 1960-1977 Period II: 1990-2012 

Year 
Peak (instantaneous) discharges, m

3
/s 

K Year 
Peak (instantaneous) discharges, m

3
/s 

K 
Corpaci st. Ungheni st. Shirautsi st. Ungheni st. 

1964 930 483 0.52 1996 1260 251 0.20 

1965 1440 620 0.43 1998 1980 610 0.31 

1969 3130 674 0.22 2002 1110 174 0.16 

1970 2070 622 0.30 2005 1820 583 0.32 

1973 1150 543 0.47 2006 1100 579 0.53 

1974 2690 591 0.22 2008 4090 691 0.17 

1975 1160 798 0.69 2010 2220 738 0.33 

Average                                                          0.41 Average                                                         0.29 

Flood runoff change as a result of the Costeshti-Stynca res. construction was evaluated also 

by analysis of the multiannual peak discharges and their probability distribution (fig. 3.26, 3.29) 

for the time periods before and after the reservoir construction. Thus, the average peak discharge 

of the Prut r., Ungheni st., is with 108 m
3
/s lower in the second period, being equal to 346 m

3
/s. 

However, this value is 3 times smaller than the average peak discharge estimated for Shirautsi 

st.. The significant decrease of the peak discharge under the Costeshti-Stynca res. impact is 

represented in the graph of the figure 3.26, by comparing the discharges after its construction 

from Shirautsi and Ungheni st.. This fact can be observed also by analyzing the distribution of 

probable discharges (fig. 3.29) from these two stations, from which it results that the discharges 

with the probability of 0.1-10% from the upstream station are 3.5-8 times higher than those from 
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the downstream station. The maximum values of 0.1-0.5% of reservoirs Operation Rules are 1.6-

1.9 higher, and those of 1% are 10% lower in comparison with the ones from Ungheni st., 

indicating the need for reevaluation of the last value. Also, some changes in the floods duration 

due to the reservoirs operation have been observed. Respectively, data from Ungheni st. show 

that the floods total duration has increased by one day, and the rising limb time has increased by 

1.7 days after the Costeshti-Stynca res. construction.  

  

Fig. 3.26. Annual peak discharges of pluvial 

floods, Prut r. 
Fig. 3.27. Flood hydrographs of 1975, Prut r. 

  

Fig. 3.28. Flood hydrographs of 2010, Prut r. 
Fig. 3.29. Distribution of peak discharges of 

different probabilities of the Prut r. 

Identification and estimation of the changes in the Prut r. flood runoff regime under the 

impact of hydrotechnical structures was made by comparative analysis of the characteristics of 

the Environmental Flow Components (high-flow pulses, small floods, large floods) determined 

on the basis of the hydrological information from Ungheni st. for the period before and after the 

Costeshti-Stynca res. construction as well as from Corpaci st. and Shirautsi st. situated in the 

upstream of the reservoir. The number of large floods with discharges exceeding 700 m
3
/s (tab. 

3.4) recorded at Corpaci st. (1960-1977) is 16 and at Ungheni st. - 1 case during the pre-impact 

period. For the following period, their number at Shirautsi st. is 23 (1990-2012) and at Ungheni 

st. - 1. The average peak discharges of large floods is 1460 m
3
/s at Corpaci st. and 1352 m

3
/s at 

Shirautsi st.. Peak discharges reduction from the middle to the lower part of the river is 

significant both before and after impact. Small floods frequency for the period before the 

Costeshti-Stynca res. construction is 1.4 events/year at Corpaci st. and 1.1 events/year at 

Ungheni st.. Three cases of small floods were recorded in 1974, 1976 at Corpaci st., and in 1964 
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at Ungheni st.. In the years after the hydroelectric node construction, the annual frequency of 

small floods is 1,1 events/year at Shirautsi and at Ungheni st. it is reduced to 0.5 events/year, the 

maximum number of 3 events/year being recorded in 1997 and 2005 at the upstream station, and 

at the downstream one it was null (in 1997) or 1 event per year (in 2005). The average peak 

discharges of small floods are approx. 504 m
3
/s at both stations during the pre- impact period, 

and for the flow control period they are 557 m
3
/s at Shirautsi st. and 532 m

3
/s at Ungheni st.. The 

duration of small floods is on average 13 days at upstream stations and at Ungheni st. it is 32 

days for the first period and 54 days for the second one.   

The high-flow pulses (with peak discharges in the limits of 80/150-400 m
3
/s) at Corpaci st. 

are on average 8 events/year, the maximum being recorded in 1972 (15 cases), 1976 (12 cases), 

at the downstream station it is reduced by 1-7 events, the average being of 5.7 events/year. In the 

period after the Costeshti-Stynca res. construction, at Shirautsi st. the trend high-flow pulses 

occuerence increases (fig. 3.30), the maximum number being registered in 2002 and 2008 (14 

events), the average is 8 events/year. At Ungheni st., the average annual number of high-flow 

pulses is 2,8 or ~3 times lower compared to the reservoir upstream station. Average peak 

discharges of high-flow pulses are 173 m
3
/s at Corpaci st. and 191 m

3
/s at. Ungheni st. for pre-

impact period and ~140 m
3
/s for the post-impact period for both stations (fig. 3.31). Average 

duration of high-flow pulses is 4.66 days at Corpaci st. and increases to 10,6 days at Ungheni st. 

for the period I. On the other hand, for the period II the duration of these events is 6,8 days in the 

reservoir upstream part and 20,5 days in the downstream. 

  
Fig. 3.30. Number of cases of small floods and 

high flow pulses, Prut r. 

Fig. 3.31. Average peak discharge of small 

floods and high flow pulses, Prut r. 

Also, the changes in water level as a result of hydrotechnical structures construction were 

estimated. The maximum water levels increase, in particular, on section of the Costeshti-Stynca 

res. (fig. 3.32, 3.33), can be observed by analyzing the longitudinal profiles where the maximum 

water levels of the most significant floods before (from 1969, 1974, 1975) and after (from 2008, 
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2010) reservoir construction are highlighted. The comparative analysis of the maximum water 

levels downstream of the reservoir and the levees indicates the presence of reserves in the 

protection capacity of the anti-flood system, the latter being higher than the first ones, but their 

current state determines us to recommend performing researches regarding their reconstruction 

in order to increase their safety degree. 

  
Fig. 3.32. Maximum level of floods from the 

Prut r. before the Costeshti-Stynca res. 

Fig. 3.33. Maximum level of floods from the 

Prut r. after the Costeshti-Stynca res. 

construction 

Assessment of the Ghidighici res. impact on the flood runoff of the Byc r. was performed 

on the basis of the analysis of the discharges from Chisinau st., situated in the downstream part, 

and Strasheni st., positioned in its upstream part. The hydrological time series from Strasheni st. 

are quite short being present only for the period 1973-1977. The time series from Chisinau st. 

includes the period before the Ghidighici res. construction, 1945-1962 years, and after beginning 

of its operation, 1968-present (fig. 3.34). Analysis of discharges from the upstream and 

downstream parts of the reservoir allowed the identification of two synchronous flood events for 

the two stations (fig. 3.35, 3.36). The 1973 flood event (fig. 3.35) indicates a non-efficient 

management of the reservoir because the flood hydrograph from Chisinau st. is larger than the 

one from Strasheni st., the peak discharge being higher by 10 m
3
/s. On the other hand, flood 

hydrographs of 1975 show the decrease of the peak discharges, but the distribution of the flood 

volumes in the reservoir resulted in outflowing of higher discharges in the period after the peak 

occurrence compared to the ones from Strasheni st. (fig. 3.36).  

Analysis of hydrological information from Chisinau st. before and after the Ghidighici res. 

construction resulted in the fact that the peak discharges during operation period are 2 times 

lower, and those of 0.1-10% are reduced by 3.2-3.6 times (fig. 3.37). The total duration of 

pluvial floods of the Byc r. in the periods before the Ghidighici res. construction and during its 

operation did not change significantly, this being equal to 12.1 days for the period 1946-1962 

and 12.3 days for 1968-2010. The rising limb time for the first period is 3.8 days, and for the 

second - it has grown to 4.5 days, the falling limb time has decreased from 8.3 to 7.8 days.  
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Fig. 3.34. Annual peak discharge of 

pluvial floods, Byc r., Chisinau st. 

Fig. 3.35. Flood hydrographs of 

1973 

Fig. 3.36. Flood hydrographs 

of 1975 

Environmental Flow Components were analyzed only using the discharges recordered at 

Chisinau st. for a period of 17 years before the Ghidighici res. construction and for a period of 45 

years after the start of operation. Thus, it was found that large floods with peak discharges above 

50 m
3
/s were recorded only twice and only in 1948. Small floods with peak discharges of more 

than 30 m
3
/s were recorded in 1945 and 1949 in the runoff pre-control period and in 1969, 1973, 

1985, 1989 during the Ghidighici res. operation. The average peak discharges of these events are 

35.2 m
3
/s for the first period and 42.4 m

3
/s for the second one. The duration of small floods is 

15.5 days and 28,5 days for the two temporal intervals.  

The high-flow pulses tend to increase in the first period (fig. 3.38), the average annual 

number is 5 events per year, the maximum of over 10 cases was recorded in the years 1949 and 

1955. The high-flow pulses after the Ghidighici res. construction with a number of ≥10/year are 

registered in 14 years from 45, their value being maximal in the first 20 years of reservoir 

operation. In the last 20 years, the average number of high-flow pulses is 4,5 events/year, during 

this period there were also observed years without such events. Their average number for the 

period after reservoir construction is 6.4 events/year. Average peak discharges of high-flow 

pulses are approx. equal, being of 4.4 m
3
/s in the first period and 3 m

3
/s in the second (fig. 3.39). 

Duration of these events is 6,5 days in the pre-control and 7,5 days in the post-control period.   

   
Fig. 3.37. Distribution of 

probable peak discharges, Byc 

r., Chisinau st. 

Fig. 3.38. Number of cases of 

small floods and high flow 

pulses, Byc r. 

Fig. 3.39. Average peak 

discharge of small floods and 

high flow pulses, Byc r. 
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As a result of the researches the probable peak discharges from the operation rules are 

much higher than the calculated ones, fact which allows us to conclude the possibility of 

efficient control of some extreme floods, but considering the fact that reservoir volume is 

reduced by almost 50% due to the siltation processes and the reduction of its dam quality [134] it 

is necessary to recommend desiltation and consolidation activities in order to increase the safety 

of the hydrotechnical structure. 

 3.3. Potential of generation, accumulation and propagation of pluvial floods  

Through the huge number of models that are developed for estimations of flood-prone 

areas the most important are those that can give an adequate hydrologic answer regarding flood 

generation and propagation processes. Application of these models, as usual, depends on quality 

and quantity of hydrologic data which often are absent or insufficient. In this cases, in order to 

estimate flash flood and flooding areas there have been developed indexes that can be easily and 

fast applied and can give a preliminary understanding of hydrologic processes during these 

hazardous phenomena: FFPI and FPI - that are being used worldwide and adapted to the local 

environmental conditions of different regions [85, 111, 158, 172, 187, 201], including to the ones 

of the Republic of Moldova. Flood wave Propagation Potential index that describes the process 

of propagation of flood wave through the river floodplain is proposed in the present study.  

Flash Flood Potential Index (FFPI) consists in integration of natural and anthropogenic 

factors which play an important role in flood generation processes, and are spatially distributed 

on entire river basin: maximum precipitation for 1% probability (fig. B46), slope (fig. B47), LS 

factor (fig. B48), convergence index (fig. B499), profile curvature (fig. B50), soil cover, land 

cover (fig. B51). The factors were classified considering the surface runoff generation potential 

in 5 classes, from 1 - low potential to 5 - high potential (tab. B17). Maximum precipitation of 1% 

probability determines a higher runoff potential in the central and northern part of the country 

while for the southern part the values specific for low and medium potential are highlighted. The 

slope - a governing factor in the slope runoff - was grouped according to the surface type and 

morphodynamics [7, p. 91], the steep slopes have been assigned the value 5 and the gentle slopes 

that lead to pluvial floods accumulation in the floodplain - value 1. The same principle was used 

in the case of LS factor classification. Estimation of slope and LS factor showed that ~ 70% of 

the country's territory is characterized by minimal values that determine a low potential of flash 

flood generation but a high one in case of water accumulation in the floodplain. Evaluation and 

classification of convergence index and profile curvature impact on slope runoff generation 

resulted in the fact accelerated and deceleration runoff as well as divergent and convergent 

runoff is formed in relatively equal proportions on the territory of the country (fig. B49, fig. 
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B50). Soil classification was performed according to its textural characteristic and runoff rate. 

Thus, the soil with clayey texture and high runoff potential was assigned a value of 5 and of a 

sandy texture and a low runoff potential  - value 1. The soil cover is mostly characterized by low 

infiltration rate and high runoff potential due to the fact that 60% of country soil cover is clayey 

loam [131]. The land cover (fig. B51) was analyzed from the perspective of water retention 

capacity. The greatest contribution to reduce the maximum runoff is caused by forest through the 

ability to retain considerable volumes of water from the heavy rains. On the other hand 

settlements (with a share of 10% of the country territory) create favorable conditions for heavy 

rains to be virtually transformed into surface runoff without the possibility of being retained by 

vegetation or being infiltrated by soil. The largest part of the country territory is covered by 

arable area, and even if it has a lower impact on flash flood generation than urban area, its high 

share, over 55%, make it one of the most important factors in maximum slope runoff generation. 

Forest, grassland as well as orchards are predominant in the central part of the republic so even if 

here the terrain is hilly and slope are steep, vegetation retention capacity reduces flood runoff. 

On the other hand, the northern and southern parts of the country are covered mainly by arable 

area that leads to a higher FFPI.   

On the basis of the summing up of all the FFPI factors and their weighted values 

according to equation 3.4. in GIS environment, a grid with the values between 13.6-46.7 was 

obtained, which was classified according to the equal intervals method into 5 classes to which 

FFPI classes from very low to very high were assigned. As a result, it was calculated that a low 

and very low flash flood potential is characteristic for approx. 11% of Moldovan territory, on the 

other hand 29% of the country's surface is subject to high and very high flash floods potential. 

Most of the territory of the Republic of Moldova is characterized by a medium flash flood 

potential, approx. 60% (fig. 3.40).  

𝐹𝐹𝑃𝐼 =  𝑃𝑃1% ∗ 1,8 +  𝑆𝑙 ∗ 1,0 +  𝐿𝑆 ∗ 0,8 +  𝐶𝐼 ∗ 1,5 +  𝑃𝐶 ∗ 1,4 +  𝑆𝑇 ∗ 1,8 + (𝐿𝑈 ∗ 1,6)     (3.4) 

where:  

Sl - slope 

LS - slope length and steepness factor  

CI - convergence index 

PC - profile curvature 

ST - soil (texture)  

Based on the FFPI raster, the average values for elementary river basins and communes 

have been extracted. Finally, it was estimated that for most communes and river basins, FFPI is 

characterized by average values and only for 7 (0,9%) basins and for 4 (0,41%) communes is 

low and for 36 (4.56%) small basins and 50 (5,1%) communes the FFPI is high (fig. B52, B53). 

Basins and communes with high  FFPI values are located mainly in the central and northern 

parts of the country where the value of 1% maximum precipitation is more significant than in 

other regions and the degree of anthropogenic impact on landscape systems is higher. The FFPI 
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value in the Codri Heights is average due to the presence of a proportion of sandy soil and large 

forest areas, which reduce flood runoff. 

Estimation of the Flooding Potential Index (FPI) was made on the basis of the principle: 

summing up the factors that lead to stormwater accumulation in the river floodplains: maximum 

precipitation of 1% probability, slope, convergence index, topographic wetness index (TWI), 

soil, land cover. Attribution of score to soil, precipitation and land cover was performed 

according to the approach described above for FFPI. The slope and convergence index were 

classified according to the principle of the concentration of flood wave in the floodplain, 

respectively, the score was assigned in reverse order as in case of FFPI. TWI (fig. B54), derived 

in  SAGA GIS [184], was classified in accordance with the maximum values, distributed in the 

floodplains of large and medium sized rivers, which were attributed to 5th class, and the 

minimum values, estimated for the areas of the highest altitudes, which were assigned to 1st 

class. Finally, based on the combination of mentioned factors maps (tab. B18) and their weighted 

values according to equation 3.5, a grid of 13.3-49.5 values was obtained which was classified in 

equal intervals and grouped in 5 classes.  

𝐹𝑃𝐼 =  𝑃𝑃1% ∗ 1,8 +  𝑆𝑙 ∗ 1,9 +  𝐶𝐼 ∗ 1,4 +  𝑇𝑊𝐼 ∗ 1,4 +  𝑆𝑇 ∗ 1,8 + (𝐿𝑈 ∗ 1,6)    (3.5) 

The most important classes that characterize the accumulation of flood water in the 

floodplain are those with high and very high potential. The share of these classes areas is 28% of 

the total country area (fig. 3.41). 2/3 of the total is attributed to average FPI surfaces and 15% to 

those with low and very low FPI. Estimation of FPI for small basins and communes resulted in 

the fact that the FPI is low and very low for 22 basins (2.79%) and 33 communes (3,36%) 

situated in Codrii Heights, high for 111 (14,1%) basins and 99 (10.1%) communes situated in the 

river floodplains, and average for the other areas (fig. B55, B56).  

According to the same principle applied for the estimation of FFPI and FPI the Index that 

describes the Potential of the Flood Wave Propagation (FPPI) through the river floodplain has 

been developed and applied for 50 pilot rivers. For FPPI estimation, the natural and 

anthropogenic factors characterizing the main riverbed were considered: river slope (fig. B57), 

gradient (fig. B58), sinuosity (fig. B59), share of river length converted into reservoirs (fig. 

B61), share of embanked rivers (fig. B62, B63), the share of river lengths passing trough 

settlements (fig. B64) and forest (fig. B65) as well as the maximum precipitation of 1%. 

Classification of river slope and gradient was performed on analysis of local maximal and 

minimal values and divided into classes using equal interval method (tab. B19). The highest 

values of river slope and gradient are specific for rivers situated in central part of the country, 

and the lowest - for northern and southern parts. An important element determining the flood 
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velocity and propagation is river sinuosity. At present, almost all study rivers are relatively 

rectilinear rivers, average sinuosity value being <1.3. Classification of flood protection measures 

was perform considering the impact on flood wave movement through the riverbed. Thus, 

reservoirs were built mainly to accumulate water and decrease flood wave dynamics. The 

number of reservoirs in cascade differs from one river to another, the maximal being specific for 

Camenca river (Prut tributary) on which 41 reservoir s are built (fig. B60). The share of the river 

length that was modified into reservoirs with a dam across the river was considered as main 

classification criteria. If this indicator is less than 10% the river is weakly regulated so the 

assigned value is 5. In contrast, if the share is more than 50% flood regulation capacity is high 

and propagation potential is low so the value is 1. Share of river length that is transformed into 

reservoirs for 29 rivers is less than 10% maximal being for rivers of the Camenca river basin 

(Prut tributary) where its value rises over 43%. Another factor - embankments - cause 

longitudinal disconnection of the river with the floodplain. During flood events, the river floods 

are not distributed in natural floodplain but spread into an artificial floodplain narrowed by 

embankments which causes a higher propagation potential. In such a case, embanked rivers with 

a share over 50% have a very high propagation potential and those <10 - very low flood 

potential. Another two parameters that have a contrasts impact on flood wave propagation are 

settlements and forest. Urbanization process increases river flow and especially flood runoff, in 

comparison, forest establishes contraries condition - reduce the slope runoff, and flood 

propagation potential. In this condition, classification of the share of river lengths which passes 

through settlements and forest was performed from maximum to minimum. If the share of  river 

length passing trough forest is <10 the potential of propagation is very high and if this value is 

more than 50% - potential is very low. In case of settlements, classification is made in reverse 

order.  

Optional features that were used in FPPI calculation, describe the basins characteristics: 

elongation ratio (fig. B66), asymmetry (fig. B68), drainage density and texture (fig. B67, B69). 

Torrentiality regime potential is low for all of the basins due to their very elongated shape. Also, 

a low flood wave propagation potential is determined by drainage density and texture specifics. 

Average drainage density is 0.9 km/km
2
 for studied rivers, the amplitude being between of 1.3 

and of 0.61 km/km
2
. Drainage texture, being, on average, 2, is characterized coarse rocks. 

Estimation, classification and analysis of river basin asymmetry have resulted in the fact that 

aprox. 70% of basins are symmetric or nearly symmetric that include them in the class of very 

low and low potential.  
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As a result of combination of all factors for FPPI estimation and its classification in 5 

classes, there was established that aprox. 56% of studied rivers indicates an average flood 

propagation potential, 36% are characterized by high, 4% - by low and other 4% - by very high 

FPPI (fig. 3.42). Most of rivers with high FPPI are situated in plateau region, central and 

southern part of the country. The highest FPPI was estimated for the Salcia Mare and Cogylnic 

rivers. Here, in the first case, maximum values were assigned to basin asymmetry, share of river 

length passing through settlements, forest and reservoirs. In case of the Cogylnic r. highest score 

was given to river gradient and sinuosity, share of river length passing through settlements, 

forest and reservoirs. The lowest values of FPPI are assigned to the Lungutsa and Draghishte 

rivers. Here the maximum score was given only to lack of forest along the rivers. 

   
Fig. 3.40. Flash flood potential 

Index 

Fig. 3.41. Flooding potential 

Index 

Fig. 3.42. Flood wave 

Propagation Potential Index 

As a conclusion we should mention that spatial distribution of components of natural and 

anthropogenic factors is very nonuniform and assessment of their impact on flood wave 

generation, accumulation and propagation processes varies from basin to basin or from river to 

river. Factorial analysis performed for estimation of FFPI, FPI and FPPI showed that rivers are 

exposed to impact of different number of factors, some of them being exposed to only one factor, 

some - to 7 or more. In addition to described factors, for modeling there can be applied other 

features that are considered important in flood potential determination. Estimation and 

classification of flood runoff based on indirect methods can serve as an example. Also different 

scenarios like changes in land cover, river bed, hydrotechnical constructions can be applied. 

Assessment of FFPI, FPI and FPPI highlights general knowledge about flood generation and 

propagation processes as well about flood management practices that are performed in the river 

basins and give and understanding of those that should be done.  
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 3.4. Regional variation of flood runoff depth determined by anthropogenic activity  

Spatial distribution of flood runoff depth under the impact of natural and anthropogenic 

factors  

Estimation of flood runoff values and of anthropogenic impact for river basins that are 

poorly studied from hydrologic point of view is usually performed using indirect methods, 

priority being given to those in which there can be identified elements that characterize human 

activity. In the SCS-CN model, parameters through which the anthropogenic impact can be 

estimated are land cover, which is changed as a function of economic request, as well as soil 

state influenced, for example, by the compaction degree caused by terrain tillage method or by 

irrigation process which determines the increase of moisture level and respectively, decrease of 

infiltration capacity. Assessment of flood runoff was performed for 789 small rivers and 984 

communes. For validation of SCS-CN model, the obtained results were compared with the flood 

runoff values calculated using equation 2.9 (fig. 3.43) for 26 monitored rivers. Assessment of 

relationship between flood runoff values, estimated by two methods, resulted in R
2 

equal to 0.71 

- quite satisfactory to confirm the possibility of SCS-CN model application on the country's 

territory. 

Estimation of flood runoff spatial distribution was performed for 2 scenarios: for the case 

when the maximum precipitation is equal to 1% probability values (fig. 46), and for the case 

when these are equal to 100mm (in case of precipitation data unavailability this value is 

recommended by national normative document [17] as reference for precipitation of 1% 

probability). For both scenarios, soil moisture was considered as low, medium and high and land 

cover remained constant. As a result, 6 spatial models (maps) (fig. B70-B75) were obtained, 

based on which, it was estimated that the average values of the flood runoff for scenario I and II 

are 31,4 and 24 mm in case of dry soils, 90,7 and 79,3 mm for wet soil, and equal to 63,8 and 

53,5 mm for soil average moisture condition. As it can be observed, values for 2nd scenario are 

with ~10 mm lower for the same soil moisture conditions.  

Flood runoff depends largely on the 1% rainfall amount, which is quite nonuniform, from 

point of view of both spatial distribution as well as these values amplitudes, the maximum 

reaching 180 mm. For assessment of runoff depth depending on maximum precipitation, 

regionalization and calculation of flood runoff average values was performed for small basins 

and communes where precipitations were classified in 3 intervals are ≤100mm, 100-150mm, 

and, respectively, ≥150mm. Obviously, the most flood-affected regions are those where PP 

values exceed 150mm. Thus, in these regions flood runoff values will exceed 100 mm, being 

estimated for northern part of the republic, especially, for the districts Dondusheni, Syngerei, 
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Faleshti, but also for certain regions from East - Causheni and Shtefan Voda - and West - 

Ungheni, Nisporeni. The average flood runoff at commune/bazinal level will increase above 130 

mm in case of wet soil and will decrease below 60 mm in case of dry soil conditions (fig. 3.44, 

B76-B87). The lowest flood runoff values are estimated for the southern and eastern part of the 

country in conditions when PP of 1% is bellow 100 mm. Thus, in the limits of districts Dubasari, 

Criuleni, Straseni, Hyncesti, Leova, Basarabeasca, UTA Gagauzia there are situated basins and 

communes with the lowest flood runoff which is less than 50 mm, decreasing under 20mm for 

dry soil and increasing up to 70 mm for wet soils.  

  
Fig.  3.43. Relationship between flood runoff 

estimated by SCS-CN and equation 2.9 

Fig. 3.44. Flood runoff in condition of maximum 

precipitation of 1% impact 

Flood runoff is significantly influenced by soil features. For assessment of soil impact, it 

was classified, as a function of texture, in 4 hydrological soil groups [65, 190]. Soils of group D 

are of a fine texture (clay), having high runoff potential and low infiltration capacity, while 

group A includes soils with coarse texture (sandy), which have the lowest runoff but maximum 

infiltration potential. B and C hydrological soil groups are intermediary. On the country's 

territory, the soils of C hydrological group prevail with a share over >60%. The soils of group A 

with the share of ~2% as well as soils of group B of ~25 % is distributed in the central and 

southern part of the country. Soils of group D (~10%) are situated mostly in the northern part of 

the country [131, p. 38]. So the biggest part of the country is occupied by soils of low infiltration 

rate and a slightly over average potential of runoff. Estimation of flood runoff changes under the 

conditions of different soil characteristics, was made by estimating the flood runoff average 

values for basins and administrative-territorial units where the predominance of a hydrological 

group of soils with a rate over 50% is observed. Differences in flood runoff generated on land 

covered by soils of different texture, show that soils of hydrological group D cause an increase of 

runoff with about 13% and 30%, respectively, compared to those of groups C and B. Average 

flood runoff for communes and basins where soils of hydrological group D predominate  

constitute 75-80mm for average soil moisture, 41-46 mm for dry soils and 99-106 mm for wet 

soils. In case when C group soils prevail, the average flood runoff is 66-67 mm for ASM II, 
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34mm in case of ASM I and 94 mm in case of ASM III (fig. 3.45). Thus, soil moisture 

conditions as well as soil structure have a important impact on flood runoff amount. The values 

can increase from 30 to 60% in case of high moisture conditions caused by antecedent 

precipitation or by irrigation process, and, respectively, can decrease by 35-65% in case of 

completely dry soil. The continuous process of soil compaction by agricultural technique 

influence, will lead to an increase of the flood runoff by about 26% under ASM II conditions, 

38% in case of ASM I and 17% for ASM III. Approximately the same rules are maintained in the 

case of flood runoff modeling using as rainfall event the 100mm precipitation (fig. 3.46). 

A special attention was paid to flood runoff spatial variation under different land cover 

types. Assessment of flood runoff changes was performed by comparison of averages for basins 

and communes where, with the rate >50%, natural cover (forest), as well as lands, moderately 

and heavily modified by anthropogenic activity: perennial plantations, arable area and 

settlements prevail. Modeling results showed a logical increase of flood runoff from natural to 

urbanized cover (fig. 3.47, 3.48). The lowest flood runoff is estimated under forest cover and 

represents 44 mm for average soil moisture, 17 mm for ASM I and 73 mm for ASM III. A 

slightly higher runoff is specific for basins where perennial plantations prevail, 50 mm - for 

ASM II, 20mm - for ASM I, 78 mm for ASM III. Arable area has a greater impact of flood 

runoff generation. Its amounts increase to 66 mm in case of average soil moisture, 33 mm for dry 

soils and 92mm for wet soils. The highest flood runoff was modeled for urbanized area, its 

values being of 70 mm  for ASM II, 40 mm for soil with ASM I and 90 mm for those with ASM 

III. Flood runoff in the limits of small basins and communes where urban zones cover ½ of the 

area is by 50% higher than the one of those where natural vegetation prevails.  

    
Fig. 3.45. Flood runoff 

(PP 1%), influenced by 

soil texture  

Fig. 3.46. Flood runoff 

(PP 100 mm), influenced 

by soil texture 

Fig. 3.47. Flood runoff 

in conditions of PP 1%, 

under different LU  

Fig. 3.48. Flood runoff in 

conditions of PP 100mm, 

under different LU 

Current recommendations for sustainable development in the field of water bodies 

protection are directed towards naturalization of rivers by reducing human impact expressed by 

both point and diffuse pollution as well as  hydromorphological alterations [4, 55, 69, 137]. 

Rivers naturalization activities are resumed to restoration of natural conditions, maintaining a 
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sustainable management and determining an anthropogenic impact that would not exceed the 

maximum allowable limits. Current land use trends shows that over ½ of the territory of the 

Republic of Moldova is occupied by arable area. Changing land use from arable to natural would 

be a first step in restoration of rivers natural flow. According to performed estimations, 

increasing the share of perennial plantations and forest so that they predominate in the basin 

would reduce the flood runoff from 13% to 44%. On the other hand, the increase in the share of 

urban areas (>50%), determined by population migration from the village to the city, would 

magnify the surface runoff by 2 - 40% (fig. 3.49). 

In order to evaluate the impact of changes that may occur in land use, a test in order to 

estimate the relationship between land cover and flood runoff was perormed. For this purpose, it 

was attempted to determine the multiple regression equation using STATGRAPHICS program 

[192]. For its modeling the following data were used: flood runoff depth, the share of land use 

types that determine surface retention as well as 1% probability rainfall, estimated for 789 small 

basins. Finally, the regression equation 3.6. was obtained. In order to eliminate the impact of 

maximum precipitation spatial distribution, it was equaled to 100mm, and the multiple 

regression equation took the form of 3.7. For correlation of flood runoff values estimated using 

SCS-CN and multiple regression equations, the graphs from figures 3.50, 3.51, have been 

constructed, showing a relatively high relationship between modeled characteristics. Thus, R
2
 in 

case of correlation of results of SCS-CN model application and of equation 3.6 is 92%, and in 

the case of precipitation impact removal, the correlation between modeled features is 52%. 

Maximum precipitation is a determinant factor in the process of flood runoff generation, but 

water retention by the vegetation plays also a significant role. In spite of the fact that R
2
 of figure 

3.51 is at the limit of allowable values due to surface retention factor that is spatialy represented, 

points position within the coordinate system forms an integral cloud.  

𝑌𝑟𝑒𝑔1 =  −118.841 +  0.622161 ∗ 𝑃𝑟_𝐹𝑜𝑟𝑒𝑠𝑡 +  0.946481 ∗ 𝑃𝑟_𝐺𝑟𝑎𝑠𝑠𝑙𝑎𝑛𝑑 +  0.973797

∗ 𝑃𝑟_𝑉𝑖𝑙𝑙𝑎𝑔𝑒𝑠 +  0.587012 ∗  𝑃𝑟_𝑉𝑖𝑛𝑒𝑦𝑎𝑟𝑑𝑠 +  0.882476 ∗ 𝑃𝑃𝑚1% 

+  0.891529 ∗ 𝑃𝑟_𝐴𝑟𝑎𝑏𝑙𝑒 +  0.756157 ∗ 𝑃𝑟_𝑂𝑟𝑐ℎ𝑎𝑟𝑑𝑠 +  1.04003 ∗ 𝑃𝑟_𝑇𝑜𝑤𝑛𝑠 

       (3.6) 

𝑌𝑟𝑒𝑔2 =  −25.2683 +  0.920384 ∗ 𝑃𝑟_𝑉𝑖𝑙𝑙𝑎𝑔𝑒𝑠 +  0.975952 ∗ 𝑃𝑟_𝑡𝑜𝑤𝑛𝑠 +  0.58122 ∗ 𝑃𝑟_𝐹𝑜𝑟𝑒𝑠𝑡 

+ 0.899814 ∗ 𝑃𝑟_𝐺𝑟𝑎𝑠𝑠𝑙𝑎𝑛𝑑 +  0.542697 ∗ 𝑃𝑟_𝑉𝑖𝑛𝑒𝑦𝑎𝑟𝑑𝑠 +  0.83569

∗ 𝑃𝑟_𝐴𝑟𝑎𝑏𝑙𝑒 +  0.692535 ∗ 𝑃𝑟_𝑂𝑟𝑐ℎ𝑎𝑟𝑑𝑠 

       (3.7) 

The results of estimation of maximum runoff by application of SCS-CN can serve as an 

argument for further estimation of flood characteristics in ungauged basins, planning and 

construction of hydrotechnical structures, civil engineering activities. Flood runoff maps at 

bazinal and communes level (fig. B76-B87) can serve as support for local authorities and 
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decision makers during process of land use practices optimization, development of plans for 

better land, water resources and flood management, etc. 

   
Fig. 3.49. Share of changes in flood 

runoff (100mm) related to flood 

runoff generated on arable area  

Fig. 3.50. Relationship of flood 

runoff values simulated using  

SCS-CN model and equation 3.6 

Fig. 3.51. Relationship of flood 

runoff values simulated using  

SCS-CN model and equation 3.7 

Improvements of research results can be carried out by field measurements for estimation 

of relationship between soil groups and land cover types and to calibrate CN for condition of the 

Republic of Moldova. Other important activity consists of more accurate estimation and spatial 

distribution of extreme rainfall that can change overall estimation flood runoff variation. In 

general, SCS-CN model represents big potential for flood runoff calculation and is recommended 

for further development and application on the rivers of the Republic of Moldova. 

 

Land cover change impact on flood runoff depth on the pilot rivers  

For estimation of impact of land cover on maximum surface runoff using SCS-CN model, 

immediate identification of the dynamics of its temporal and spatial structure was performed. For 

this aim, spatial information on land use was extracted from satellite imagery (LANDSAT MSS, 

TM, ETM) [152] and 1:50000 topographic maps made in 1982 and 2013 [25] using GIS 

techniques for the basins of the 8 pilot rivers (fig. 2.7, chapter 2) and 102 tributaries (tab. B20). 

Thus, spatial representations of following land cover types were developed: 

1. Towns and cities (Urban area) 

2. Villages (Rural area) 

3. Orchards  

4. Vineyards  

5. Arable 

6. Forest 

7. Pasture (grassland) 

8. Shrubs  

9. Wetlands 

10. Water 

Land cover change was estimated using comparative analysis of the share values 

highlighted by the increase or decrease of areas occupied by different types from 1982 to 2013 

(fig. B88-B90). Thus, in a general profile for the entire studied area, a slight increase (0.1-1%) of 

urban and rural areas, wetlands and water accumulations as well as of forest and shrubs is 

observed. The share of grassland increases by approx. 5%. A decrease in surfaces is specific for 

orchards (1%), vineyards (4%) and arable land (4%).  
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 As a result of comparative analysis of the shares of areas occupied by different land cover 

types, it was observed that significant modifications are estimated at the level of small river 

basins (subbasins). Spatial changes in land cover types of up to 10% are observed in 60 small 

basins, in the others positive/negative evolution of surfaces used for different economic needs is 

over 10% and even 20%, maximum reaching 30% (the Sagaidachnyi r. b. of the Baltsata r. b.). 

