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Flash flood is the most devastating natural disaster experienced in Malaysia. It can be defined as any high water flow caused by various factors such as rainstorms, slow water run-off, and broken dams. In Malaysia, the most typical and disruptive hydro-meteorological occurrences are flash floods, which are mostly faced by Malaysian cities including Kuala Lumpur and Kajang. However, flash floods may occur at any time of the year rather than during monsoon and can result in devastating losses and damages. Thus, several mitigation steps and estimations are warranted to handle flash floods, especially at the city level. Hence, this paper estimated the amount of direct loss and damage due to flash floods on the basis of the commercial area of Kajang City. This empirical study used primary data collected through direct face-to-face semi-structured interviews with 41 businessmen in the study area. The average estimated overall losses and damages per shop was RM4,510.07 due to flash floods at Kajang City in 2014, wherein the significant contribution comes from the economic side. This study's findings can serve as the baseline information for future studies on flash flood losses and damages. Furthermore, the present study suggests extensive institutional research for estimating losses and damages due to flash floods at the country level as an adaptation strategy.

INTRODUCTION

Flood refers to an overflow of water onto a normally dry area, which can be due to various factors including rainstorms, slow water run-off, broken dams, and extreme weather conditions as defined by the US National Weather Service. It is also predicted that climate change will increase the frequency and intensity of floods because of irregular rainfall patterns in Southeast Asia during the Northeast and Southeast monsoons (IPCC, 2014;[START_REF] Taib | A Review of Flood Disaster and Disaster Management in Malaysia[END_REF]Ahmed et al., 2018). For example, the river catchments in Malaysia are highly influenced by the monsoons in terms of long-duration rains. Therefore, there were prolonged flash floods on many stretches of the rivers in Malaysia [START_REF] Hafiz | Flood forecasting and early warning system for Dungun River Basin[END_REF] including the Langat River [START_REF] Foundation | Retention pond to mitigate floods in Kajang[END_REF]. Similarly, climate change has caused potentially stronger rainfall events because warmer air holds more water. However, flash flood events are widely varied from place to place, depending on the local microclimatic changes, which are very challenging to predict. For example, a 1-h rain in Langat River and one of its tributaries, the Jelok River around KajangCity, caused a severe 1.5-m flooding in 2008 [START_REF] Krishnan | Worst flood in Kajang. The Star Online[END_REF]. Similarly, a 2-h rain in 2011 in the study area, i.e., Kajang City, was found to be the worst in the past decade [START_REF] Fernandez | Kajang residents want an end to flood woes. Ministry of Natural Resources and Environment, The Star[END_REF].

According to [START_REF] Sanyal | Application of remote sensing in flood management with special reference to monsoon Asia: a review[END_REF], a flash flood results from heavy rainfall within a short period of time or high river discharge. It can damage physical infrastructures such as houses, schools, health centers, roads, culverts, marketplaces, gabion embankments, spurs, and hand pumps. Natural disasters including frequent flash floods cause major damages to the society, and they are alarming when they occur in highly populated areas and areas with highly concentrated economic activities. For example, Kajang Town, located in the District of Kajang, Malaysia, is a potential economic zone; the flash flood events in this area are increasing over time. Reportedly, flash flood occurred in this area once in 2002, 2008, and 2011 each and thrice in 2014. The flash flood in 2008 was 0.5-1.5 m high, which flooded two-thirds of Kajang City [START_REF] Krishnan | Worst flood in Kajang. The Star Online[END_REF].

Malaysia has experienced a very rapid urbanization process since World War II, especially after independence in 1957. The urbanization process has changed the land use pattern and urban structure. A larger portion of the former forest and agricultural areas have been cleared and replaced by concrete buildings, roads, and drainage systems that are impermeable. In recent years, several parts of Malaysia have been affected by severe flooding, known as localized flash floods and basin-wide floods on the major river systems. The severely affected river basins were Penang (Juru River Basin), Pahang (Pahang River Basin), Terengganu (Setiu River Basin), and Perak (Kinta River Basin). Similarly, the state of Perlis in the northern part of Peninsular Malaysia faced heavy floods in 2005, 2010[START_REF] Fernandez | Kajang residents want an end to flood woes. Ministry of Natural Resources and Environment, The Star[END_REF][START_REF] Lawal | Analysis of the flood extent extraction model and the natural flood influencing factors: A GIS-based and remote sensing analysis[END_REF]. Reportedly, the worst flood in the last 100 years in Segamat, Johor, occurred on January 12, 2007 [START_REF] Asmara | Mapping perception of community preparedness towards flood in Muar river, Johor Malaysia[END_REF]. Additionally, the impact of floods on Malaysia's socioeconomic condition is significant. For example, approximately 2.5 million people in urban areas have suffered extremely due to the floods in 2000 because their settlements were located in the flood plain areas of Malaysia [START_REF] Noorazuan | GIS application in evaluating land use-land cover change and its impact on hydrological regime in Langat River basin[END_REF].

