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[bookmark: _GoBack]Abstract 
 
Flooding receives the priority among the natural disasters in the world. During the past decades, several places in Sri Lanka also were exposed to severe flooding causing massive damages to human lives and properties. A famous place for recurrent flooding in the country finds by the sides of one major river called ‘Kelani’, and continuous damages reported in Kaduwela Municipal Council limits, where Kelani River flows through. Documentary records show the average annual estimated cost for damages is over USD$50,000/- during the past years in this area. This is an alarming figure to continue and there is inadequate evidence on research, identifying the factors contributing on recurrent flooding. This research aims to analyze the determinants of flooding based on Kelani River, in Kaduwela Municipal Council limits, focusing on both natural and man-made factors. Sixty families through systematic random sampling, were selected representing the most vulnerable areas, to collect data through a structured questionnaire on ten variables and in-depth interviews were conducted with five selected experts. The study followed both quantitative and qualitative analysis respectively, descriptive analysis and qualitative method of Analytic Hierarchy Process method used to identify most influencing factors. The findings emphasized that man-made flood causative factors were the most responsible factors for the flood vulnerability in the area even with one-two day’s rain. Most significantly, non- availability of a proper drainage system and violation of rules and regulations are the most acute factors. Findings emphasize the necessity to implement proper measures to minimize the flood risk of the area.
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Introduction 
 
Among the different types of natural disasters, flooding is one of the recurrently occurring climate-related disaster. It is very natural and simple to understand that the floods are mostly caused due to frequent and heavy rainfall. However, it may occur due to sudden melting snow coupled with considerably low ability or even inability to retain water in an area (Svetlana et al., 2015). The frequency and consequences of severe flood events have increased in recent decades (Bouwer et al., 2007; Kron, 2009). The global annual economic losses caused by floods during 20th century was accounted to 3.0 x 1010 USD which was in another words one-third of total economic losses caused by all types of natural disasters (Shao et al., 2019). It is also projected that the losses and damages due to floods will increase due to expanding exposure of assets and increasing population. Alfieri et al. (2017) discovered a considerable rise in ﬂood risk due to the combination of the future ﬂood hazard and information on global exposure and vulnerability in most regions of the world. In that context, flood risk has already become a major threat to most of the continents. 
Sri Lanka is very rich with many water bodies including 103 rivers which are valuable gift from the Mother Nature (Surasinghe et al., 2020). However, sometimes those resources are acting against to the people because of natural and manmade causes. Mainly heavy floods during the rainy seasons make many villages and cities vulnerable in the country. Considering the local experiences during the recent decades, it was identified that the most frequent natural disaster observed in Sri Lanka was floods, followed by strong wind, landslides and cyclones. The recent evidence recorded in 2016 that flood and landslides were affected for 24 districts which was impacting about 493,319 people of 124,398 families while death of 93 people 33 injured people and 117 were missing (Ministry of Disaster Management, 2016). Also, in 2017 about 200,050 people in eight districts of Sri Lanka were impoverished of their lives and nearly 2,093 houses were completely damaged, and 11,056 houses were partially damaged due to the flood and landslide disasters (Disaster Management Centre, 2017). Accordingly, almost a huge number of people, families and properties has been damaged. On the other hand, a large amount of government funds is using to get the damages recovered. This is may be to replace the homes of people or may be to cover the loss of deaths. Therefore, it is worth to identify the main determinants of floods thus the precautions can be taken. 
One of such vulnerable areas to recurrent flooding, is the two sides of Kelani River in Kaduwela Municipal Council area. The recent flood which was occurred in 2016 was recorded as critical in this area after the major flood in 1989. The damages of 2016 flood were elevated because of inundation in longer time caused by the irregular developments within Kelani River flood plain area (Hettiarachchi, 2020). Meanwhile Kaduwela Municipal Council documentary records show the annual average estimated cost of damages is over Rs.10, 000, 000 during the past years. On average 10,000 people, 3000 families and around 300 small and medium business are yearly reported as affected and damaged. The figures emphasize the alarming nature of the issue and there is no evidence on findings to identify the factors that are contributing to this recurrent flooding in detail. Screening through the literature it was noted that many scholars’ views as flood is a result of extreme weather conditions such as heavy rainfalls whilst, some arguments are there that it is not merely based on natural factors, but in some cases may be human activities also contributing.
Despite these causes, flooding is a matter of changing from location to location thus a comprehensive analyze is inevitable. In addition, researchers find that the heavy rainfall will increase over the coming decades and will lead to rapid flooding in the country (Farley et al., 2017). Hence, it is vital to identify the determinants contribute to flooding in the particular area which is not discussed at a length yet. Therefore, the study aims to analyze the critical flood causing factors associated with the flood risk in Kelani River in Sri Lanka from the point of effected parties and at the same time using the expert’s view.