There are 4 subbasins within the Baltsata r. b. and 3 within the Byc r. b. where the change in the 

share of different land cover types is essential. In the Vinogradnyi r. subbasin (Baltsata r. b.), it is 

observed, on one hand, a decrease in areas covered by orchards of 16.7%, in those covered by 

vineyards of 25.9% and, on the other hand, an increase in arable land of 12% and in shrubs of 

28.8%. In the Sagaidachnyi r. subbasin (the Baltsata r. b.) there is a significant decrease of 30% 

and 9.8% in the arable and vineyard land and an increase of 7.9, 11.7, 18% in rural settlements, 

grassland and shrubs area. In the Stantsionyi r. subbasin (the Baltsata r. b.), the arable lands have 

decreased by 23.4%, while those with orchards and vineyards have grown by 7.5 and 7.8%, in 

the same time in the Chimisheni r. subbasin (the Baltsata r. b.) 21.7% of vineyards were rooted 

out, but the share of arable land, grassland and forest has increased by 5%, 6% and 9.4%. In the 

Roshcana Valley r. b. (the Byc r. b.), arable areas were reduced by 22.2%, shrubs - by 8.5%, but 

the ones covered by grassland have advanced by 16% and by vineyards - by 6%. In the 

Bostancea r. subbasin (the Byc r. b.) the areas occupied by vineyards have decreased by 19.3% 

and those by orchards - by 12.4%, but rural settlements have increased by 10.5% and the arable 

land - by 14.8%. In the Ciocana r. subbasin (the Byc r. b.) the arable land has decreased by 

11.6% and urban settlements have increased by 14.2%. The same dynamics can be seen in the 

subbasin of the Durleshti r. (the Byc r. b.), while in the subbasin of the Skinoasa r. (the Byc r. b.) 

the area of vineyards has decreased by 9% and of towns has increased by 16,4%. In the 

Berezovca r. subbasin (the Cainari r. b.) the share of the arable area has dropped down by 24.4% 

but the one of grassland has raised by 20.7%, when in the Frasin r. subbasin (the Raut r. b., 

Baltsi) the arable area has decreased by 24.9%, but the land covered by orchards has increased 

by 19.5%. Within 8 subbasins there can be observed a 10-20% reduction of arable area in favor 

of a 10-14% increase in the share of grassland (the Pelina, Nicoreni Valley, Sherpia Valley, 

Shtuharia Valley, Copaceanca (Recea), Sturzova, (the Raut r. b.), Larga, Vratic Valley (the 

Botna r. b.) river subbasins). 

Emphasis of spatial differentiation of land cover as well as of anthropogenic impact on the 

landscapes of the Republic of Moldova is based on methods of land use regionalization and 

classification, of estimation of lands ecological stability coefficient within territorial-

administrative units of the country. Regionalization and classification general principles consist 
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of identifications of predominant land cover type share [6]. According to estimations [6, p. 109-

116], 10 types of communes and 7 types of land use regions were highlighted. The same 

classification principle, simplified for the first two predominant land cover types, was applied to 

assess the small river subbasins types and to determine their evolution over the past 30 years. In 

general, at present, the largest share of land is occupied by arable area for 93 subbasins ranging 

from 29.5 to 86.4%, by forest for 7 subbasins - from 32.8 to 81%, by vineyards - 1 with 29,6%, 

by towns - 1 with 57.5%. The second (over 10%) is the share of grassland (33 subbasins),  

vineyard (22 subbasins), forest (19 subbasins), villages (13 subbasins), arable area (6 subbasins), 

orchards (5 subbasins), towns (3 subbasins) and shrubs (1 subbasin). Thus, as a result of 

predominant land cover type analysis, the subbasins were classified into 12 types, namely, for 

the current period, they are: arable - 15, arable-pastoral - 25, arable-fruit-growing - 5, arable-

residential - 11, arable-forested - 16, arable-viticultural - 21, viticultural-arable - 1, forested - 2, 

forested-arable - 4, forested - viticultural - 1, residential-forested - 1. Analyzing the subbasins 

types spatial distribution (fig. B92, B93), there is observed a clear division of the land use 

regions, namely the most subbasins in the northern part of the republic are arable-pastoral, those 

in the central part - arable-forested, and the ones from the south - arable-viticultural. 

Modifications in subbasins types over the past 30 years have been identified for 44 of all, the 

other 58 maintain their typology (fig. B92, B93). Specific changes are highlighted by the fact 

that in the previous decades the subbasins in the northern part belonged to the arable type, 

currently predominantly they are arable-pastoral, also a significant number of subbasins from the 

central part passed from the arable/arable-viticultural type into arable-forested, arable-pastoral, 

arable-residential. Subbasins in the southern part, in general, have not changed their typology. 

 Ecological stability of the lands was determined in accordance with the recommendations 

from [6, p. 123]. As a result of respective coefficient estimation, for the two time periods, it was 

estimated that during past 3 decades 43 of subbasins continue to be ecologically very unstable, 

11 - unstable, 10 - with uncertain stability, only one is of medium degree of ecological stability 

and 3 are ecologically stable, 6 subbasins have degraded, becoming from unstable - very 

unstable, 1 has changed from uncertain stability to instability, 16 have improved their situation 

from ecologically very unstable to unstable, 9 - from unstable to uncertain stability, and only 2 - 

from uncertain stability to medium degree of ecological stability (fig. B94, B95). Degradation of 

ecological status is attested for the Nemtseni Valley, Forest Valley, Carlycul Valley (the Lunga r. 

b.), Salcia Mica (the Salcia Mare r. b.), Schinoasa Valley, Bostancea Valley (the Byc r. b.) where 

the coefficient of ecological stability decreases from instability to very high degree of instability, 

and for the Iuzacai Valley (the Lunga r. b.) - from uncertain stability to instability. The 
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maximum values of the ecological stability coefficient are specific to the subbasins of the Byc r. 

b. located in its upper part where there a higher share of forest is attested.  

 The share of hydrological soils groups is characterized by the predominance of soils with 

average runoff potential (fig. B91, B96-B99). Within the basins in the northern part of the 

republic, a share of 64-72% of the soils of hydrological group C and 24-32% of those of D is 

attested. The same law is specific for the Lunga r. b. in the southern part of country. In other 

basins in the central and southern part of the country the soils of C hydrological group prevail, 

however, their share falls between 43-58%, the value of those of group D decreases to 2-15%, 

but the soil of group B increases to 28-40 %, thus decreasing the runoff potential compared to 

the northern ones. Approximately the same law is specific for subbasins. Soils of hydrological 

group C predominate with a share of >50% in 72 subbasins, those of group D - in 7, and of B - in 

9 subbasins (fig. B96 - B99).   

As a result of the flood runoff modeling (fig. B100-B106) in conditions when PP are equal 

to 100 mm, it was estimated that the average values range between 57-61 mm for the Lunga r. 

and the rivers in the northern part of the country, 51-53 mm for the Botna r. and the Baltsata r. 

and approx. 46.6 mm for the Salcia Mare r. and the Byc r.. The specificity of the basins where a 

higher flood runoff is observed is determined by a higher proportion of the hydrological soils 

group C and D and by arable land of over 60% and by lack of forest. Flood runoff of the Baltsata 

and Botna rivers is influenced by the presence of soils of group C and B of 55-58% and 28-30%, 

respectively, by about 50% of the arable area but also by presence of forest (approx. 15%) within 

the basins, which leads to a reduction of runoff potential compared to other rivers. The flood 

runoff values of the Byc r. and the Salcia Mare r. differ due to the  reasons of the availability in 

the basins of higher share of soils of group B of approx. 40-44%, of the vegetation that 

contributes to flood retention: forest (22% in the Byc r. b., 7% in the Salcia Mare r. b.), vineyard 

(9 in the Byc r. b., 23.5% in the Salcia Mare r. b.).  

The average values of flood runoff of tributaries of the rivers situated in the northern part 

of the country: Raut (Baltsi), Cainari, Cubolta, are between 54-65,3 mm (79,8-89,6 mm in case 

of  wet soils and 24 -34 mm in case of  dry soils). Average flood runoff of the tributaries of the 

Baltsata river is 51.5 mm, the limits being 41.2-57.4 mm (69.4-83.2 mm in case of wet soils and 

14-26.7 mm in case of dry soils). The Vinogradnyi river is characterized by minimal average 

values due to high share of soil of group B (55%) as well as natural vegetation (forest, 25.6%, 

shrubs, 28.8%), lack of settlements and reduced share of arable land (35,9%) within its basin. On 

the other hand, in the subbasin of the Cimisheni river with high average values of flood runoff, 

there can be observed high share of arable lands, 54%, settlements, 11.2%, as well as presence of 
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the soils of group C, 82%. The average value of flood runoff of the 21 tributaries of the Byc river 

is 45.9 mm ranging between 33.7 mm (the Redeni Valley r.) - 59.4 mm (the Durleshti r.), and 

being of 61.2-83.4 mm in case of wet soils and 11.6-30 mm in case of dry soils. Spatially, the 

lowest value (33.7-36.7 mm) is observed for the tributaries situated in the upper part of the Byc 

r. and the Ishnovats r.: Redeni Valley r., Sadova Valley r., Condritsa Valley r. and Suricea Valley 

r.. This fact can be explained, from one point of view, by a high proportion of soils characterized 

by high and medium infiltration capacity and low runoff potential: hydrological group A (9-

16%) and B (43.8-54%) and, from another, by a high share of forest (34-81%) which 

significantly reduce runoff due to high water retention capacity and low share of arable lands (5-

23%) and settlements (4-8%). The highest values of the maximum runoff (51.8-59.4 mm) are 

observed for the tributaries of the middle and lower part of the Byc r.: Durleshti, Bostancea 

Valley, Schinoasa Valley, Ciocana, Mereni Valley, Cobusca Valley, fact that is explained by the 

increase in the share of arable land (8.7-66.5%), the settlements (7.6-57.5%) and the gradual 

transfer to soils with lower runoff rate (the soils of group C occupy 28-71%). The mean 

maximum runoff of the 11 tributaries of the Botna river is 54.6 mm ranging from 49.6-61.5 mm 

(77-85.2 mm in case of wet soils and 20.4-30.3 mm in case of dry soils). The maximum values 

are estimated for the Copanetsu r. and minimum for the Larga r., the differences being 

determined by the fact that in the subbasin for the first river, arable area predominates with 80% 

and settlements - with 11.5%, the soils being characterized by the ones from group C with a 

share of 90% and for the second one the share of arable land is 62.4%, of the grassland - 13.2%, 

the soils of group C - 59.5%, and of group B - 34%. The average flood runoff of the 9 tributaries 

of the Salcia Mare r. is 47 mm, ranging from 43-56 mm, the minimum being estimated for the 

Cuciurgoaia Valley (in the middle part), and the maximal for the Salcia, Hagichioiul Valley, 

Bisericutsa Valley rivers from the lower part of the basin. The difference between the basins of 

these rivers consists of the fact that in the first one the soils of group B predominate and the 

share of the arable is 55%, of the vineyards - 32%, and in the others the soils of group C prevail, 

and the land cover is characterized, in particular, by the arable area with a share of 66.5-78.7%, 

by vineyards of 18.4-20.6%. Within the Lunga river basin, the average flood runoff of the 14 

tributaries is 56.4 mm, ranging from 47.2 (the Congaz Culaa r.) to 62.9 mm (the Carlycul Valley 

r.). There are not observed large differences in the land cover of the basins of the Congaz Culaa 

and Carlycului Valley rivers, however, there are in case of soils, in the first subbasin the soils of 

group C predominate, and in the second one – those of group D. For cases when the soil 

moisture was high the flood runoff values for the Lunga r. tributaries would be 74.2-87.6 mm 

and when it is decreased, these would be of 18.5-31.6 mm. 
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In order to assess the impact of land cover changes on the flood runoff, there were 

compared the simulation results for which the differentiated information of the land cover from 

1982 and 2013 was used (fig. 3.52-3.54). At local level, significant increases and decreases in 

flood runoff with -94-+85.6 mm (-67-56.7 mm for dry soils, ± 99 mm for wet soils) were 

estimated. At bazinal level, no noticeable changes in the maximum runoff between the two time 

periods were observed. For all 8 pilot rivers the flood runoff changes only by -1.9-1.2 mm. The 

decrease of flood runoff by 0,3, 0,7, 1,6, 1,7 mm is identified for the Cubolta, Botna, Raut (Baltsi 

mun.), Cainari rivers in condition when arable land share decreased by 3-12,3% and the area of 

grassland increased by 4,5-10,8%, the rest of the land cover types keeping ~ the same share 

within the river basins. The increase of flood runoff values is specific for the Byc r. because in 

its basin the fields covered by vineyard and orchards decrease by 11.3%, the forest and grassland 

grow by 3.4% and 4.6% and the settlements - by 3.4 %. 

At the tributaries level, the greatest changes in flood runoff, characterized by increases of 

up to 6.2 mm, can be observed for the Bostancea Valley, Schinoasa Valley, Durleshti, Ciocana 

rivers (Byc r. b.) where the share of settlements has increased up to 10%. The decrease of the 

flood runoff by 2.5-4.3 mm is characteristic for 8 tributaries: Frasin (Raut r. b., Balsti), 

Stantsionyi (Baltsata r. b.), Berezovca, Telesheuca, Bolata (Cainari r. b.), Roshcana Valley (Byc 

r. b.) Vraticul Valley (Botna r. b.), Cuciurgoaia Valley (Salcia Mare r. b.). In the subbasin of the 

Frasin r. (Raut r. b., Baltsi) the reduction is conditioned by the decrease of arable area from 74.4 

to 49.5%, and the increase of orchards and pasture from 4.3 to 23.9%, respectively, from 7.9 to 

12.6%. The same law is observed in the subbasins of the Telesheuca and Bolata r. (Cainari r. b.) 

where the arable has decreased by 14%, and the share of orchards and pasture has increased by 

4-6% and 3-5%, respectively. The reduction of the flood runoff of the Stantsionyi r. (Baltsata r. 

b.) is caused by the decrease of the arable from 70.6 to 47.2%, the increase of the share of 

vineyards by 7.75%, of orchards by 7.5% and of grassland by 5.24%. The decrease of the flood 

runoff of the Cuciurgoaia Valley r. (Salcia Mare r. b.) is explained by the decrease of share of the 

arable area by 13%, and by the increase of the vineyards by 11% within the subbasin. The 

reduction of flood runoff of the Berezoca r. (Cainari r. b.), Vraticul Valley r. (Botna r. b.), 

Roshcana Valley r. (Byc r. b.) is influenced by the decrease of the arable share by 22-30% and 

the increase of the grassland by 14-21%, of the orchards by 3%. For 5 tributaries the flood runoff 

does not change at all and for 51/34 an insignificant decrease/increase is observed. A high 

impact on flood runoff is caused by antecedent soil moisture conditions. Thus, the average 

decrease in runoff due to dry soils is 45.4%, and the average increase due to wet soils can be up 

to 47.5% compared to average soil moisture conditions. 
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Fig. 3.52.  Flood runoff changes 

under LU impact, when ASM II 

Fig. 3.53. Flood runoff changes 

under LU impact, when ASM I 

Fig. 3.54. Flood runoff changes 

under LU impact, when ASM III 

 As a result of the analysis of land cover changes impact on the maximum runoff, it was 

determined that essential differences during the last 30 years were not observed for the medium-

sized rivers and their tributaries, however, it is significant at the local level. In spite of the fact 

that in some small river basins there are quite large changes in the share of different land cover 

types, the flood runoff changes very little [41]. 

 3.5. Peak discharge modeling in conditions of land use and reservoirs operation 

impact  

Land use influence   

 In order to estimate the characteristics of the flood runoff of the ungauged rivers the 

genetic method recommended by the normative document [17] and national and regional 

research [234, 247, 249, 260] was used. Nevertheless, determination of some basic parameters of 

this method was performed on the basis of data from 26 stations located on small and medium 

sized rivers as well as from 8 stations of the water balance station of the Baltsata r. b., monitored 

by SHS. Subsequently, the accumulated information was applied for calculation of the probable 

peak discharge of the 50 pilot rivers delineated according to the principles set out in chapter 2. 

 The components of the genetic method of calculation of the peak discharge of the flood 

runoff depend to a large extent on the characteristics of the river basin, the river itself, the 

hydrotechnical constructions from the river basin, but also those situated on the main stream, etc. 

Within the model, the specificity of the flood runoff is determined by the nature of the slope 

runoff generation processes, as well as by the propagation capacity of the flood wave through the 

river floodplain. Differentiated slope runoff calculation is performed by estimation of coefficient 

of irregularity in time of slope runoff, flood hydrograph shape coefficient, slope runoff duration, 
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water retention coefficient and so on. On the other hand, the river runoff processes are expressed 

by estimation of river flow duration, river training coefficient, flood wave flattening coefficient, 

coefficient of peak discharges control under reservoir impact, and so on (equation 2.7). Within 

the normative documents, general recommendations are proposed for each component. In the 

present study, calculations were made to specify the values of the flood hydrograph shape n and 

coefficient of peak discharges control under reservoir impact   - elements representing the 

anthropogenic impact on flood or slope runoff processes.  

 In order to demonstrate the importance of n estimation, a series of numerical experiments 

were performed to highlight the differences in elementary specific discharge values (calculated 

based on equation 2.8) under conditions of flood hydrograph shape coefficient changes evaluated 

using information from hydrological stations from the Baltsata water balance station. Thus, the 

impact of land use on elementary specific discharge was evaluated by replacing the n value 

proposed by the national normative document with 0.5 (estimated for perennial plantations 

predominance), with 0.6 (for the predominance of mixture of perennial plantations and arable 

land), and with 0.7 (calculated mean maximum value). The change of n from 0.4 to 0.5 will lead 

to reduction of elementary specific discharge by 14.3% on average, the increase of n from 0.4 to 

0.6 will result in its diminution by 23.8%, and in the case when n is 0,7, the elementary specific 

discharge value would decrease by 30% on average (tab. B22). Respectively, improvement of 

the method for flood hydrograph shape estimation is absolutely necessary in order to optimize 

flood peak discharge calculations for ungauged rivers. In order to extrapolate the n value for 

larger river basins, the multiple regression equation between n and different land use types 

presented in the limits of the basins the Baltsata water balance station (tab. B16) was determined 

using STATGRAPHICS software [192]. As slope plays an important role in land use distribution 

and is inversely proportional to n, it was included in the calculations of n dependency. Finally, 

the following equation was obtained:  

𝑛 = 1.55701 −  0.046558 ∗ 𝑆𝑙𝑜𝑝𝑒 −  0.0318469 ∗ 𝑃𝑟𝐺𝑟𝑎𝑠𝑠 𝑙𝑎𝑛𝑑  + 0.00070026
∗ 𝑃𝑟𝐺𝑟𝑎𝑠𝑠𝑙𝑎𝑛𝑑 ^2 −  0.0167192 ∗ 𝑃𝑟𝐴𝑟𝑎𝑏𝑙𝑒  +  0.00009631 ∗ 𝑃𝑟𝐴𝑟𝑎𝑏𝑙𝑒  ^2 
+ 0.00759181 ∗ 𝑃𝑟𝑃𝑒𝑟𝑒𝑛𝑛𝑖𝑎𝑙  𝑝𝑙  −  0.000165105 ∗ 𝑃𝑟𝑃𝑒𝑟𝑒𝑛𝑛𝑖𝑎𝑙  𝑝𝑙 ^2 

 

(3.8) 

R
2
 of the multiple regression equation is 0.99, the value that can be considered within 

reasonable limits. For n value validation, its general estimation was performed based on analysis 

of time series from the 26 hydrological stations presented in table B21. The relationship of 

elementary specific discharge where n was determined by multiple regression equation and the 

one where n was evaluated based on the time series analysis from hydrological stations resulted 

in a R
2
 of 0.58 and the mean difference between results is approx. 1.21 m

3
/s/km

2
 (fig. 3.55). 
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Another way of n extrapolation consisted of application of regression function between n 

and the flood runoff depth of the Baltsata river tributaries (fig. 3.56). Despite the fact that R
2
 of 

the ratio between the elementary specific discharge where the n value was determined using the 

regression equation from figure 3.56 and the one where n was calculated based on the database 

analysis from the hydrological stations is 0.74, mean difference of elementary specific discharge 

calculation results is 19 m
3
/s/km

2
, being much higher than the values calculated using the 

equation in fig. 3.56 (fig. 3.57, tab. B22-B24). 

   
Fig. 3.55. Relationship of 

elementary specific discharges, 

n calculated based on multiple 

regression and hydrologic 

database 

Fig. 3.56. Relationship of n 

and mean runoff of floods of 

small rivers of the Baltsata 

water balance station 

Fig. 3.57. Relationship of elementary 

specific discharges, n calculated based 

on correlation of flood runoff and n, 

and estimated using hydrologic 

database 

As a result of performed researches, applying regression equation 3.8 and the one from 

figure 3.56 for n estimation, as well as n recommended by the normative document (equal to 

0,4), the value of elementary specific discharge for 50 pilot rivers, for the 2 scenarios when PP 

are of 1%, and PP are equal to 100mm (tab. B23, B24), were calculated which were 

subsequently used to determine probable peak discharge using genetic method.  

Reservoirs effect  

Reservoirs operation plays an important role in floods control. As the hydrological 

monitoring of reservoirs located on small rivers is not performed, their impact on maximum 

runoff is less studied and can be determined by indirect methods. In the genetic and reduction 

models, the effect of reservoirs system operation on the maximum runoff is determined by 

application of the δ coefficient (equation 2.11, chapter 2). To make this calculation, data on the 

parameters of existing reservoirs within river basins are required. For this aim, satellite imagery 

Landsat 8, topographic maps and DEM [25, 152, 191] were analyzed and processed, based on 

which spatial characteristics of over 2100 reservoirs situated in the 50 pilot river basins were 

evaluated. Taking into account the fact that the share of reservoirs water surface for most of the 

river basins is below 2%, the use of equation 2.12 to estimate the impact of reservoirs using δ is 

problematic. Respectively, determination of the weighted share of reservoirs area in the river 
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basin was made using another equation recommended in [17] and in other scientific papers [234, 

249], namely equation 2.13.  

In general, normative documents are based on estimation of interdependency of Lf   and  

Lf  expressed by equation 2.12. But, in reality, by this estimation the physical essence of 

reservoirs flood control, based on analysis of ratio of their flood control volumes and flood 

runoff volumes, is ignored. As a consequence, substitution of these parameters may reduce the 

degree of confidence in obtained results. However, if the estimation of flood control volumes is 

rather problematic, determination of the dependency of Lf    and Lf is a satisfactory option.  

The results of Lf   calculation based on equation 2.13 have shown that its values range in 

the limits   0,003 - 0,49, the average being 0,085. These data served as base for estimation of 

regression equation between Lf   and Lf . The equation has a linear dependency and their form is 

represented by equation B8 in table B26. 

Comparison of equation 2.12 proposed by the normative document and the one computed 

on the basis of present research (equation B8, tab. B26) shows that the limit value of Lf can be 2 

times lower. This fact means that the impact of reservoirs has a certain influence on peak 

discharges even when the share of their water surface in the river basin is <2%. At the same 

time, it was determined that the dependency Lf   and Lf  has a quite low confidence level because 

R
2
 is less than the allowable values. In other words, the dependency Lf   and Lf  is influenced by 

other factors. Based on the subsequent analysis of the Lf   results, the regression equations for 

medium and large rivers basins were established by utilization of the values obtained for their 

tributaries basins (tab. B26). The results of this type of analysis have shown that the values of the 

independent variable of the regression equations (eq. B1-B8, tab. B26) range from 0.23 (Byc r. 

b.) to 1.6 (Camenca r. b.). However, these values are less than the value of the independent 

variable of the equation 2.12 proposed by the normative document. Thus, substitution of the Lf   

values calculated on the basis of equation 2.12 in equation 2.11 leads to a substantial 

underestimation of the reservoirs impact on peak discharge, fact that can determine mistakes in 

the process of  hydrotechnical structures design.  

Substitution of the Lf   values calculated based on equation 2.13 in equation 2.11 has 

allowed the identification of the role of reservoirs in flood control. Thus, it was estimated that, 

for the most of the small and medium sized rivers of the Republic of Moldova, the diminution of 

peak discharge of flood runoff under reservoirs impact is up to 5%. The decrease of this 
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characteristic by 5-10% is specific for the Botnishoara (Botna r. b.), Shovatsul Mare (Camenca r. 

b.), Delia, Musa, Sholtoaia, Lapushna, Calmatsui rivers (figure B108). The most significant 

decrease of peak discharge of flood runoff <10% is characteristic for the Bratuleanca and Larga 

rivers (Botna r. b.). The results of reservoirs impact estimation on the monitored rivers are shown 

in table B25. Thus, the impact of reservoirs on peak discharge has little correlation with their 

share in the basins (fig. B107). Future research in this area should be expanded in order to 

identify other features that can influence flood control such as the size and volumes of reservoirs, 

their location within the river basin and the main course, and so on. As reservoirs play a certain 

role in flood runoff propagation processes, the identification of a method that would objectively 

assess the degree of flood runoff transformation became a matter of principle. 

For theoretical and practical reasons for performing new design projects of hydrotechnical 

constructions in conditions of increasing anthropogenic impact, a major importance is the choice 

of the optimal system for flood control. The analysis of modeling results has shown that the 

objective assessment of the reservoirs impact can be made not only by using the weighted share 

of reservoirs area in the river basin but also by their volumes that can be calculated based on 

recommendations from the literature [234]. At the same time, obtained results can be used to 

recalculate the peak discharges in their natural generation conditions, without including the 

reservoirs controlling impact. 

Based on estimation of flood hydrographic shape coefficient, n, and coefficient of peak 

discharges control under reservoir impact, δ, the genetic method was fully applied. The results of 

peak discharge determination for scenarios where PP 1% and PP 100 mm and n determined on 

the basis of the equation of multiple regression, of linear regression of the figure 3.56 and taken 

from the national normative document are shown in table B22, B24. In total, the values for 6 

mathematical models were calculated. R
2
 between the pairs of peak discharges for the two 

precipitation scenarios is quite high, ~ 0.9 (fig. 3.58, 3.59).  

  
Fig. 3.58. Ratio of peak discharges,  n = 

0,4 and calculated based on multiple 

regression 

Fig. 3.59. Ratio of peak discharges, n calculated 

based on correlation with flood runoff and n, 

and n estimated using multiple regression   
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As a result, analyzing the correlations graphics and the values of peak discharges, an 

overestimation of peak discharges values where n was calculated using equation of flood runoff 

and n dependency in comparison with others can be observed. Thus, identification of n must be 

performed with attention, and equation of multiple regression 3.8 can serve as a base for further 

estimations with condition to optimize this method with detailed field researches. 

 3.6. Estimation of land cover types contribution to flood volume generation  

Determination of flood runoff volumes was performed by using volumetric method, 

considering previously applied scenarios for PP 1% and PP 100 mm. Runoff coefficients were 

calculated according to recommendations [65] and SCS-CN model components, based on which, 

subsequently, flood runoff generated on different land cover types was estimated. With the help 

of GIS techniques, the flood runoff coefficient and flood runoff depth values were spatially 

represented and information on the land cover types for 50 pilot rivers was extracted. The results 

of volume estimations for two scenarios are shown in figure 3.60. As it can be observed, 

volumes maximum values are specific for the largest rivers. Thus, volumes of over 250 mill. m
3
 

for scenario 1 and approx. 200 mil. m
3
 for scenario 2 are characteristic of the Raut river. 

Minimum flood volume was estimated for the Musa river, being approximately equal for both 

scenarios, 2 mil. m
3
. 

In order to validate the method, flood volume for scenario 1 estimated using the values of 

flood runoff depth determined considering runoff coefficients calculated based on the equation 

2.17 (W1) was correlated with the flood volume determined by the use of flood runoff depth of 

1% probability assessed based on monitoring data from 14 hydrological stations (W2) which 

resulted in a quite high R
2
 and approximately equal values (fig. 3.61). 

  

Fig. 3.60. Flood runoff volume estimated using two scenarios 

Fig. 3.61. Relationship of 

flood volumes calculated 

using two methods 

In order to identify certain links between the land cover types and the flood runoff volumes 

estimated by application of volumetric method, they were converted into shares (fig. 3.62-3.64) 

and correlated (fig. 3.65-3.68). Shares of volumes formed on same types of vegetation are more 

or less equal for both scenarios. For example, the share of volumes generated on pasture for 
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scenario 1 is 11.7% and for scenario 2 is 11.4%, difference being unessential. Thus, the analysis 

of flood volumes generated on different land cover types was made as an average for both 

scenarios. 

The share of volumes formed on natural vegetation (forest) of those 50 river basins is, on 

average, 11.5%, while the share of these lands is 14.1%. The highest share of flood volume 

formed on forest is 40% characteristic for the Pojarna r. b., where the forest occupies 50.7%, and 

the lowest is ≤ 5% for the Cubolta, Cogylnic (tributary of the Raut r.), Cainari, Larga (tributary 

of the Botna r.), Camenca (tributary of the Raut r.), Solonets r. b. An average share of 8.8% of 

the total flood volume is formed on the lands covered by perennial plantations, while their areas 

representing on average 11%. Maximum share of volumes of this kind is noted in the Cula river 

basin where the share of vineyards and orchards is 39%, while minimum values, ≤ 5%, are 

specific for 22 river basins. The largest flood volume share is generated on arable area, with an 

average of 56%, the share of this land cover type being also considerable - 51,5%. The highest 

volumes of this type, over 70%, are formed in the Salcia Mica, Salcia Mare, Ialpug, Larga (the 

Botna r. b.), Solonets, Lungutsa, Cahul, Lunga r. b. The smallest share of volumes generated on 

arable crops is 24% characteristic for the Cula r..  

The average volume share that is accumulated from the developed territories (villages and 

towns) is 12%, while the value of their surfaces related to basin areas is 9.1%. Volume generated 

on urbanized territory of approx. 20% of the total was calculated for the Byc, Ishnovats, 

Boldureshti r. b., where the share of respective land cover type is approx. 15%. The contribution 

of villages and towns to flood volume generation is the smallest in the Larga (the Botna r. 

tributary), Lungutsa, Bratuleanca river basins being of approx. 7%, the value of developed area 

being equal to 5-6%.  

As it can be observed, the contribution of different land cover types to volumes generation 

depends on the share of their surface within river basins. The increase of flood runoff is 

determined by degree of urbanization (villages and towns) and arable area, and the decrease - by 

perennial plantations, forest and grassland. For example, if the share of the forest within the river 

basin was approx. 50%, its contribution to flood volume would be 40%, and if this area was 

occupied by arable crops, formed flood volume would be approx. 57% (fig. 3.65, 3.68). 

Perennial plantations reduce the volume as well as forest, but the rate of this decrease is smaller 

(fig. 3.66). As it can be seen from figure 3.37, the developed (urbanized) area has the largest 

contribution to the flood volume increase. In the case when the share of this land is 10%, the 

volume will be 13% of the total, i.e. 30% higher than the share of the villages and towns [132]. 
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Fig. 3.62.  Share of the area different land cover types  

 
Fig. 3.63. Share of flood volumes generated on different land cover types, PP=1% 

 
Fig. 3.64. Share of flood volumes generated on different land cover types, PP=100mm 

    

Fig. 3.65.  Relationship 

between the share of W 

generated on forest and 

Pr covered by forest 

Fig. 3.66.  Relationship 

between the share of W 

generated on perennial 

plantations and the Pr of 

perennial plantations 

Fig. 3.67. Relationship 

between the share of W 

generated on developed 

area  and Pr of towns 

and villages 

Fig. 3.68.  Relationship 

between the share of W 

generated on arable area 

and the share of arable 

area 

 Finally, it was calculated that developed areas as well as forest and grassland influence 

formation of ~12% each (~35%) of total flood volumes, the biggest part being formed on 

agricultural land.   
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3.7. Conclusions to chapter 3 

1. Analysis of the hydrological data from runoff stations of the Baltsata r. b. showed that in 

conditions of utilization of land for agricultural purposes, the flood runoff characteristics rise 

significantly: peak discharge - up to 70%, volume and depth - up to 50% in comparison to 

those formed on land covered by grassland. On the other hand, a clear signal in the change 

of flood discharges in small basins was not identified. However, the change in flood 

hydrograph shape has been estimated under conditions of different land cover types, a new  

method to extrapolate it for other rivers was proposed. 

2. Reservoirs operation caused the increase of the flood attenuation coefficient from 0.4 to 0.5 

in the case of the Dniester r., and decrease of it from 0.4 to 0.3 for the Prut river. Reservoirs 

play an important role in flood wave control, but a more successful management is seen in 

case of passing of flood of medium probability. The most effective in flood control of large 

rivere is Costeshti-Stynca res..  

3. Qualitative analysis of hydrological information shows that the flood runoff for the vast 

majority of rivers is characterized by quasi-stationary processes. 

4. Assessment of the FFPI and FPI was performed only on the basis of spatial information of 

natural and anthropogenic factors components, which were classified in 5 classes depending 

on the potential for flood generation and inundation. It was found that 2/3 of the country's 

territory is characterized by average values, and 30% - by high and very high values of FFPI 

and FPI. Also, FPPI was developed, application of which resulted in the fact that 60% of the 

studied rivers are characterized by low and average flood wave propagation potential and 

40% - by high and very high.  

5. Based on the SCS-CN model application, flood runoff regional variations were estimated 

and its change due to the land use dynamics of the last 30 years was assessed. It was found 

that the flood runoff depth in the small basins where the natural vegetation predominates is, 

on average, 44 mm, in case of perennial plantations - 50 mm, in case of arable land - 66 mm, 

- the localities - 70 mm. Major modifications due to land use change have been observed at 

the local level, while at bazinal level these being minor. 

6. For assessment of pluvial floods volumes the volumetric method from national normative 

document [18] was applied using the runoff coefficient proposed by [65]. New form of this 

method equation was succesfully validated on the example of gauged rivers and applied for 

estimation of the contribution of land cover types from 50 pilor river basins on  pluvial 

floods volumes geenration. 
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4. EVALUATION OF ANTHROPOGENIC IMPACT ON FLOOD RUNOFF 

GENERATION AND PROPAGATION PROCESSES BASED ON DYNAMIC MODELS 

4.1. Modification of pluvial flood generation processes under the impact of land cover 

change and reservoirs operation  

Pilot rivers and specific land cover changes 

The detailed assessment of the changes in flood runoff processes under the influence of the 

anthropogenic impact was performed for the representative pilot rivers from the northern, central 

and southern part of the country, characterized by the presence of hydrological information: the 

Cainari r. - Sevirova st., the Cubolta r. - Cubolta st., the Raut r. - Baltsi st., the Baltsata r. - 

Baltsata st., the Byc r. - Strasheni st. and Chisinau st., the Pojarna r. - Sipoteni st., the Isnovats r. 

- Syngera st., the Botna r. - Causheni st., the Ialpug r. - Comrat st., the Salcia Mare r. - Musait st., 

the Lunga r. - Cheadyr-Lunga st. (tab. C1). 