Basically, the impacts of floods are dependent on its duration and can be classified into shortand long-term impacts. Short-term impacts are visible during flash floods, and the damage can include death; injuries; loss of infrastructure; damage to businesses, crops, fisheries, livestock, and properties; and diseases. Conversely, long-term impacts are characterized as rebuilding of houses, infrastructures, and roads; loss of trade and industry; and costs of insurance and other properties [START_REF] Chan | Impacts of disasters and disaster risk management in Malaysia: The case of floods[END_REF]. Thus, estimation methodologies of flood losses and damages are applied in many European countries [START_REF] Meyer | National flood damage evaluation methods: a review of applied methods in England, the Netherlands, the Czech Republik and Germany[END_REF] and worldwide [START_REF] Dutta | A mathematical model for flood loss estimation[END_REF][START_REF] Brida | Loss and damage from the double blow of flood and drought in Mozambique[END_REF][START_REF] Ogie | A review of structural approach to flood management in coastal megacities of developing nations: current research and future directions[END_REF]. These methods are useful in conducting cost-benefit analyses of the economic feasibility of flood control measures. In Germany, the responsibility for flood policy lies with the individual federal states; hence, there are large differences in the character and application of flood estimation methods in these states. Although the assessment of flood losses and damages can be an essential tool for adaptation of disaster and climate change, it has not received much scientific attention, especially in the context of Malaysia. Therefore, the present study aims to measure the losses and damages caused by flash flood events in municipal commercial areas and to suggest adaptation options. The study focuses on two primary aspects: the estimation of economic losses and damages due to flash flood events and the estimation of physical losses and damages due to flash flood events.

MATERIALS AND METHODS

Study area

This study was conducted in the commercial area of Kajang Town in Selangor, Malaysia. The maps of the study area and flood-prone area of Kajang Town and the flood-affected map are processed using ArcGIS and Google Earth as shown in Figures 1 and2. It is situated between 2°59′0″N and 101°47′0″E and 21 km from Kuala Lumpur. Kajang Town has a total population of 311,785. This population has grown rapidly in the past few years, with an estimated growth of 9% per annum. The area lies at 28 m above sea level, and the climate is tropical. The total annual rainfall of the area ranges from 500 to 800 mm, and the mean annual temperature is 24°C, with a minimum of 17°C and a maximum of 30°C. The area is one of the most intervened areas through various land resource conservation and rehabilitation activities.

Development strategies of Kajang Town are focused on urbanization, and presently, the main land use types are residential, commercial, industrial, infrastructures, community facilities, and open spaces. According to the Kajang Municipal Council, agriculture is the largest land use (40%) component for all areas under Kajang Town. However, at the center of Kajang Town, the land is used mostly for community facility components such as for residential (26%), commercial (2%), and industrial (5%) purposes. The municipal council has allocated almost 3000 ha of land for the industrial needs and over 500 ha for business and services in the area. The council also declared that it had a total of almost 280,000 units of holdings from the subdistricts under its administration. The holdings were parts of enterprises, businesses, and homes as well as select properties [START_REF] Merican | Hulu Langat: A Glimpse of the Past, Media Selangor Sdn Bh[END_REF]. Figure 2: Study area in Kajang Town

Data collection

The direct face-to-face interview is the most commonly used approach in contingent valuation studies [START_REF] Carson | Contingent valuation: controversies and evidence[END_REF][START_REF] Carson | Contingent valuation and revealed preference methodologies: comparing the estimates for quasi-public goods[END_REF]. The present study used market-based valuation methods [START_REF] Carson | Contingent valuation: a user's guide[END_REF][START_REF] Carson | Contingent valuation and the legal arena[END_REF][START_REF] Rioboca | Valuation of flood impact of typhoon in certain town of mindanao south Philippines[END_REF] to estimate the physical and economic losses and damages due to flash flood events. A face-to-face semistructured interview guide was formulated to collect the primary data. The research survey questionnaire comprised three main parts including section A (information on economic losses and damages such as sources of income, sources of income affected by flood, duration of shutdown business, types and cost of loss due to flood, opportunity cost, and clean-up cost); section B (information on physical losses and damages, such as type of building damaged, floor size of affected area, age and height of building, highest level of water from road surface, duration of water remained, number of person hired to repair the damage, duration of working to repair the damage, cost paid to the workers, type and cost of building material damaged, and effect of flood on the content of building); and section C (sociodemographic profile that included information on age, religion, gender, household size, children, education level, civil status, and monthly income). Collected data were analyzed using Excel statistical software.