Literature review 
 
Natural disasters

A disaster is an occurrence disrupting the normal conditions of existence and causing a level of suffering that exceeds the capacity of adjustment of the affected community (WHO/EHA, 2002). This can be caused by nature or by human influence. Natural disasters are mostly originated through environmental changes. As stated by Zhou et al. (2017), natural disasters refer to the natural processes that occur in the ecosystem, which can lead to the loss of stability of the social-economic system, and serious imbalance between supply and demand of social resources. These natural disasters can be divided into six categories: geological (e.g. landslides, earthquakes, tsunami and volcanic activity), climatological (e.g. drought, wildfire and extreme temperatures), hydrological (e.g. floods and avalanches), biological (insect/animal plagues and disease epidemics), meteorological (e.g. storms/wave surges and cyclones) and extraterrestrial (e.g. impact and space weather) (EM-DAT, 2009). Its damages can be aggravated due to the human inappropriate influence. 
In 2019, EM-DAT reported 396 natural disasters that caused 11,755 deaths, 95 million of affected people and 103 billion US$ in economic loss across the world (CRED, 2020). It is identified that with increase population and infrastructure which were exposure to the world, claimed for the economic losses and lives were growing rapidly comparing to the past incidents (Brauch, 2003; GRID-Arendal, 2006; Stoffel et al., 2010; Hoeppe, 2016; JICA, 2017). According to EM-DAT, since 2006, the number of hydrological disasters has continued to account for the highest proportion of natural disasters, with 51.8 % in 2016 (an average of 50.5 % from 2006 to 2015) (CRED, 2020). Consequently, as a hydrological disaster, 99.7% of people suffered from floods in 2016 and the total death occurrences of flooding were accounted as 17%. 

Flooding

Flood and water logging have been one major threat for human survival since the ancient times (Shao et al., 2019). As explained by Khan et al. (2011), floods are among most devastating and recurring natural hazards which impacts largely on human lives and economies of the world. Erena and Worku (2018) stated that “Flood is one of the leading natural hazards worldwide both in terms of the frequency of occurrence and the resulting damages to human lives, the environment, and economic assets”. Floods can cause widespread devastation, resulting in loss of life and damages to personal property and critical public health infrastructure. During 1998-2017, floods affected more than 2 billion people worldwide (WHO, 2021). The frequency and consequences of severe flood events have rapidly increased during recent decades (Bouwer et al., 2007; Kron, 2009). The intensification of hydrological cycle due to global warming has increased the exposure to future floods and its impact on economy and health of the countries (Alﬁeri et al., 2017).
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As per World Health Organization, flood can be classified in to three types: flash floods, river floods (mostly seasonal) and costal floods associated with tropical cyclones, tsunami and storm surges. Risk of such floods may increase due to a range of changes in the use of land, which induce changes of hydrological systems (Svetlana et al., 2015). The number of people affected by flood were growing each year and the majority are from developing countries. As a developing third world country, Sri Lanka has experienced numerous types of natural disasters during recent 



decades. Out of all these natural disasters floods are the most common and recurrent type of disaster that has caused a huge threat on human lives and properties. The extreme flood event occurred in 2016 affected about 0.5 million people and caused LKR108,515,209,350 cost of flood damages (Ministry of Irrigation and Water Resources Management, 2018). Further, it was recorded that, due to floods and landslides be fallen in May 2017, nearly two hundred and fifty people in eight districts of the island were deprived of their lives and nearly 80 people have disappeared meanwhile 2,093 houses were completely damaged, and 11,056 houses were partially damaged which caused for the huge impact to the country (Disaster Management Centre, 2017). 
[bookmark: _Toc32840900][bookmark: _Toc59087553]
Factors causing for flood risk