Pilot rivers from the northern part of the country cross the physico-geographic 

subregions: Silvosteppe Plateau of Northern Moldova, Steppe Plain of the Lower Cubolta, 

Silvosteppe Plateau of the Dniester [8]. The rivers length (till gauging stations) is 87.3 km - for 

the Cainari r., 97.7 km - the Cubolta r., 83.5 km - the Raut r., their width varies between 4-30m, 

6-18m and 3-6 m, respectively, and the depth: 1-1.2m, 0.4-1.3m, and 0.1-0.5m. The river 

floodplains are bilateral with widths of 60-700m - the Cainari r., 100-800 m - the Cubolta r., 50m 

- 1,3km - the Raut r. [58]. In flood periods, the floodplains are covered by a layer of water of 0.2-

2.5 m - the Cainari r., 0.5-2.8 m - the Cubolta r., 2-4 m - the Raut r. [58]. The topography of the 

river basins till the gauging stations is hilly with average altitudes of 178-191m. The three river 

basins are characterized by a large number of gullies and ravines. The geological structure is 

formed of Cretaceous and Tertiary rocks (limestone, marl, sands, clay) covered with sandy, 

loessoidal clay, quaternary loams [58]. The geological substrates are mainly covered by the soils 

of the hydrological group C with a share of 71.7-77.6%, followed by those of the hydrological 

group D of 18.5-25.1%. (tab. C1). Assessment of the direction of land cover change was done by 

applying GIS techniques and Markov's matrix [44]. For this, land cover types for two periods 

1982 and 2013 were initially digitized and coded, then the layers were overlaid and the areas 

characterized by land cover structure stability/instability were identified (fig. B88, B89, tab. C1, 

tab. C2). As a result of comparative analysis of land cover types share for 3 river basins, it was 

found that the dominant is arable land which holds over 60% of the area of these territories. 

Based on literature [254, 255], it was identified that this tendency is maintained not only for the 

study period but is also specific for the previous period, for 1965-1975 years (tab. C2). However, 

the share of arable area has decreased for the past 3 decades by 3-11.5%. The lands covered by 
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perennial plantations are insignificant, largely being represented by orchards, the share of which 

virtually remained unchanged, in the Cubolta r. b. these decreased from 6.8 to 4% and in the 

Cainari r. b. increased from 5.2 to 9%. The settlements (urban and rural) as well as lands covered 

by forest, shrubs, wetlands, water have a slight tendency to increase. However, it is worth 

mentioning the increase of the areas covered by pasture, their share placing them on the second 

place of predominance after the arable lands. Thus, within the Raut r. b. (Baltsi st.) their share 

has increased from 4.4 to 13.7%, practically 3 times, in the Cainari r. b. (Sevirova st.) - from 8 to 

13.6%, and in the Cubolta r. b. (Cubolta st.) - from 6.6 to 11.2% (about 2 times). Analysis of 

land cover types dynamics reveals that the settlements as well as, forest, arable and vineyards 

have maintained their share (over 80%) for the last 30 years. Significant dynamics are observed 

in the areas covered by pasture, which are maintained on the same surface of about 55.6-68.5%, 

some of them being transferred to the arable land (10-27%); by orchards, which after being 

grubbed up, are mostly used as arable land 45.5-62% and pasture 7.7-11.3%. Only around 19-

40% of the terrains designated to orchards maintained their location. From the areas covered by 

shrubs only a small ammount 4.7-6.5% remained unchanged, a large share presently is covered 

by pasture (13.8-51.4%), orchards (0.8-11.6%), forest (7-40.3%) or the arable (16-52.7%). 

Wetlands have maintained 20-30% of the total area occupied in 1982. In some areas they have 

been replaced by grassland, arable land and forest. Areas covered by water decreased to 41-

54.5%, reservoirs were dried out and were covered with grassland, or turned into wetlands (tab. 

C2, fig. C1-C3). 

 Pilot rivers from the central part of the country are situated mainly in the Codri Plateau, 

and pass through the Silvosteppe Plains of the Lower Byc and the Middle Cogylnic. The pilot 

rivers identified for research are the Baltsata, the Botna and the Byc as well as its two tributaries: 

the Pojarna and the Ishnovats. The river length and basins surface (till gauging station) differ 

from one river to another. The smallest is the Baltsata river followed by the Byc river tributaries, 

the longest being the Byc and the Botna. River width is 1.5-4m - the Baltsata r., 1-7m - the 

Pojarna r., 1-6m - the Ishnovats r., 2-18 m - the Byc r., 2-8m - the Botna r., and the depth: 0.5-

1.5m - the Baltsata r., 0.1-1m - the Byc r., 0.1-0.8m - the Botna r.. The floodplains are bilateral 

with widths of 200-250m - the Baltsata r., 60-800 m - the Ishnovats r., 50m - 1.4km - the Byc r., 

50m - 1.6km - the Botna r. From time to time, the floodplain is covered by pluvial floods of 0.5m 

- in the Baltsata r. b., of up to 6m - in the Byc r. b., of 4.2m - in the Botna r. b. [58]. The 

topography of the pilot rivers basins is characterized by strong fragmentation in the upper part of 

the river basins with the country's highest altitudes, gradually moving to plain terrains in the 

lower part of the rivers. The general aspect of the basins is from NW to SE. The base of the Byc 
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r. b. is formed by Neogene sedimentary rocks (limestone, sands, loam), and of the Botna r. b. - 

by Tertiary rocks represented by limestone and sands, the Quaternary cover being characterized 

by unstratified eluvial gravel within Codri and by loessoidal clay and loam for the rest of the 

river basins [57]. Characteristic soils are mainly from the hydrological groups B and C. The 

biggest share of the soils of group C, over 50%, is specific the Botna r. b., the soils of group B 

form here approx. 37%. The maximum share of soil of group B, over 50%, is observed within 

the Ishnovats r. b., here the soils of group C are approx. 34%. Approximately equal share of soil 

of groups B and C is presented in the Baltsata r. b., where their values are 48% and 46%. Within 

the Byc and Pojarna r. b. the share of these two soil groups is also approx. the same, 40% and 

43%, and, respectively, 32% and 35%, but larger areas, compared to other basins, are observed 

in case of hydrological soil group A which are of 13% and 28% (tab. C1).  

 Based on the analysis of land use changes, it has been found that urban and rural 

settlements as well as reservoirs and wetlands maintain their share over the last decades (fig. 4.1, 

4.2, fig. B88, B89, tab. C2-C3). At the same time, an increase in the areas covered by pasture 

and shrubs (on average by 4%, the highest being for the Botna r. b., by 11.5%) and a decrease of 

vineyards (by 3% in the Pojarna r. b., in the other basins by 7-10.4%) and orchards (by 8% in the 

Baltsata and Byc r. b., unchanged in the Ishnovats and Botna r. b.) is observed. Comparative 

analysis of the arable area share identified in the literature [254] and that extracted from spatial 

data showed that in the case of the Baltsata r. b. the arable area for all time periods (the ʼ60s-

present) is approximately the same, but in case of the Ishnovats and Botna r. b. share of this land 

cover type is twice higher, increasing from 15% in the ʼ70s to 27% in the ʼ80s and, respectively, 

from 25% in the ʼ70s to 57% in the ʼ80s. Change in the share of these areas for the Byc and 

Pojarna r. b. is even higher, increasing by 4-5 times from 5% to 21-26%. Differences in share are 

also highlighted for the forest. Over a decade, within the Baltsata r. b., forest share values 

changed from 3% in the ʼ70s, to 8.5% in the ʼ80s, within the Byc r. b. they were 20% and 

increased to 25%, in the Pojarna r. b. the decrease is from 60 to 53%, in the Ishnovats r. b. - from 

44 to 30%, and in the  Botna r. b. from 22 to 15.5%. These differences, which are considered to 

be produced practically for 10-15 years (ʼ70-80s of the 20th century) compared to the changes 

that were produced during the period 1982-2013, where there were estimated increases by 0.4-

4.8% of forest area and decreases of 1-7% of the arable, determine us to conclude that the values 

presented in the literature are exaggerated for the basins of the central part of the republic. The 

analysis of the dynamics of the land cover types showed that practically over the last decades 

there is no change in the share and position of the forest, anthropogenic and arable lands. 

Substantial changes are observed for the lands occupied by pasture, which have maintained their 
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spatial stability at 13.4-40%, some of these are currently covered predominantly by the arable 

(12.1-32.8%), forest (11.5-38.8%) and shrubs (1-25.9%). The orchard modification direction is 

clearly visible (only 16.2-35.8% of the total area is maintained), some of these lands being 

currently occupied by the arable (35.7-42.1%), grassland (1.8-16.2%), forest (4.3-15.5%), shrubs 

(1.2-10.9%). The lands assigned for vineyards have partially kept their share. At present, only 

27-44% of the total area occupied by vineyards is remained, a large part of them being 

transformed into arable land 35-48%, grassland 1-9,2%, shrubs 0,3-12%, etc. The areas occupied 

by shrubs have been significantly changed. Since 1982, only 0.2-18.4% of the land covered by 

this type was not modified. Instead of them, at present, the territory is covered by grassland (4.9-

24%), arable (6.4-23.4%) and forest (29.4-65%). About 9-45.2% of wetlands have not changed 

their position but the other terrains have been redistributed to grassland (15.7-55.7%), the arable 

(17.7-22%), water (1.5 -5.2%). Water-covered terrains are also known to have been modified, 

mostly reservoirs being dried out and at present are covered by grassland, wetlands (tab. C2, C3, 

fig. C4-C8).  

Pilot rivers from the southern part of the country flow through the Steppe Plain of the 

Ialpug, of the Cahul as well as through the Silvosteppe Hills of the Tigheci. The rivers length (till 

gauging station) is about 40-50km: 48km - the Ialpug r., 40.9km - the Salcia Mare r., 49.5km - 

the Lunga r., the width is within 1-6m, 1-10m, 1-6m and, respectively, the depth is of 0.3-1m, 

0.1-0.3m, 0.1-1.5m. The floodplain width is 150-600m - the Ialpug r., 30-600m - the Salcia Mare 

r., 40-300 m - the Lunga r.. During the pluvial floods the river floodplains are covered by a layer 

of water up to 2 m - the Ialpug r. and the Lunga r., up to 3m - the Salcia Mare r. [58]. The basins 

topography is a hilly plain, characterized by a large number of gullies and ravines. The average 

slope of the basins is 3.75-4.6 degrees, the general aspect - southern. The geological substrate is 

generally composed of sedimentary rocks represented by limestone and sandy-clayey rocks 

deposited on sandy clays [58]. The hydrological soil group that predominates in the Ialpug and 

Lunga r. b. is C, being 85% in the case of the first one and 76% in for the second. Soils within 

Salcia Mare r. b. are divided into 45% - group C, 41% - group B and 14% - group A (tab. C1). 

Land cover is characterized by the predominance of arable land, as in the case of river 

basins from the northern part of the country, but their share is slightly lower 50-70%. The land 

cover type, that occupies the second place following the arable land, is represented by the 

vineyards being of 14-24%. The other land cover types occupy areas under 10% (fig 4.1, 4.2, 

tab. C4). Changes in the share of certain land cover types over the past decades differ from the 

trends described for the basins in the central and northern part of the country. Comparative land 

use analysis showed that the arable land increased approx. by 10% in the Lunga r. b., but in the 
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Salcia Mare r. b. this maintains its share from 1982. The decrease is observed for grassland (from 

7% to 3% in the Salcia Mare r. b. and from 10.6% to 2.3% in the Lunga r. b.), for lands occupied 

by forest (from 10.8% to 9.8% in the Salcia Mare r. b. and from 5.1% to 4% in the Lunga r. b.), 

and vineyards (from 17.3% to 14.4% in the Lunga r. b.). Slight increases of the areas are specific 

for settlements, orchards, shrubs (fig. 4.1, 4.2, tab. C4). The dynamics of the areas of different 

land cover types from 1982 and 2013 show no obvious changes for anthropogenic terrains 

(settlements) as well as for arable land. Large areas occupied by the forest (41% in the Lunga r. 

b. and 14% in the Salcia Mare r. b.) were cut over, at present, being used as arable land, the other 

forested areas, 43-71%, practically retained their destination. The lands occupied by grasslands 

from the total area existed in 1982 are currently of 14.4-20.7%, being transferred mostly to the 

arable (35.8-65.4%), villages (1.3- 13.6%) and others. The orchards have remained practically 

with 38.2-36.3% of the past, and have turned into the arable (36-37.2%), vineyards (6.5-18.2%) 

and forest (1, 2 to 15.7%). The vineyards maintained only 62-71%, the other areas being 

modified into arable land. The arable area is not changed, being of 77.2-90.2%, a small share 

changing its destination into vineyards, grassland. Of the areas occupied by the shrubs, only 0.1-

23.4% remains, the land being transferred to the arable (33.2-55.9%), forest (15.5-27.7%), 

orchards (6.6 to 14.4%). Within the river basins from the southern part of the country there are 

virtually no wetlands, and water accumulations that have been silted over time and do not longer 

represent economic interest have been turned into the arable (14.4 -31.1%) or have remained as 

grassland (4.8-8.1%) (fig. C9-C11). 

  
Fig. 4.1. Land cover types share in the river 

basins, till gauging station, 1982 

Fig. 4.2. Land cover types share in the river 

basins, till gauging station, 2013 

Application of hydrological modeling on pilot rivers  

Assessment of the effect of land cover changes on flood runoff characteristics was 

performed using the physically based fully distributed hydrological model JAMS/J2000. The 
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advantage of this model consists of the fact that it is possible to simulate the river runoff in 

natural conditions as well as under the impact of management activities within the river basin. 

The application, calibration and results validation strategies were presented in chapter 2. The 

combined spatial representation of environmental components (soils, geological substrata, 

topography) as well as the anthropogenic ones (land use) was performed using the Hydrologic 

Response Units delimitation principle, which allows assessment of pluvial floods generation 

processes and factors at local and regional level. For the pilot rivers, a large number of HRU 

polygons (tab. C1) was delineated, the amount being within the boundaries of 2043 (the Baltsata 

r. b.) - 40306 (the Botna r. b.). To avoid spatial differences and to establish permanent HRU 

areas for 2 time periods, the combined coding of land cover types for 1982 and 2013 was 

performed, using the codes applied for the construction of Markov's matrix [44]. In this way, 

within the HRU attribute table, the codes for the geological substrate, topography and soil 

remain unchanged, and the difference constitute only the code of land cover types. This approach 

of HRU delineation allows detailed flood runoff analysis for each HRU and, respectively, 

estimation of resulting changes from the modification in destination of land use. 

A good representation of the basin conditions within virtual models requires a good 

understanding of the processes taking place in river basins, especially, during the period of 

pluvial floods. Important drivers to be taken into account are, of course, the floods generating 

factors: torrential rains, topography, water retention factors: soil characteristics (especially soil 

moisture, infiltration and storage capacity, etc.), land cover (natural lands, and especially the 

anthropogenic ones) as well as hydrogeological characteristics. All these factors were taken into 

account during the hydrological modeling process. In total, 36 variables were adapted to the pilot 

river basin conditions. During the calibration and validation, the most sensitive variables of the 

model were found, these being integrated into the Soils module, which deserves a particular 

attention.  

Precipitation is the main factor for runoff genreation. Its monitoring is performed at 

meteorological stations, and the spatial distribution over the river basins is estimated using 

interpolation methods. The slope runoff process is initiated when the water fills the local sinks 

and the infiltration rate is exceeded by precipitation intensity. Soil is saturated and the water 

excess flows down the slope to the collecting river. These types of losses (initial losses) are 

estimated with 10-35mm [219, p. 334]. These decreases while precipitation amount, soil water 

storage and vegetation retention increase (fig. 4.3). Soil texture is an important factor for the 

water holding capacity and rate of water infiltration. The higher the size of soil particle is, the 

higher water infiltration rate is. Usually, the infiltration rate is the highest during the first few 
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minutes of the rain and decreases with the water storage in the pores afterwards becoming 

constant over time. Its values for sandy soils can be 4-5 times higher than those for clay soils 

(fig. 4.4). For examlpe, according to the estimations [219, p. 335], water infiltration capacity of 

the soil with 60% of sand is 3-4 times higher than the one of the soil with 30% of sand and 70% 

of clay. Soil infiltration capacity is influenced by the previous soil moisture. For example, 

according to [219, p. 336] the water depth of 20 mm, in the case of soil moisture deficit of 45 

mm, would be completely infiltrated and in the case of 10 mm deficit only 10 mm of it would be 

infiltrated. In case of different soil moisture condition in the river basin, the flow intensity and 

speed would have a pulsating character depending on the rain intensity specifics, and as a result 

the hydrograph would consist of several peaks [219, p. 336]. The soil water infiltration is 

influenced by the vegetation cover. According to the analysis of the results of field experiments 

[213, p. 27] (Calarashi, Floreshti districts) performed for the estimation of water infiltration in 

the soil covered by different agricultural crops: autumn wheat, alfalfa (lucerne), vineyards, 

maize, tomatoes, as well as in the uncultivated one it can be concluded that the initial 

infiltrations are the highest in conditions of recently tilled soils compared to other areas (fig. 

4.5). An explanation would be that the appearance of large pores and cavities between soil 

macro-aggregates causes high water infiltration rates and sudden decrease by fast storage of 

large volumes of water in the soil. The infiltration increases proportionally and is much higher 

on wheat-covered fields reaching >2000mm/5h in comparison to those occupied by other crops 

where infiltration is smaller and uniform reaching 1100mm/5h for alfalfa, 600mm/5h for 

tomatoes (fig. 4.5). An important element in estimating the soil water infiltration capacity is the 

topography. This is maximum for the soils located on the interfluves decreasing on the slopes 

and being minimal in the floodplain. This fact is explained by the accumulation of eroded soil in 

the floodplains [213, p. 9]. Capillary rise - an important factor in the slope runoff process - 

increases with decreasing soil particle diameter. Its maximum value is 200 cm and is 

characteristic for soils with a particle diameter of 0.05-0.01 mm. The maximum amount of water 

that can be held by saturated soil (field capacity) differs depending on soil texture and structure. 

Thus, for sandy soils it is about 6%, for clayey soils it is up to 32%, and for clay soils it is up to 

42% [5, p. 79].  

Finaly, it should be emphasized that estimation of all parameters and variables nedeed for 

modeling from modules integrated in JAMS/J2000 model is based on the analysis of literature 

and the field experiences that took place on the territory of the Republic of Moldova in different 

time periods [6, 25, 28, 50, 56, 67, 207, 213, 219, 225, 234, 236, 239, 240]. 
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Fig. 4.3. Dependency of flood 

runoff depth from precipitation 

depth and initial losses depth 

[219, p. 338] 

Fig. 4.4. Infiltration rate 

(constructed from [219]) 

Fig. 4.5. Soil water infiltration 

depth depending on land cover by 

agricultural crops [213, p. 27] 

Based on analysis of the flood-generating factors and identification of correct model 

variables and parameters values, the procedure for construction, calibration and validation of the 

models for all pilot rivers for the entire hydrological monitoring period was performed. In order 

to assess the models quality, the efficiency criteria and the ratings assigned to them [161] were 

used: coefficient determination (R), Nash-Sutcliffe efficiency function (E) and its logarithm (ln 

E), percent bias (PBIAS).  The hydrological model performance for flood events used both for 

calibration and validation as well as characteristic hydrographs are shown in table C5 and figures 

C12-C22. The quality of all models performed falls within the allowable limits described in 

[161] and table 2.2 for both calibration and validation periods. For the pilot rivers in the 

northern part of the republic whose maximum runoff is formed under similar geographic 

conditions, the intercalibration procedure was used to identify the regional values of the 

JAMS/J2000 parameters but also to assess the potential differences of pluvial flood processes. 

The majority of variables for these three rivers is characterized by equal values. It should be 

noted that the runoff of the Cainari and Cubolta rivers is regulated by hydrotechnical structures, 

a reservoir is situated upstream of Cubolta hydrologic station. However, their small volume do 

not significantly reduce the flood runoff. This fact was observed as a result of analysis of 

modeled hydrographs (fig. 4.6, 4.7) that are simulated ignoring reservoir operation and the 

measured ones that practically represent the outflow process of pluvial floods. The less specific 

shape of flood hydrograph of the Cubolta r. is clearly emphasized in comparison with that one of 

the Raut r. which is formed in the conditions of no transversal hydrotechnical structures near the 

hydrological station. However, the flood hydrographs of 1989, 1991 modeled simultaneously for 

the three rivers (resulting in good and very good E and PBIAS) show that there is a naturalization 

of the maximum runoff, their shapes being classically triangular after the 90's (fig. C13-C14). 
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The small effect of reservoirs operation on the pluvial floods was also evaluated by the 

application of the genetic method for calculating the peak discharged.  

  
Fig. 4.6. Measured and modeled pluvial flood 

hydrographs, 1971, the Cubolta r., Cubolta st. 

Fig. 4.7. Measured and modeled pluvial flood 

hydrographs, 1971, the Raut r., Baltsi st. 

For simulation of flood hydrographs formed on the pilot rivers in the central part of the 

republic, the same strategy was used as in the case of the rivers from the northern part of the 

country. As a result of the modeling, it was found that the most successful hydrological model is 

that of the Pojarna r., which is characterized by a high proportion of natural vegetation and the 

presence of larger availability of meteorological data. Most flood hydrographs were successfully 

modeled (fig. C16). On the other hand, the modeling of flood wave of the Ishnovats river that is 

affected by the reservoirs situated in its middle part, and also by urbanization was less successful 

(fig. C18). However, the hydrological station is at an large distance from the reservoirs. Thus, 

there were found floods events, on the basis of which it was possible to realize the modeling of 

maximum runoff, the results of which are included within allowable limits. Also, the process of 

modeling of the Byc river pluvial floods for the natural runoff period, until the construction of 

the Ghidighici res., was performed. As a result, hydrographs of high quality were obtained (tab. 

C5, fig. C17). Satisfactory results were also obtained in case of modeling of the floods on the 

Botna and Baltsata rivers (tab. C5, fig. C15, C19). 

Pilot rivers from the southern part of the republic are characterized by occurrence of a 

small number of catastrophic pluvial floods. However, the most representative hydrological 

events have been identified and modeled, which resulted in quite good values of the efficiencies 

used to assess the modeling quality (tab. C5, fig. C20-C22). 

In some cases, the modeling performance is satisfactory because some factors influencing 

the maximum runoff could not be fully represented. The process of irrigation as well as water 

abstraction and wasterwater discharge were ignored. Reservoirs have been represented 

conventionally within river basins. Another cause for low model performance is the insufficient 

data availability to represent climatic and hydrological dynamics. Even in the case of calibrated 
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and validated flood events represented as hydrographs in figures C12-C22, an underestimation or 

overestimation of runoff can be observed due to the lack of data. For example, within the Botna 

r. b. precipitation is monitored only at Causheni st., here the Botna river gauging station is also 

present. Thus, meteorological data from the stations located in close proximity to the basin: 

Hynceshti, Chisinau, Anenii Noi, Strasheni, Chimishlia were used to simulate the river runoff. 

As a result, a quite successful modeling was performed for pluvial floods generated in conditions 

of regional torrential rains occurrence. A similar situation is also specific for the rivers in the 

southern part of the country. For example, meteorological data from Leova, Comrat, Cahul 

stations located quite far from the boundaries of the river basins were used to simulate the runoff 

of the Salcia Mare r.. The rivers in the central and northern part of the country are characterized 

by the presence of larger meteorological data availability, fact that allowed simulation of a 

bigger number of flood hydrographs, however, here these are also not sufficient. Respectively, in 

order to increase the understanding of the flood runoff generation processes, it is absolutely 

necessary to expand the meteorological observation network. It is also important to increase the 

number of hydrological stations, to increase the quality of the monitoring and to identify the 

measurement errors, since under certain circumstances the daily runoff does not react to 

precipitation. In this sense the hydrographs of the Baltsata r. and the Lunga r. can serve as 

examples, their runoff being practically represented by straight lines in conditions of precipitaton 

occuerence (fig. 4.8, fig. 4.9), considering the fact that there are no any built reservoirs on the 

river stream. On the other hand, for the direct assessment of the reservoirs impact on runoff of 

small and medium-sized rivers, hydrological information from their upstream and downstream is 

necessary. In the absence of this information, the modeling of reservoir impact is performed 

conceptually, the results being at the limit of accuracy. 

 

Fig. 4.8. Daily runoff of the Baltsata river and daily precipitations at Baltsata station  
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Fig. 4.9. Daily runoff of the Lunga river and daily precipitations at Cheadyr-Lunga station 

Evaluation of land cover change impact  

In order to evaluate the impact of land use changes over the past 3 decades on flood runoff, 

hydrological modeling was performed with the focus on all pluvial flood hydrographs. Taking 

into account the fact that the synoptic situations that lead to flood generation have a tendency to 

repeat and, in recent years, to intensify, it was considered important to evaluate the changes in 

flood peak and average discharge and flood volume of all flood events modeled in the present 

study using consecutively the spatial data of the land cover types from 1982 and 2013 (fig. C12-

C22). As at the share level, no significant changes in the land use of the 2 periods are observed, 

the same tendency can be also characteristic of the runoff components. In order to generalize the 

modeling results, the average difference for all flood hydrographs of the models simulated using 

LU 2013 and the one based on LU 1982 was calculated (tab. 4.1). Thus, on the basis of the 

results analysis, it is observed, in general, an increasing trend of the values of flood runoff 

characteristics for rivers from the central and southern part of the country and a decreasing one 

for those of the northern part of the country. 

In the case of the formation of synoptic situations similar to those that caused the pluvial 

floods on rivers in the northern part of the country, the maximum runoff characteristics under 

the current LU conditions will decrease by 10% in the case of the Raut and the Cainari rivers  

compared to the LU conditions of 1982, for the Cubolta r. this decrease will be 4%. This fact is 

explained by the naturalization process of the river basins, in particular, by reducing the share of 

arable land and the growth of grassland and forest (tab. C2). 

Changing the flood runoff of the rivers in the central part of the country differs from one 

river to another. In the case of the floods on the Pojarna r. there are no major changes. The 

decrease in the flood peak discharge, average discharge and volume from the Botna river basin 

are due to the decrease of arable areas and vineyards, and to the increase of those occupied by 

pasture and shrubs. The increase of flood runoff characteristics of the Baltsata and the Ishnovats 
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rivers is determined by the settlements enlargement, the decrease of the areas occupied by the 

perennial plantations. However, the most significant change in the flood peak discharge, average 

discharge and volume is attested for the Ishnovats r., this being + 35%. Practically double 

increase of urban and rural settlements, the double decrease of the vineyards are the main causes 

of this growth.  

In the case of the rivers from the southern part of the country, the land use change results 

in a reduction in the flood peak discharge, average discharge and volume formed on the Ialpug r. 

of about 10% but in an increase of about 2-10% in the case of the Lunga and the Salcia Mare 

rivers. The decrease of flood runoff characteristics of the Ialpug river is conditioned by the 

growth of pasture, orchards and the decrease of arable land. The increase of the characteristics of 

the floods in the case of the Lunga r. is determined by the increase of arable areas, the reduction 

of land occupied by vineyards, forest, pasture. Changes in the flood runoff of the Salcia Mare r. 

are minor because of no essential changes in the LU for 1982 and 2013. 

As a result of the floods runoff changes analysis, it was noticed that the decrease in flood 

runoff characteristics is due to naturalization processes of the river basins caused by massive 

emigration of the population and abandonment of the arable lands. On the other hand, the 

increase of flood runoff is conditioned by the enlargement of anthropogenic surfaces and the 

decrease of those of perennial plantations. 

Table 4.1. The change of the modeled flood runoff characteristics using different scenarios of 

land cover in comparison to those simulated using LU 1982, average %  

River, 

station 

The river basin land cover 

LU 2013 100 % arable 100 % forest 100 % settlements 

Qmax Qmed W Qmax Qmed W Qmax Qmed W Qmax Qmed W 

Raut r., 

Baltsi st. 
-11.1 -12.3 -12.3 -14.4 -11.4 -11.8 -85.3 -80.6 -81.1 586 566 571 

Cainari r., 

Sevirova st. 
-10.0 -11.3 -11.4 2.0 6.1 6.0 -69.7 -67.8 -68.3 471 409 414 

Cubolta r., 

Cubolta st. 
-4.2 -4.3 -4.4 9.6 11.6 11.6 -85.5 -81.1 -81.5 334 341 341 

Baltsata r., 

Baltsata st. 
16.2 14.2 14.5 -18.2 -4.7 -5.8 -52.9 -51.2 -51.6 705 820 829 

Pojarna r., 

Sipoteni st. 
1.7 0.9 0.9 12.2 38.5 37.4 -14.4 -23.0 -22.8 117 169 167 

Byc r., 

Chisinau st. 
4.3 3.6 3.7 - - - - - - - - - 

Ishnovats r., 

Syngera st. 
34.7 36.5 37.0 -36.9 -34.2 -35.2 -84.0 -85.7 -85.7 436 684 684 
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Botna r., 

Causheni st. 
-4.1 -7.5 -7.3 24.6 31.3 31.5 -63.2 -66.0 -66.2 651 617 622 

Ialpug r., 

Comrat st. 
-10.5 -10.1 -10.4 22.2 34.6 32.5 -94.3 -95.4 -95.4 1446 1590 1579 

Lunga r., 

Cheadyr-

Lunga st. 

9.6 10.1 10.0 -65.3 -30.4 -34.8 -93.8 -85.7 -87.1 1294 1323 1354 

Salcia Mare 

r. - Musait 

st. 

6.9 1.6 1.8 52.3 63.3 63.1 -73.9 -75.9 -76.1 602 600 614 

The next stage of the research consisted of modeling of the impact of different land cover 

scenarios on flood generation processes using the models calibrated and validated based on real 

hydrographs. Three (extreme) analytical land use change scenarios were considered: 

1. Covering of entire river basin with arable land (scenario based on the concentration of 

agricultural activities); 

2. Covering of entire river basin with forest (the most optimistic scenario); 

3. Covering of entire river basin with settlements (the most pessimistic scenario). 

In order to analyze and compare the results of the analytical scenarios modeling, the 

hydrographs simulated using the LU from 1982 were considered as pillars (fig. C23-C32). It 

should be mentioned that such modeling and analysis show the maximum theoretical influence 

of landcover change can have on floods. As a result, it was observed that the flood runoff 

characteristics are radically modified under the influence of land use changes. In case if the 

entire river basin is only covered with forest the flood peak discharge, average discharge and 

volume would decrease by about 80% for all studied rivers. A smaller change is observed in the 

case of the Pojarna r. due to the already existing large share of this vegetation type within the 

river basin. If the whole basin is covered only by urban settlements, flood maximal and average 

runoff would increase from 100 to 1600%. Different variations in runoff are estimated when the 

basins are covered only with arable land. On the one hand, the decrease of flood runoff 

characteristics is observed for the Raut, Baltsata, Ishnovats, Lunga rivers by about 5-35%, on the 

other, their increase is identified for the Cainari, Cubolta, Pojarna, Botna, Ialpug, Salcia Mare 

rivers. These changes are caused, on the one hand, by the replacement of urban areas with larger 

shares in river basins with arable areas and, respectively, the reduction of floods, on the other, by 

the decrease of the natural areas in favor of the processed ones, which increases the maximum 

runoff. It should be noted that as a result of land cover modification, soil characteristics such as 

infiltration capacity, runoff potential, etc. are also changed, fact that influences the differences in 

simulation results.  
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In the future, depending on urban and territorial planning, maps of land cover type spatial 

distribution can be constructed which subsequently can be used for hydrological modeling of 

pluvial floods processes. 

Estimation of reservoir operation impact  

Assessment of reservoirs influence on maximum runoff was performed on the basis of 

analysis of the Byc river flood runoff at Chisinau station, modified by the Ghidighici res. 

operation. For this purpose, the hydrological model for the Byc r. at Chisinau st., located 

downstream of the reservoir as well as at Strasheni st., situated upstream of it was constructed, 

calibrated and validated. In order to increase the accuracy of the models, the intercalibration 

procedure was used to evaluate the variables values of the models of the Byc r., Strasheni st. and 

Chisinau st., the latter being built for the natural runoff period (1945-1962). Although, the time 

series are rather short, flood wave hydrographs modeling with a fairly high accuracy (fig 4.10, 

fig. C17) was performed. The calibrated model of the Byc r., Chisinau st., was subsequently used 

to simulate the runoff under the conditions of the absence of Ghidighici res. and the results were 

compared with the real flood runoff values monitored at Chisinau st. during the reservoir 

operation period (fig. 4.11-4.13). Finally, it has been noticed that the reservoir generally leads to 

uniform the runoff during the year, diminishing the maximum runoff, but it must be mentioned 

the inadequate management of this reservoir during the Soviet period, which is demonstrated, for 

example, by hydropeaking effect (fig. 4.14). 

  
Fig. 4.10. Measured and modeled pluvial flood 

hydrographs, 1975, r. Byc, Strasheni st. and 

Chisinau st. 

Fig. 4.11. Measured and modeled pluvial flood 

hydrographs, 1985, the Byc r., Chisinau st. 

  
Fig. 4.12. Measured and modeled pluvial flood 

hydrographs, 1991, the Byc r., Chisinau st. 

Fig. 4.13. Measured and modeled pluvial flood 

hydrographs, 2006, the Byc r., Chisinau st. 
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Decrease of maximum runoff characteristics by the Ghidighici res. is due to a rather large 

storage capacity of pluvial floods that are generated upstream of the reservoir. The change in 

peak discharge is significant, it is 3, 5 in some cases, even 15 and 20 times lower than in the case 

of natural runoff modeling. It should be mentioned that the flood wave transformation till the 

'90s is characterized by higher outflow discharges, in comparison to this, in the current period 

there is no noticeable increase of the outflow discharges over 5-6 m
3
/s in spite of increasing 

frequency of maximum precipitation (fig. 4.13, 4.14). Thus, the Ghidighici res. plays a positive 

role in Chisinau mun. protection from the pluvial floods that are generated in the upper part of 

the Byc river basin, but the problem of desiltation and reconstruction of the hydrotechnical 

structure, which is being operated for over 50 years, becomes actual. 

 

Fig. 4.14. Daily discharge of the Byc river and daily precipitation at Chisinau st. 

 

 4.2. Modification of flood wave propagation processes under the impact of 

hydrotechnical structures and climate change  

Pilot rivers 

 Evaluation of flood wave dynamics in conditions of river bed changes was performed for 

two pilot zones: the first being the sector on the Dniester river from Hrushca st. (upstream 

Dubasari res.) to Talmaza vil. (where Dniester branches into the Dniester and the Turunchiuc 

distributary), and the second - the sector on the Byc river from the Ghidighici res. up to its 

mouth. The sector on the Dniester river is characterized by altitudes of 60 to 150 m, decreasing 

their values to the south of the region. The Dniester river floodplain width is 3-5.5 km till 

Dubasari town, in its lower course it increases to 4-6 km on Dubasari-Bender sector, to 6-12 km 

downstream of Bender and to 16 km after the Dniester river branching. The river is sinuous, the 

meanders length reaching 12-15 km (in the lower course the coefficient of sinuosity reaches 2.5). 

In some places small, flood-prone islands, covered with grass and shrubs, can be observed. In the 
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middle part of the river, on a length of 125 km, the Dubasari res. was constructed, which 

changed the river bed characteristics. The reservoir is divided proportionally into three sectors: 

upper (length of 45km), middle (length of 50km) and lower (length of 30km). The upper sector 

has a width of 250-300m, the middle one - 1.2-1.5km, the lower one - 0.8-2km. The Dniester 

river width decreases from north to south, in the reservoirs area it is 200-1500m, and in the lower 

part it is 50-100m, the depth is 1.6-2.5m, in some places - 4-12m. [58].  