The analysis was applied to Kajang City where severe flash floods have been recorded previously, but the survey was conducted from September to December 2015 to collect the loss and damage data for the latest flood that occurred in 2014. The flood started on December 20, 2014, with about half of Kajang Town submerged in floodwaters. The water level reached approximately 2 meters in some areas, and some cars were seen floating on the street [START_REF] Victoria | Kajang struck by flash floods after heavy rain[END_REF]. The Department of Irrigation and Drainage straightened the river to combat flood problems in Semenyih, which used to affect several areas including Kampung Sungai Purun, Kampung Batu Tiga, and Rinching Hilir in Kajang. Therefore, whenever heavy rainfall occurs, the flow from upstream is extremely quick to reach Kajang City (Root, 2015).

The respondents of the study were the shop owners and shop keepers affected by the floods in the flood-prone areas of Kajang Town. The list of respondents was collected from the Kajang Municipal Council. It was followed by the purposive random sampling technique, which is explained by [START_REF] Bailey | Methods of social research[END_REF] as a technique whereby the researcher uses their judgment about which respondents to choose and picks only those who can best meet the purposes of the study. A questionnaire guide technique was used to collect data from 41 samples.

Estimation of physical losses and damages from flooding

In Figure 3, the estimation criteria of the losses and damages due to economic and physiological impacts are described. However, the physical damages to buildings of commercial infrastructures have been analyzed using "cost of repair method" and "market price method."

The cost to repair or clean up the property is used to determine the decrease in fair market value caused by the casualty [START_REF] Smith | Determining and Reporting Income Tax Losses and Gains From Storm Damage[END_REF], and the "market price method" estimates the economic value of goods or services that are bought and sold in markets [START_REF] Carson | A review of ecosystem valuation techniques[END_REF]. The "market price method" can be used to value changes in either the quantity or quality of a product or service. Furthermore, the "replacement method" and "cost of repair method" were applied to analyze the damage to other building contents and loss of vehicles. The term replacement cost or replacement value refers to the amount that an entity would have to pay to replace an asset at the present time according to its current worth [START_REF] Thomas | The Indemnity Principle: Evolution from a Financial to a Functional Paradigm[END_REF]. 

Estimation of economic losses and damages from flooding

The loss of income from sales and services and loss from goods has been calculated using the "market price method," whereas the loss in income due to employee absence was analyzed through "replacement costs method." "Clean-up cost method" will be used for removing the debris and sediments. The estimated economic losses and damages were computed as follows: 

𝐸𝑝𝑑𝑙 𝑖 = ∑ 𝐸𝑙𝑠𝑠 𝑖 + 𝐿𝑔 𝑖 + 𝐿𝑖𝑒𝑎 𝑖 + 𝐶𝑙𝑐 𝑖 + 𝐺𝑒 𝑖 … … … … … (4) 

Economic losses and damages

The estimated loss in income due to flash flood events in the Kajang area is shown in Table 1.

The highest cost has been recorded from sales and services with the value of Ringit Malaysia (RM) 73,920, which is 51.5% of the overall estimated loss. Similarly, the loss from damaged goods and commodities due to flash flood is also noteworthy, i.e., about 46% (RM68,736) of the overall estimated loss as shown in Table 1. The loss in income due to employee absence has had the minimum impact, which is estimated to be RM1,267 (0.8%). During flood events, respondents just stayed in their respective areas and observed the behavior of the floodwater level. Some of the respondents secured their goods and material possessions to prevent damage in case of a worst-case scenario. Kajang City experienced the worst flash floods in nearly twothirds of the town area, and the floodwater remained for 2 h. The water level rose between 0.5 and 1.5 m and brought traffic to a standstill in many parts of the town [START_REF] Krishnan | Worst flood in Kajang. The Star Online[END_REF]. When the floodwater subsided, sediments were left inside and outside the vicinity of the shop as well as on the road; debris was also present after the floods. Family members and friends helped each other to clean the inside and outside of the shop. Some respondents also hired additional labor to perform the cleaning activities. The minimum payment for hired individuals was RM50 per day and the maximum was RM250 per day. Therefore, as shown in Table 1, the cost of cleaning and removing debris and sediments in the vicinity of the shop amounted to RM2,440. 