Many researchers and organizations identified flood as a major problem that exists in the world and studied on factors which contribute to increase its severity and damages. There are many determinants caused to the flood risk. Those can be categorized in to physical, social and environmental etc. Some physical factors are the topography, soil type and the soil moisture, slope of the lands etc. Under social aspect, the attitudes of the people, activities of the different organizations, encroachments, sand mining in river valleys and political influence can direct to increase flood risk. The changes of the climatic factors such as rainfall pattern and wind velocity etc. can be identified as environmental factors. Those factors can be broadly observed as natural and man-made factors. Even though flooding is considered as a natural disaster its severity and frequency can also be aggravated due to direct and indirect human involvement.
According to the above categorization scholars have identified a range of man-made factors that cause floods or even increase damages. As per the literature multiple man-made factors can be identified such as urbanization (Svetlana et al., 2015; Erena & Worku, 2018; Cirella et al., 2019), encroachments (Erena & Worku, 2018), increasing population (Svetlana et al., 2015; Cirella et al., 2019), improper land use changes (Al-Juaidi et al., 2018; Erena & Worku, 2018; Cirella et al., 2019), deforestation (Svetlana et al., 2015), blockage of drainages (Cirella et al., 2019), improper waste disposal (Cirella et al., 2019; Erena & Worku, 2018; Ijaz et al.,2021 ), reduction of wetlands (Svetlana, et al., 2015) etc. On the other hand natural factors such as heavy rainfall (Erena & Worku, 2018; Cirella et al., 2019; Al-Juaidi  et al., 2018), topology (Erena & Worku, 2018; Al-Juaidi  et al., 2018), soil type (Al-Juaidi  et al., 2018; Cirella et al., 2019), wind (Hadipour et al., 2020) etc. are also cause to increase flood risk at a greater extent. 
As per the empirical findings of different scholars were identified that most responsible flood causing factors can be different from place to place and time to time. Erena and Worku (2018) through their study in Ethiopia found that the major determinants as intense rainfall, encroachment to riverbanks, topography, waste management factor, land use change and urban expansion, institutional factor, aggravating factors, stream orders, texture and stream frequency. Cirella et al. (2019) in Benin city, Nigeria identified that heavy rainfall as the highest flood causing factor while blockage of drainages, improper waste disposal, land nature, soil texture, slums, uncontrolled developments and overpopulation being some other major factors. An experience from Pakistan shows that heavy rain and the mixed water with the openly dumped solid waste occurring through improper waste disposal caused for flood (Ijaz et al., 2021). However, it has been commonly accepted that urbanization and population growth make a greater influence over flood risk (Svetlana et al., 2015; Cirella et al., 2019; Erena & Worku, 2018). Empirical findings about flooding in different countries and cities identified those responsible factors to flooding. It can be differing from place to place. Identifying the causes are very important to the relevant authorities to overcome or mitigate the problem. It can be reduced millions of monetary resources are spent on recoveries and compensations by saving the economy of the country. With that background, this study attempts to identify the flood causative factors in Kelani River area in Sri Lanka which is significant from previous studies.


Method and study area 
 
Study area

The study was primarily carried out in Kaduwela Municipal Council (MC) limits which belongs to the administrative district of Colombo, Western Province, Sri Lanka (Figure 1). The Kelani is one of Sri Lanka's main river systems. It is ranked seventh in terms of the size of its watershed (2, 340 km2) following through the Kaduwela MC limits in Sri Lanka (Hettiarachchi, 2020). Due to ample rainfall in the catchment, it ranks third in terms of water resources (4, 225 MCM of average annual yield). The catchment's average annual rainfall ranges from 5, 700 mm in the upper basin to 2, 300 mm in the lower basin. The river takes wider in this area because of the flat terrain. The Kelani River's lower basin is prone to heavy flooding due to heavy rainfall and the steep terrain of the upper catchment. Therefore, during the rainy season or with sudden heavy rains it is noted that some parts of this area usually affected by floods. The environmental, economic, and social impacts due to the hazardous flood event usually creates huge losses and costs in the area.
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Figure 1. Location of the study area.
Population and sample