 The study zone on the Byc river corresponds to its middle and lower part. The river is 

characterized by low discharges, the floodplain is relatively flat passing from the plateau area to 

the plain, where it extends up to 8 km. The valley is canyon-like near Vatra and Bulboaca 

villages. The river training activities performed in the second half of the twentieth century have 

turned the Byc river practically into a rectilinear channel. The river width is 0.5-8 m, 

occasionally 10-16m, depth - about 0.5-1.5m, hydrophyte vegetation invades the river bed, 

where there are present algae, reed, rush, etc. The river banks are steep from 0.5 to 5 m 

sometimes reaching up to 6-7 m. In the Chisinau region the river banks are strengthen by 

concrete construction. 

 In the limits of the Republic of Moldova, in the floodplain of the Dniester and Byc rivers 

there are present hydrotechnical structures for protection against floods among which the main 

are the Novodnestrovsk, the Dubasari and the Ghidighici reservoirs as well as protection levees 

with a length of 424.1 km (194.4 km on the right side and 229.7 km on the left side of the 

Dniester r.) and 127.2 km that should protect against floods an area of over 38184 ha and 4591 

ha, respectively [35]. For the first study zone, the protection levees are constructed in the lower 

part of the river, being located at a distance of 20-100m from the river, their height being up to 

4m. In the case of catastrophic floods the water exceeds the protection levees level and covers 

the floodplain with a layer of water of up to 3 m for a period of 1-3 weeks [58]. The Byc r. is 

embanked from the downstream part of Chisinau up to river mouth (levee heights are of ~2.5m 

and widths - of 1.5-2m). The levees are located at an approximate distance of 55-60 m on one 

and the other side of the river, the minimum distance is 10m. The reservoirs were constructed in 

the '60s of the last century for  irrigation, recreation, fish farming, flood protection, and so on. 

The Dubasari res. is built in the middle part of the Dniester r. and is located downstream of the 

Novodnestrovsk reservoirs complex managed by Ukraine. Thus, the hydrological characteristics 

dynamics is dependent on the natural conditions from the upper part of the Dniester basin, but 

also on the management of the Novodnestrovsk res. constructed in the '80. The Ghidighici res. is 

located in the middle part of the Byc river basin, collecting its waters from the Codri Plateau, 

which is the highest and the most fragmented landscape unit of Moldova. The reservoirs basic 
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parameters are presented in table 4.2. Due to siltation processes, during the operating period, the 

reservoirs volumes decreased significantly. Thus, the volume at FRL of the Dubasari res. 

decreased from 485 mln.m
3
 in 1956 to 266 mln.m

3
 in 1982 and 235 mln.m

3
 in 2000 [215, 251, 

252]. The volume at FRL of the Ghidighici res. decreased from 40 mln.m
3
 in 1962 to 32.8 

mln.m
3
 in 1987 and 27.6 mln.m

3
 in 2000 [134, 215, 250]. The updated reservoirs values are 

unknown, but their storage capacity is be assumed to continue to decline, currently the volume 

being smaller by 50% comparing to the designed one. For these reasons, it is recommend to 

perform extensive works to assess the characteristics of all reservoir and ponds as well as, if 

necessary, their rehabilitation/reconstruction. 

Table 4.2. Basic parameters of reservoirs [250-252] 

Parameters  Dubasari res. (1982) Ghidighici res. (1987) 

Distance to river mouth  351 73 

Basin area, km
2
 53600 878 

Length, km 127,5 7,9 

Year of construction 1956 1962 

Level, m / volume, mil. m
3
 / area, km

2 
at    

Maximum water level (MWL) 30,0 / 401,4 / 80,0 58,1 / 50 / 9,5 

Full reservoir level (FRL) 28,0 / 266 / 67,5 56,2 / 32,8 / 7,2 

Minimum pool level (MPL) 24,2 / 10,6 / 46,8 50,55 / 1,5 / 2,4 

Peak discharge of 0,1%/0,5%/1%/10%, m
3
/s 8200/-/4700/2600 471/325/202/- 

 

 In case of floods, the special outflow regime from the Dubasari res. starts when the inflow 

exceeds 400m
3
/s or when the reservoir level exceeds 28m. Flood forecast constitutes 4-6 days. 

As floods with volumes of >2 km
3
 cannot be fully attenuated by the flood storage, for their 

control the reservoir useful storage can be used. The short-term reservoir filling can be 

performed up level of 28.5-29 m, thus, decreasing the flood peak discharges of medium 

probability. Low probability floods pass through the reservoir in transit. Decisions on reservoir 

outflow regime are taken by the specialized commission formed for these cases, based on 

meteorological data from meteorological services and the reservoir current state [252]. 

 According to Operation Rules of the Ghidighici res. [250] in the case of floods, the outflow 

is done by two methods: the first and the main method consists of automatic increase of outflow 

up to the values of 0.1-0.5% without taking into account the meteorological forecast; the second 

method is based on the meteorological forecast provided by SHS and consists in reduction of 

reservoir water level up to 2 m under the FRL and proportional increase of the outflow, 

respectively. In the case of total reservoir filling, the flood wave passes through it in transit. 
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Application of hydraulic modeling on pilot rivers  

The Dniester river 

Assessment of the hydrotechnical structures impact on pluvial floods of the Dniester and 

the Byc rivers was determined based on the simulation of the flood wave dynamics using HEC-

RAS 5.0.3 model. Application approach, the input data and the modeling strategies that were 

used to simulate the flood waves were presented in chapter 2.  

 The modeling of the flood wave of the Dniester river was performed for the sector Hrushca 

vil. - Talmaza vil.. In total, 549 cross-sections were constructed which previously have been 

extracted from DEM of 1m resolution. Model calibration and validation was performed on the 

basis of real floods which occurred in 1969, 1980, 2008 by analyzing the records from Hrushca 

st. (model input data), Dubasari st. (outflow from the Dubasari res.) as well as Bender st.. For 

modeling of the flood wave hydrographs as outflow from Dubasari res. two methods integrated 

in the HEC-RAS 5.0.3 model were applied: Elevation Controlled Gates method and Navigation 

Dam method. In order to implement the first method as reference levels, the water levels at 

Hrushca st. as well as those from the reservoir dam were used. Thus, in total 3 hydrodynamic 

models were performed the base of which there were: the method of Elevation Controlled Gates 

based on the Water Level from Hrushca st.  - M1, the method of Elevation Controlled Gates 

based on the Water Level from the Dubasari res. dam - M2, and the Navigation Dam method - 

M3. Calibration values are shown in tables C6 and C7 and the modeling results - in figures 4.15-

4.17 and table 4.3. The errors that occurred in the modeling process are the result of limitation 

factors such as: measurement errors, temporal and spatial input data errors, human resource 

competencies, computer software and modeling methods specifics, and so on. In order to assess 

the model quality, the efficiency criteria and the ratings assigned to them were used: coefficient 

of determination (R), Nash-Sutcliffe efficiency (E) and its logarithm form (ln E), the average 

error (PBIAS), ratio between square mean error and standard deviation (RSR). The results of 

model performance evaluation are presented in table 4.3. High values of R, E, ln E, RSR and the 

satisfactory one of PBIAS characterize the high quality of the models. 

One of the greatest challenges in the modeling process was to obtain modeled outflow 

flood hydrographs from the Dubasari res. of a high quality. Operation of this hydrotechnical 

construction under special conditions is carried out on the basis of an established regulation, 

however, decisions on flood wave outflow are taken by a team of specialists. Thus, the modeled 

hydrographs of the flood wave outflowing from the Dubasari res. are subjected to strict rules, 

while the monitored ones are the result of decisions of the human factor that is quite complicated 

to model. The results show that the model has reproduced the fairly successful hydrological 
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characteristics and passed the validation tests. Propagation of the pluvial floods from 1969 and 

1980 occurred under the conditions of a single reservoir on the Dniester r. - the Dubasari res.. 

Thus, the flood hydrographs from Hrushca st. have the well-pointed triangular shape. Also it can 

be noted the reduction of peak discharge at the downstream stations and the modification of the 

hydrograph shape due to the impact of the hydrotechnical constructions. The flood of 2008 was 

propagated through the Dniester river floodplain already under the conditions of existing both 

the Novodnestrovsk and the Dubasari hydropower plants. Measured hydrographs from Hrushca 

st. and the Dubasari res. are virtually identical, the flood control role of the Dubasari res. being 

minimal. The comparative analysis of measured and simulated hydrographs from the Dubasari 

res. and from Bender st. resulted in the fact that the model represents efficiently the outflows 

from the Dubasari res., however, its quality decreases downstream. Flood wave propagation 

downstream of the reservoir is conditioned by the presence of levees system whose protection 

capacity was calibrated on the basis of descriptions in the literature [176]. 

   
Fig. 4.15. Measured and 

modeled flood hydrographs, 

flood of 1969, the Dniester r. 

Fig. 4.16. Measured and 

modeled flood hydrographs, 

flood of 1980, the Dniester r. 

Fig. 4.17. Measured and modeled 

flood hydrographs, flood of 

2008, the Dniester r. 

 

Table 4.3. Measured flood event modeling results, the Dniester r.  

Flood event Model 
Peak discharge, 

Hrushca st., m
3
/s 

Peak discharge, 

Dubasari st., m
3
/s 

Peak discharge, Bender 

st., m
3
/s 

measured simulated measured simulated 

08.06.-12.07. 

1969 

M1 4430 3600 3266 2840 2616 

M2 4430 3600 3258 2840 2615 

M3 4430 3600 3412 2840 2741 

25.07-18.08. 

1980 

M1 3420 2630 2537 2480 2246 

M2 3420 2630 2537 2480 2246 

M3 3420 2630 2603 2480 2277 

21.07.-22.08. 

2008 

M1 3450 3480 3306 2570 3076 

M2 3450 3480 3298 2570 3073 

M3 3450 3480 3312 2570 3103 
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Table 4.4. Measured flood modeling performance, the Dniester r. 

Flood 

event 
Model Station R

2
 RSR 

RSR 

performance 
E 

E 

performance 
ln E 

PBIAS, 

% 

PBIAS 

performance 

08.06-

02.07. 

1969 

M1 
Dubasari 0,88 0,29 very good 0,71 good 0,55 15,2 satisfactory 

Bender 0,93 0,48 very good 0,52 satisfactory 0,44 27,5 unsatisfactory 

M2 
Dubasari 0,88 0,29 very good 0,71 good 0,55 15,2 satisfactory 

Bender 0,95 0,48 very good 0,52 satisfactory 0,44 27,5 unsatisfactory 

M3 
Dubasari 0,88 0,30 very good 0,70 good 0,44 15,2 satisfactory 

Bender 0,92 0,50 very good 0,50 satisfactory 0,36 27,7 unsatisfactory 

25.07-

16.08. 

1980 

M1 
Dubasari 0,92 0,22 very good 0,78 very good 0,60 17,0 satisfactory 

Bender 0,96 0,31 very good 0,69 good 0,35 24,6 satisfactory 

M2 
Dubasari 0,92 0,22 very good 0,78 very good 0,60 17,0 satisfactory 

Bender 0,96 0,31 very good 0,69 good 0,35 24,6 satisfactory 

M3 
Dubasari 0,95 0,16 very good 0,84 very good 0,63 16,5 satisfactory 

Bender 0,97 0,27 very good 0,73 good 0,39 24,2 satisfactory 

21.07-

16.08. 

2008 

M1 
Dubasari 0,98 0,04 very good 0,96 very good 0,93 -8,24 very good 

Bender 0,91 0,23 very good 0,77 very good 0,73 1,25 very good 

M2 
Dubasari 0,99 0,04 very good 0,96 very good 0,96 -6,94 very good 

Bender 0,91 0,21 very good 0,79 very good 0,83 3,11 very good 

M3 
Dubasari 0,99 0,03 very good 0,97 very good 0,97 -7,47 very good 

Bender 0,89 0,26 very good 0,74 good 0,80 2,7 very good 

   

 The Byc river 

 Simulation of flood wave dynamics of the Byc r. was performed for sector: the Ghidighici 

res. - the confluence with the Dniester river. In order to represent the river floodplain, 142 cross-

sections were extracted from the DEM. Model calibration and validation was performed on the 

basis of the real floods of 1948, 1973, 1975 by analyzing the records from Strasheni st. (station 

located upstream from the Ghidighici res.), Chisinau st. (station located downstream of the 

Ghidighici res.) as well as Bulboaca st.. For modeling the outflow flood discharge from the 

Ghidighici res. the same methods as in the case of the Dniester river were applied: the Elevation 

Controlled Gates method and the Navigation Dam method [114]. Taking into account the lack of 

information on reservoir bathymetry, in order to use the first method the water levels at the 

reservoir dam were considered to be used as the reference water level, and its volume value was 

considered both the initial one as well as the one assessed in 2000 [215, 250]. In total, two 

hydrodynamic models were developed using the method of Elevation Controlled Gates based on 

the Water Level from the Ghidighici res. dam - M2 and the Navigation Dam method - M3. 

Information on model calibration is presented in tables C8 and C9 and the obtained results: 

measured and simulated flood wave hydrographs and peak discharges - in figures 4.18 and 4.19 
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and table 4.5. The model quality evaluation was performed on the basis of the efficiency criteria 

used in the previous case, the values of which are presented in table 4.6. 

 Modeling of the flood wave propagation through the Ghidighici res. was evaluated on the 

basis of the information from Strasheni st., which functioned for a short time period: 1973-1977 

and the discharges from Chisinau st., which is situated downstream of the reservoir dam. For the 

calibration and validation process, 2 flood events were identified, the one of 1973 and the one of 

1975. The 1973 flood event analysis (fig. 4.18) shows that the hydrograph from Chisinau st. 

exceeds the values from Strasheni st.. The reservoir does not reduce the peak discharge but on 

the contrary it is 10 m
3
/s higher than the one of the inflow. During the flood propagation, there 

was not registered any precipitation at Chisinau st. The modeled hydrographs represent very 

good  the hydrograph shape, the high values of the efficiency criteria (tab. 4.6) demonstrate this 

fact, they also show the way of flood wave attenuation in conditions when the reservoir is at 

FRL. The flood hydrographs of 1975 (fig. 4.19) also describe the flood passage through 

hydrotechnical construction. Peak discharge attenuation is insignificant, although the flood 

hydrographs simulated using the two methods in conditions when reservoir volume is at FRL, 

show that this could practically reduce their values by 2 times. A certain influence on the 

hydrograph at Chisinau st. was produces by the local precipitation occurred during the flood 

event, but the runoff modeling, performed with rain consideration, showed that the peak 

discharge would only increase by 2-3 m
3
/s and would not significantly affect the values of the 

modeled flood. The values of the efficiency criteria resulting from the application of the 

Navigation Dam method as well as the modeled hydrograph shape which is better represented by 

this method determined us to choose it as a reference for the simulation of low probability flood 

waves.   

  
Fig. 4.18. Measured and modeled flood 

hydrographs, flood of 1973, the Byc r. 

Fig. 4.19. Measured and modeled flood 

hydrographs, flood of 1975, the Byc r. 
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Table 4.5. Measured flood modeling results, the Byc r. 

Flood event Model 
Peak discharge, 

Strasheni st., m
3
/s 

Peak discharge, 

Ghidighici st., m
3
/s 

Peak discharge, 

Chisinau st., m
3
/s 

measured simulated measured simulated 

19.03 - 16.04. 

1973 

M2 30 - 27,9 40,2 27,8 

M3 30 - 26,9 40,2 26,9 

04.06 - 28.06. 

1975 

M2 22,7 - 11,9 19,3 11,9 

M3 22,7 - 11,9 19,3 11,9 

Table 4.6. Measured flood modeling performance, the Byc r. 

Flood event Model R
2
 RSR 

RSR 

performance 
E 

E 

performance 
ln E 

PBIAS, 

% 

PBIAS 

performance 

19.03 - 16.04. 

1973 

M2 0,90 0,23 very good 0,77 very good 0,81 12,0 good 

M3 0,94 0,20 very good 0,80 very good 0,81 17,4 satisfactory 

04.06 - 28.06. 

1975 

M2 0,95 0,18 very good 0,82 very good 0,83 16,6 satisfactory 

M3 0,95 0,18 very good 0,82 very good 0,88 16,1 satisfactory 

Another model quality evaluation strategy consisted of assessment of the accuracy of the 

flood wave water levels modeling, especially in the lower part of the river. For this purpose the 

comparative analysis of the measured and model water levels of Bulboaca st. which functioned 

during the period 1946-1949 was performed. The model was calibrated and validated on the 

basis of 2 flood events of 1948: the first flood occurred between 8-23 June with the peak of 81.8 

m
3
/s (Chisinau st.) and the second - 7-11 July with the peak of 222 m

3
/s (Chisinau st.). The 

results show that the fluctuations of modeled water levels are 2.32 m and 3.14 and differ slightly 

from the measured ones, the values of which are 2 m for the first event and 3.35 m for the 

second. Respectively, it can be concluded that the developed hydraulic model represents the 

reality in conditions of allowable errors and can be used for estimation of the spatial and 

temporal characteristics of the floods of different probability.    

 Evaluation of reservoirs impact on flood wave dynamics  

 The Dniester river 

 In order to assess the impact of the Dubasari res. and of its changing volume (fig. 4.20) 

during the operation period, the model previously validated on the basis of the real flood events 

was used for simulation of propagation of the flood wave of the probability 10, 5, 1, 0.5 and 

0.1%. The flood wave hydrographs for these 5 scenarios were built on the basis of the flood 

hydrograph of 2008 from Hrushca st., which also served as input data in the hydraulic model. 

The method applied for assessing the outflow discharges from the Dubasari res. was considered 

the Navigation Dam, taking into account the useful and flood storage of the reservoir. Based on 

the simulations, flood wave hydrographs for all cross-sections, flood-prone areas, water level and 

velocity were calculated. It should be noted that the modeled peak discharges outflowing from 



135 

 

the Dubasari res. and the ones from Operation Rules do not significantly differ except that of 

0.1% probability (fig. 4.21). However, according to performed modeling, the analysis of level 

from the upstream of the dam indicates that its maximum values are within 27-30m for floods of 

probability of 0.5-10% but in the case of the transition of a flood wave of 0.1% probability the 

maximum level would reach the value of 32m, which is 1m above the crest of the dam, fact 

which will lead to its breach. Peak discharge reduction under the Dubasari res. impact is within 

the limits of 60-500m
3
/s. (fig. 4.21). The siltation degree and the reservoir storage reduction over 

the operation period does not significantly affect the flood control capacity. The simulated 

outflow peak discharges considering the initial reservoir storage (V56) [252] compared to those 

modeled using the estimated volume values (V00) in 2000 [215] do not significantly differ, the 

latter being smaller by 15-100m
3
/s.  

  
Fig. 4.20. Change of the Dubasari res. volumes 

during operation period [constructed based on 

58, 215, 251, 252] 

Fig. 4.21.  Probable peak discharge change 

under the impact of the Dubasari res. 

siltation  

 The Byc river 

 Modeling the Ghidighici res. impact on floods of the Byc r. was done using the model 

calibrated and validated based on real floods. This model was applied to evaluate transformation  

of the flood wave of 10, 5, 1, 0.5 and 0.2% through the reservoir. Construction of hydrographs 

was performed on the basis of the 1948 flood. Probable discharges were calculated using the 

time series for the entire observation period from Chisinau st. (before and after the Ghidighici 

res. construction). Due to the lack of information from the reservoir upstream, the built 

hydrographs were considered as inflow hydrographs to the reservoir. As a result of the flood 

wave dynamics modeling, it was found that the capacity to reduce the peak discharge is quite 

significant. The peak discharge attenuation coefficient ranges from 0.67-0.75, the discharges of 

average probability being regulated in more efficient way than the ones of low probability. Also, 

the impact of the reservoir storage reduction (fig. 4.22) on reservoir flood control capacity was 

calculated. It was estimated that the peak discharge attenuation coefficient increases 
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insignificantly to 0.71-0.78, the outflow discharge being slightly lower in the case of modeling of 

the flood wave propagation through the Ghidighici res. in the conditions of the volume estimated 

in 2000 (fig. 4.23) . 

  
Fig. 4.22. Change of the Ghidighici res. 

volumes during operation period [constructed 

based on 215, 250] 

Fig. 4.23. Probable peak discharge change 

under the impact of the Ghidighici res. siltation  

  

 Estimation of protection levees impact on flood wave propagation  

Assessment of the protection levees impact on the flood wave dynamics was performed for 

the study sectors of the Dniester and Byc river on the basis of 0.1-10% probability floods 

modeling (5 scenarios). Changes in the temporal and spatial characteristics of pluvial floods 

were assessed in the conditions of the presence and absence of protection hydrotechnical 

structures. Estimation of the protection levees characteristics was done on the basis of the field 

expeditions, the descriptions in the literature [176] and the information extracted from DEM. In 

general, for the study areas the protection levees state is satisfactory, on certain sectors there can 

be highlighted compactions, subsidence, vegetation on levees slopes, levee utilization as matter 

for transport. 

The Dniester river  

For the Dniester river sector, based on the performed models, the dynamics of the flood 

wave was estimated and represented in the form of hydrographs of different probabilities (fig. 

4.24-4.26), of longitudinal profiles with specific runoff characteristics (fig. 4.30, 4.31), of flood 

hazard and risk maps (fig. 4.32-4.35) etc. Analyzing flood waves hydrographs for the five 

scenarios, it was observed that the peak discharges were reduced in case of no protection levees. 

For example, peak discharges values from Bender st. and Talmaza vil. decrease by up to 200 

m
3
/s (fig. 4.24-4.27). The absence of hydrotechnical structures also caused the increase the flood 

wave propagation time. On average for the five scenarios, the time of peak discharge occurrence 

at the Dniester r. bifurcation zone increases by 1-2 days. For the entire study area it is observed 
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that the average water level is within the range of 4.95-5.75m in the case of hydrotechnical 

constructions presence and 2.9-4.45m in case of their absence, respectively, under the conditions 

of naturalization of the floodplain it would decrease by about 0.5-2.3m (fig. 4.28). The difference 

in water level is well visible in the longitudinal profile (fig. 4.30), especially in the downstream 

part of the Dubasari res. where the water level in case of presence of defense structures differs by 

higher values compared to the case of their absence. As it can be seen from figure 4.28, along 

with probable discharges reduction, the trend of average depths decrease in the first case and 

increase in the second case. The depth values became equal in conditions of 1000-years flood 

wave propagation fact which means that the levees were almost totally breached or were covered 

by water, the flood propagation being conditioned by the floodplain natural characteristics. 

Specifics of average water velocity changes is comparable to that of the depths (fig. 4.29). The 

velocity differences between the models with and without levees are of 0.02-0.33m/s, the values 

being within the limits of 0.6-0.8m/s in the first case and 0.45-0.6m/s in the second one. Lower 

values of water velocity and depth in case of defense structures absence are determined by the 

fact that the flood wave is propagated unconditioned by obstacles, and the flood overflows over 

extended territories, especially in the lower part of the Dniester r. where the floodplain is very 

large, the river width during floods being on average 2.5 times bigger than in case of levee 

presence (fig. 4.31). The total hazard area increases with the decrease of the exceedance 

probability and the consecutive levee breach. Construction of flood defense hydrotechnical 

structures was performed to resist the occurrence of 1% probability flood wave. Thus, the levee 

protection capacity can be estimated in case of propagation of 1-10% flood waves. Both the 

model and the project data show that their effect is minor in the case of floods with lower 

probabilities. It is also noticed that in certain sectors the existing levees breach even in the case 

of floods of 1-5% (fig. 4.32-4.35). 

   
Fig. 4.24. Dynamics of flood wave 

of 10% probability under the levees 

impact, the Dniester r. 

Fig. 4.25. Dynamics of flood 

wave of 5% probability under 

the levees impact, the Dniester  

Fig. 4.26. Dynamics of flood 

wave of 1% probability under 

the levees impact, the Dniester r 



138 

 

   
Fig. 4.27. Probable peak discharges 

changes under levees impact, the 

Dniester r.  

Fig. 4.28. Average depth 

changes under levees impact, the 

Dniester r.  

Fig. 4.29. Average velocity 

changes under levees impact, 

the Dniester r. 

 
Fig. 4.30. Longitudinal profile of the Dniester r. in case of  1% probability flood (sector Hrushca 

st. - Talmaza vil.) 

 
Fig. 4.31. Maximum river width within the cross-sections of the Dniester r.  in case of  1% 

probability flood (sector Hrushca st. - Talmaza vil.) 

Analysis of spatial distribution of flood-prone areas has shown that the study area can be 

subdivided into two characteristic sections the limit of which is the Dubasari res. (fig. 4.33-4.38). 

Flood hazard areas on the Hrushca st. - Dubasari st. section are much smaller in comparison with 

the section situated downstream of the reservoir due to the specific topography. As mentioned 

above, the lower part of the Dniester r. flows through plain area, the floodplain being large and 

flat, creating favorable conditions for flood wave distribution on extended surfaces. In the case 

of levee absence, but also, in general, during low probability floods propagation, the Dniester 

river floodplain would be completely flooded (fig. 4.32-4.37). For the 5 scenarios, hazard areas 

would constitute 82-380 km
2
 in the case of presence of the defense structures and 293-442 km

2
 

in case of their absence (fig. 4.38). The area potentially flooded during 5-10% floods would be 

3.5 times smaller in case if it is protected by hydrotechnical defense constructions, and it would 

decrease by approx. 2 times during the 0.5-1% flood propagation in the same conditions (fig. 

4.39, tab. C10). 
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Fig. 4.32. Flood hazard areas in conditions of 

levee presence, Hrushca st. - Dubasari st. section  

Fig. 4.33. Flood hazard areas in conditions of 

levee presence, st. Dubasari p - Talmaza vil. 

section 

  
Fig. 4.34. Flood hazard areas in conditions of 

levee absence, Hrushca st. - Dubasari st. section 

Fig. 4.35. Flood hazard areas in conditions of 

levee absence, st. Dubasari p - Talmaza vil. 

section 
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Flood risk areas were assessed on the basis of flood hazard characteristics: flood-prone 

areas, water velocity and depth, and land cover specifics. Land cover types exposure and their 

vulnerability to the flood wave propagation was estimated based on the methodology described 

in chapter 2. The flood risk assessment was performed for the 5 scenarios in conditions of 

presence and absence of the levees system (fig. 4.39). Based on flood risk areas estimation, it 

was identified that areas falling under the high risk category are well below those of the medium 

risk category and do not change substantially in conditions of presence and absence of protection 

structures. Medium flood risk areas increase proportionally in the conditions of unchanged 

floodplain but a significant increase is observed in case of levees presence especially during the 

occurrence of floods whose return period exceeds 100 years due to the consecutive failure of 

defense structures. From the analysis of flood risk assessment results, it can be seen a significant 

difference in the areas of low risk. In case of levees presence, areas of low risk increase along 

with floods probability decreases. In case of their absence, the low risk areas decrease while the 

return period increases, passing to the medium and high risk categories due to the rising flood 

intensity characterized by higher pluvial floods velocity and depth. 

  

Fig. 4.36. Flood risk areas in conditions of levee 

absence, Hrushca st. - Dubasari st. section  

Fig. 4.37. Flood risk areas in conditions of levee 

absence, Dubasari st. - Talmaza vil. section 

In addition to flood risk and hazard assessment the attention was pait to estimation of 

number of affected people and damages that can be caused by floods. According to the study 

[176] the total annual flood risk damage in Moldova is 56 mil. Euro and the average annual 
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number of people affected by flooding is 5200 (44% are severely affected and 15% very severely 

affected). However, in the present research the focus was on determination of potentially 

affected people and damages that can be caused by the  floods of 0.1-10% probability (5 

scenarios) without annual normalization, using the methodology described in chapter 2. 

  
Fig. 4.38. Flood risk areas changes in 

conditions of levee absence/absence, the 

Dniester r. (Hrushca st. - Dubasari st. 

section) 

Fig. 4.39. Flood risk areas changes in conditions of 

levee absence/absence, the Dniester r. (Dubasari st. - 

Talmaza vil. section) 

It was estimated that the number of people affected by the floods could rise up to 10000-

45000 ths. depending on the exceeding probability and protection degree (fig. 4.40). Of the total 

number of affected people, the share of very severely affected population in case of levees 

presence is 31-41%, increasing proportionally with the return period. The share of affected 

people is within the range of 41-53% decreasing along with exceedance probability diminution. 

In case of absence of defense hydrotechnical structures, the share of very severely affected 

people would be 20-36% and of the affected  - 47-66%, the laws being kept the same (fig. 4.42, 

4.43). The increase of the number of very severely affected people in the case of low 

probabilities is caused by the rise of floods intensity, which leads to the transfer of a certain 

number of persons from the category of affected people to severely affected and very severely 

affected people.   

Potential loss caused by floods is a value calculated considering the flood depth and the 

damage caused to different land cover types. As estimated (chapter 2), maximum damages are 

specific for industrial areas and settlements. Based on this information it was calculated that the 

potential loss caused by floods would amount to 83-330 mil. Euro in the case of levees presence 

and to 102-339 mil. Euro in case of their absence (fig. 4.41). In order to validate these values it is 

necessary to mention that there were initially calculated the material losses caused by the flood 

of 2008 on the Dniester r., which are equal to 131 mil. Euro according to the literature [227, p. 

265]. The data of modeled 2008 flood damage are of 132 mil. Euro being slightly above the 

recorded value. Broadly speaking, this indicates that the estimated damage values may be close 
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to reality, yet the exact assessment of the damage will be made in the case of real floods. The 

share of potential losses by land cover types was also calculated. Thus, it has determined that 

industrial areas, towns and villages will be affected in approximately equal proportions. In case 

of occurrence of floods of 0.1-10% probability and the presence of defense structures the share 

of damage caused to rural areas would be 26-37%, to urban areas - 31-37% and to industrial 

zones - 27-35%. The share of damage caused to the last two land cover types decreases along 

with increase of flood return period, being determined by the increase in share of material losses 

caused to villages (fig. 4.44). In case of levees absence, the damage caused to rural settlements 

would be 32-38%, to urban ones - 29-30%, to industrial zones - 26-29%. The agricultural areas 

would be damaged by about 6-13% of the total, the value diminishing with the decrease of the 

exceedance probability (fig. 4.45). 

  

Fig. 4.40. Affected people in case of pluvial 

floods of different probabilities of the Dniester r.  

Fig. 4.41. Potential damage which can be caused 

by pluvial floods of different probabilities of the 

Dniester r.    

  
Fig. 4.42. Share of people categories affected 

by pluvial floods of different probabilities of 

the Dniester r., in case of levees presence     

Fig. 4.43. Share of people categories affected 

by pluvial floods of different probabilities of 

the Dniester r., in case of levees absence     

  
Fig. 4.44. Share of potential damage 

distinguished by the land cover types in case of 

pluvial floods of different probabilities of the 

Dniester r., in conditions of levees presence     

Fig. 4.45. Share of potential damage 

distinguished by the land cover types in case of 

pluvial floods of different probabilities of the 

Dniester r., in conditions of levees absence       



143 

 

The Byc river 

Calibrated and validated hydraulic model for the Byc r. floods simulation was applied for 

the modeling of floods of 0.1-10% probability, in case of levees system presence and absence. 

Flood hydrographs constructed on the basis of multiannual data from Chisinau st., as well as 

those based on peak discharges from Operation Rules of the Ghidighici res. [250] were used. It 

was found that the peak discharge of 1% probability (202 m
3
/s) which outflows from the 

Ghidighici res. is equal to the one of 0.5% estimated using statistical methods (198 m
3
/s) and the 

peak discharge of 0.5% (325 m
3
/s) is the same as the one of 0.2% calculated using the 

hydrological time series from Chisinau st.. The maximum value of peak discharge is attributed to 

of that of 0.1% probability extracted from the Operating Rules, which is 471 m
3
/s. Further, to 

simplify the results analysis, the reference is made for the scenarios that include the peak 

discharges calculated based on statistical methods. As a result of the modeling, flood 

hydrological characteristics for river cross section were obtained based on which the flood wave 

dynamics were evaluated (fig. 4.46-4.48). Analyzing the hydrographs at the mouth of the Byc r., 

in conditions of levee presence and absence, it was determined that in the case of natural 

floodplain, floods attenuation and, respectively, peak discharges delay and decrease are 

observed. This fact is characteristic of floods of medium probability of up to 1%. Once the 

levees consecutively fail, the peak discharges and hydrographs equalize for the cases of presence 

and absence of the defense structures (fig. 4.49). The average velocity in conditions of levee 

presence decreases along with the decrease of the probability and in case these are absent, the 

velocity rises together with the increase of the return period (fig. 4.50). The average water depth 

is characterized by the same laws as the water velocity (fig. 4.51). As an example, in figures 4.52 

and 4.53 it is presented the longitudinal profile of the Byc r., where the maximum water level 

and width of the cross sections in the conditions of the absence and presence of the levees are 

shown. The river width is logically much larger when the river floodplain is not embanked, and 

is reduced along with floods propagation area narrowing. 

The flood hazard areas differ depending on the presence/absence of defense structures and 

the floods likelihood. For the 5 scenarios the flood-prone areas on the Byc river sector from the 

Ghidighici res. to the river mouth would fall in limits of 5-30 km
2
 in the case of levee presence 

and of 11,7-34 km
2
 if these are absent (fig. 4.54). The construction of the anti-floods structures 

determines the decrease of flood-prone areas by 2,0-2,5 times in the case of 1-10% probability 

floods. Reduction of flood-prone areas in case of floods below 1% is much lower due to the 

levees failure. Analyzing the flood hazard and risk spatial distribution (fig. 4.55-4.59, tab. C11), 

it can be noticed that the most affected areas are located in the lower part of the river, 
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downstream of Chisinau due to the presence of a plains topography which allows the pluvial 

floods overflowing and distribution in the floodplain. 

   
Fig. 4.46. Dynamics of flood wave 

of 10% probability under the 

levees impact, the Byc r. 

Fig. 4.47. Dynamics of flood 

wave of 5% probability under the 

levees impact, the Byc r. 

Fig. 4.48. Dynamics of flood 

wave of 1% probability under 

the levees impact, the Byc r. 

   
Fig. 4.49. Probable peak discharges 

changes under levees impact, the 

Byc r. 

Fig. 4.50. Average velocity 

changes under levees impact, the 

Byc r. 

Fig. 4.51. Average depth 

changes under levees impact, 

the Byc r. 

 
Fig. 4.52. Longitudinal profile of the Byc r. in case of  1% probability flood (sector downstream 

of the Ghidighici res. - river mouth) 

  
Fig. 4.53. Maximal river width within the cross-sections of the 

Byc r.  in case of  1% probability flood (sector downstream of 

the Ghidighici res. - river mouth) 

Fig. 4.54. Flood hazard changes 

in conditions of levee 

presence/absence, the Byc r.  

Based on the flood risk assessment, it was found that the high and medium risk areas are, 

in all cases, lower than those of low risk, due to the presence of natural vegetation but also to the 
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floods low intensity. Flood risk areas increase proportionally to the return period (fig. 4.60). 

Significant increase of low risk areas is observed for floods with a probability of over 1% 

compared to those of less than 1% due to the levees failure. Along with the increase in the return 

period, the risk areas in case of levees presence and absence tend to equalize. 

The number of affected people increases proportionally along with the decrease of floods 

probability. There are not observed big differences in the number of affected people in 

conditions of presence and absence of defense structures, fact explained by settlements positions 

within the floodplain and absence of levees in their vicinity. The number of affected people 

increases up to 5,000 inhabitants, being virtually null in the case of medium floods propagation 

due to the fact that settlements are not inundated (fig. 4.61). Most of the people would not be 

seriously affected by pluvial floods, both in case of levee presence and absence (fig. 4.63, 4.64).  

