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Introduction
Forest ecosystems provide humans with diverse ecosystem services: water and air purification, food provision, ground water recharging, recreation services, biodiversity conservation, atmospheric carbon storing through photosynthesis, buffering functions against natural disaster, etc. The study on economics of ecosystem (Costanza et al., 1997; TEEB, 2010) showed the importance of natural ecosystems for the well-beings of humans in various ways. One of the primary concerns in climate change is dealing with natural disasters and extreme events such as flash flood and severe drought. IPCC (2012) stated that a changing climate leads to changes in the frequency, intensity, spatial extent, duration, and timing of extreme weather and climate events, and can result in unprecedented extreme weather and climate events; it is likely that the frequency of heavy precipitation or the proportion of total rainfall from heavy falls will increase in the 21st century over many areas of the globe. Therefore, maximizing the ecosystem service of forest would greatly help to mitigate the climate related natural disasters and promote climate change adaptation. In addition, it would also help to uptake atmospheric carbon through photosynthesis process, thereby reducing the concentration of atmospheric carbon and thus greatly contributing to climate change mitigation.  
North Korea has been experiencing severe losses and damages from natural disasters, especially from floods for many years (Myeong et al., 2009, 2013). The major cause for the occurrence of flood could be the impact of climate change. However, deforestation activities can be one of the main culprits for flood damages. Since deforestation not only decreases the amount of carbon stored in the forest but also reduces ecosystem’s natural buffering function against flood. This study aims to examine the relationship between flood damage   and forest cover in order to provide an insight for both climate change adaptation and mitigation. 

Flood Vulnerability and Deforestation of North Korea 
This section introduces flood vulnerability and natural disasters, and deforestation in North Korea first and examines the relationship between flood and deforestation. 
[bookmark: _Toc373851395]Flood Vulnerability and Natural Disasters
North Korea has been reported to be damaged by natural disasters almost every year (Myeong et al., 2013). The types of natural disasters in North Korea are flood (both general flood and flash flood), storm, drought, storm surge and coastal flood, cyclone, and bacteria infectious diseases. North Korea is especially vulnerable to flood disaster among diverse types of natural disaster. An analysis of natural disaster data (1987-2013) from EM-DAT shows that 93% of the people killed from natural disasters were victims of floods and that 77% of the affected people were flood-related victims (Image 1). 
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[bookmark: _Toc373849981]Image 1 : The Number of People Killed (left) and the Number of People Affected by Natural Disasters in North Korea. (Data from EM-DAT).
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Flood is certainly the major disaster type in North Korea. The number of reported disasters has increased since the 1980s. The number of people affected by floods peaked in the 1990s showed some decrease in the 2000s. However, the number of people killed by floods has  continuously increased since the 1980s (Image 2). 
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Image 2 : The Number of People Killed (left) and the Number of People Affected by Natural Disasters in North Korea. (Data from EM-DAT).





The cause for the casualties could be climate change and also land use change. Climate change is occurring faster in North Korea compared to the trend of other areas (Korea Meteorological Agency, 2012); especially the mean temperature rise of North Korea is fast. The precipitation pattern of North Korea has been changed; mostly the intensity of rainfall has increased. Consequently, North Korea is becoming more exposed to flood and drought risks. To make the damages worse, North Korea has cleared forests since the 1980s. With these two causes, North Korea became more and more vulnerable to natural disasters.  

Deforestation in North Korea
North Korea has been suffering from food and energy shortages since the 1980s. To overcome these shortages, she has cleared forests for logging to provide energy and also for expanding the agricultural land. However, though the forested area has been diminished greatly, she could not successfully cultivate crops in the cleared areas. Crops could not grow well, and then these areas without vegetation became directly exposed to rainfalls. In addition, as North Korea is within the typical monsoon climate zone, most of the yearly precipitation falls during the summer season. Furthermore, she has considerably hilly terrains all over the country, which makes North Korea more vulnerable to flood. If the forest ecosystem can provide ecosystem services, it can reduce flood vulnerability somehow. However, the forest area of North Korea is continuously decreased (see Table 1). 

	
	80s
	90s
	00s

	Forest
	75.38
	71.48
	68.42

	Barren
	0.81
	1.48
	1.00

	Cropland
	17.15
	18.84
	24.89



Table 1 : Changes of Forest and Barren Areas and Cropland of North Korea (%). 

With deforestation, North Korea is losing the nature’s buffering function against flood. Consequently, North Korea has serious damages when it rains heavily. Therefore, it is urgent to restore the forest ecosystem to maximize ecosystem services. Though reforestation efforts have been made, it is difficult to plant and grow trees because the top soil on the cleared areas has been lost greatly. 

Relationship between Flood and Deforestation
It can be said that deforestation certainly brings forth a negative impact on flood vulnerability because deforestation removes ecosystem services of the forest. To examine the relationship between flood and deforestation, regression analysis was applied to flood vulnerability and deforested area. The flood vulnerability used for this analysis was estimated based on topography, meteorology, hydrology, land use, soil and hazard history including the property damage and return period, and population (Myeong and Hong, 2009). The flood vulnerability map has 5 levels of vulnerability from 1 - 5. Barren areas with no vegetation based on Landsat TM imagery were considered as deforested areas (Myeong et al, 2013). The average vulnerability of each province and special cities over the country was compared with the percentage of the barren area of that unit. It was found that the relationship between vulnerability and deforested area was linear; flood vulnerability increased as deforested area increased (Image 3).
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Image 3: The relationship between flood vulnerability and deforested area. 
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The r-square of the vulnerability and deforested area was 0.59, which means that there is a positive relationship between flood vulnerability and deforestation. 


Discussion and Conclusion
Forests provide key ecosystem services of nature’s buffering functions against natural disasters. North Korea has cleared forested areas near where people live for the purpose of logging for fuel and also for agriculture. Due to the terrain, rain patterns and cultivation characteristics, North Korea could not increase food productivity in spite of the sacrifice of forested areas. Instead, the country is losing top soil whenever it rains, and is deteriorating flood vulnerability. Without top soil, it is difficult to restore the forest ecosystem through reforestation. Without restoring the damaged forest ecosystem, flood vulnerability will become greater. Then, she will lose top soil more, and it will be a vicious cycle of deforestation and natural disasters.
Food and energy are two main requirements for humans. In many developing countries where people lack food security and energy provision, logging is one of the most common approaches to overcoming the difficulties. Therefore, developing countries are losing forested areas, which in turn lead to more exposures to natural disasters. The case examined in this study with North Korea is not an unusual one but a typical issue related with flood in many developing countries.
North Korea will suffer from floods if timely adaptation is not achieved. With climate change, the potential of climate related disasters will be severer in the future. The analysis of EM-DAT showed that the trend of natural disasters and casualty is increasing continuously. It is difficult to conclude about the trend of climate related casualties of North Korea based only on this analysis because it is possible that not all the casualties from natural disasters were reported in the past. However, it is generally known that the intensity and frequency of natural disasters are increasing. Therefore, climate change adaptation should become a prioritized activity in North Korea. 
The analysis of this study showed a linear relationship between flood vulnerability and deforestation. A way to prevent flood damages, maximizing ecosystem services from the forest, is desired. Since the forest is the nature’s storage of carbon dioxide, which is the major greenhouse gas, preventing deforestation and restoring the damaged forest ecosystem is a desirable and recommendable approach to climate change mitigation. To pursue climate change adaptation and mitigation, reforestation efforts should be made in North Korea. If she succeeds in reforestation and reducing flood vulnerability, it will be a good example applicable to other developing countries. Global efforts for this approach should needs to be made. 
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