Physical losses and damages

The respondent's shops are usually located near the metro Kajang area. Some shops are built with concrete and strong materials. Some respondents experienced structure damage due to the flood, whereas others were not affected by it. The shops affected by the floods were situated near the Jelok and Langat Rivers. The affected shops were not completely damaged; instead, there were only some parts of the shop that were affected by the flood. Floods affected several parts of the settlement including the toilet and electrical wirings. The physical damage due to floods is also significant for economic activities. In the case of the building structure, the average loss has been recorded to be approximately RM17,130, which represents 48% of the overall physical loss, whereas the loss from building contents was RM14,380 as shown in Table 2. Aside from the value of the damage of the building structures, repair costs of vehicle were also significant, which contributes 11% of the overall average loss. Average estimated overall losses and damages per shop due to flash floods in the Kajang area have been calculated to be RM4,510.07 (Combined from Tables 1 and2) where maximum losses occurred in terms of economic loss (81%). Diseases and illnesses emerged during and after the floods. However, for this study, it is found that the respondents were not affected by water-borne diseases. The Kajang hospitals and clinics were also not affected by the flood. Furthermore, the school children remained unaffected by flash floods because of school holidays during that time.

DISCUSSION

The interview with the businessmen, i.e., mainly shop owners, reported that flash floods due to short-term heavy rain had a significant impact on shutting down of their business activities. It is calculated through the interviews that on average, 1.49 days were unproductive not only due to the duration of the flood but also due to the cleaning and repairing activities. However, the daily economic loss from sales and services during a flood is also significant, i.e., around 51.5%, compared with the overall average daily sales and services without a flood. Similarly, the loss of completely damaged goods and commodities due to a flash flood was 46.0%. Therefore, the replacement cost of the goods and commodities by the shop owners/businessmen was quite high. [START_REF] Oh | Criticality assessment of lifeline infrastructure for enhancing disaster response[END_REF] also reported that during floods, roads, bridges, electricity, gas, and waste treatment facilities were severely affected, which negatively impacts the communities, such as the business community. Furthermore, [START_REF] Wealer | Public Loss and Damage Inventories to Reduce Disaster Risk in Poor Countries: The Assessment of Climate-Change-Related Extreme Events in Myanmar[END_REF] reported about the severe flood at the Thailand-Myanmar border due to climate-induced variability during 2013 and that the government and non-government and private organizations need to collaborate better to minimize the impact of flood on the socioeconomic sector. A significant amount of economic damages due to flood events has been calculated to be RM8.74 billion, ranging from RM7.10 billion to RM10.38 billion in England (Environment Agency 2018). Evidence from a study showed that farmers can also be severely affected by floods with a limited capacity to cope and adapt [START_REF] Brida | Loss and damage from the double blow of flood and drought in Mozambique[END_REF]. In the case of Malaysia, the flash flood of December 2014 can be classified as one of the worst floods with a massive impact on people, properties, agriculture, livestock, and infrastructure facilities [START_REF] Buslima | Flood and flash flood geo-hazards in Malaysia[END_REF].

Accordingly, the physical losses and damages due to floods were also significant for the present study. In the case of the building structure, the repair cost of new materials was about 48% (RM17,130) of overall physical loss, whereas the estimated loss from building contents was 41%. Similarly, repair costs related to vehicles were about 11% (RM3,900). Therefore, the flood not only stops their economic activities but also restricts their movements. The flood damage study by the Environment Agency revealed that the business property damages can be significantly larger than household property damages (Environment Agency, 2018). The projected annual damages before and after land development in the development zone of Tainan were RM0.91 million and RM1.06 million, respectively (Yang et al., 2018). The physical impacts of some of the highly affected areas in Malaysia have been found to be unrecovered after about 8 months of the flood [START_REF] Yahaya | The damage assessment of flood risk transfer effect on surrounding areas arising from the land development in Tainan, Taiwan[END_REF]. In case of Kuala Lumpur City, a study showed that the roads and highways, houses, and vehicles were directly affected, damaged, and disrupted by flash foods [START_REF] Bhuiyan | Direct Impact of Flash Floods in Kuala Lumpur City: Secondary Data-Based Analysis[END_REF]. Various structured and nonstructured steps have been taken to reduce flash flood impact on Kuala Lumpur City, such as construction of smart tunnels, widening and deepening of the drainage systems, building reservoirs and dams for storm water at the upstream area, and cleaning of the main waterway of rivers [START_REF] Samsuri | Flash flood impact in Kuala Lumpur-Approach review and way forward[END_REF]. Although flooding has been a major problem since the 1970s, studies exploring loss and damage due to floods are extremely limited for this area. Flash floods are common, often receding after 1-4 hours of raining. Water levels have been reported to submerge houses along the river up to the roof level.