Economic damages estimated for the 5 scenarios are within the limits of 5-95 mil. EUR in 

case of  levee presence and of 7-110 mil. Euro if these are absent (fig. 4.62). The most affected 

areas will be the industrial ones, the damage caused to them will exceed 75% of the total damage 

caused by floods (fig. 4.65, 4.66). In particular, industrial zones in the Chisinau municipality will 

be flooded. The proportion of damage caused to agricultural areas compared to industrial and 

urban areas will be practically insignificant. 

  

Fig. 4.55.  Flood hazard areas in case of levee 

presence, calculated probable peak discharges  

Fig. 4.56. Flood hazard areas in case of levee 

presence, probable peak discharges from the 

Ghidighici res. Operation Rules 

  

Fig. 4.57. Flood hazard areas in case of levee 

absence, calculated probable peak discharges 

Fig. 4.58. Flood hazard areas in case of levee 

absence, probable peak discharges from the 

Ghidighici res. Operation Rules 
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Fig. 4.59. Flood risk areas in case of levee 

absence  

Fig. 4.60. Flood risk areas changes in 

conditions of levee absence/absence, the Byc r. 

(sector from the Ghidighici res. - river mouth) 

  

Fig. 4.61. Affected population in case of pluvial 

floods of different probabilities of the Byc r.     

Fig. 4.62. Economic damage which can be 

caused by pluvial floods of different 

probabilities of the Byc r.     

  
Fig. 4.63. Share of people categories affected by 

pluvial floods of different probabilities of the 

Byc r., in case of levees presence     

Fig. 4.64. Share of people categories affected 

by pluvial floods of different probabilities of 

the Byc r., in case of levees absence     

  
Fig. 4.65. Share of potential damage 

distinguished by the land cover types in case of 

pluvial floods of different probabilities of the 

Byc r., in conditions of levees presence 

Fig. 4.66. Share of potential damage 

distinguished by the land cover types in case 

of pluvial floods of different probabilities of 

the Byc r., in conditions of levees absence 
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 Evaluation of climate change impact on flood risk  

Assessment of flood runoff modification under the impact of climate change was 

performed on the basis of analysis of national and international literature. It was found that the 

main hydrological characteristics analyzed and for which certain change scenarios were 

identified are: flood runoff, flood intensity, annual flood frequency, peak discharge of 1% 

probability, etc. For the present study, a special attention was paid to 1% peak discharge. Thus, 

in 2009, the authors Dankers R., Feyen L. [87] have estimated that the changes in the 1% peak 

discharge of the Dniester river according to A2 and B2 scenarios in the end of the century would 

be ± 5% and, respectively, -5- + 35%. (tab. 4.7). The value of the 1% discharge of the Byc r. 

would change in the limits of -15- + 18%. More recent estimations [182] showed that for A1B 

scenario, the peak discharge of 1% of the Dniester r. would increase by 10-20% and of the Byc r. 

- by ± 5%. Other researches [88] estimated that the flood runoff would decrease by 35% 

throughout the country in the end of the century. As it can be observed, the amplitudes are quite 

significant to be used. 

Table 4.7. The change of peak discharge of 1% probability under the impact of climate change, 

A2 and B2 scenarios for 2071-2100 in comparison to 1961-1990 [87] 

General climatic 

models /  

Scenarios 

HIRHAM RCAO 

HadAM3H ECHAM4/OPYC HadAM3H ECHAM4/OPYC 

Dniester Byc Dniester Byc Dniester Byc Dniester Byc 

A2 ±5 -15 ±5 +18 ±5 -5 -5 -10 

B2 +25 +25 ±5 +5 +35 +30 ±5 ±5 

The latest estimations based on the global hydrological modeling application and the RCP 

8.5 projection from the IPCC Vth Assessment Report [71] (fig. 4.67) are resumed to the fact that 

the 1% discharge of the Dniester r. for 2006-2035 period (hereinafter 2020) would increase by 

15%, for 2036-2065 (hereinafter 2050) would be by 17% higher, for the 2066-2095 period 

(hereinafter 2080) would rise by 22% compared to the reference period (hereinafter 1990). The 

1% discharge of the Byc r. would increase by 10% for the first period, by 15% for the second 

and by 32% for the third one compared to the current values (tab. 4.8).  

Table 4.8. The increase of pluvial floods discharges under the impact of climate change in 

comparison with reference period, % 

Authors/ 

River/ 

Period 

Alfieri L. et. al. 2015, RCP 8.5 [71] Rojas R. et. al., 2012  [182] 
Dankers R. et. al.. 

2014 [88] 

Dniester r. Byc r. General for 

Moldova, Q1% 

Dniester r., 

SRES A1B Q1% 

Byc r., SRES 

A1B, Q1% 

General for Moldova 

RCP 8.5, Q3% Qmed Q1% Qmed Q1% 

2020 8.0 15 9 10 +82 +10 +5 - 

2050 10.0 17 10 15 +77 +12 -5 - 

2080 12.0 22 25 32 +56 +20 -5 -35 
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Fig. 4.67. The change of peak discharge of 1% probability under the climate change impact [71] 

For assessment of climate change impact on spatial and temporal characteristics of pluvial 

floods, the estimations on 1% discharge increase (tab. 4.8) from the most recent publication [71] 

were used. These values were applied for flood wave hydrographs construction (fig. 4.69, 4.75), 

which as a result were used as input data to the hydraulic models calibrated and validated on the 

examples of the Dniester and the Byc rivers floods, the condition considered was levees absence. 

The Dniester river  

For estimation of climate change impact on the flood wave of the Dniester river, the 1% 

discharges from Hrushca st. were modified using the data from table 4.8, based on which there 

were constructed new hydrographs as the input data to hydraulic models and evaluated the 

changes in spatial and temporal hydrological characteristics of pluvial floods (fig. 4.68, 4.69). 

The increase of 1% discharge would leads to the change of its probability, thus, actual value of 

discharge of 0.5% and 0.3% would become the value of 1% in 2020 and 2080. Based on 

hydraulic modeling application, it was found that the peak discharges from the Dubasari res., 

and, respectively, from the lower part of the Dniester r., but also other hydrological 

characteristics would increase consecutively (fig. 4.68). The average water depth would increase 

by 0.5 m and the velocity - by approx. 0.2 m/s (fig. 4.70). The flood hazard and, respectively, 

total flood risk areas would enlarge by about 19-25 km
2
 compared to the current period. The 

areas of high risk would be by 6-10 km
2
 larger than at present, those of medium risk - by 40-55 

km
2
 and those of low risk will decrease by 28-40 km

2
 (fig. 4.71). Flood wave changes would 

generate modification in the number of affected people and economic damages (fig. 4.72-4.73). 

Thus, the number of the affected people will increase by about 1700-2400 inhabitants and of the 

very severely affected people - by 2500-3500 inhabitants (fig. 4.72). The share of affected people 

would remain in the limits of 50%, of the severely affected people - of 16%, of very severely 

affected people - of 32%. Potential losses would rise by 60 mil. Euro in the end of the century 
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(fig. 4.72). The share of damages caused by floods classified by the land use types would remain 

at current level. 

  

Fig. 4.68. Modification of 1% peak discharges 

under climate change impact, the Dniester r. 

Fig. 4.69. Modification of 1% flood wave 

hydrographs under climate change impact, the 

Dniester r. 

  
Fig. 4.70. Modification of water velocity and 

depth in case of 1% flood under climate 

change impact, the Dniester r. 

Fig. 4.71. Modification of flood risk areas in 

case of 1% flood wave under climate change 

impact, the Dniester r. 

  
Fig. 4.72. Modification of people categories 

affected by 1% pluvial floods under climate 

change impact, the Dniester r. 

Fig. 4.73. Modification of potential losses 

caused by 1% flood wave of the Dniester r. 

under climate change impact 

The Byc river 

Modifications of peak discharges of 1% probability under climate change impact would be 

more significant than those of large rivers. According to the data in table 4.8, the peak discharge 

of 1% of the Byc r. would increase by the end of the century from the current value of 134 m
3
/s 

to approx. 170 m
3
/s (by more than 30%), and would transfer from the probability of 1% to the 

one of 0.6% (fig. 4.74). Based on this information, 3 flood wave hydrographs (fig. 4.75) were 

built for the periods 2020, 2050, 2080 which served as input data in the hydraulic model for 

assessing the impact of climate change on the hydrological characteristics of the Byc r. floods. 

As a result, it was found that flood-prone areas would increase by 3 km
2
 (fig. 4.77), the average 

velocity of pluvial floods would remain practically unchanged, the average depth would rise by 
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approx. 15 cm (fig. 4.76). Towards the end of the century, flood risk areas would increase by 2 

times, those of medium risk would remain practically unchanged, and those of low risk would 

enlarge by 5 km
2
 compared to the actual data calculated for the case of levee absence. The 

number of affected people in case of changes in flood-prone areas caused by climate change 

would be 2 times higher, although the number of very severely affected people would slightly 

increase, the severely affected people would increase by 2.75 times and that of the affected 

people - by 1.8 times (fig. 4.78). Potential losses over the century would increase by 5-16 mil. 

Euro (fig. 4.79), the share of damages classified according to land use types would remain 

practically the same as the current one.  

  

Fig. 4.74. Modification of 1% peak discharges 

under climate change impact, the Byc r.  

Fig. 4.75. Modification of 1% flood wave 

hydrographs under climate change impact, the 

Byc r. 

  
Fig. 4.76. Modification of water velocity and 

depth in case of 1% flood under climate change 

impact, the Byc r. 

Fig. 4.77. Modification of flood risk areas in 

case of 1% flood wave under climate change 

impact, the Byc r. 

  
Fig. 4.78. Modification of people categories 

affected by 1% pluvial floods under climate 

change impact, the Byc r. 

Fig. 4.79. Modification of potential losses 

caused by 1% flood wave of the Byc r. under 

climate change impact  
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 4.3. Conclusions to chapter 4 

1. As a result of the implementation of J2000 hydrological model, it was identified that the 

change in the flood runoff characteristics (flood maximum, average discharges, volumes) of 

the 11 pilot rivers, determined by the dynamics of different land types area over the past 3 

decades, falls in the limits of ± 10%. Higher increases are highlighted for the Baltsata r. and 

the Isnovats r., being conditioned by the enlargements of the urban areas. If it is considered 

that the process of population emigration and abandonment of agricultural land and rural 

settlements would continue as well as the requirements of the legislative documents [33, 45, 

46] oriented to extension of the areas occupied by natural vegetation (forest, wetlands, 

riparian strips, etc.) would be applied, it can be assumed that in the future at the local level the 

maximum slope runoff would be reduced. On the other hand, the concentration of the 

population in the municipal regions and urbanized areas expansion would influence the 

increase of local runoff from the slopes. 

2. Based on application of J2000 hydrological model, an attempt to model the natural runoff of 

the Byc r. downstream of the Ghidighici res. and assessment of it impact on maximum runoff 

was performed. It was determined that the Ghidighici res. fulfills its flood protection 

functions, accumulating the pluvial floods volumes which are generated in its upstream part. 

The attenuation of the peak discharges is significant, decreasing even by 20 times as a result 

of the reservoir impact. 

3. The effect of pluvial flood control on the Dniester r. with the help of the Dubasari res. is 

significant in the case of propagation of high probability flood waves decreasing along with 

the exceeding probability and being virtually null in the case of rare floods. The assessment of 

the Ghidighici res. impact on the dynamics of the flood wave of the Byc r. showed that the 

flood control capacity is significant, increasing with the return period. It should be mentioned 

here that the occurrence of very low probability flood waves would cause reservoir dam 

breach. Changes in the reservoirs volumes due to siltation processes would not have a 

significant effect on the dynamics of the flood waves. 

4. Climate change would lead to an increase in the peak discharges generated on both the 

Dniester r. and the Byc r.. From the flood risk types it should be mentioned that high risk 

areas would increase by 2 times in the case of the Byc r., and in case of the Dniester r. the 

areas of low risk will decrease in favor of the medium ones. Climate change would lead the 

increase in number of people affected by floods, especially of the very severely affected, in 

case of both rivers. It is obvious that economic damage caused by rising floods will increase. 

The share of damage caused by floods classified by land use type would remain as in present.  



152 

 

GENERAL CONCLUSIONS  AND RECOMMENDATIONS  

 Conclusions:  

1. As a result of comparative analysis of flood runoff characteristics in stationary and non-

stationary conditions, the coefficient of anthropogenic impact on the flood runoff 

characteristics was developed. Its applications showed that, in conditions of anthropogenic 

activity, summer runoff depth can change with 19%, flood runoff depth - with 12%, and peak 

discharge of pluvial floods - with 4%. However, at the moment, flood runoff for the vast 

majority of rivers is characterized by quasi-stationary processes [39]. 

2. The reservoirs caused a slight increase of coefficient of attenuation of peak discharges 

generated on the Dniester r. from 0.30 to 0.40 (under natural conditions) to 0.50-0.60 (under 

the conditions of anthropogenic influence). The same coefficient, in the case of the Prut r., 

was reduced from 0.41 to 0.29. The analysis of the probable peak discharges of 0.1-10% 

calculated based on monitoring data in comparison with those from the reservoirs Operation 

Rules showed that the first ones are lower than the latter, fact that certifies the possibility to 

improve the flood control methods. [140, 242].  

3. Results of FFPI, FPI and the new FPPI index modeling showed that ~ 60% of the country's 

territory and of the studied rivers fall in the class of the average potential for flood wave 

generation, accumulation and propagation. The regions characterized by high and very high 

flooding potential (~30% of the territory of the republic) are located in the floodplain of large 

and medium sized rivers. Also, the high and very high flood wave propagation potential is 

specific for rivers in the central and southern part of the country (~40% of the 50 studied 

rivers). [130]. 

4. For the optimization of the genetic method, the relationship of values of the flood hydrograph 

shape coefficient and of land use types share within the river basins of the Baltsata water 

balance station was identified and a new equation for this coefficient calculation for the 

estimation of the peak discharge of the ungauged rivers was proposed. The evaluation of the 

coefficient of peak discharges control under reservoir impact from the same method, 

performed by estimation of the weighted share of reservoirs within the river basin, showed 

that their impact is minor (maximum 16%) [40]. 

5. Regional estimation of flood runoff generated in small basins, where a certain land cover type 

predominates, has demonstrated that the maximum runoff is 2 times lower in the case of 

prevalence of natural vegetation compared to the case of developed land. The anthropogenic 

impact expressed by land use change over the last 3 decades has caused minor changes in 

flood runoff at the bazinal level (-6.2-4.3mm), but at the local level the increase/decrease of 
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the maximum runoff depth is substantial (-67-57mm). [41, 131]. Also, it was estimated that in 

conditions of soils featuring a high moisture caused by antecedent precipitation or by the 

irrigation process, the flood runoff values may increase from 30 to 60%. In the case of the 

compaction of soil due to  agricultural tillage, an increase of flood runoff of about 17-38% 

(depending on soil moisture) was estimated [131].   

6. Assessment of the land cover types contribution to flood volumes generation resulted in the 

fact that settlements as well as forest and pasture influence the formation of 35% (12% each) 

of the total volume, the vast majority of flood runoff being generated on agricultural land, the 

share being of 65%. The effect of land cover differs from one basin to another depending on 

the share of different land cover types. [132]. 

7. For modeling of pluvial flood generation processes by application of J2000 hydrological 

model the land cover dynamics over the last 30 years was determined and represented in the 

model. Results of this dynamics impact on pluvial floods show, on the one hand, the decrease 

of the flood runoff characteristics for the rivers from the northern part of the country, and, on 

the other hand, the increase of those in the southern part by about 10%. Substantial increase 

(+35%) of the flood runoff is specific for the Isnovats r.. The decrease of the floods runoff 

characteristics is caused by the processes of naturalization of agricultural land, while the 

increase is determined by the expansion of the urbanized areas [138]. 

8. Simulation of the impacts of levees system on the dynamics of the flood wave of the Dniester 

and the Byc rivers using HEC-RAS model shows that the floods protection is effective in case 

of high and medium probability floods. The narrowing of the flood wave propagation area by 

levees causes higher peak discharges, water depth and velocity and lower flood wave duration 

and flood risk areas. The levee absence can cause flooding of area that, in the case of high and 

medium probability floods, can be even 3 times larger than in case of presence of defense 

structures. 

9. In the last decades, there is registered the occurrence of pluvial floods in non-specific months 

for these phenomena (spring/autumn), but also the shift of maximum number of pluvial floods 

from June to July for the rivers from the northern part of the country is registered. This fact is 

explained by the increase in the degree of instability of climatic processes favoring the 

generation of pluviometric excesses. Towards the end of the 21st century, due to the climate 

change, the probable peak discharges of flood runoff from the Dniester and Byc rivers will 

increase by 22-32% [71], thus determining flooding of larger areas that can cause potential 

damages of over 230 mil. Euros and affect a total number of 37000 inhabitants from the 

floodplains of these two pilot-rivers. 
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 Recommendations: 

1. For the study of the pluvial floods of the rivers of the Republic of Moldova, for the first time, 

new methods/models for calculation/simulation of the maximum runoff characteristics were 

used: FFPI, FPI, FPPI, volumetric, SCS-CN, JAMS/J2000, HEC-RAS, Indicators of 

Hydrological Alterations and Environmental Flow Components approaches as well as the 

methods already existed and applied at national level in the field of hydrotechnical design 

were improved. The listed models were successfully calibrated, validated and applied and are 

recommended for further utilization for hydrological research and for highlighting the impact 

of changes in the environment produced/planned by anthropogenic activity on the processes 

of generations and propagation of pluvial floods. 

2. As a result of performed studies, a large set of cartographic materials of flood runoff 

characteristics was developed. These maps are recommended for completing national 

normative documents and can be used to calculate the maximum runoff characteristics of 

ungauged rivers as well as to design different hydrotechnical structures but also to develop 

terrain planning and flood management plans at district, basin, national level. The obtained 

results are recommended to be utilized for development of river basin management plans and 

for the elaboration of programme of measures in order to improve the ecological 

status/potential of the water bodies.  

3. The dynamic models used in the research are recommended for application in the process of 

hydrological forecasts development and for estimation of flood hazard/risk areas, of damages 

and affected people as well as of temporal evolution of flood runoff characteristics. These can 

be used also for simulation of real/modeled floods propagation as well as for estimation of the 

impact of possible changes within the complex of structural and nonstructural flood control 

measures. The research results can also serve as an argument for extension of the hydrological 

and meteorological monitoring network based on the bazinal principles for a more effective 

hydrological forecasts, especially, of flash floods as well as for development of new dynamic 

models for small, medium and large transboundary rivers. In conditions of reservoirs 

operation, it is recommended to develop new river runoff control regulations based on 

estimation of Environmental Flow Components for the years of high, average and low 

moisture conditions [179, 180].   
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ANNEX A (reference to chapter I, II) 

 
Fig. A1. Factors and variables which contribute to generation and propagation of pluvial 

floods  

 

 

Table A1. Examples of drivers of changes in flood hazard and vulnerability [79, p. 437]  

 

Compart-

ment 
Processes Variables Drivers of changes 

Influence 

on: 

Atmosphere 

Precipitation, 

antecedent 

catchment 

conditions 

Total precipitation, 

intense precipitation, 

snow cover, snowmelt, 

seasonal distribution of 

climatic variables 

Natural climate variability on 

different timescales, 

anthropogenic climate changes 

Hazard 
Catchment 

Runoff generation 

and concentration 

Infiltration capacity, 

runoff coefficient, 

water storage capacity, 

rate of impervious area 

Urbanization, deforestation, 

agricultural management 

practices, construction of flood 

retention basins 

Rivers 

Flood routing, 

superposition of 

flood waves 

River morphology, 

conveyance, roughness, 

water level, discharge, 

inundated area 

River training, construction of 

dikes and weirs, operation of 

hydropower plants and dams 
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Inundation 

areas and 

indirectly 

affected 

areas 

Exposure, 

susceptibility 

Number of fatalities, 

number of evacuees, 

total material damage, 

insured losses, losses in 

cultural heritage, 

destroyed 

infrastructure, health 

damage, loss to animal 

husbandry, wildlife 

damage, indirect 

damage 

Population growth, 

urbanization, land use planning, 

asset values changes (e.g. 

inflation, lifestyle changes), 

building codes, flood-proofing, 

flood forecasting and early 

warning, emergency 

measures(e.g. dike 

strengthening), risk perception, 

changes in social vulnerability 

(e. g. aging of population at 

risk), dependence on flow of 

services and information 

Vulnerabi-

lity 

 

Table A2. Classification of land cover types depending on degree of anthropogenic impact [228, 

p. 54] 

Land cover types Degree of anthropogenic impact 

 natural land: forest, shrubs  Very low 

 lands covered by water: 

 natural water accumulations and wetlands 

 artificial water accumulations (ponds, reservoirs) 

 

Very low 

Very strong 

 agricultural land classified in: 

 lands covered by pasture 

 lands covered by perennial plantations: vineyards and 

orchards  

 arable land 

 

Low 

 

Moderate 

High 

 developed lands, in conditions of urbanization process:  

 rural settlements (villages, communes, low and medium 

density of residential zones) 

 urban settlements (towns, municipalities, high density of 

residential zones, industrial, commercial zones) 

Strong 

 

Strong 

 

  

Fig. A2. Interface of JAMS Launcher and JAMS Builder 
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Fig. A3. Moldova RBIS interface 
Fig. A4. Data representation within Moldova 

RBIS 

 

 

 

 

 

 
Fig. A5. Interface of HEC-RAS model and Unsteady flow module  

 
Fig. A6. Field study points within the Byc river floodplain   
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ANNEX B (reference to chapter III) 

Table B1. Average values of hydrological characteristics of pluvial floods 

Nr. 
River, hydrological 

station 

River 

basin till 

the 

station, 

km
2
 

Period, 

years 

Number 

of years 

Average 

peak 

discharge, 

m
3
/s 

Flood 

depth, 

mm 

Average 

flood 

volume, 

mln. m
3
 

Average 

rising 

limb 

time, 

days 

Total 

flood 

duration, 

days  

1. Prut r. - Shirautsi st. 9230 1990-2010 21 1119 39 420 4.0 13,5 

2. Prut r. - Ungheni st. 15200 1956-1980 25 453 22,5 342 5.8 18,4 

3. Prut r. - Ungheni st. 15200 1981-2010 30 362 27 411 7.5 19,0 

4. Dniester r.  - Hrushca st. 48700 1968-2010 43 1470 22,6 1104 5.7 16,6 

The Prut r. tributaries 

5. Vilia r. - Balasineshti st. 261 1953-2010 58 17,4 8,04 2,1 2.83 10,0 

6. Draghishte r. - Trinca st. 225 1957-2010 54 3,96 6,06 1,37 3.34 11,4 

7. Ciuhur r. - Byrladeni st. 144 1974-2010 37 2,58 3,98 0,57 2.64 9,0 

8. Delia r. - Pyrlitsa st. 125 1961-2010 46 7,77 9,57 1,2 3.30 11,3 

The Dniester r. tributaries 

9. Cainari r. - Sevirova st. 814 1954-2010 57 16,3 4,41 3,6 2.43 9,0 

10. Cubolta r. - Cubolta st. 869 1966-2010 45 13,3 4,46 3,9 3.68 10,4 

11. Raut r. - Baltsi st. 1080 1972-2010 39 10,0 5,06 5,47 4.87 14,0 

12. Raut r. - Jeloboc st. 7100 1957-2010 54 55,7 4,77 34,0 4,33 15,7 

13. Baltsata r. - Baltsata st. 62.4 
1954-1977, 

1983-2010 
47 8,42 2,13 0,13 1.55 5,2 

14. 
Ciulucul Mic r. - 

Teleneshti st. 
566 1978-2010 33 8,41 6,27 3,52 4.13 15,5 

15. Ichel r. - Goieni st. 652 
1986-1993, 

2000-2010 
19 6,39 2,49 1,50 3.21 9,52 

16. Pojarna r. - Sipoteni st. 119 1959-1986 28 6,48 9,71 1,21 2.46 8,68 

17. Ishnovats  r. - Syngera st. 343 1952-1986 35 10,4 1,85 0,62 2.77 8,5 

18. Byc r. - Calarashi st. 296 1950-1969 20 5,49 4,28 1,32 5.05 14,4 

19. Byc r. - Chisinau st. 
1040 1945-1961 18 21,9 5,68 5,77 3.78 12,1 

882 1968-2010 43 10 5,73 5,05 4.46 12,3 

20. Botna r. - Causheni st. 1210 1949-2010 59 15,0 2,03 2,46 3.03 11,0 

21. Camenca r. - Camenca st. 387 
1936-1941, 

1945-2010 
71 6,46 1,76 0,68 2.03 5,4 

22. Beloce r. - Beloce st. 225 1961-2010 50 7,94 2,48 0,56 2.28 5,6 

23. 
Molochish r. - 

Molochishul Mare st. 
184 1966-2010 43 5,34 1,17 0,21 1.58 3,9 

24. 
Rybnitsa r. - Andreevca 

st. 
152 1951-2010 59 2,87 1,53 0,25 2.0 6,3 

25. Iagorlyc r. - Doibani st. 1220 1949-2010 61 3,91 1,28 1,56 3.92 11,5 

River from the Danube - Black sea basin 

26. 
Cogylnic r. - Hynceshti 

st. 
179 1959-2010 52 5,06 5,6 0,98 3.56 9,9 

27. Ialpug r. - Comrat st. 241 1962-1989 25 7,78 2,71 0,66 2.56 7,9 

28. Lunga r. - Cheadyr- 370 1976-2010 35 1,98 0,82 0,3 2.97 8,7 
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Lunga st. 

29. 
Salcia Mare r. - Musait 

st. 
414 1977-2008 25 4,8 1,55 0,64 2.04 7,8 

30. Taraclia r. - Taraclia st. 103 1961-2010 50 12,6 14,4 1,48 3.02 8,4 

 

Table B2. Characteristics of the most significant registered pluvial floods events  

Empi-

rical 

P., % 

Peak 

discharge, 

m
3
/s 

Flood 

depth, 

mm 

Flood 

volume, 

mln. m
3
 

Period, days 

Empi-

rical 

P., % 

Peak 

discharge, 

m
3
/s 

Flood 

depth, 

mm 

Flood 

volume, 

mln. m
3
 

Period, days 

the Prut r. - Shirautsi st., river basin till the station 9230 km
2
, 1990-2010 

5 4090 141.2 1303 23.07-13.08.2008 18 1820 68.1 629 17.08-30.08.2005 

9 2220 86.4 797 21.06-7.07.2010 23 1260 30 281 8.09-21.09.1996 

14 1980 65 597 17.05-10.06.1998 27 1160 44 406 27.05-8.06.1991 

the Prut r. - Ungheni st., river basin till the station 15200 km
2
, 1956-1980 

4 798 50.0 761.0 3.06-26.06. 1975 12 631 26.0 393.0 14.06-3.07.1959 

8 674 34.0 509.0 12.07-25.07.1969 15 622 44.0 669.0 12.05-28.05.1970 

Prut r. - Ungheni st., river basin till the station 15200 km
2
, 1981-2010 

3 738 115 1743 25.06-30.07.2010 13 652 48 652 27.05-28.06.1988 

6 691 79 1203 26.07-25.08.2008 16 610 44 610 18.05-15.06.1998 

10 687 33 503 5.08-17.08.1991 19 583 38 583 19.08-9.09.2005 

the Dniester r. - Hrushca st.,  river basin till the station 48700 km
2
, 1968-2010 

2 4500 58.0 2810.0 06.06-2.07.1969 11 2250 25.0 1240 13.05-28.05.1970 

5 3480 74.3 3618.3 20.07-20.08.2008 14 2230 25.0 1220 20.06-29.06.1998 

7 3420 56.0 2740.0 25.07-16.08.1980 16 1920 40.0 1950 18.09-9.10.1968 

9 2800 28.0 1370.0 22.07-6.08.1974 18 1820 28.0 1360 4.06-21.06.1975 

the Vilia r. - Balasineshti st., river basin till the station 261 km
2
, 1953-2010 

2 349 74.0 19.3 11.07-19.07.1969 10 27.7 38.7 10.1 27.06-21.07.2010 

3 84.9 49.0 12.9 1.06-11.06.1988 12 24.3 11.0 2.9 18.08-31.08.1972 

5 54.2 4.7 1.2 21.06-26.06.1956 14 23.6 14.3 3.7 24.08-31.08.2005 

7 51.5 10.0 2.6 9.06-18.06.1965 15 22.4 6.6 1.7 29.06-4.07.1958 

8 28.9 24.0 6.2 27.06-14.07.1971 17 21.4 0.4 0.1 9.06-14.06.1961 

the Draghishte r. - Trinca st., river basin till the station 225 km
2
, a.1957-2010 

2 40.0 38.0 8.7 11.07-25.07.1969 9 7.42 16.6 3.7 24.07-9.08.2008 

4 17.8 21.0 4.8 16.07-6.08.1970 11 6.44 3.5 0.8 18.08-22.08.2005 

5 12.5 17.6 4.0 28.06-7.07.2010 13 5.85 15.0 3.4 19.08-9.09.1972 

7 8.94 9.0 2.1 17.06-30.06.1962 15 5.68 0.7 0.2 24.06-30.06.1958 

the Ciuhur r. - Byrladeni st., river basin till the station 144 km
2
, a.1974-2010 

3 14.5 15.0 2.1 17.06-26.06.1985 11 7.51 9.2 1.3 9.07-19.07.2010 

5 13.1 4.6 0.7 19.08-26.08.1979 13 5.67 5.2 0.7 6.06.-12.06.1975 

8 8.75 13.0 1.9 30.06-15.07.1991 16 4.08 7.7 1.1 11.08-22.08.2002 

the Delia r. - Pyrlitsa st., river basin till the station 125 km
2
, a.1961-2010 

2 47.1 17.0 2.1 2.07-16.07.1987 11 21.9 21.0 2.6 21.09-8.10.1996 

4 26.2 23.0 2.8 11.07-20.07.1969 13 19.1 20.0 2.5 4.06-15.06.1975 

6 23.8 12.0 1.5 19.08-31.08.1972 15 15.7 54.0 6.7 1.05-13.05.2005 

9 23.6 23.0 2.8 26.09-12.10.1998 17 14.9 9.6 1.2 10.05-23.05.1965 

the Cainari r. - Sevirovo st., river basin till the station 814 km
2
, a.1954-2010 

2 166 38.0 30.7 2.07-22.07.1991 9 39.1 5.3 4.3 27.06-9.07.1955 
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3 84.8 24.0 19.5 2.07-12.07.1971 10 38.0 11.0 9.2 31.05-15.06.1970 

5 55.7 16.7 13.6 25.07-8.08.2008 12 36.2 7.2 5.9 2.06-8.06.1975 

7 43 23.0 18.9 17.06-3.07.1985 14 33.8 19.0 15.2 6.05-31.05.1981 

the Cubolta r. - Cubolta st., river basin till the station 869 km
2
, a.1966-2010 

2 59.6 20.0 17.3 17.06-3.07.1985 9 23.5 8.0 7.7 3.06-15.06. 1970 

4 43.4 19.0 16.7 1.07-13.07.1971 11 23.2 3.4 3.0 27.07-3.08. 1991 

7 37.5 4.9 4.3 7.05-16.05.1987 13 23.0 2.8 2.4 25.05-30.05.1982 

the Raut r. - Baltsi st., river basin till the station 1080 km
2
, a.1972-2010 

3 59.4 28.0 29.9 17.06-5.07.1985 10 21.3 12.0 13.3 1.07-22.07.1991 

5 27.0 5.5 5.9 2.06-8.06.1975 13 18.0 8.7 9.4 3.04-18.04.1979 

8 26.7 20.0 21.6 18.08-13.09.2005 15 15.3 7.4 8.0 30.10-12.11.1974 

the Raut r. - Jeloboc st., river basin till the station 7100 km
2
, a.1957-2010 

2 449 32.0 229.0 3.07-22.07.1991 9 123 11.0 81.0 11.07-8.08. 1969 

4 265 17.0 119.0 1.07-16.07.1971 11 119 7.0 49.8 25.06-11.07.1980 

5 179 21.0 153.0 17.06-5.07.1985 13 110 8.7 61.5 30.06-14.07.1982 

7 135 10.0 72.7 5.09-23.09.1989 15 109 2.7 19.0 25.08-7.09. 1994 

the Baltsata r. - Baltsata st., river basin till the station 62.4 km
2
, a. 1954-1977, 1983-2010 

2 145 10.0 0.7 23.07-4.08.1964 8 18 1.8 0.1 26.04-5.05.1965 

4 99.1 13.0 0.8 31.08-5.09.1968 10 14.8 8.6 0.5 20.06-25.06.1956 

6 19.7 1.9 0.1 19.06-28.06.1963 13 12.4 5.2 0.3 6.06-14.06. 1975 

the Ciulucul Mic r. - Teleneshti st., river basin till the station 566 km
2
, a.1978-2010 

3 35 3.9 2.2 27.07- 31.07.1980 12 15 12.4 7.0 15.08-28.08.2005 

6 33.6 6.6 3.7 24.08- 29.08.1994 15 14.9 5.7 3.2 8.04- 19.04. 1979 

9 27.2 19.0 10.5 18.06- 4.07. 1985 18 14.8 15.0 8.4 2.06- 28.06. 1988 

the Ichel r. - Goieni st., river basin till the station 652 km
2
, a. 1986-1993, 2000-2010 

5 28 5.8 3.8 18.08- 4.09. 2005 15 13.4 6.1 4.0 25.05- 8.06. 1991 

10 20.9 14.0 9.0 4.09- 23.09.1989 20 11 0.3 0.2 20.07-24.07.2004 

the Pojarna r. - Sipoteni st., river basin till the station 119 km
2
, a. 1959-1986 

3 39.00 85.0 10.5 4.07-4.08.1969 10 18.70 22.0 2.7 22.08-3.09.1970 

7 26.40 30.2 3.6 17.06-30.06.1985 14 16.40 12.0 2.1 4.06-15.06.1975 

the Ishnovats  r. - Syngera st., river basin till the station 343 km
2
, a. 1952-1986 

3 59.60 3.1 0.3 11.06-19.06.1961 11 21.70 1.9 0.7 25.08-30.08.1952 

6 27.30 2.6 0.9 11.06-22.06.1958 14 20.30 0.6 0.2 23.05-31.05.1968 

8 25.10 1.2 0.4 14.08-19.08.1967 17 18.60 2.5 0.9 30.06-4.07.1955 

the Byc r. - Calarashi st., river basin till the station 296 km
2
, a. 1950-1969 

5 20.40 7.3 2.2 25.05-6.06.1960 14 15.40 7.6 2.1 27.07-5.08.1955 

10 16.00 7.5 2.3 4.04-10.04.1950 19 8.68 14.0 4.3 9.07-30.07.1969 

the Byc r. - Chisinau st., river basin till the station 1040 km
2
, a. 1945-1961 

5 222 44.0 45.8 6.07- 16.07.1948 16 21.8 13.9 12.9 28.07-17.08.1955 

11 35.4 10.2 9.8 20.07- 2.08.1949 21 20 1.1 1.1 26.06- 6.07. 1952 

the Byc r. - Chisinau st., river basin till the station 882 km
2
, a.1968-2010 

2 47.2 29.4 26.0 16.06-3.07.1985 11 20.4 15.4 13.5 7.05-23.05.1981 

5 45.7 23.4 20.7 5.09-22.09.1989 14 19.3 14.7 12.9 1.06-25.06.1975 

7 42.9 20.4 18.0 12.07-25.07.1969 16 18.9 15.0 13.3 6.06-26.06.1980 

9 21 2.0 1.7 16.06-27.06.1987 18 17.3 11.3 10.0 26.05-9.06.1991 

the Botna r. - Causheni st., river basin till the station 1210 km
2
, a.1949-2010 