The population of this study are two types as the residents living in the flood risk areas in Kaduwela MC and few selected experts from the area. As per the discussions held with the municipal council officers it was identified that there are 10 Grama Niladari Divisions (village level administrative unit) that are normally vulnerable for flood. Out of the 10 divisions, the study selected four major flood risk Grama Niladari (GN) Divisions; Kaduwela, Wekkawatta, Ranala and Nawagamuwa for the survey and 60 families were chosen as the sample on systematic random sampling basis who are living in these four GN divisions. In addition, five experts such as Grama Niladari (the administrative officer at village level), a member from Municipal Council (disaster management section), President of the Trade Union in the Kaduwela city area and two leaders from village level societies who are having more than 30 years living experience in this area were selected for in-depth interviews.

Data collection method

Both primary and secondary data were used in the research and primary data collection was done using a five-point Likert scale questionnaire and through the scheduled interviews. The questionnaire survey was used to collect primary data on 10 flood causing determinants identified through literature and confirmed as suited to this area under two categorization as natural and man-made factors. Perceptions on these 10 factors were collected from 60 families whereas the interviews were conducted to collect the perceptions and views over flood causing determinants from experts. Further, through observations several other necessary data such as the distance to Kaleni River from settlements, number of encroachments, the blockages in the river and the condition of drainage etc., were justified. The questionnaire was developed mainly focusing on natural factors and man-made factors that cause to increase flood risk according to available literature. Variables under each factor were taken from previously validated instruments in literature, observations in the field and the factors which expressed by the affected people as follows. Table 1 shows the variables identified for this study.

Table 1. Identification of variables based on literature.

	Category
	Variable
	Sources of literature

	Natural factors
	Rainfall
	Erena & Worku (2018); Cirella et al. (2019)

	
	Wind
	Hadipour et al. (2020)

	
	Land
	Erena & Worku (2018); Cirella et al. (2019)

	
	Soil condition
	Cirella et al. (2019)

	
	River characteristics
	Erena & Worku (2018)

	Man-made factors
	Population increment
	Chan (1997); Erena & Worku (2018); Cirella et al. (2019)

	
	Land use change
	Chan (1997); Erena & Worku (2018); Cirella et al. (2019)

	
	Improper waste disposal
	Erena & Worku (2018); Cirella et al. (2019); Ijaz et al. (2021)

	
	Lack of drainage system
	Erena & Worku (2018); Cirella et al. (2019)

	
	Violating regulations
	Cirella et al. (2019)
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           Source: Author Constructed, 2020
Data analysis method

Data were analyzed using both quantitative and qualitative approaches to achieve the objective of the research. The data collected through the questionnaire from residents were analyzed using descriptive statistics. Furthermore, the Analytic Hierarchy Process (AHP) may be used to integrate subjective criteria, both quantitative and qualitative. It was considering as most convenient method for decision making. Therefore, in the study, the perceptions of the experts obtained through interviews were analyzed under a qualitative approach by using AHP to measure experts’ priorities about flood causing determinants through assigning subjective value.


Results and discussion 
 
Descriptive analysis of the study mainly describes the locational characteristics of the respondents and the flood causing factors as follows; 

Proximity to Kelani River

According to Figure 2, 60% of the respondents are living below 100m distance from the Kelani River. This demonstrates that majority of the residential units i.e. 90% were located very close proximity to the river. It is noted that the properties that are significantly close to the riverbank find a greater risk for floods. As per the Land Manual of Sri Lanka (Land Commissioner Department) it declares the extent of reservations on the sides of the rivers. Accordingly for a river with a width of more than 15 meters should allow three chains (60 meters) from each river bank as the reservation. Hence the results according to Figure 2 indicates that majority of the people have violated this rule and settled within the preservation zone area. Another 33% were in 100m to 500m distance. Only 7% were located more than 500m away from the river.


