There are records of great floods occurring in Kajang during the years 1971, 1987, and 2011. Flash floods are also common with evidence of submerging houses along rivers up to the roof level [START_REF] Muhamad | Flood Hazard Mapping in Kajang, Malaysia, In book: Co-designing Disaster Risk Reduction Solutions: Towards Participatory Action and Communication in Science[END_REF]. In Kajang, the event in December 2011 caused damages estimated to be RM2.4 million. Furthermore, at least three incidences were reported in 2014 causing losses estimated approximately RM150,000 per event [START_REF] Muhamad | Flood Hazard Mapping in Kajang, Malaysia, In book: Co-designing Disaster Risk Reduction Solutions: Towards Participatory Action and Communication in Science[END_REF]. Most settlements and economic and development activities in Kajang are focused along the Jelok River [START_REF] Muhamad | Natural Hazards in Built-up Area: A Case Study of Langat Sub-Basin[END_REF].

Furthermore, some recommendations from the present study are highlighted below. The government should have a policy such as a subsidy or an incentive to the business community to combat the economic loss. Although there is a weather forecast system in Malaysia, the flood forecast, mainly from the excessive rain information, should be disseminated promptly to the local level, i.e., the business community and households. Therefore, they will get time to relocate their transferable goods, i.e., cars and small furniture, and will be able to reduce economic loss due to floods. The government should conduct awareness-raising activities such as increasing participation in flood insurance. First aid kits and other necessary medicines, i.e., oral saline, should be stocked not only in the local hospitals but also at the local level, i.e., shops, schools, and households. These medicines should be provided to the local levels by the government without any charge under the social development project. There should be a policy by the municipality regarding the cleaning activities after the flood to involve the businessmen as they know their requirements and priority of cleaning areas better. New research can be initiated for the long-lasting of products, i.e., furniture, wiring, and building construction materials, due to flooding. Extensive institutional studies are required to estimate losses and damages due to floods at the country level. Therefore, there should be adequate research by the planning division of the government as well as researchers of universities to find out the engineering solutions to minimize the impact of flood on the physical structure of the area, and there should be social research for building the resilience among the communities for sustaining the economic activities.

CONCLUSIONS

Flash floods are a common event in Malaysia; therefore, the study on urban flash floods is very substantial. This study identified the impact of flash flood events in Kajang City through estimating the losses and damages due to flash floods. The finding revealed that the average estimated overall losses and damages per shop was RM4,510.07. The present study also recommends management strategies such as introduction of proper subsidy or incentive policy, prompt dissemination of flood forecast, awareness-raising for increasing participation in flood insurance, and promotion of extensive research on flood losses and damages. However, the present study might not represent the flood scenario of elsewhere as it has conducted at the city level and focused only on business professionals. Thus, future research should investigate the uncertainty associated with the proposed measurement. Furthermore, there are scopes of further research by comparing few flood events with the volume, duration, water flow speed, and water quality. Additionally, the present study suggests future estimation of losses and damages considering other aspects, especially socioeconomic indicators, to get a better reflection of the event.
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 1 Figure 1: Location of the study area: Malaysia and Kajang City (Source: Abdullahi et al., 2015)
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 3 Figure 3: Losses and damages model for flood-prone city area (developed by the authors)
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Table 1 :

 1 Estimation of average loss in income from sales and services and damage from goods and commodities due to the flash flood in 2014 in Kajang City's commercial areas

	Variables

Loss in income from sales and services 77,060

  

	*average is based on 41 samples		
			51.5
	Fully damaged goods and commodities	60,286	
	Partially damaged goods and commodities	8,450	
	Overall damage from goods and commodities	68,736	46.0
	Number of days absent	10	
	Number of employees absent	22	
	Wage per day	200	
	Loss in income due to employee absence	1,267	0.8
	Number of workers hired	26	
	Number of days working	12	
	Wage of worker per day	620	
	Clean-up cost	2,440	1.6
	Government expenditure	0	0.0
	Estimated economic losses and damages	RM149,503	100.0
	Average estimated economic losses and damages	RM3,646.41	
	per shop*		

Table 2 :

 2 Estimated average value of damage from the building structure and building contents due to flash flood in 2014 in Kajang commercial areas

	Variables

estimated physical losses and damages per shop* RM863.66

  

*average is based on 41 samples
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