2 104 10.0 12.5 9.07-18.07.1955 8 46.6 8.0 9.7 1.06-17.06.1970 
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3 94.3 5.2 6.2 27.06-7.07.1972 10 31 1.0 1.2 6.06-11.06.1975 

5 52.8 8.8 10.9 24.06-5.07.1952 12 25.8 1.3 1.6 23.05-31.05.1967 

7 47 1.3 1.6 18.07-25.07.2002 13 25.7 3.2 3.9 25.08-5.09.1994 

the Camenca r. - Camenca st., river basin till the station 387 km
2
, a. 1936-1941, 1945-2010 

1 51.9 4.7 1.8 27.06-1.07.1939 8 14.8 2.4 0.9 27.07-31.07.1980 

3 32.5 5.3 2.1 6.04-13.04.1963 10 14.2 2.0 0.8 9.06-13.06. 1979 

4 21.9 2.5 1.0 4.07-6.07.1970 11 10.7 1.9 0.7 15.07-21.07.1972 

6 17.4 2.8 1.1 22.05-27.05.1973 13 10.0 1.9 0.8 19.07-24.07.1949 

7 15.6 1.6 0.6 15.06-19.06.1965 14 9.62 1.2 0.5 19.07-22.07.1978 

the Beloci r. - Beloci st., river basin till the station 225 km
2
, a.1961-2010 

2 31.9 6.2 1.4 16.07-21.07.1972 10 21.7 2.8 0.6 30.08-2.09. 1968 

4 30.4 19.0 4.3 3.04-17.04.1963 12 16.7 2.2 0.5 4.07-7.07. 1970 

6 22.8 2.8 0.6 10.07-14.07.1962 14 15.8 1.7 0.4 8.08-12.08. 1980 

8 22.2 1.5 0.3 19.06-22.06.1964 16 15.6 0.8 0.2 11.08-14.08.1967 

the Molochish r. - Molochishul Mare st., river basin till the station 184 km
2
, a.1966-2010 

2 28.5 4.6 0.8 17.07-20.07.1972 9 19.7 2.0 0.4 26.04-30.04.1976 

5 26.9 1.4 0.3 6.06-8.06.1970 11 16.8 1.6 0.3 2.06-5.06. 1975 

7 24.3 7.5 1.4 11.06-18.06.1974 14 11.7 1.5 0.3 10.06-13.06.1973 

the Rybnitsa r. - Andreevca st., river basin till the station 152 km
2
, a.1951-2010 

2 27.2 0.5 0.1 19.06-22.06.1964 8 9.16 1.2 0.2 24.06-27.06.1958 

3 18.1 2.0 0.3 27.04-30.04.1966 10 8.40 4.4 0.7 1.07-11.07. 1971 

5 14.6 17.0 2.6 1.06-10.06.1970 12 8.02 2.1 0.3 3.05-10.05. 1955 

7 9.64 1.2 0.2 19.06-23.06.1957 13 6.35 2.3 0.3 1.07-6.07. 1973 

the Iagorlyc r. - Doibani st., river basin till the station 1220 km
2
, a.1949-2010 

2 26.9 2.2 2.7 20.06-30.06.1964 8 10.2 1.6 1.9 25.05-29.05.1975 

3 21.4 2.2 2.6 2.0.6-11.06.1954 10 9.92 5.3 6.5 21.05-6.06. 1988 

5 18.8 1.5 1.8 3.0.8-20.08.1950 11 9.18 1.3 1.6 18.05-29.05.1963 

6 10.9 2.2 2.7 1.08-24.08.1955 13 8.09 2.6 3.1 16.10-31.10.1998 

the Cogylnic r. - Hynceshti st., river basin till the station 179 km
2
, a.1959-2010 

2 21.7 11.0 2.0 26.05-9.06. 1960 9 11.0 1.6 0.3 27.06-30.06.1977 

4 20.2 14.0 2.5 19.07-30.07.1997 11 10.9 7.0 0.9 19.06-25.06.1968 

6 19.7 11.0 1.9 6.06-9.06.1975 13 10.5 9.9 1.8 1.10-20.10.1998 

8 11.6 35.0 6.3 11.06-28.06.1985 15 9.68 13.0 2.3 2.04-17.04.1979 

the Ialpug r. - Comrat st., river basin till the station 241 km
2
, a. 1962-1989 

4 44 12.5 3.0 8.06-20.04.1984 12 16.1 1.7 0.4 24.06-27.06.1966 

8 16.4 9.1 2.2 10.06-19.06.1963 15 12.7 2.9 0.7 11.07-18.07.1969 

the Lunga r. - Cheadyr-Lunga st., river basin till the station 370 km
2
, a. 1976-2010 

3 33.2 2.5 0.9 1.07-6.07.1987 11 3.07 1.3 0.5 30.06-10.07.1986 

6 5.47 4.1 1.5 7.04-26.04.1979 14 2.39 3.0 1.1 5.04-16.04.1980 

8 3.40 1.6 0.6 13.06-18.06.1977 17 2.34 3.1 1.1 7.06-20.06.1984 

the Salcia Mare r. - Musait st., river basin till the station 414 km
2
, a. 1977-2008 

4 27.7 9.6 4.0 13.05-17.05.1985 15 9.15 1.1 0.4 11.06-16.06.1988 

8 25.2 1.8 0.7 18.06-26.06.2006 19 7.60 4.1 1.7 1.07-8.07.1991 

12 15.2 3.4 1.4 2.07-8.07.1987 23 6.78 0.9 0.4 20.06-26.06.1979 

the Taraclia r. – Taraclia st., river basin till the station 103 km
2
, a.1961-2010 

2 184 27.0 2.8 19.08-30.08.1968 10 43.7 17.0 1.7 25.06-4.07.1989 

4 60 179.0 18.4 3.07-12.07.1991 12 17.8 4.6 0.5 28.09-6.10.1962 

6 54.4 26.0 2.7 9.08-14.08.1993 14 17.8 108 11.1 12.06-27.06.1983 
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8 52.2 62.0 6.4 8.08-12.08.1990 16 12.7 16.0 1.7 30.06-5.07.1987 

   
Fig. B1. Annual peak discharge 

and flood runoff depth, Dniester r. 

- Hrushca st. 

Fig. B2 Annual peak discharge 

and flood runoff depth, Prut r. - 

Shirautsi st. 

Fig. B3. Annual peak discharge 

and flood runoff depth, Vilia r. - 

Balasineshti st. 

   
Fig. B4. Annual peak discharge 

and flood runoff depth, 

Draghishte r. - Trinca st. 

Fig. B5. Annual peak discharge 

and flood runoff depth, Ciuhur r. - 

Byrladeni st. 

Fig. B6. Annual peak discharge 

and flood runoff depth, Delia r. - 

Pyrlitsa st. 

   
Fig. B7. Annual peak discharge 

and flood runoff depth, Cainari r. 

- Sevirova st. 

Fig. B8. Annual peak discharge 

and flood runoff depth, Cubolta r. 

- Cubolta st. 

Fig. B9. Annual peak discharge 

and flood runoff depth, Raut r. - 

Baltsi st. 

   
Fig. B10. Annual peak discharge 

and flood runoff depth, Raut r. - 

Jeloboc st. 

Fig. B11. Annual peak discharge 

and flood runoff depth, Baltsata r. 

- Baltsata st. 

Fig. B12. Annual peak discharge 

and flood runoff depth, Ciulucul 

Mic r. - Teleneshti st. 
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Fig. B13. Annual peak discharge 

and flood runoff depth, Ichel r. - 

Goieni st. 

Fig. B14. Annual peak discharge 

and flood runoff depth, Pojarna r. 

- Sipoteni st. 

Fig. B15. Annual peak discharge 

and flood runoff depth, r. 

Ishnovats  - Syngera st. 

   
Fig. B16. Annual peak discharge 

and flood runoff depth, Byc r. - 

Chisinau st. 

Fig. B17. Annual peak discharge 

and flood runoff depth, Botna r. - 

Causheni st. 

Fig. B18. Annual peak discharge 

and flood runoff depth, Camenca 

r. - Camenca st. 

   

Fig. B19. Annual peak discharge 

and flood runoff depth, Beloce r. - 

Beloce st. 

Fig. B20. Annual peak discharge 

and flood runoff depth, Molochish 

r. - Molochishul Mare st. 

Fig. B21. Annual peak discharge 

and flood runoff depth, Rybnitsa 

r. - Andreevca st. 

   
Fig. B22. Annual peak discharge 

and flood runoff depth, Iagorlyc r. 

- Doibani st. 

Fig. B23. Annual peak discharge 

and flood runoff depth, Cogylnic 

r. - Hynceshti st. 

Fig. B24. Annual peak discharge 

and flood runoff depth, Lunga r. - 

Cheadyr-Lunga st. 
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Fig. B26. Annual peak discharge and flood runoff 

depth, Taraclia r. - Taraclia st. 

Fig. B25. Annual peak discharge and flood 

runoff depth, Salcia Mare r. - Musait st. 

Table B3. Regression equations between peak discharge and flood runoff depth time series 

Nr. River, station 
River 

basin, km
2
 

Period, 

 years 

Number 

of years 

Regression 

equations 

between Q 

and Y  

Coefficient of 

determination 

R
2
 

1. Baltsata r. - Baltsata st. 62.4 
1954-1977, 

1983-2010 
51 Q = 5.607Y R² = 0.51 

2. Beloce r. - Beloce st. 225 1961-2010 50 Q = 2.306Y R² = 0.17 

3. Byc r. - Calarashi st. 296 1950-1969 20 Q = 1.094Y R² = 0.25 

4. Byc r. - Chisinau st. 
1040 1945-1961 17 Q = 4.337Y R² = 0.95 

882 1968-2010 43 Q = 1.649Y R² = 0.85 

5. Botna r. - Causheni st. 1210 1949-2010 62 Q = 6.469Y R² = 0.45 

6. Cainari r. - Sevirova st. 814 1954-2010 57 Q = 3.398Y R² = 0.78 

7. Camenca r. - Camenca st. 387 
1936-1941, 

1945-2010 
71 Q = 3.927Y R² = 0.34 

8. Ciuhur r. - Byrladeni st. 144 1974-2010 37 Q = 0.681Y R² = 0.54 

9. Ciulucul Mic r. - Teleneshti st. 566 1978-2010 33 Q = 1.017Y R² = 0.04 

10. Cogylnic r. - Hynceshti st. 179 1959-2010 52 Q = 0.588Y R² = 0.04 

11. Cubolta r. - Cubolta st. 869 1966-2010 45 Q = 2.324Y R² = 0.34 

12. Delia r. - Pyrlitsa st. 125 1961-2010 50 Q = 0.652Y R² = 0.28 

13. Draghishte r. - Trinca st. 225 1957-2010 54 Q = 0.658Y R² = 0.66 

14. Iagorlyc r. - Doibani st. 1220 1949-2010 62 Q = 2.840Y R² = 0.19 

15. Ialpug r. - Comrat st. 241 1962-1989 28 Q = 2.833Y R² = 0.72 

16. Ichel r. - Goieni st. 652 
1986-1993, 

2000-2010 
18 Q = 2.001Y R² = 0.50 

17. Lunga r. - Cheadyr-Lunga st. 370 1976-2010 35 Q = 2.417Y R² = 0.21 

18. 
Molochish r. - Molochishul 

Mare st. 
184 1966-2010 45 Q = 4.219Y R² = 0.50 

19. Pojarna r. - Sipoteni st. 119 1959-1986 28 Q = 0.553Y R² = 0.85 

20. Raut r. - Baltsi st. 1080 1972-2010 39 Q = 1.800Y R² = 0.75 

21. Raut r. - Jeloboc st. 7100 1957-2010 54 Q = 11.55Y R² = 0.85 

22. Rybnitsa r. - Andreevca st. 152 1951-2010 60 Q = 1.135Y R² = 0.05 

23. Salcia Mare r.  - Musait st. 414 1977-2008 32 Q = 2.928Y R² = 0.56 

24. Taraclia r. - Taraclia st. 103 1961-2010 50 Q = 0.456Y R² = 0.09 

25. Vilia r. - Balasineshti st. 261 1953-2010 58 Q = 2.777Y R² = 0.65 
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Table B4. Statistical parameters of peak discharges  

Nr. River, station 

River 

basin 

area, km
2
 

Period, years 

Average peak 

discharge, Q , 

m
3
/s 

Coefficient 

of variation, 

Cv 

Coefficient of 

skewness, CS 

Coefficient of 

autocorrelation, 

)(r  

Error, 

ε, % 

Error, 

ε,  

m
3
/s 

Error with  

indication of 

r(η), m
3
/s 

Fisher 

homogenity 

criteria  

1. Baltsata r. -  Baltsata st. 62.4 
1954-1977, 

1983-2010 
8.4 2.96 4.73 0.089 43 3.59 3.94 + 

2. Beloce r. -  Beloce st. 225 1961-2010 7.8 1.00 2.50 0.352 14 1.08 1.56 + 

3. Byc r. -  Calarashi st. 296 1950-1969 5.5 1.09 2.83 -0.071 23 1.28 1.38 + 

4. Byc r. -  Chisinau st. 882 1968-2010 10.0 1.26 3.28 0.012 17 1.73 1.75 + 

5. Botna r. -  Causheni st. 1210 1949-2010 14.1 1.60 6.40 -0.045 19 2.61 2.75 + 

6. Cainari r. -  Sevirova st. 814 1954-2010 16.3 1.53 5.20 -0.032 21 3.37 3.49 + 

7. Camenca r.- Camenca st. 387 
1936-1941, 

1945-2010 
6.4 1.15 6.90 0.001 14 0.89 0.89 + 

8. Ciuhur r. -  Byrladeni st. 144 1974-2010 2.6 1.40 5.60 -0.077 21 0.55 0.60 + 

9. 
Ciulucul Mic r. -  

Teleneshti st. 
566 1978-2010 8.4 1.10 2.20 0.114 19 1.57 1.77 + 

10. 
Cogylnic r.- Hynceshti 

st. 
179 1959-2010 5.1 1.05 3.15 0.014 13 0.68 0.69 + 

11. Cubolta r. -  Cubolta st. 869 1966-2010 13.3 0.85 3.40 0.032 12 1.65 1.71 + 

12. Delia r. -  Pyrlitsa st. 125 1961-2010 7.5 1.15 2.30 -0.089 18 1.36 1.49 + 

13. Draghishte r. - Trinca st. 225 1957-2010 3.9 1.39 4.87 0.265 20 0.80 1.05 + 

14. Iagorlyc r. -  Doibani st. 1220 1949-2010 3.9 1.30 7.80 0.152 16 0.63 0.74 + 

15. Ialpug r. -  Comrat st. 241 1962-1989 7.8 1.20 3.00 -0.095 23 1.81 1.99 + 

16. Ichel r. -  Goieni st. 652 
1986-1993, 

2000-2010 
6.4 1.20 3.00 -0.071 27 1.70 1.82 + 

17. Ishnovats  r.- Syngera st. 343 1952-1986 10.4 1.10 2.75 -0.003 19 1.92 1.93 + 

18. 
Lunga r. -  Cheadyr-

Lunga st. 
370 1976-2010 1.9 2.96 5.5 0.062 50 0.94 1.00 + 

19. 
Molochish r. -  

Molochishul Mare st. 
184 1966-2010 5.3 1.75 5.25 0.319 22 1.15 1.60 + 
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20. Pojarna r. -  Sipoteni st. 119 1959-1986 6.5 1.60 5.60 0.122 27 1.72 1.95 + 

21. Raut r. -  Baltsi st. 1080 1972-2010 10.2 0.95 3.33 -0.071 16 1.63 1.76 + 

22. Raut r. -  Jeloboc st. 7100 1957-2010 55.9 1.40 3.64 0.020 18 9.96 10.16 + 

23. 
Rybnitsa r.-Andreevca 

st. 
152 1951-2010 2.9 1.65 4.13 0.022 22 0.63 0.64 + 

24. 
Salcia Mare r. - Musait 

st. 
414 1977-2008 4.8 1.75 7.00 -0.161 31 1.48 1.74 + 

25. Taraclia r. -  Taraclia st. 103 1961-2010 12.6 2.00 6.80 0.005 31 4.00 4.02 + 

26. Vilia r. - Balasineshti st. 261 1953-2010 17.4 1.96 6.66 0.032 35 6.13 6.40 + 

 

Table B5. Statistical parameters of flood runoff depth 

Nr. River, station 

River 

basin 

area, km
2
 

Period, 

years 

Average flood 

runoff depth, Y , 

mm 

Coefficient 

of variation, 

Cv 

Coefficient 

of skewness, 

CS 

Coefficient of 

autocorrelation, 

)(r  

Error, 

ε, % 

Error, 

ε, mm 

Error with  

indication of 

r(η),  mm 

Fisher 

homogeneity 

criteria 

1. Baltsata r.- Baltsata st. 62.4 
1954-1977, 

1983-2010 
2.14 1.5 6 -0.09 19 0.41 0.45 + 

2. Beloce r.- Beloce st. 225 1961-2010 2.48 1 6 0.04 15 0.38 0.40 + 

3. Byc r.- Calarashi st. 296 1950-1969 4.28 0.9 1.8 -0.14 20 0.84 0.97 + 

4. Byc r.- Chisinau st. 882 1968-2010 5.73 1.35 4.05 0.09 18 1.02 1.11 + 

5. Botna r. - Causheni st. 1210 1949-2010 2.03 1.2 4.2 -0.19 14 0.29 0.35 + 

6. Cainari r. - Sevirova st. 814 1954-2010 4.41 1.69 4.56 -0.05 21 0.92 0.97 + 

7. Camenca r. - Camenca st. 387 
1936-1941, 

1945-2010 
1.76 0.55 1.65 -0.13 6 0.11 0.12 + 

8. Ciuhur r. - Byrladeni st. 144 1974-2010 3.98 0.5 1.25 -0.31 15 0.58 0.81 + 

9. 
Ciulucul Mic r.-  

Teleneshti st. 
566 1978-2010 6.27 1 2 -0.15 16 1.00 1.17 + 

10. Cogylnic r.- Hynceshti st. 179 1959-2010 5.65 1.25 5 0.02 17 0.94 0.95 + 

11. Cubolta r.- Cubolta st. 869 1966-2010 4.46 1.05 3.15 -0.08 15 0.68 0.74 + 

12. Delia r.-  Pyrlitsa st. 125 1961-2010 9.58 1 2 -0.03 15 1.45 1.49 + 

13. Draghishte r.- Trinca st. 225 1957-2010 6.07 1.25 3.75 0.27 16 0.98 1.29 + 
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14. Iagorlyc r.- Doibani st. 1220 1949-2010 1.28 0.7 1.75 0.18 9 0.12 0.14 + 

15. Ialpug r.- Comrat st. 241 1962-1989 2.71 1.05 4.2 -0.05 20 0.55 0.58 + 

16. Ichel r. - Goieni st. 652 
1986-1993, 

2000-2010 
2.49 1.5 6 -0.05 31 0.76 0.81 + 

17. Ishnovats r. - Syngera st. 343 1952-1986 1.85 1.05 5.25 -0.12 17 0.31 0.35 + 

18. 
Lunga r.- Cheadyr-Lunga 

st. 
370 1976-2010 0.82 1.4 4.2 0.53 21 0.17 0.31 + 

19. 
Molochish r.-  

Molochishul Mare st. 
184 1966-2010 1.17 1.2 4.8 0.15 18 0.20 0.24 + 

20. Pojarna r.-Sipoteni st. 119 1959-1986 9.71 1.85 7.4 0.08 32 3.13 3.42 + 

21. Raut r.-  Baltsi st. 1080 1972-2010 5.06 1.2 3.6 -0.16 18 0.89 1.05 + 

22. Raut r.-  Jeloboc st. 7100 1957-2010 4.77 1.3 4.55 0.04 17 0.80 0.84 + 

23. Rybnitsa r.-Andreevca st. 152 1951-2010 1.53 1.29 5.01 0.13 19 0.30 0.34 + 

24. Salcia Mare r.-Musait st. 414 1977-2008 1.55 1.35 6.75 -0.11 25 0.39 0.44 + 

25. Taraclia r.- Taraclia st. 103 1961-2010 14.39 1.9 4.75 0.17 29 4.25 5.08 + 

26. Vilia r.- Balasineshti st. 261 1953-2010 8.04 1.6 5.6 -0.09 21 1.65 1.81 + 

 

Table B6. Statistical parameters of summer runoff depth 

Nr. River, station 

River 

basin 

area, km
2
 

Period, 

years 

Average summer 

runoff depth,  

varaY  
, mm 

Coefficient 

of variation, 

Cv 

Coefficient 

of skewness, 

CS 

Coefficient of 

autocorrelation

, 
)(r  

Error, 

ε, % 

Error, 

ε, mm 

Error with 

indication of 

r(η),  mm 

Fisher 

homogeneity 

criteria 

1. Baltsata r. - Baltsata st. 62.4 
1954-1977, 

1983-2010 
10.11 0.5 0.5 -0.014 6.8 0.69 0.70 + 

2. Beloce r. - Beloce st. 225 1961-2010 24.4 0.15 0.9 -0.008 1.8 0.43 0.43 + 

3. Byc r. - Calarashi st. 296 1950-1969 8.94 1.2 6 -0.138 22.9 2.05 2.36 + 

4. Byc r. - Chisinau st. 882 1968-2010 19.87 0.7 0.7 0.164 11.1 2.21 2.61 + 

5. Botna r. - Causheni st. 1210 1949-2010 7.63 0.75 1.125 0.056 9.1 0.71 0.75 + 

6. Cainari r. - Sevirova st. 814 1954-2010 20.42 0.65 2.60 0.184 8.5 1.74 2.09 + 

7. Caldarusha r. - Cajba st.  79.5 1951-2010 18.71 1.00 2.00 0.251 12.5 2.34 3.02 + 

8. Camenca r. - Camenca st. 387 1936-1941, 29.63 0.25 1.50 0.635 2.7 1.41 1.73 + 
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1945-2010 

9. Ciuhur r. - Byrladeni st. 144 1974-2010 26.3 0.4 1.00 0.152 6.5 1.72 2.01 + 

10. 
Ciulucul Mic r. - 

Teleneshti st. 
566 1978-2010 14.10 0.9 1.8 0.097 13.7 1.94 2.13 + 

11. Cogylnic r. - Hynceshti st. 179 1959-2010 16.11 0.75 3 0.205 10.0 1.61 1.99 + 

12. Cubolta r. - Cubolta st. 869 1966-2010 21.89 0.6 1.8 0.244 8.3 1.82 2.34 + 

13. Delia r. - Pyrlitsa st. 125 1961-2010 20.5 0.9 1.8 0.024 13.4 2.83 2.90 + 

14. Draghishte r. - Trinca st. 225 1957-2010 22.3 0.75 1.125 0.373 10.7 2.40 3.55 + 

15. Iagorlyc r. - Doibani st. 1220 1949-2010 7.48 0.45 0.45 0.376 6.1 0.45 0.67 + 

16. Ialpug r. - Comrat st. 241 1962-1989 5.46 1.05 1.575 0.089 23.7 1.30 1.42 + 

17. Ichel r. - Goieni st. 652 
1986-1993, 

2000-2010 
9.12 1.15 4.6 0.161 24.5 2.24 2.63 + 

18. Ishnovats  r. - Syngera st. 343 1952-1986 6.1 0.7 1.4 -0.187 11.7 0.71 0.86 + 

19. 
Lunga r. - Cheadyr-Lunga 

st. 
370 1976-2010 4.57 0.6 2.1 0.610 9.8 0.79 0.93 + 

20. 
Molochish r. - 

Molochishul Mare st. 
184 1966-2010 11.31 0.45 0.675 0.691 6.7 1.35 1.84 + 

21. Pojarna r. - Sipoteni st. 119 1959-1986 23.57 1.1 2.75 0.235 20.0 4.71 5.99 + 

22. Raut r. - Baltsi st. 1080 1972-2010 15.77 0.75 2.625 -0.016 11.1 1.75 1.77 + 

23. Raut r. - Jeloboc st. 7100 1957-2010 15.88 0.75 2.625 0.249 10.0 1.58 2.04 + 

24. 
Rybnitsa r. - Andreevca 

st. 
152 1951-2010 11.04 0.55 0.825 0.393 7.7 0.85 1.28 + 

25. Salcia Mare r. - Musait st. 414 1977-2008 9.74 0.8 1.2 -0.019 13.7 1.54 1.57 + 

26. Taraclia r. - Taraclia st. 103 1961-2010 28.65 1.25 5 0.171 17.3 4.97 5.91 + 

27. Vilia r. - Balasineshti st. 261 1953-2010 29.4 0.8 2.8 0.257 9.9 2.90 3.77 + 

Table B7. Intervals of statistical parameters values of flood runoff  

Hydrologic characteristic Average Cv CS )(r  ε, % ε, mm 
ε cu )(r  Dependency of Cv  and  CS 

Peak discharge 1,9-55,9 0,85-2,22 2,2-7,8 -0,16-0,35 12,4-50 0,55-9,96 0,60-10,16 CS =3,3Cv 

Flood runoff depth 0,82-14,4 0,5-1,9 1,25-7,4 -0,31-0,53 6,2-32,3 0,11-4,25 0,12-5,08 CS =3,5Cv 

Summer runoff depth 4,6-29,6 0,15-1,25 0,45-6 -0,19-0,69 1,8-24,5 0,43-5,06 0,43-5,99 CS =3,0Cv 
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Fig. B27. Coefficient of autocorrelation for 

peak discharge 

Fig. B28. Coefficient of autocorrelation for 

flood runoff depth 

Fig. B29. Coefficient of autocorrelation for 

summer runoff depth 

 

Table B8. The results of assessment of the coefficient of change of the flood runoff characteristics under the action of anthropogenic activity   

Nr. River, station 
River basin, 

km
2
 

Q , 

m3/s 
Q' Q'' Q''/Q' 

Y , 

mm 
Y' Y'' Y''/Y' varaY , 

mm 
Y'vara Y''vara 

Y''vara/ 

Y'vara 

1. Baltsata r.- Baltsata st. 62.4 8.42 35.9 39.29 1.09 2.14 4.0 4.41 1.09 10.11 6.9 7.00 1.01 

2. Beloce r.- Beloce st. 225 7.83 10.8 15.62 1.44 2.48 3.8 3.99 1.04 24.37 4.3 4.33 1.01 

3. Byc r.- Calarashi st. 296 5.49 12.8 13.71 1.07 4.28 8.4 9.63 1.15 8.94 20.5 23.53 1.15 
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4. Byc r.- Chisinau st. 882 10.02 17.3 17.50 1.01 5.73 10.2 11.10 1.09 19.87 22.1 26.10 1.18 

5. Botna r.- Causheni st. 1210 14.08 26.1 27.31 1.05 2.03 2.9 3.49 1.21 7.63 6.9 7.33 1.06 

6. Cainari r.- Sevirova st. 814 16.34 33.7 34.83 1.03 4.41 9.2 9.67 1.06 20.42 17.4 20.94 1.21 

7. Caldarusha r. - Cajba st. 79.5 - - - - - - - - 18.7 23.37 30.22 1.29 

8. Camenca r.- Camenca st. 387 6.42 8.9 8.94 1.00 1.76 1.1 1.23 1.14 29.63 8.1 17.10 2.12 

9. Ciuhur r.- Byrladeni st. 144 2.58 5.5 5.94 1.08 3.88 5.8 7.68 1.33 26.3 17.20 20.05 1.17 

10. Ciulucul Mic r.- Teleneshti st. 566 8.41 15.7 17.65 1.12 6.27 10.0 11.68 1.17 14.10 19.4 21.33 1.10 

11. Cogylnic r.- Hynceshti st. 179 5.07 6.8 6.87 1.01 5.65 9.4 9.53 1.02 16.11 16.1 19.86 1.23 

12. Cubolta r.- Cubolta st. 869 13.29 16.5 17.00 1.03 4.46 6.8 7.39 1.09 21.89 18.2 23.38 1.28 

13. Delia r.- Pyrlitsa st. 125 7.50 13.4 14.68 1.09 9.56 14.4 14.81 1.03 20.5 27.42 28.09 1.02 

14. Draghishte r.- Trinca st. 225 3.93 8.0 10.47 1.31 5.97 9.8 12.65 1.29 22.3 23.99 35.50 1.48 

15. Iagorlyc r.- Doibani st. 1220 3.91 6.3 7.38 1.17 1.28 1.2 1.40 1.20 7.48 4.5 6.74 1.48 

16. Ialpug r.- Comrat st. 241 7.78 18.1 19.90 1.10 2.71 5.5 5.80 1.06 5.46 13.0 14.19 1.09 

17. Ichel r.- Goieni st. 652 6.39 17.0 18.21 1.07 2.49 7.6 8.04 1.06 9.12 22.4 26.32 1.18 

18. Ishnovats  r.- Syngera st. 343 10.38 19.2 19.27 1.00 1.85 3.1 3.51 1.13 6.06 7.1 8.57 1.21 

19. Lunga r.- Cheadyr-Lunga st. 370 1.89 9.4 10.04 1.06 0.82 1.7 3.13 1.81 4.57 4.49 9.12 2.03 

20. Molochish r.- Molochishul Mare st. 184 5.27 11.5 16.00 1.39 1.17 2.0 2.38 1.16 11.31 7.5 17.59 2.34 

21. Pojarna r.- Sipoteni st. 119 6.48 17.2 19.46 1.13 9.71 31.3 34.08 1.09 23.57 47.1 59.81 1.27 

22. Raut r.- Baltsi st. 1080 10.22 16.3 17.46 1.07 5.06 8.9 10.45 1.18 15.77 17.5 17.74 1.02 

23. Raut r.- Jeloboc st. 7100 55.90 99.6 101.62 1.02 4.77 8.0 8.37 1.04 15.88 15.8 20.44 1.29 

24. Rybnitsa r.- Andreevca st. 152 2.90 6.3 6.40 1.02 1.53 3.0 3.37 1.14 11.04 8.5 12.84 1.51 

25. Salcia Mare r.- Musait st. 414 4.80 14.8 17.39 1.18 1.55 3.9 4.39 1.12 9.74 13.3 13.57 1.02 

26. Taraclia r.- Taraclia st. 103 12.64 39.6 39.81 1.01 14.39 42.1 50.17 1.19 28.65 49.69 59.06 1.19 

27. Vilia r.- Balasineshti st. 261 17.43 61.3 63.31 1.03 8.04 16.5 18.05 1.09 29.4 28.99 37.69 1.30 
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Table B9. Flood runoff changes depending on 

coefficient of autocorrelation, time series 

variance and number of years 

 

 

 
Fig. B30. Flood runoff in stationary conditions, mm 

Flood runoff in stationary conditions, mm 

Number of 

years 

Time series variance 

5 10 20 30 

10 15.8 31.6 63.2 94.9 

20 11.2 22.4 44.7 67.1 

30 9.1 18.3 36.5 54.8 

40 7.9 15.8 31.6 47.4 

50 7.1 14.1 28.3 42.4 

60 6.5 12.9 25.8 38.7 
 

Flood runoff in case of r(η) = 0,7, mm 

Number of 

years 

Time series variance 

5 10 20 30 

10 37.6 75.3 151 226 

20 26.6 53.2 106 160 

30 21.7 43.5 86.9 130 

40 18.8 37.6 75.3 113 

50 16.8 33.7 67.3 101 

60 15.4 30.7 61.5 92.2 
 

 
Fig. B31. Flood runoff in case of r(η) = 0,7, mm 

Flood runoff in case of r(η) = 0,5, mm 

Number 

of years 

Time series variance 

5 10 20 30 

10 27.4 54.8 110 164 

20 19.4 38.7 77.5 116 

30 15.8 31.6 63.2 94.9 

40 13.7 27.4 54.8 82.2 

50 12.2 24.5 49.0 73.5 

60 11.2 22.4 44.7 67.1 
 

 
Fig. B32. Flood runoff in case of r(η) = 0,5, mm 

Flood runoff in case of r(η) = 0,25, mm 

Number 

of years 

Time series variance 

5 10 20 30 

10 20.4 40.8 81.6 122 

20 14.4 28.9 57.7 86.6 

30 11.8 23.6 47.1 70.7 

40 10.2 20.4 40.8 61.2 

50 9.1 18.3 36.5 54.8 

60 8.3 16.7 33.3 50.0 
 

 
Fig. B33. Flood runoff in case of r(η) = 0,25, mm 

Flood runoff in case of r(η) = 0,1, mm 

Number 

of years 

Time series variance 

5 10 20 30 

10 17.5 35.0 69.9 105 

20 12.4 24.7 49.4 74.2 

30 10.1 20.2 40.4 60.6 

40 8.7 17.5 35.0 52.4 

50 7.8 15.6 31.3 46.9 

60 7.1 14.3 28.5 42.8 
 

 
Fig. B34. Flood runoff in case of r(η) = 0,1, mm 
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Fig. B35. Coefficient of 

variation of peak discharge 

Fig. B36. Coefficient of 

variation of flood runoff depth 

Fig. B37. Coefficient of variation 

of summer runoff depth 

  
Fig. B38. Coefficient of transfer from flood runoff 

depth from 1% to the one of other probability 

Fig. B39. Coefficient of transfer from peak 

discharge from 1% to the one of other 

probability 

 

 

 

 

 

 

Fig. B40. Flood runoff depth 

estimated by statistical methods, 

1% 

Fig. B41. Reductional 

dependency of specific 

discharge of 1% and river 

basin 

Fig. B42. Elementary specific 

discharge of 1%, m
3
/s/km

2
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Table B10. Peak discharge of different probability 

Nr. River, station 
River basin, 

km
2
 

Average peak 

discharge, Q , 

m
3
/s 

Peak discharge of probability,  P%, m
3
/s 

0.001 0.01 0.1 0.3 0.5 1 3 5 10 

2. Beloce r. - Beloce st. 225 7.8 115.9 86.9 60.8 49.2 44.1 37.4 27.4 23.0 17.4 

3. Byc r. - Calarashi st. 296 5.5 94.4 70.2 48.1 38.5 34.3 28.9 20.7 17.2 12.7 

4. Byc r. - Chisinau st. 882 10.0 226 164 109 86 76 62 43 34.9 24.7 

5. Botna r.- Causheni st. 1210 14.1 725 434 234 165 138 106 65 50.3 33.2 

6. Cainari r. - Sevirova st. 814 16.3 673 425 243 176 149 117 74 58.0 38.9 

7. Camenca r. - Camenca st. 387 6.4 ---- 146 75.1 53.2 44.8 35.1 22.8 18.3 13.1 

8. Ciuhur r. - Byrladeni st. 144 2.6 120 72.3 39.5 28.1 23.6 18.3 11.5 8.9 6.0 

9. Ciulucul Mic r. - Teleneshti st. 566 8.4 111 88.3 65.2 54.4 49.6 42.5 32.0 27.1 20.2 

10. Cogylnic r. - Hinceshti st. 179 5.1 100 69.9 45.3 35.4 31.2 25.8 18.2 15.0 11.1 

11. Cubolta r. - Cubolta st. 869 13.3 253 165 101 77.9 68.3 56.5 40.4 33.8 25.8 

12. Delia r. - Pyrlitsa st. 125 7.5 106 83.6 61.5 50.9 46.5 39.7 29.7 24.8 18.4 

13. Draghishte r. - Trinca st. 225 3.9 145 92.3 53.4 39.2 33.4 26.4 17.1 13.4 9.2 

14. Iagorlyc r. - Doibani st. 1220 3.9 ---- 105 53.2 36.8 30.7 23.7 15.1 11.9 8.3 

15. Ialpug r. - Comrat st. 241 7.8 155 114 76.3 60.5 53.6 44.6 31.4 25.8 18.6 

16. Ichel r. - Goieni st. 652 6.4 127 93 62.6 49.7 44.0 36.6 25.8 21.1 15.3 

17. Ishnovat r. - Syngera st. 343 10.4 178 133 90.9 72.8 64.9 54.6 39.1 32.5 24.0 

19. Molochish r. - Molochishul Mare st. 184 5.3 240 157 91.4 66.9 56.7 44.1 27.4 21.0 13.5 

20. Pojarna r. - Sipoteni st. 119 6.5 296 185 104 75.2 63.4 49.3 30.8 23.8 15.7 

21. Raut r. - Baltsi st. 1080 10.2 203 137 85.5 66.0 57.9 47.8 33.8 28.1 21.1 

22. Raut r. - Jeloboc st. 7100 55.9 1431 1029 671 523 458 375 255 204 141 

23. Rybnitsa r. - Andreevca st. 152 2.9 98.6 68.5 43.7 33.5 28.8 23.1 15.0 11.7 7.7 

24. Salcia Mare r. - Musait st. 414 4.8 284 168 89.0 61.9 51.4 39.2 23.6 17.9 11.5 

25. Taraclia r. - Taraclia st. 103 12.6 826 504 270 190 157 118.3 69.5 51.6 31.8 

26. Vilia r. - Balasineshti st. 261 17.4 1140 695 373 261 216 163.1 95.9 71.1 43.9 

 