                      Source: Survey data, 2020 

GEOGRAFIA OnlineTM Malaysian Journal of Society and Space 17 issue 3 (16-29)	
© 2021, e-ISSN 2682-7727   https://doi.org/10.17576/geo-2021-1703-02					            22
Figure 2. Location of houses according to the distance from the river
Land extents of the affected houses 

Figure 3 indicates that, majority of the affected houses (55%) were built-up on 11 perches to 25 perches of land extent. Only 15% of house units were developed on more than 25 perches. Hence, 85% of the affected houses were built on less than 25 perches of land extent.













                    Source: Survey data, 2020 
		
Figure 3. Plot size of the land

Analysis of variables (both natural and man-made factors)

As listed in Table 1, the study analyzed the perception on the flood causing factors under natural factors and man-made factors. These variables were assessed as per the mean values generated through the results of 5-point Likert scale questions in (Table 2). 
Table 2 summarizes the descriptive statistics of the ten variables. Accordingly, lack of proper drainage system is the most significant flood causing factor followed by existing rules and regulations, heavy rain during especially in the first quarter of the year, issues with the physical characteristics of the lands and waste disposal in the area. The rest of the factors do not strongly influence for the flood risk in the study area. Compared to all the natural flood causing factors, man-made factors are the most influencing factors that increase the flood risk in Kelani River area.

Table 2. Descriptive statistics of natural and man-made flood causing factors
	Factor
	Category
	N
	Minimum
	Maximum
	Sum
	Mean
	Std. Deviation

	Heavy rainfall
	Natural factors
	60
	1
	5
	214
	3.57
	.927

	Wind
	
	60
	1.00
	3.25
	113.50
	1.8917
	.39959

	Land characteristics
	
	60
	1.00
	4.00
	151.50
	2.5250
	.73747

	River characteristics
	
	60
	1.00
	5.80
	96.20
	1.6033
	.67647

	Soil condition
	
	60
	1.00
	3.00
	104.50
	1.7417
	.53076

	Population increment
	Man-made factors
	60
	1.00
	3.00
	94.00
	1.5667
	.51845

	Land use changes
	
	60
	1.00
	3.25
	101.75
	1.6958
	.50019

	Improper waste disposal
	
	60
	1.00
	3.50
	146.75
	2.4458
	.54674

	Lack of drainage system
	
	60
	3.25
	5.00
	271.50
	4.5250
	.63729

	Violation of regulations
	
	60
	1.75
	5.00
	231.25
	3.8542
	.78017

	Valid N (list wise)
	
	60
	
	
	
	
	


         Source: Survey data, 2020
Out of all the natural flood causing factors, heavy rain especially first quarter of the year and the issues related to physical characteristics of land are the only two significant factors that create an influence to flood risk in the area (Table 2). During the heavy monsoon rains, low land areas including Kelani River area of Kaduwela MC Limits in Western Province are highly vulnerable for floods. This is because rainwater which flows down the river get congested in low land areas and once the water retention is exceeded the river water fills into low land areas. It can be observed that, most of the lands in the study area are low and undulated and highly exposed to floods. This can be aggravated during heavy rainy seasons.
Accordingly, the man-made factors that affected for flooding; lack of proper drainage system is the most significant factor that increases the flood risk in the area. There is no proper mechanism to minimize congesting water in low land area and to divert them to water ways or floodplains. People must live in alternative places until the water get dehydrated or went off from their lands. Sustainable drainage systems can regulate the flow and transport the water out of land areas. Also, the water retention capacity and the drainage are limited due to filling up floodplain areas, wetlands, and forests. These spaces and areas restore the flood water that comes to the land areas. When these are filled and developed for construction the natural drainage is interrupted. 
Further, violation of prevailing rules and regulations and malpractices of people when comes to waste disposal have also become considerable flood causing factors in the area. The rules and regulations that imposed to minimize the flood risk in the area are not fully practiced by the people. Also, people do not have a proper waste disposal mechanism. They dispose them in to surrounding areas, abundant lands, floodplains etc. As a result, the waste gets stuck in drainages and minimize the flood retention and regular flow of water.
These man-made factors can be considered as major flood causing factors whereas the existing land use change with the population increment were found as minor flood causing factors. A similar process may be seen between the decline of vegetation area and the favorable trend of wide-spread built-up area. This is since the built-up area expanded considerably in 2018 from 10. 6%. However, the change of land uses due to the population increment was not adversely affect for the flooding in the according to the descriptive statistical analysis findings, can be illustrated in graphically by using map. The land uses of Kaduwela Municipal Council area with the flood affected are interpreted as follows (see Figure 4).