190 

 

Table B11.  Flood runoff depth of different probability 

N River, station 
River 

basin, km
2
 

Average flood runoff 

depth, Y , mm 

Flood runoff depth of probability,  P%, mm 

0.001 0.01 0.1 0.3 0.5 1 3 5 10 

1. Baltsata r. - Baltsata st. 62.4 2.14 99.6 59.9 32.7 23.3 19.6 15.2 9.5 7.4 5.0 

2. Beloce r. - Beloce st. 225 2.48 77.7 46.6 24.7 17.8 15.2 12.0 8.1 6.6 4.9 

3. Byc r. - Calarashi st. 296 4.28 49.2 39.4 29.6 24.9 22.7 19.7 15.0 12.8 9.8 

4. Byc r. - Chisinau st. 882 5.73 170.3 115.2 71.1 53.6 46.3 37.3 24.8 19.8 13.7 

5. Botna r. - Causheni st. 1210 2.03 58.8 38.2 22.8 17.0 14.7 11.8 7.9 6.4 4.5 

6. Cainari r. - Sevirova st. 814 4.41 123.0 83.8 52.0 39.4 34.2 27.6 18.5 14.9 10.4 

7. Camenca r. - Camenca st. 387 1.76 12.9 9.8 7.3 6.2 5.7 5.0 4.0 3.6 3.0 

8. Ciuhur r. - Byrladeni st. 144 3.98 21.5 17.7 14.0 12.2 11.4 10.3 8.6 7.8 6.6 

9. Ciulucul Mic r. - Teleneshti st. 566 6.27 72.1 57.7 43.3 36.4 33.2 28.8 22.0 18.8 14.4 

10. Cogylnic r. - Hinceshti st. 179 5.65 197.6 121.7 68.9 50.4 42.9 33.9 22.2 17.7 12.5 

11. Cubolta r. - Cubolta st. 869 4.46 88.1 61.6 39.9 31.2 27.5 22.8 16.1 13.2 9.8 

12. Delia r. - Pyrlitsa st. 125 9.58 110.1 88.2 66.2 55.6 50.8 44.0 33.6 28.7 22.0 

13. Draghishte r. - Trinca st. 225 6.07 158.9 108.6 67.9 51.8 45.0 36.6 24.8 20.0 14.1 

14. Iagorlyc r. - Doibani st. 1220 1.28 11.0 8.6 6.4 5.4 5.0 4.4 3.4 3.0 2.4 

15. Ialpug r. - Comrat st. 241 2.71 72.2 45.3 26.7 19.9 17.2 13.9 9.5 7.7 5.7 

16. Ichel r. - Goieni st. 652 2.49 116.1 69.8 38.1 27.2 22.8 17.7 11.1 8.6 5.8 

17. Ishnovats r. - Syngera st. 343 1.85 ------- 34.6 20.2 14.6 12.4 9.8 6.5 5.3 3.8 

18. Lunga r. - Cheadyr-Lunga st. 370 0.82 25.7 17.3 10.6 8.0 6.9 5.5 3.6 2.9 2.0 

19. Molochish r. - Molochishul Mare st. 184 1.17 38.4 23.7 13.6 10.0 8.5 6.8 4.5 3.6 2.5 

20. Pojarna r. - Sipoteni st. 119 9.71 626.3 368.5 193.2 133.5 110.2 83.3 49.5 37.1 23.6 

21. Raut r. - Baltsi st. 1080 5.06 123.9 84.9 53.6 41.2 35.9 29.3 20.2 16.3 11.6 

22. Raut r. - Jeloboc st. 7100 4.77 156.6 100.7 59.2 43.8 37.5 29.9 19.7 15.7 10.9 

23. Rybnita r. - Andreevca st. 152 1.53 57.0 34.9 19.6 14.3 12.1 9.5 6.2 4.9 3.4 

24. Salcia Mare r. - Musait st. 414 1.55 41.7 30.8 21.7 15.2 12.7 9.8 6.2 4.9 3.4 

25. Taraclia r. - Taraclia st. 103 14.39 631.5 421.5 264.7 202.8 169.8 132.6 83.1 63.2 39.7 

26. Vilia r. - Balasineshti st. 261 8.04 367.6 230.1 129.5 93.3 78.8 61.2 38.2 29.5 19.5 
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Table B12.  Coefficients of transfer λP to the peak discharges and flood runoff depths of different probability   

Region, reference 
Values of λP of probability P% equal to 

0,1 0,5 1 3 5 10 

Coefficients of transfer λP to the peak discharges of different probability   

The Republic of Moldova [17] 1,85 1,55 1,0 0,71 0,57 0,42 

The Republic of Moldova, present study 1,92 1,25 1,0 0,66 0,52 0,36 

Romania  [37, p.24] 1,72 1,22 1,0 0,71 0,54 0,37 

Coefficients of transfer λP to the flood runoff depths of different probability   

The Republic of Moldova [249] 1,5 1,25 1,0 0,79 0,68 0,52 

The Republic of Moldova, present study  2,01 1,27 1,0 0,64 0,50 0,33 

 

Table B13. Characteristics of runoff stations (platforms) of the Baltsata water balance station 

Number Area, km
2
 Length, m Width, m 

Slope, 

degree 
Aspect 

Average 

elevation, m 

Share of hydrological soil group, % 

A B C D 

1 0,0008 40 20 5 NE 75,5 0 0 100 0 

2 0,0008 40 20 5 NE 75,5 0 0 100 0 

3 0,0008 40 20 11 SV 66 0 100 0 0 

4 0,0008 40 20 11 SV 66 0 100 0 0 

 

Table B14. Characteristics of the rivers of the Baltsata water balance station  

River 
River basin, 

km
2
 

River 

length, 

km 

Average 

basin width, 

m 

Average 

basin 

elevation, m 

Slope of, degree 
Basin 

aspect 

Year and 

month of start 

of monitoring   

Share of hydrological soil group, % 

River 

bed 
River basin A B C D 

Stantsionyi 5.49 4.2 1.5 123 3,3 4.58 S II 1962 0.00 33.74 63.60 2.66 

Vishnevyi 4.23 4.2 0.93 122 3,4 5.16 S III 1956 0.00 63.37 18.31 18.31 

Vinogradnyi 2.96 2 1.4 146 4,2 7.67 SE XII 1959 0.00 55.16 29.45 15.39 

Sagaidachnyi 4.13 2.1 1.6 153 3,8 7.39 SE III 1956 0.00 22.58 44.80 32.61 

Baltsata 62.4 16 4.3 135 1,8 5,72 SE 
I 1954-58, VI 

1960 
0.46 47.87 46.30 5.37 
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Table B15. Estimation of changes of flood runoff characteristics depending on predominant type of land cover of the runoff platforms, the 

Baltsata water balance station  

Number 

of 

station 

Surface 

(area),  km
2
 

Slope, ° 

Flood runoff characteristics  

Predominant type of land 

cover 
Number of analyzed  

flood events  

Average 

discharge, 

l/s 

Average peak 

discharge, l/s 

Volume, 

m
3
 

Depth, 

mm 

Duration, 

min 

Average 

n  

1 0,0008 5 52 2.13 7.72 3.5 4.37 34 0.45 Arable (sugar been, maize etc.) 

2 0,0008 5 35 3.46 12.74 6.42 8.02 40 0.38 Plowed land 

2 0,0008 5 17 1.23 4.54 2.96 3.71 33 0.51 Bare land/pasture 

3 0,0008 11 41 0.05 0.15 0.11 0.15 51 0.59 pasture 

4 0,0008 11 32 0.06 0.19 0.12 0.17 52 0.63 pasture 

 

Table B16. Estimation of changes of flood runoff characteristics depending on predominant type of land cover of the river basins, the Baltsata 

water balance station  

River name 

River 

basin,  

km
2
 

Basin 

slope, 

° 

Period 

Flood runoff characteristics 
Average share of land cover type, 

% 

Number of 

analyzed  

flood 

events 

Average 

discharge, 

l/s 

Average peak 

discharge, l/s 

Volume, 

m
3
 

Depth, 

mm 

Duration, 

min 

Average 

n 
Pasture Forest  Arable 

Perennial 

plantations 

Sagaidachnyi 4.13 7.39 1960-1994 47 1811 5926 9504 2.42 121 0.55 2 1 67 20 

Vinogradnyi 2.96 7.67 1960-1978 16 2159 7063 12312 5 119 0.44 37 0 50 9 

Vinogradnyi 2.96 7.67 1979-1991 7 1050 3116 9009 3 124 0.51 8 9 3 79 

Stantsionyi 5.49 4.58 1960-1981 26 488 1545 7531 1.58 211 0.70 1 0 70 20 

Stantsionyi 5.49 4.58 1982-1994 13 714 1726 7565 1.38 154 0.68 0 0 37 63 

Vishnevyi 4.23 5.16 1960-1978 30 1136 3744 7377 1.74 91 0.53 4 0 86 9 

Vishnevyi 4.23 5.16 1979-1994 13 1432 5350 7453 1.77 129 0.58 4 6 64 9 

Baltsata 62.4 5.72 

1961-

1971, 

1983-1992 

18 2560 9525 57327 0.94 335 0.7 3 9 48 30 
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Fig. B43. Flood peak and average discharges  

of the Stantsionyi r. 

Fig. B44. Flood peak and average discharges of 

the Vishnevyi r. 

Fig. B45. Flood peak and average discharges of 

the Vinogradnyi r. 

 

    
Fig. B46. Maximum precipitation, 1% Fig. B47. Slope Fig. B48. LS factor Fig. B49. Convergence index 
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Fig. B50. Profile curvature  Fig. B51. Land cover [28] 
Fig. B52. Flash flood potential 

index for small basins  

Fig. B53. Flash flood potential 

index for small communes 

    

Fig. B54. Topographic wetness index 
Fig. B55. Flooding potential index for 

small basins 

Fig. B56. Flooding potential index 

for communes 
Fig. B57. River slope  
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Fig. B58.River gradients Fig. B59. River sinuosity 
Fig. B60. Number of lakes in 

cascade 

Fig. B61. Share of river length 

transformed into reservoirs 

    

Fig. B62. Share of left embanked river 

length  

Fig. B63. Share of right embanked 

river length 

Fig. B64. River length passing 

through settlements 

Fig. B65. River length passing 

through forest 
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Fig. B66. Elongation ratio 
Fig. B67. Drainage density (rivers and 

channels) 
Fig. B68. Basin asymmetry Fig. B69. Drainage texture  

Table B17. Classification of factors for estimation of Flash Flood Potential Index 

Factors, weight (W) Parameters/values 

Maximal precipitation, 1%, mm, W=1.8 <50 50-80 80-100 100-150 150-180 

Slope, degree, W=1.0 ≤ 2 2.1-5 5.1-15 15.1-35 ≥35 

LS factor, W=0.8 0 - 2 2 - 4 4 - 6 6 - 8 > 8 

Convergence index (derived in SAGA) 

 W=1.5 
(-100) - (-6)  (-6) - (-1)  (-1) - 1 1 - 6 6-100 

Profile curvature (derived in ArcGIS) 

W=1.4 
43-2.5 2.5-0.1 -0.1-0.1   (-2.5) - (-0.1) (-31)-(-2.5) 

Soil, texture, W=1.8 
Loam sand, 

sandy 
Sandy loam Loam  Clayey loam 

Clay   

Loamy clay 

Land cover, W=1.6 Forest 
Orchards, vineyard, 

shrubs  
Grassland Arable area 

Settlements (cities, 

towns, villages) 

Score for parameter/ value 1 2 3 4 5 

Total score < 19.8 19.9-26.5 26.6-33.3 33.4-40.0 > 40.0 

FFPI class 
Very low/null 

potential  
Low potential 

Average 

potential 
High potential Very high potential 
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Table B18. Classification of factors for estimation of Flooding Potential Index 

Factors, weight (W) Parameters/values 

Maximal precipitation, 1%, mm, W=1.8 <50 50-80 80-100 100-150 150-180 

Slope, degree, W=1.9 ≥35 15,1-35 5,1-15 2,1-5 ≤ 2 

Convergence index W=1.4 6-100  1 - 6 (-1) - 1  (-6) - (-1) (-100) - (-6) 

Topographic wetness index, W=1.4 1.8 - 6.1 6.1 - 7.6 7.6 - 9.6 9.6 - 13.9 13.9 - 26.9 

Soil, texture, W=1.8 Loam sand, sandy Sandy loam Loam  Clayey loam Clay, loamy clay 

Land cover, W=1.6 Forest Orchards, vineyard, shrubs  Grassland Arable area Settlements (cities, villages) 

Score for parameter/ value 1 2 3 4 5 

Total score <23.0 23.0-30.0 30.0-37.0 37.1-43.0 >43.0 

FPI class 
Very low/null 

potential  
Low potential 

Average 

potential 
High potential Very high potential 

Table B19. Classification of factors for estimation of  Flood Wave Propagation Potential (FPPI) 

Factors Parameters/values 

Maximal precipitation, 1%, mm <85 85-100 100-115 115-130 >130 

River slope <2.0 2.0-3.0 3.0-4.0 4.0-6.0 >6.0 

River gradient, m <100 100-150 150-200 200-250 >250 

Sinuosity >1.5 1.3-1.5 1.2-1.3 1.1-1.2 <1.1 

Share of river length transformed into reservoirs, % >50 40-50 20-40 10-20 <10 

Share of embanked river, % <10 10-20  20-30 30-50 >50 

Share of river length passing trough settlements, % <10 10-20 20-30 30-40 >40 

Share of river length passing trough forest, % >50 40-50 20-40 10-20 <10 

Elongation ratio >0.5 0.5-0.7 0.7 - 0.8 0.8 - 0.9 0.9 - 1.0 

Drainage density, km/km
2
 <1.0 1.0-2.0 2.0-3.0 3.0-4.0 >4.0 

Basin asymmetry 0.1-(-0.1) 
0.1-0.3/ 

(-0.1)-(-0.3) 

0.3-0.4/ 

(-0.3)-(-0.4) 

0.4-0.5/ 

(-0.4)-(-0.5) 

0.5-0.7/ 

(-0.5)-(-0.6) 

Drainage texture 
<2 

very coarse 

2-4 

coarse 

4-10 

medium 

10-15 

fine 

>15 

very fine 

Score for parameter/ value 1 2 3 4 5 

Total score <22 23-28 29-34 35-40 >41 

FPPI class 
Very low/null 

potential  
Low potential 

Average 

potential 
High potential 

Very high 

potential 
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Fig. B70. Flood runoff 

in case of ASM II, PP 

1% 

Fig. B71. Flood runoff 

in case of dry soil, PP 

1%  

Fig. B72. Flood runoff 

in case of wet soil, PP 

1%  

Fig. B73. Flood runoff 

in case of ASM II, PP 

100mm 

Fig. B74. Flood runoff 

in case of dry soil, PP 

100mm 

Fig. B75. Flood runoff 

in case of wet soil, PP 

100mm 

      
Fig. B76. Flood runoff in 

case of ASM II, PP 1%, 

for small basins 

Fig. B77. Flood runoff 

in case of dry soil, PP 

1%,  for small basins 

Fig. B78. Flood runoff 

in case of wet soil, PP 

1%, for small basins 

Fig. B79. Flood runoff 

in case of ASM II, PP 

1%,  for communes 

Fig. B80. Flood runoff in 

case of dry soil, PP 1%,  

for communes 

Fig. B81. Flood runoff in 

case of wet soil, PP 1%, 

for communes 
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Fig. B82. Flood runoff in 

case of ASM II, PP 

100mm, for small basins 

Fig. B83. Flood runoff 

in case of dry soil, PP 

100mm, for small basins 

Fig. B84. Flood runoff 

in case of wet soil, PP 

100mm, for small basins 

Fig. B85. Flood runoff 

in case of ASM II, PP 

100mm, for communes 

Fig. B86. Flood runoff in 

case of dry soil, PP 

100mm, for communes 

Fig. B87. Flood runoff in 

case of wet soil, PP 

100mm, for communes 

 

Table B20. River subbasins for estimation of the impact of land cover changes on flood runoff  

Basin  Subbasin Code  Basin  Subbasin Code  Basin  Subbasin Code  

Cainari Berezovka 2 Byc Sadova Valley 75 Lunga Baurci Valley 46 

Cainari Cainari 3 Byc Racatau 76 Lunga Lungutsa 47 

Cainari Sudarca 4 Byc Siretsi Valley 77 Lunga Congaz Culaa 49 

Cainari Visoca 6 Byc Cojushna Valley 78 Lunga Cioprac Valley 53 

Cainari Bolata 10 Byc Ceucari 79 Lunga Lunga 54 

Cainari Via Valley 21 Byc Ciocana 80 Lunga Selishtea Valley 55 

Cainari Frumushica Valley 26 Byc Durleshti 81 Lunga Nemtsi Valley 58 

Cainari Telesheuca 62 Byc Mereni Valley 82 Lunga Taraclia 93 

Cainari Zguritsa 63 Byc Schinoasa Valley 83 Salcia Mare Suhatul Valley 44 

Cubolta Cubolta 1 Byc Roshcana Valley 84 Salcia Mare Salcia Mica 48 

Cubolta Dondusheni 5 Byc Cobusca Valley 85 Salcia Mare Baimacliica Valley 50 

Cubolta Tsaul 9 Byc Calintir 86 Salcia Mare Luceshti Valley 51 

Cubolta Zguritsa Valley 11 Byc Bostancea Valley 87 Salcia Mare Cuciurgoaia Valley 52 

Cubolta Drochia Valley 13 Byc Byc 88 Salcia Mare Salcia Mare 56 

Cubolta Crucia Valley 17 Byc Suricea Valley 89 Salcia Mare Salcia 59 

Cubolta Curecheria Valley 22 Byc Condritsa Valley 90 Salcia Mare Hagichioiul Valley 94 
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Cubolta Popeshti Valley 23 Byc Ishnovats  91 Salcia Mare Bisericutsa Valley 95 

Cubolta Cioara Valley 25 Botna Ursoaia Valley 36 Raut Iazul Valley 7 

Cubolta Suhatu Valley 27 Botna Tatanari Valley 37 Raut Raut 8 

Cubolta Colonitsa Valley 28 Botna Botna 38 Raut Frasin 12 

Cubolta Iliciovca 30 Botna Botnishoara 64 Raut Ghizditsa 14 

Cubolta Corbul Valley 57 Botna Puhoiul Valley 65 Raut Vograboiul 15 

Cubolta Climautsi 60 Botna Vraticul Valley 66 Raut Popornitsa 16 

Baltsata Baltsata 96 Botna Larga 67 Raut Stylpul Valley 18 

Baltsata Gyrla Valley 97 Botna Baccealia 68 Raut Tyrnoveni 19 

Baltsata Cimisheni 98 Botna Copanetsu 69 Raut Satul Valley 20 

Baltsata Stantsionyi 99 Botna Cainar 70 Raut Nicoreni Valley 24 

Baltsata Vishnevyi 100 Botna Meshelidra Valley 92 Raut Geamana Valley 29 

Baltsata Sagaidachnyi 101 Lunga Carlycul Valley 39 Raut Pelina 31 

Baltsata Vinogradnyi 102 Lunga Padurea Valley 40 Raut Sherpia Valley 32 

Byc Radeni Valley 71 Lunga Avdarma Valley 41 Raut Copaceanca (Recea) 33 

Byc Pojarna 72 Lunga Iuzacai Valley 42 Raut Chetroshana 34 

Byc Pitushca Valley 73 Lunga Casharia Valley 43 Raut Sturzova 35 

Byc Bucovats 74 Lunga Stratan Valley 45 Raut Shtuharia Valley 61 
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Fig. B90. Proportional changes of land cover of 

1982 and 2013 within river basins 

 
Fig. B88. Land cover, 1982 Fig. B89. Land cover, 2013 Fig. B91. Share of hydrological soil group 
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Fig. B92. Land cover type, 1982 Fig. B93. Land cover type, 2013 Fig. B94. Coefficient of ecological 

stability of the subbasins, 1982 

Fig. B95. Coefficient of ecological 

stability of the subbasins, 2013 

    

Fig. B96. Share of hydrological soil 

group A from the subbasins 

Fig. B97. Share of hydrological soil group B 

from the subbasins 

Fig. B98. Share of hydrological soil group 

C from the subbasins 

Fig. B99. Share of hydrological soil 

group D from the subbasins 
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Fig. B100. Flood runoff changes under land 

cover and soil moisture impact 
Fig. B101. Flood runoff in case of 

average soil moisture, UT 1982 

Fig. B102. Flood runoff in case of 

low soil moisture, UT 1982 

Fig. B103. Flood runoff in case 

of high soil moisture, UT 1982 

 

   
 Fig. B104.  Flood runoff in case 

of average soil moisture, UT 2013 

Fig. B105. Flood runoff in case of 

low soil moisture, UT 2013 

Fig. B106.  Flood runoff in case 

of high soil moisture, UT 2013 
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Table B21. Characteristics of components of genetic method for peak discharge modeling applied for rivers till hydrological station  

 

River, station name 

River 

basin, 

km
2
 

River 

flow 

duration 

Ct , ore 

Water 

retention 

coefficient 

Rk  

Maximum 

precipita-

tion, 1%, 

mm 

Flood 

runoff 

coefficient,
 

V  

Flood 

runoff 

depth 

calculated  

based on 

equation 2. 

9, mm 

Flood runoff 

depth 

calculated  

based on 

SCS-CN, 

PP=1%, mm 

Flood runoff 

depth 

calculated  

based on 

SCS-CN, 

PP=100mm, 

mm 

n 

calculated 

based on 

multiple 

regression 

n 

calculated 

based on 

hydrologic 

database 

n 

calculated 

based on 

correlation 

of runoff 

and n 

 Baltsata r. -  Baltsata st. 62 3.7 0.92 82 0.51 42 39.1 53.0 0.59 0.70 0.24 

 Raut r. - Baltsi st. 1070 30.4 0.67 130 0.46 59 88.5 61.6 0.41 0.69 0.19 

 Ciuhur r. - Byrladeni st. 144 5.0 0.85 120 0.50 59 75.5 58.2 0.55 0.86 0.20 

 Botna r. - Causheni st. 1234 41.4 0.65 127 0.45 58 73.1 50.3 0.50 0.69 0.20 

 Lunga r. - Cheadyr-

Lunga st. 
411 16.4 0.75 68 0.47 32 32.4 58.9 0.42 0.64 0.26 

 Byc r. - Chisinau st. 888 23.3 0.68 106 0.46 49 47.4 43.2 0.80 0.75 0.23 

 Ialpug r. - Comrat st. 392 15.8 0.76 84 0.48 40 44.3 57.5 0.40 0.40 0.24 

 Cubolta r. - Cubolta st. 874 38.0 0.68 122 0.46 56 80.3 60.7 0.48 0.73 0.20 

 Ichel r. - Goieni st. 621 29.6 0.72 108 0.47 50 51.3 45.8 0.63 0.59 0.23 

 Cogylnic r. - Hynceshti 

st. 
179 13.3 0.83 97 0.49 47 40.0 42.2 0.71 0.49 0.24 

 Raut r. - Jeloboc st. 7197 58.6 0.49 122 0.42 52 76.2 57.1 0.47 0.75 0.20 

 Salcia Mare r. - Musait 

st. 
403 12.8 0.75 129 0.48 62 71.3 47.4 0.45 0.81 0.21 

 Delia r. - Pyrlitsa st. 120 3.1 0.86 135 0.50 67 89.2 58.7 0.47 0.51 0.19 

 Cainari r. - Sevirova st. 782 33.0 0.69 118 0.46 54 75.4 59.7 0.44 0.71 0.20 

 Ishnovats r. - Syngera st. 350 17.1 0.77 108 0.48 52 50.1 43.2 0.88 0.34 0.23 

 Pojarna r. - Sipoteni st. 121 6.0 0.86 135 0.50 68 65.8 40.0 0.84 0.58 0.21 

 Taraclia r. - Taraclia st. 105 9.1 0.88 105 0.50 53 64.2 59.7 0.61 0.53 0.21 

 Ciulucul Mic r. -  

Teleneshti st. 
574 18.7 0.72 147 0.47 69 98.6 57.2 0.48 0.68 0.19 
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Table B22. Characteristics of components of genetic method for peak discharge modeling applied for rivers till hydrological station  (continuation) 

River, station name  

River 

basin, 

km
2
 

Elemen-

tary 

specific 

discharge, 

PP=1% 

n=0,4, 

m
3
/s/km

2
 

Elemen-

tary 

specific 

discharge, 

PP=1% 

n=0,5, 

m
3
/s/km

2 

Elemen-

tary 

specific 

discharge, 

PP=1% 

n=0,6, 

m
3
/s/km

2
 

Elemen-

tary 

specific 

discharge, 

PP=1% 

n=0,7, 

m
3
/s/km

2
 

Elemen-

tary 

specific 

discharge, 

PP=1% 

n 

calculated 

based on 

multiple 

regression, 

m
3
/s/km

2
 

Elemen-

tary 

specific 

discharge, 

PP=1% 

n 

calculated 

based on 

hydrologic 

database, 

m
3
/s/km

2
 

Elemen-

tary 

specific 

discharge, 

PP=1% 

n calculated 

based on 

correlation 

of runoff 

and n, 

m
3
/s/km

2
 

Peak 

discharge, 

PP=1%,  

n 

calculated 

based on 

multiple 

regression, 

m
3
/s 

Peak 

discharge, 

PP=1%,  

n 

calculated 

based on 

hydrologic 

database, 

m
3
/s 

Peak 

discharge, 

PP= 1%, 

n = 0,4, 

m
3
/s 

Peak 

discharge,  

PP= 1%, n 
calculated 

based on 

correlation 

of runoff 

and n, m
3
/s 

 Baltsata r. - Baltsata st. 62 14.12 12.10 10.76 9.80 10.9 9.80 20.5 51.7 46.6 67.1 97.5 

 Raut r. - Baltsi st. 1070 23.11 19.81 17.61 16.04 22.7 16.13 40.8 319.2 226.7 324.9 573.2 

 Ciuhur r. - Byrladeni st. 144 25.08 21.49 19.11 17.40 20.1 15.48 42.6 129.9 100.2 162.3 275.5 

 Botna r. - Causheni st. 1234 18.73 16.05 14.27 13.00 16.1 13.14 31.6 236.6 193.5 275.7 464.6 

Lunga r.-Cheadyr-Lunga 

st. 
411 9.56 8.19 7.28 6.63 9.3 7.03 13.3 90.4 68.5 93.2 129.6 

 Byc r. - Chisinau st. 888 12.68 10.87 9.66 8.80 8.2 8.44 19.3 89.9 93.1 139.9 212.5 

 Ialpug r. - Comrat st. 392 13.14 11.27 10.01 9.12 13.1 13.24 19.7 120.3 121.8 120.9 180.9 

 Cubolta r. - Cubolta st. 874 21.56 18.48 16.42 14.96 19.1 14.60 37.2 247.4 189.1 279.1 481.1 

 Ichel r. - Goieni st. 621 14.40 12.34 10.97 9.99 10.7 11.10 22.3 121.5 126.6 164.1 254.2 

 Cogylnic r. - Hynceshti st. 179 12.98 11.12 9.89 9.00 8.9 11.24 19.0 63.5 79.9 92.3 134.8 

 Raut r. - Jeloboc st. 7197 14.77 12.66 11.26 10.25 13.2 9.88 25.1 385.5 288.2 431.0 733.4 

 Salcia Mare r. - Musait st. 403 21.09 18.08 16.07 14.63 19.4 13.47 35.3 188.8 130.8 204.9 343.1 

 Delia r. - Pyrlitsa st. 120 30.18 25.87 22.99 20.94 27.0 25.60 53.4 161.0 152.4 179.6 317.6 

 Cainari r. - Sevirova st. 782 20.52 17.59 15.63 14.24 19.2 14.15 34.8 239.3 176.3 255.7 433.9 

 Ishnovats  r. - Syngera st. 350 15.07 12.92 11.48 10.46 9.2 16.81 23.2 80.7 147.8 132.5 204.0 

 Pojarna r. - Sipoteni st. 121 22.24 19.06 16.95 15.43 13.9 17.22 36.5 84.2 104.4 134.8 221.5 

 Taraclia r. - Taraclia st. 105 22.02 18.88 16.78 15.28 16.6 18.27 36.0 95.6 105.4 127.0 207.5 

 Ciulucul Mic r. -  574 27.93 23.94 21.28 19.38 24.5 19.76 50.6 267.3 215.7 305.0 552.5 
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Teleneshti st. 

 

Table B23. Characteristics of components of genetic method for peak discharge modeling applied for 50 pilot rivers  

River name 

River 

basin, 

km
2
 

Flood 

runoff 

depth 

calculated  

based on 

equation 

2.9, mm 

Flood 

runoff 

depth 

calculated  

based on 

SCS-CN, 

PP=1%, 

mm 

Flood runoff 

depth 

calculated  

based on 

SCS-CN, 

PP=100mm, 

mm 

n 

calculated 

based on 

multiple 

regression 

n 

calculated 

based on 

correlation 

of runoff 

and n 

Elementary 

specific 

discharge, 

PP=100mm 

n calculated 

based on 

multiple 

regression, 

m
3
/s/km

2
 

Elementary 

specific 

discharge, 

PP=1% 

n calculated 

based on 

multiple 

regression, 

m
3
/s/km

2
 

Elementary 

specific 

discharge, 

PP=100mm, 

n=0,4 

Elementary 

specific 

discharge, 

PP=1% 

n=0,4 

Baltsata 167 43.5 44.3 53.6 0.59 0.24 13.50 11.15 17.52 14.47 

Byc 2165 48.0 53.00 46.64 0.69 0.22 7.71 8.77 11.02 12.52 

Boldureshti 99 57.6 69.2 56.6 0.56 0.21 15.64 19.11 19.55 23.89 

Botna 1521 57.4 75.18 51.59 0.51 0.20 10.84 15.80 12.83 18.70 

Botnishoara 167 57.5 63.3 49.5 0.69 0.21 11.28 14.41 16.18 20.66 

Bratuleanca 104 61.2 69.9 51.7 0.49 0.21 15.35 20.73 17.76 23.98 

Bucovats 280 45.0 36.4 41.4 0.86 0.25 7.92 6.96 12.78 11.24 

Cahul 612 52.6 58.5 48.3 0.55 0.22 10.95 13.25 13.57 16.43 

Cainar (Botna r. tributary ) 76 64.1 79.7 56.7 0.52 0.20 16.83 23.64 20.10 28.22 

Cainari 830 54.1 74.9 59.6 0.45 0.20 14.90 18.72 16.10 20.23 

Caldarusha 321 57.9 76.7 58.5 0.41 0.20 17.41 22.82 17.75 23.27 

Calmatsui 120 55.9 60.4 50.3 0.53 0.22 14.11 16.95 17.01 20.43 

Camenca (Prut r. tributary) 1239 56.7 78.36 56.85 0.44 0.20 13.67 18.85 14.55 20.06 

Camenca (Raut r. tributary) 174 52.1 63.9 58.5 0.36 0.21 20.73 22.63 19.03 20.78 

Ciorna 317 51.7 56.9 50.6 0.50 0.22 13.12 14.74 15.40 17.31 

Ciuhur 628 56.3 78.9 60.6 0.44 0.20 15.87 20.64 16.97 22.08 

Ciulucul Mare 420 67.4 92.9 57.5 0.47 0.19 15.14 24.44 16.92 27.32 

Ciulucul Mic 1060 65.7 94.30 57.10 0.48 0.19 13.17 21.75 14.93 24.66 

Cogylnic 1245 45.1 51.4 51.9 0.54 0.23 10.85 10.75 13.27 13.15 
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Cogylnic (Raut r. tributary) 302 49.7 52.5 49.7 0.51 0.22 12.90 13.62 15.21 16.05 

Cubolta 939 55.2 78.6 60.7 0.48 0.20 14.25 18.44 16.14 20.88 

Cula 535 60.8 74.0 49.6 0.69 0.20 9.92 14.79 14.16 21.12 

Delia 210 65.3 87.8 58.0 0.43 0.19 17.45 26.40 18.49 27.96 

Draghishte 284 46.4 56.0 59.2 0.54 0.22 14.94 14.13 18.24 17.26 

Gyrla Mare 282 65.8 91.3 59.1 0.43 0.19 17.40 26.88 18.22 28.15 

Ialpug 3216 45.6 60.40 56.70 0.44 0.22 11.76 12.52 12.61 13.43 

Ialpugel 538 54.8 70.6 56.0 0.46 0.21 14.53 18.30 15.99 20.14 

Ichel 765 48.0 49.4 46.9 0.61 0.23 9.66 10.16 12.82 13.48 

Ishnovats  369 51.8 50.5 43.4 0.88 0.23 7.93 9.23 12.96 15.08 

Lapushna 487 46.1 42.3 43.9 0.64 0.24 9.34 9.00 12.69 12.24 

Larga (Botna r. tributary) 82 71.3 84.9 50.9 0.38 0.20 18.72 31.22 17.91 29.87 

Larga (Prut r. tributary) 149 70.4 93.5 56.2 0.43 0.19 17.54 29.19 18.57 30.91 

Lunga 1110 37.5 43.63 58.51 0.46 0.24 13.88 10.35 15.20 11.34 

Lunguța 357 36.8 40.2 59.6 0.43 0.24 16.98 11.44 17.87 12.04 

Musa 85 42.7 47.7 61.2 0.41 0.23 21.07 16.44 21.44 16.73 

Nyrnova 362 57.5 65.1 48.1 0.57 0.21 11.37 15.37 14.41 19.48 

Pojarna 160 66.2 67.4 41.9 0.78 0.21 8.94 14.38 13.77 22.13 

Racovats 803 47.2 62.67 60.86 0.50 0.21 14.23 14.65 16.51 17.00 

Raut 7777 50.5 73.87 56.61 0.47 0.20 9.64 12.58 10.82 14.12 

Rautsel 222 65.1 94.3 63.7 0.46 0.19 18.32 27.11 20.18 29.87 

Salcia Mare 582 59.8 71.70 49.04 0.45 0.21 12.79 18.70 13.86 20.27 

Salcia Mica 219 65.2 75.2 47.5 0.46 0.20 13.69 21.64 15.07 23.83 

Sarata (Prut r. tributary) 701 46.2 44.3 44.4 0.52 0.24 10.24 10.19 12.27 12.22 

Solonets 268 60.4 81.3 59.0 0.42 0.20 17.81 24.54 18.29 25.21 

Sholtoaia 267 65.8 90.2 58.4 0.38 0.19 18.67 28.85 18.11 27.98 

Shovatsul Mare 204 64.5 87.3 59.2 0.41 0.19 18.49 27.26 18.93 27.92 

Shovatsul Mic 462 60.5 83.18 58.66 0.40 0.20 17.03 24.15 17.06 24.19 

Shtubei 140 63.0 70.0 48.1 0.59 0.21 12.33 17.95 16.00 23.29 

Tigheci 219 59.1 71.7 53.6 0.48 0.21 14.88 19.92 16.99 22.75 
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Vilia  302 47.5 55.4 56.3 0.60 0.22 13.18 12.97 17.22 16.94 

Table B24. Characteristics of components of genetic method for peak discharge modeling applied for 50 pilot rivers (continuation) 

River name 

River 

basin, 

km
2
 

Elementary 

specific 

discharge, 

PP=100mm, 

n calculated 

based on 

correlation of 

runoff and n, 

m
3
/s/km

2
 

Elementary 

specific 

discharge, 

PP=1%, 

n calculated 

based on 

correlation of 

runoff and n, 

m
3
/s/km

2
 

Coefficient 

of peak 

discharges 

control 

under 

reservoir 

impact,   

Peak 

discharge,  

PP=100 

mm,  

n 

calculated 

based on 

multiple 

regression, 

m
3
/s 

Peak 

discharge, 

PP=1%,  

n 

calculated 

based on 

multiple 

regression, 

m
3
/s 

Peak 

discharge,  

PP= 

100mm,  

n = 0,4, 

m
3
/s 

Peak 

discharge, 

PP= 1%, 

n = 0,4, 

m
3
/s 

Peak 

discharge,  

PP=100 

mm,  
n calculated 

based on 

correlation 

of runoff 

and n, m
3
/s 

Peak 

discharge, 

PP=1%,  

n 

calculated 

based on 

correlation 

of runoff 

and n, 

m
3
/s 

Baltsata 167 26.2 21.6 0.952 89 74 116 96 174 143 

Byc 2165 17.2 19.5 0.951 136 154 194 220 303 344 

Boldureshti 99 32.5 39.7 0.971 86 106 108 132 180 219 

Botna 1521 21.8 31.7 0.990 174 253 206 300 349 508 

Botnishoara 167 26.3 33.6 0.907 71 91 102 131 167 213 

Bratuleanca 104 29.6 40.0 0.888 79 107 92 124 153 206 

Bucovats 280 18.3 16.1 0.997 67 59 108 95 155 136 

Cahul 612 21.7 26.2 0.976 122 148 152 184 242 293 

Cainar (Botna r. tributary) 76 34.6 48.5 0.967 84 118 100 141 172 242 

Cainari 830 27.3 34.3 0.991 190 238 205 258 348 437 

Caldarusha 321 30.2 39.7 0.963 150 197 153 201 261 342 

Calmatsui 120 27.4 32.9 0.949 82 99 99 119 160 192 

Camenca (Prut r. tributary) 1239 24.9 34.4 0.983 201 277 214 295 367 506 

Camenca (Raut r. tributary) 174 31.0 33.9 0.988 145 158 133 145 217 237 

Ciorna 317 24.4 27.5 0.994 116 130 136 153 216 243 

Ciuhur 628 29.1 37.9 0.966 177 231 190 247 325 423 

Ciulucul Mare 420 30.2 48.8 0.951 143 230 159 257 285 460 

Ciulucul Mic 1060 26.8 44.2 0.986 183 302 208 343 372 614 

Cogylnic 1245 20.5 20.4 0.996 162 161 198 196 307 304 
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Cogylnic (Raut r. tributary) 302 23.7 25.0 0.994 112 118 132 140 206 217 

Cubolta 939 27.7 35.8 0.989 190 246 215 278 369 477 

Cula 535 23.9 35.7 0.994 107 160 153 228 259 386 

Delia 210 32.6 49.2 0.905 120 182 127 193 224 339 

Draghishte 284 28.8 27.3 0.974 124 117 152 143 240 227 

Gyrla Mare 282 32.4 50.0 0.957 142 219 148 229 264 407 

Ialpug 3216 20.3 21.6 0.991 251 267 269 286 433 461 

Ialpugel 538 26.7 33.6 0.981 155 196 171 215 286 360 

Ichel 765 19.7 20.7 0.994 120 126 159 167 243 256 

Ishnovats  369 20.0 23.3 0.955 71 83 117 136 180 210 

Lapushna 487 18.8 18.1 0.932 91 88 124 120 183 177 

Larga (Botna r. tributary) 82 31.3 52.2 0.833 83 138 79 132 138 230 

Larga (Prut r. tributary) 149 33.2 55.3 0.979 115 191 121 202 217 361 

Lunga 1110 22.7 16.9 0.993 198 148 217 162 323 241 

Lungutsa 357 26.1 17.6 0.959 152 102 160 108 233 157 

Musa 85 32.6 25.5 0.942 107 83 108 85 165 129 

Nyrnova 362 23.6 31.9 0.989 105 142 133 180 219 296 

Pojarna 160 22.7 36.6 0.987 60 97 93 150 154 247 

Racovats 803 26.8 27.6 0.982 177 183 206 212 334 344 

Raut 7777 18.3 23.9 0.999 290 378 325 424 549 717 

Rautsel 222 36.2 53.5 0.972 138 205 152 226 273 404 

Salcia Mare 582 23.2 34.0 0.988 142 208 154 225 258 377 

Salcia Mica 219 25.6 40.4 0.991 105 166 115 182 196 310 

Sarata (Prut r. tributary) 701 18.3 18.3 0.978 121 120 145 144 216 215 

Solonets 268 31.6 43.6 0.984 146 202 150 207 260 358 

Sholtoaia 267 32.1 49.6 0.943 147 227 142 220 252 390 

Shovatsul Mare 204 33.3 49.1 0.927 129 190 132 195 232 342 

Shovatsul Mic 462 29.6 42.0 0.970 170 241 170 241 296 419 

Shtubei 140 26.7 38.8 0.946 76 111 98 143 164 239 

Tigheci 219 28.5 38.2 0.994 114 153 130 175 219 293 
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Vilia  302 27.1 26.7 0.987 114 112 149 146 234 231 

 

Table B25. Estimation of reservoirs impact on flood runoff  

River, station 
River 

basin, km
2
 

Nr. of 

reservoirs 

Area of 

reservoirs, 

km
2
 

Total area of 

reservoirs 

basins, km
2
 

Share of 

reservoirs area 

from the river 

basins,% 

Lf     

Share of decrease of 

peak discharges of the 

pluvial floods under 

reservoirs impact, % 

Baltsata r. - Baltsata st. 62.4 2 0.06 6.85 0.10 0.005 0.998 0.19 

Byc r. - Chisinau st. 882 56 10.66 876 1.20 0.489 0.836 16.4 

Botna r. - Causheni st. 1210 92 14.36 1003 1.16 0.04 0.985 1.49 

Cainari r. - Sevirova st. 814 83 5.00 557 0.64 0.02 0.992 0.79 

Ciuhur r. - Byrladeni st. 144 33 1.58 124 1.10 0.042 0.984 1.61 

Ciulucul Mic r. - Teleneshti st. 566 82 10.31 480 1.80 0.06 0.978 2.20 

Cogylnic r. - Hynceshti st. 179 13 0.719 94.7 0.40 0.01 0.995 0.53 

Cubolta r. - Cubolta st. 869 147 9.961 1347 1.14 0.03 0.988 1.20 

Delia r. - Pyrlitsa st. 125 18 1.66 78.5 1.384 0.08 0.969 3.13 

Draghishte r. - Trinca st. 225 21 3.05 223 1.36 0.09 0.965 3.48 

Ialpug r. - Comrat st. 241 18 3.73 387 0.95 0.12 0.953 4.66 

Ichel r. - Goieni st. 652 61 5.845 593 0.94 0.02 0.991 0.89 

Ishnovats  r. - Syngera st. 343 31 6.639 234 1.90 0.13 0.950 4.96 

Lunga r. - Cheadyr-Lunga st. 370 16 2.047 236 0.50 0.02 0.992 0.82 

Pojarna r. - Sipoteni st. 119 9 0.62 61.6 0.51 0.04 0.985 1.50 

Raut r. - Baltsi st. 1080 193 14.839 875 1.39 0.02 0.993 0.72 

Raut r. - Jeloboc st. 7100 917 72.86 6434 1.01 0.004 0.999 0.15 

Salcia Mare r. - Musait st. 414 18 1.09 297 0.27 0.01 0.996 0.44 

Vilia r. - Balasineshti st. 261 37 2.01 257 0.77 0.04 0.986 1.44 
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Table B26. Regression equation of Lf   and Lf  for different river basins  

River basin Regression equation Lf   and Lf  
Coefficient of 

determination, R
2
 

River basin Regression equation Lf   and Lf  
Coefficient of 

determination, R
2
 

Byc 1.10/)23.0(  LL ff              (B1) 0,90 
Camenca, the 

Prut r. b.  
65.2/)17.2(  LL ff           (B5) 0,53 

Botna 45.2/)56.0(  LL ff              (B2) 0,85 
River from the 

Prut river basin 
72.2/)2.1(  LL ff              (B6) 0,25 

Raut 42.6/)78.0(  LL ff              (B3) 0,56 Ialpug 38.0/)59.0(  LL ff           (B7) 0,10 

River from the 

Dniester river basin 
19.2/)76.0(  LL ff              (B4) 0,51 All river basins 02.3/)81.0(  LL ff             (B8) 0,39 

 

  
Fig. B107. Share of reservoirs area from the river basin 

surface 

Fig. B108. Decreasing of peak discharges of the 

pluvial floods under reservoirs impact  
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ANEXA C (referring to chapter IV) 

Table C1. Characteristics of the pilot-rivers for hydrological modeling  

River Station 

River 

basin till 

the 

station, 

km
2
 

Study 

period 

River 

length, 

km 

Mean 

elevation, 

m. abs. 

Basin 

slope, 

degree 

Basin, 

aspect 

Soils of 

group 

A 

Soils of 

group  

B 

Soils of 

group 

C 

Soils of 

group 

D 

Main types of 

rocks  

Number 

of HRU 

polygons 

Cainari Sevirova 823 1954-2010 87,3 190 3.7 S 0.24 3.71 77.57 18.48 Clay, sands 20935 

Cubolta Cubolta 869 1966-2010 97,7 191 3.33 SE 0.00 3.24 71.66 25.10 Clay, sands 22242 

Raut Baltsi 1067 1970-2010 83,5 178 3.73 S 0.00 0.29 77.28 22.43 Clay, sands 29965 

Baltsata Baltsata 62,4 
1954-1977, 

1983-2010 
14,5 135 5.72 SE 0.46 47.87 46.30 5.37 Sands, clay 

2043 

Byc 

Strasheni 

Chisinau 

 

774 

930 

882 

1973-1978 

1947-1962 

1967-2010 

 

 

67,4 

 

 

199 

 

 

7.02 

 

 

SE 

 

 

12.57 

 

 

40.23 

 

 

42.96 

 

 

4.24 

 

Clay, sands, 

limestone 

26966 

32068 

32068 

Pojarna Sipoteni 122 1958-1987 21,5 238 7.75 SE 27.61 31.59 34.70 6.09 
Clay, sands, 

limestone 

3726 

Ishnovats  Syngera 343 1952-1987 50,7 159 6.1 SE 8.72 50.79 33.61 6.88 Sands, clay 12283 

Botna Causheni 1210 1949-2010 106,2 134 5.26 SE 4.08 36.57 52.72 6.63 Sands, clay 40306 

Ialpug Comrat 281 1962-1986 48 150 4.6 S 0.44 4.76 84.77 10.03 Sands, clay 7259 

Salcia 

Mare 
Musait 414 1977-2010 40,9 156 4.29 S 13.72 41.15 44.85 0.28 

Gravel, sands, 

clay 

10855 

Lunga 
Cheadyr-

Lunga 
370 1976-2010 49,5 40 3.75 S 1.15 6.23 75.77 16.85 Sands, clay 

9616 

Table C2. Land cover of the basins of the Cainari r., Cubolta r., Raut r., Baltsata r. (till the station) 

Land cover types 

Share of land cover types, % 

Cainari r. b. 

Share of land cover types, 

% Cubolta r. b. 

Share of land cover types, % 

Raut (or. Baltsi) r. b. 

Share of land cover types, % 

Baltsata r. b. 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 25]  

Year 2013 

[extracted 

based on 

25] 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 

25]  

Year 2013 

[extracted 

based on 

25] 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 

25]  

Year 2013 

[extracted 

based on 

25] 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 

25]  

Year 2013 

[extracted 

based on 25] 

Urban area - 0.0 0.0 - 1.0 1.2 - 1.8 2.0 - 0.0 0.0 
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Rural area - 7.3 6.9 - 8.4 8.0 - 6.8 7.1 - 9.0 15.3 

Pasture 

(grassland) 
- 

8.0 13.6 

- 

6.6 11.2 
- 

4.4 13.7 
- 

3.6 8.1 

Orchards - 5.2 9.0 - 6.8 4.0 - 5.6 5.1 - 12.7 5.7 

Forest 2 3.4 4.5 4 4.3 5.4 1 1.6 2.8 3 8.5 11.5 

Vineyards - 0.3 0.0 - 0.4 0.0 - 0.5 0.2 - 16.3 9.4 

Arable area 70 73.5 61.8 70 70.4 67.2 70 77.6 66.1 50 49.8 45.0 

Shrubs - 1.5 2.1 1 0.6 0.9 - 0.2 0.8 - 0.0 4.4 

Wetlands 0 0.3 1.3 0 0.3 0.9 1 0.3 1.0 0 0.0 0.5 

Water <1 0.5 0.7 <1 1.2 1.2 <1 1.1 1.3 0 0.1 0.1 

 

Table C3. Land cover of the basins of the Byc r., Pojarna r., Ishnovats r., Botna r. (till the station) 

Land cover types 

Share of land cover types, % 

Byc r. b. 

Share of land cover types, % 

Pojarna r. b. 

Share of land cover types, % 

Ishnovats r. b. 

Share of land cover types, % 

Botna r. b. 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 

25]  

Year 2013 

[extracted 

based on 

25] 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 

25]  

Year 2013 

[extracted 

based on 

25] 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 

25]  

Year 2013 

[extracted 

based on 

25] 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 

25]  

Year 2013 

[extracted 

based on 

25] 

Urban area - 1.5 2.1 - 0.0 1.4 - 2.4 4.6 - 0.1 0.1 

Rural area - 6.8 7.8 - 6.5 5.6 - 5.4 8.5 - 5.1 5.8 

Pasture (grassland) - 1.8 5.7 - 1.5 6.3 - 1.2 2.7 - 1.8 13.3 

Orchards - 14.0 6.0 - 11.3 4.7 - 9.2 8.3 - 4.2 4.9 

Forest 20 24.9 29.7 60 53.2 56.9 44 29.5 30.7 22 15.5 15.9 

Vineyards - 21.0 12.6 - 5.0 2.2 - 21.3 10.9 - 13.7 6.7 

Arable area 5 26.0 29.9 5 21.0 19.9 15 27.0 29.5 25 56.9 49.9 

Shrubs - 2.6 4.3 - 0.7 2.1 - 1.9 3.0 - 1.5 2.0 

Wetlands <1 0.2 0.7 0 0.4 0.5 0 0.3 0.1 0 0.2 0.3 

Water <1 1.1 1.1 <1 0.5 0.4 <1 1.8 1.7 <1 1.0 1.1 

 

 

Table C4. Land cover of the basins of the Ialpug r., Salcia Mare r., Lunga r. (till the station) 



214 

 

Land cover types 

Share of land cover types, %  

Ialpug r. b. 

Share of land cover types, %  

Salcia Mare r. b. 

Share of land cover types, %  

Lunga r. b. 

Year 1970 

[254] 

Year 1982 

[extracted 

based on 25]  

Year 2013 

[extracted 

based on 25] 

Year 1970 

[254] 

Year 1982 

[extracted 

based on 25]  

Year 2013 

[extracted 

based on 25] 

Year 

1970 

[254] 

Year 1982 

[extracted 

based on 25]  

Year 2013 

[extracted 

based on 25] 

Urban area - 0.0 0.0 - 0.0 0.0 - 1.6 1.7 

Rural area - 4.0 3.5 - 6.1 7.7 - 3.2 3.3 

Pasture (grassland) - 6.5 13.3 - 6.9 3.0 - 10.6 2.3 

Orchards - 1.7 2.9 - 2.6 3.3 - 1.8 2.5 

Forest 6 9.2 7.8 12 10.8 9.8 - 5.1 4.0 

Vineyards - 11.4 8.0 - 21.8 24.0 - 17.3 14.4 

Arable area 55 64.7 61.7 - 49.6 49.0 - 59.2 68.8 

Shrubs - 1.8 2.0 - 2.0 2.4 - 0.5 2.3 

Wetlands - 0.0 0.2 0 0.0 0.4 - 0.0 0.0 

Water <1 0.8 0.7 0 0.2 0.3 - 0.7 0.5 

 

     

     
Fig. C1. Direction of change of lands covered by (a) urban area, (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) 

shrubs, (i) wetlands, (j) water in 2013 in relation to 1982, Raut r.b. - Baltsi st. 
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Fig. C2. Direction of change of lands covered by (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) shrubs, (i) 

wetlands, (j) water in 2013 in relation to 1982, Cainari r. b. - Sevirova st. 

     

     
Fig. C3. Direction of change of lands covered by (a) urban area, (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) 

shrubs, (i) wetlands, (j) water in 2013 in relation to 1982, Cubolta r. b. - Cubolta st. 

     
Fig. C4. Direction of change of lands covered by (b) rural area, (d) orchards, (e) forest, (f) vineyards, (g) arable in 2013 in relation to 1982,  

Baltsata r. b. - Baltsata st. 
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Fig. C5. Direction of change of lands covered by (a) urban area, (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) shrubs, 

(i) wetlands, (j) water in 2013 in relation to 1982, Byc r. b. – Chisinau st. 

 

 

    

     
Fig. C6. Direction of change of lands covered by (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) shrubs, (i) wetlands, 

(j) water in 2013 in relation to 1982, Pojarna r. b. – Sipoteni st. 
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Fig. C7. Direction of change of lands covered by (a) urban area, (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) shrubs, 

(i) wetlands, (j) water in 2013 in relation to 1982, Ishnovats r. b. – Syngera st. 

     

     
Fig. C8. Direction of change of lands covered by (a) urban area, (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) shrubs, 

(i) wetlands, (j) water in 2013 in relation to 1982, Botna r. b. – Causheni st. 
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Fig. C9. Direction of change of lands covered by (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) shrubs, (j) water in 

2013 in relation to 1982, Salcia Mare r. b. – Musait st. 

     

   

 

 
Fig. C10. Direction of change of lands covered by (a) urban area, (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) 

shrubs, (j) water in 2013 in relation to 1982, Lunga r. b. – Cheadyr-Lunga st. 

 

    

   

 

 
Fig. C11. Direction of change of lands covered by (b) rural area, (c) pasture, (d) orchards, (e) forest, (f) vineyards, (g) arable, (h) shrubs, (j) water in 

2013 in relation to 1982, Ialpug r. b. – Comrat st. 
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Table C5. Pluvial flood modeling performance 

Flood event 

Real peak 

discharge, 

m
3
/s 

Modeled 

peak 

discharge, 

m
3
/s 

R
2
 E 

E 

perfor-

mance 

Ln E 
PBIAS, 

% 

PBIAS 

perfor-

mance 

Raut r., Baltsi st. 

18.07.1949 - 02.08.1949 63.5 60.5 0.93 0.86 very good 0.91 10.9 good 

24.06.1972 - 15.07.1972 7.9 5.6 0.83 0.66 good 0.59 8.32 very good 

17.06.1985 - 06.07.1985 57.1 71.9 0.97 0.57 satisfactory 0.60 -21.6 satisfactory 

05.09.1989 - 13.09.1989 6.1 5.9 0.98 0.95 very good 0.95 -0.59 very good 

01.07.1991 - 20.07.1991 21.1 24.3 0.99 0.94 very good 0.83 0.28 very good 

Cainari r., Sevirova st. 

01.07.1971  - 12.07.1971 73.3 69.0 0.88 0.72 good 0.68 -21.4 satisfactory 

07.04.1979  - 19.04.1979 15.2 10.7 0.98 0.86 very good 0.94 13.3 good 

07.06.1989 - 17.06.1989 6.8 6.7 0.91 0.78 very good 0.83 -14.5 good 

01.07.1991 - 20.07.1991 105 82.8 0.85 0.71 good 0.66 15.0 good 

Cubolta r., Cubolta st. 

11.07.1969 - 24.07.1969 15.8 11.5 0.63 0.52 satisfactory 0.75 0.78 very good 

26.06.1982 - 13.07.1982 15.5 13.0 0.93 0.82 very good 0.75 16.3 satisfactory 

05.09.1989 - 16.09.1989 8.5 7.1 0.91 0.80 very good 0.90 9.55 very good 

01.07.1991 - 20.07.1991 19.2 22.7 0.97 0.93 very good 0.93 -8.40 very good 

Baltsata r., Baltsata st. 

10.11.1957 - 17.11.1957 0.63 0.51 0.92 0.79 very good 0.51 -25.0 satisfactory 

22.07.1964 - 31.07.1964 4.80 4.63 0.90 0.80 very good 0.71 25.0 satisfactory 

21.10.1964 - 27.10.1964 0.58 0.61 0.99 0.98 very good 0.93 -13.7 good 

01.07.1975 - 06.07.1975 4.18 3.81 0.98 0.96 very good 0.91 -10.5 good 

17.08.2005 - 24.08.2005 3.66 4.72 0.98 0.74 good 0.71 -25.0 satisfactory 

Pojarna r., Sipoteni st. 

01.07.1971  - 13.07.1971 13.2 11.2 0.86 0.66 good 0.87 -25.0 satisfactory 

03.06.1975 - 17.06.1975 5.9 6.8 0.84 0.57 satisfactory 0.89 2.5 very good 

2.04.1979 - 17.04.1979 6.3 6.3 0.88 0.60 satisfactory 0.76 -22.4 satisfactory 

19.06.1979 - 1.07.1979 3.7 2.8 0.95 0.85 very good 0.70 -21.9 satisfactory 

07.06.1980 - 17.06.1980 7.3 5.8 0.94 0.86 very good 0.70 11.7 good 

03.05.1981 - 25.05.1981 3.4 4.1 0.78 0.55 satisfactory 0.74 1.2 very good 

15.06.1985 - 25.06.1985 13.0 13.9 0.95 0.83 very good 0.96 -24.6 satisfactory 

Byc r., Chisinau st. 

08.06.1948 - 25.06.1948  81.8 64 0.91 0.81 very good 0.78 -14.22 good 

06.07.1948  - 18.07.1948  212 216 0.96 0.91 very good 0.84 -19.07 satisfactory 

Ishnovats r., Syngera st. 

12.06.1958 - 19.06.1958  8.6 6.9 0.92 0.82 very good 0.75 -24.93 satisfactory 

01.07.1975 - 07.07.1975   5.5 6.3 0.99 0.92 very good 0.83 -24.84 satisfactory 

12.08.1980 - 22.08.1980   4.9 8.2 0.90 0.47 satisfactory 0.55 -3.08 very good 

Botna r., Causheni st. 

24.06.1952 - 08.07.1952  52.8 56.0 0.99 0.98 very good 0.75 -15.98 satisfactory 

26.06.1972  - 06.07.1972  94.3 88.8 0.89 0.75 very good 0.64 -30.35 satisfactory 
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06.06.1984 - 23.06.1984  9.3 8.8 0.69 0.55 satisfactory 0.15 -11.62 good 

23.08.1994 - 05.09.1994  10.1 8.7 0.85 0.70 good 0.72 9.83 very good 

Ialpug r., Comrat st. 

19.08.1968 - 24.08.1968  2.30 1.60 0.74 0.55 satisfactory 0.36 -4.35 very good 

21.10.1972 - 27.10.1972  1.60 1.45 0.86 0.55 satisfactory 0.76 -24.10 satisfactory 

30.07.1978 - 06.08.1978 1.59 1.05 0.90 0.79 very good 0.87 -1.95 very good 

05.05.1981 - 19.05.1981  1.51 1.08 0.75 0.47 satisfactory 0.67 -17.58 satisfactory 

Lunga r., Cheadyr-Lunga st. 

04.07.1976 - 09.07.1976  0.98 0.84 0.96 0.81 very good 0.47 -25.11 satisfactory 

11.07.1977 - 15.07.1977  0.95 0.97 0.89 0.76 very good 0.70 -1.14 very good 

14.06.1980 - 26.06.1980  1.53 1.37 0.90 0.68 good 0.72 18.26 satisfactory 

Salcia Mare r. - Musait st. 

13.09.1981 - 24.09.1981  1.38 1.45 0.80 0.50 satisfactory 0.48 25.0 satisfactory 

01.07.1987 - 09.07.1987  8.12 6.73 0.90 0.80 very good 0.73 -14.2 good 

30.06.1991 - 12.07.1991  7.60 8.10 0.91 0.73 good 0.72 -23.3 satisfactory 

  

   
Fig. C12. Real and modeled pluvial flood hydrographs, Raut r., Baltsi st. 

   
Fig. C13. Real and modeled pluvial flood hydrographs, Cainari r., Sevirova st. 

   
Fig. C14. Real and modeled pluvial flood hydrographs, Cubolta r., Cubolta st. 
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Fig. C15. Real and modeled pluvial flood hydrographs, Baltsata r., Baltsata st. 

   
Fig. C16. Real and modeled pluvial flood hydrographs, Pojarna r., st. Sipoteni 

  
Fig. C17. Real and modeled pluvial flood hydrographs, Byc r., Chisinau st. 

   
Fig. C18. Real and modeled pluvial flood hydrographs, Ishnovats r., Syngera st. 

   
Fig. C19. Real and modeled pluvial flood hydrographs, Botna r., Causheni st. 
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Fig. C20. Real and modeled pluvial flood hydrographs, Ialpug r., Comrat st. 

   
Fig. C21. Real and modeled pluvial flood hydrographs, Lunga r., Cheadyr-Lunga st. 

   
Fig. C22. Real and modeled pluvial flood hydrographs, Salcia Mare r. - Musait st. 

 

   
Fig. C23. Modeled pluvial flood hydrographs using different LU scenarios, Raut r., Baltsi st. 

   
Fig. C24. Modeled pluvial flood hydrographs using different LU scenarios, Cainari r., Sevirova st. 
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Fig. C25. Modeled pluvial flood hydrographs using different LU scenarios, Cubolta r., Cubolta st. 

   
Fig. C26. Modeled pluvial flood hydrographs using different LU scenarios, Baltsata r., Baltsata st. 

   
Fig. C27. Modeled pluvial flood hydrographs using different LU scenarios, Pojarna r., Sipoteni st. 

   
Fig. C28. Modeled pluvial flood hydrographs using different LU scenarios, Ishnovats r., Syngera st. 

   
Fig. C29. Modeled pluvial flood hydrographs using different LU scenarios, Botna r., Causheni st. 
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Fig. C30. Modeled pluvial flood hydrographs using different LU scenarios, Ialpug r., Comrat st. 

   
Fig. C31. Modeled pluvial flood hydrographs using different LU scenarios, Lunga r., Cheadyr-

Lunga st. 

   
Fig. C32. Modeled pluvial flood hydrographs using different LU scenarios, Salcia Mare r. - Musait 

st. 

 

Table C6. Calibration values for Elevation Controlled Gates based on the Water Level 

from Hrushca st./ the Dubasari res. dam, the Dniester r. 

Characteristics 
Flood event 

of 1969 

Flood event 

of 1980 

Flood event 

of 2008 

Reference elevation at which gate begins to open  36/27 36/27 36/27 

Reference elevation at which gate begins to close 41/30 41/30 41/30 

Gate opening rate (m/min) 1.5/1.5 1.5/1.5 1.5/1.5 

Gate closing rate (m/min) 1.5/1.5 1.5/1.5 1.5/1.5 

Maximum gate opening 7/7 7/7 7/7 

Minimum gate opening 6/6 6/6 6/6 

Initial gate opening (optional) 3/3 3/3 3/3 
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Table C7. Calibration values for Navigation Dam method, the Dniester r. 

Characteristics 

Flood 

event of 

1969 

Flood 

event 

of 1980 

Flood 

event of 

2008 

Pilot flow, m
3
/s 350 350 350 

Normal gate change time increment (hours) 1 1 1 

Rapidly varying flow gate change increment (hours) 0.5 0.5 0.5 

Initial gate change time  08:00 08:00 08:00 

Gate minimum opening 6 6 6 

Gate maximum opening 8 8 8 

Gate opening rate (m/min) 1.5 1.5 1.5 

Gate closing rate (m/min) 1.5 1.5 1.5 

Water surface elevation 

Open river  30 30 30 

Maximum high 27.7 27.7 27.7 

Maximum 27.2 27.2 27.2 

Target high 26.8 26.65 26.8 

Target 26.5 26.5 26.5 

Target low 26 26 26 

Minimum 25.5 25.5 25.5 

Minimum low 25 25 25 

Close gates 27 27 30 

Flow and flow factor 

Flow open river 4700 4700 4700 

Flow factor max 1.07 1.07 1.07 

Flow factor target high 1.01 1.01 1.01 

Flow factor target low 0.9 0.9 0.9 

Flow factor min 0.9 0.9 0.9 

Minimum flow 350 350 350 

 

 

Table C8. Calibration values for Elevation Controlled Gates based on the Water Level 

from the Ghidighici res. dam, the Byc r. 

Characteristics 
Flood event 

of 1973 

Flood event 

of 1975 

Reference elevation at which gate begins to open  57 57 

Reference elevation at which gate begins to close 59 59 

Gate opening rate (m/min) 0,5 0,5 

Gate closing rate (m/min) 0,5 0,5 

Maximum gate opening 3,5 3,5 

Minimum gate opening 3,5 3,5 

Initial gate opening (optional) 0,5 0,5 
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Table C9. Calibration values for Navigation Dam method, the Byc r.  

Characteristics 
Flood event 

of 1973 

Flood event 

of 1975 

Pilot flow, m
3
/s 5 2 

Normal gate change time increment (hours) 1 1 

Rapidly varying flow gate change increment (hours) 0.5 0.5 

Initial gate change time  08:00 08:00 

Gate minimum opening 1 1 

Gate maximum opening 3,5 3,5 

Gate opening rate (m/min) 0.5 0.5 

Gate closing rate (m/min) 0.5 0.5 

Water surface elevation 

Open river  59 59 

Maximum high 58,1 58,1 

Maximum 57,5 57,5 

Target high 57 57 

Target 56,5 56,5 

Target low 54 54 

Minimum 52 52 

Minimum low 50,55 50,55 

Close gates 56 56 

Flow and flow factor 

Flow open river 300 300 

Flow factor max 1.07 1.07 

Flow factor target high 1.07 1.07 

Flow factor target low 0.9 0.9 

Flow factor min 0.9 0.9 

Minimum flow 1 1 

 

Table C10. Changes in spatial characteristics of the flood wave under the impact of levees for the  

sector of the Dniester r. 

Characteristics 

Model /Probability, % 

H1 H2 H3 H4 H5 

10 5 1 0.5 0.1 

Dniester r., 

Dubasari st. 

Qmax, m
3
/s 2613 3101 4486 5115 6539 

Nmax, m.abs. 18.2 19.1 20.9 21.6 22 

Dniester r., 

Bender st. 

Qmax, m
3
/s 

with levees 
2484 2891 4075 4675 5826 

Nmax, m.abs. 11 11.6 12.2 12.4 12.5 

Qmax, m
3
/s without 

levees 

2459 2794 4023 4576 5804 

Nmax, m.abs. 8.98 9.25 10.1 10.4 10.9 

Dniester r., 

Talmaza vil. 

Qmax, m
3
/s 

with levees 
2408 2713 3742 4394 5390 

Nmax, m.abs. 7.52 7.86 8.15 8.19 8.25 

Qmax, m
3
/s without 

levees 

2299 2551 3687 4205 5430 

Nmax, m.abs. 5.29 5.46 6.12 6.39 6.97 

Hazard area, km
2
 

with levees 82 91 169 198 379 

without levees 293 322 390 418 442 

High risk area, 

km
2
 

with levees 8.1 9.7 16.5 20.6 32.1 

without levees 13.1 15.4 23.8 30 37.9 
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Medium risk area, 

km
2
 

with levees 15.9 19.4 79.1 101 248 

without levees 212 231 269 282 293 

Low risk area, 

km
2
 

with levees 57.8 61.3 72.3 75.4 99.2 

without levees 65.3 72.9 93.8 101.7 107.8 

Average depths, 

m. 

with levees 4.95 5.3 5.68 5.75 4.95 

without levees 2.90 3.00 3.53 3.79 4.45 

Average velocity, 

m/s 

with levees 0.76 0.81 0.74 0.74 0.62 

without levees 0.45 0.48 0.54 0.56 0.60 

Peak discharge 

travel time, days 

with levees 4 5 5 5 5 

without levees 6 6 6 5 5 

 

Table C11. Changes in spatial characteristics of the flood wave under the impact of levees for the  

sector of the Byc r. 

Characteristics 

Model / Probability, % 

H1 H2 H3 H5 H5 G1 G2 G3 

10 5 1 0.5 0.2 1 0.5 0.1 

Byc r., outflow 

from Ghidighici 

res. 

Qmax, m
3
/s 31.4 50.5 134 198 325 202 325 471 

Nmax, m.abs. 50.7 51.0 52.1 52.6 53.3 52.65 53.3 53.9 

Byc r., river mouth 

Qmax, m
3
/s with 

levees 

27.8 44 106 114 166 114 166 222 

Nmax, m.abs. 6.14 6.76 8.5 8.69 9.77 8.7 9.77 10.7 

Qmax, m
3
/s without 

levees 

23.6 36.3 82.6 110 160 112 160 211 

Nmax, m.abs. 5.95 6.48 7.72 8.12 8.6 8.14 8.6 8.97 

Hazard area, km
2
 

with levees 4.87 6.54 11.8 21.2 29.5 22.8 29.5 33.5 

without levees 11 15.9 25.1 28.6 33.3 28.8 33.3 36.5 

High risk area, km
2
 

with levees 0.56 0.83 2.18 3.24 5.44 3.32 5.44 7.08 

without levees 0.6 0.9 2.5 3.7 6.1 3.8 6.1 7.8 

Medium risk area, 

km
2
 

with levees 1.34 1.63 2.75 7.13 12.1 8.11 12.1 12.9 

without levees 4.9 7.2 11.2 12.4 13.8 12.5 13.8 14.6 

Low risk area, km
2
 

with levees 2.97 4.08 6.85 10.9 11.95 11.35 11.95 13.5 

without levees 5.5 7.8 11.5 12.5 13.4 12.5 13.4 14.0 

Average depths, m. 
with levees 0.61 0.76 1.27 1.35 1.5 1.33 1.5 1.74 

without levees 0.55 0.61 0.99 1.16 1.41 1.18 1.41 1.63 

Average velocity, 

m/s 

with levees 0.45 0.52 0.58 0.5 0.56 0.49 0.56 0.59 

without levees 0.3 0.32 0.42 0.46 0.53 0.47 0.53 0.58 

Peak discharge 

travel time, hours 

with levees 48 49 61 77 68 80 77 63 

without levees 90 98 90 81 69 80 81 61 
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ANEXA D (implementation acts) 
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