Analysis of expert opinions on flood causing factors using AHP method
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The views/opinions collected from the point of few experts via interviews analyzed through qualitative Analytic Hierarchy Process (AHP). The experts participated for the interviews were Grama Niladari (village level administrative officer, member of Kaduwela Municipal Council (disaster section), President of the Trade Union in the area and some selected residents who were living for more than 30 years in the area. As per the experts’ responses, the author identified that there were nine major flood causing factors in Kelani River Area. The flood causing factors identification via experts’ views were represented in Table 3.
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Figure 4. Flood affecting area with land use of Kaduwela MC Area.


Table 3. Flood causing factor identification via experts’ views.

	Respondent

Factor
	#1
	#2
	#3
	#4

	Lack of proper drainage system
	· 
	
	· 
	· 

	Encroachment
	· 
	
	· 
	· 

	Increasing Population
	
	· 
	
	· 

	Heavy rain
	
	
	· 
	

	Informal Land filling
	· 
	
	
	· 

	Soil erosion
	
	
	· 
	

	Sand mining
	
	· 
	
	

	Damages to water gates
	· 
	
	
	

	Unauthorized developments
	· 
	· 
	
	


           Source: Survey data, 2020

AHP analytical technique used for prioritizing the identified nine major flood causing factors from the experts’ ideas. Accordingly, the Consistency Ratio (CR) is the most important aspect of AHP method, was examined the consistency of the expertise subjective judgment over the flood affecting factors. The inconsistency is acceptable, if the value of the Consistency Ratio is less than or equal to (0.10). If the Consistency Ratio is more than 0.10, the subjective assessment must be revised. As per the table 4, CR value was in the acceptable level.

Table 4. Summary of AHP findings

	 
	Lack of proper drainage system
	Encroachment
	Increasing Population
	Heavy rain
	Informal Land filling
	Soil erosion
	Sand mining
	Damages to water gates
	Unauthorized developments
	Weighted sum
	Criteria weight (CW)
	Ratio

	Lack of proper drainage system
	0.23
	0.03
	0.28
	0.56
	0.86
	0.22
	0.16
	0.24
	0.30
	2.87
	0.23
	12.64

	Encroachment
	0.07
	0.24
	0.28
	0.56
	0.37
	0.22
	0.16
	0.41
	0.49
	2.80
	0.24
	11.54

	Increasing Population
	0.03
	0.03
	0.06
	0.02
	0.37
	0.07
	0.07
	0.03
	0.02
	0.69
	0.06
	10.35

	Heavy rain
	0.07
	0.03
	0.17
	0.11
	0.02
	0.12
	0.11
	0.24
	0.30
	1.18
	0.11
	9.66

	Informal Land filling
	0.05
	0.05
	0.17
	0.33
	0.12
	0.12
	0.01
	0.24
	0.30
	1.49
	0.12
	10.08

	Soil erosion
	0.03
	0.03
	0.02
	0.04
	0.02
	0.02
	0.01
	0.03
	0.03
	0.23
	0.02
	9.37

	Sand mining
	0.03
	0.03
	0.01
	0.02
	0.02
	0.01
	0.02
	0.03
	0.03
	0.20
	0.02
	8.94

	Damages to water gates
	0.05
	0.08
	0.01
	0.33
	0.37
	0.07
	0.07
	0.08
	0.01
	1.07
	0.08
	10.25

	Unauthorized developments
	0.05
	0.08
	0.01
	0.33
	0.37
	0.07
	0.07
	0.24
	0.10
	1.32
	0.10
	10.37

	λ max w
	9.32

	Consistency index (CI)
	0.04

	Consistency ratio (CR)
	0.03


    Source: Survey data, 2020

The Criteria Weights (CW) identified the prioritized significant flood producing variables in the research region based on the acceptable CR. Accordingly, “encroachment” and “lack of proper drainage system” have CW values of 0.24 and 0.23 respectively (Table 4), the most addressed flood causing factors in the study area. As the result, storm water abnormally collected due to heavy rain get blocked in the city limits without having proper drainage system. This situation gets aggravated when there is an overflow of water from the river. Consequently, collected water automatically flows to low level areas around the city limits. The natural drainage of the area has already been damaged by encroachments.  As per the findings, encroachments can be clearly seen sides of the riverbanks violating the regulation of minimum distance from the river. Most of the residents in the area lived within 100m of the Kelani River. Consequently, these human settlements constructions in riverbanks destroy the plantation along the river boundaries loosening the soil condition, hence, increases the flood risk. Further, CW values of informal land filling (0.12) and unauthorized developments (0.10) respectively significant flood causing factors.
 Consequently, people intend to unauthorized developments due to land supply is limited within Kaduwela MC Area. It is significant that many commercial, industrial, and the residential buildings have constructed closer to the river. Marshy lands, paddy fields and natural flood prone areas were filled and used for developments. High rise commercial and residential buildings as a trend are being constructed on those filled lands. These spaces previously used to absorb the water coming into land areas. Unauthorized filling of these swampy lands and using those lands for developments increase the time of water retaining in the surrounding areas. Also, damages of water gates (CW= 0.08) is another flood causing factor in the area. Watergates (floodgate) were previously set to auto function when water level is increased. The excess water gradually flows to the paddy fields and directed water bodies later and systematically reflow to the river within shorter period. However, these Watergates are currently damaged and are not functioning. As a result, water flows with no control and flocked in the area for a longer period. Other than these man- made flood causes, heavy rain to up country is a reason for outflow of Kelani River, CW value of 0.11. However, the main issue in this case is that, owing to a lack of appropriate drainage, it takes a long time to send overflowed water to waterways.
As a result, the qualitative findings of the study support the quantitative findings of the study, which showed that the most important flood-causing factors in the area are man-made factors rather than natural factors. Both analysis revealed that flooding in the area was caused by man-made factors such as a lack of proper drainage, violations of regulations, ineffective waste disposal, and informal land filling, as well as the natural causative factor of heavy rainfall. The results are in par with some of the findings, respectively such as the blockage of drainage system with the findings of Cirella et al., 2019, Nigeria, and improper waste dumping, encroachment of riverbanks with Eran & Worku, 2018 in Ethiopia and with Ijaz et al., 2021 in Pakistan, as well as the natural causative factors like heavy rainfall with Cirella et al., 2019, in Nigeria.


Conclusion 

Kaduwela Municipal Council limits located in Colombo Administrative District is observed as a major flood risk area in the country where one of the major rivers called Kelani runs through. During past decade, the frequency of flood events in this area has increased due to several factors. The study explores to identify the significantly contributing factors on flood. The findings obtained from both analysis methods concluded that man-made factors are the most influenced factors for flooding in this area. Findings from residents’ perceptions emphasize that non-availability of proper drainage system, violating rules and regulations, ineffective waste disposal are the major man-made flood causing factors in the area. Results of the AHP analysis that contained the views of the experts, further justified that the same above results such as the non-availability of proper drainage system as well as encroachments, increasing population, informal land filling, unauthorized developments, and no attentions on the maintenance of broken Watergates are some other direct and indirect man-made flood causing factors. 
However, the Kelani River Area gets inundated with swiftly followed by the highlighted man- made factors rather than natural factors. Therefore, this study encourages the immediate attention to construct and maintain proper drainage system as an inevitable factor though it takes time. Improving the positive attitude of the people to ban the unauthorized actions is also encourage at the same time collaboratively by the responsible institutions and the leaders of the societies in the area. Improper waste disposal, unauthorized developments, and sand mining in the area should be strongly regulated as supportive factors to minimize the flood risk.
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