Development of a heat/health warning system for Seoul, South Korea and potential plans for system nationalization
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1. INTRODUCTION
According to IPCC AR4, global warming will accelerate the frequency, intensity, and duration of severe heat-waves (IPCC, 2007). Extremely hot periods are associated with increases in weather-related morbidity and mortality in temperate regions. The impact on human health in areas not prepared to deal with these extreme events can be substantial. In the summer of 1994, unprecedented drought and extreme heat waves resulted in 74% excess deaths above the baseline mortality in Seoul, Korea (Kim et al., 2006). In order to develop an effective preparedness system for vulnerable inhabitants during heat waves, a Heat-Health Watch Warning System (HHWS) was developed in Philadelphia, U.S., in 1995. Not only has this system saved lives, but it has also had important economic benefits and has increased interaction between stakeholders (Ebi et al., 2004; Sheridan et al., 2004). The system considers the simultaneous impact of numerous weather variables, as well as the impact of consecutive days of oppressive weather conditions., It is based on identifying oppressive synoptic situations, and forecasts air mass type for the current day and the coming 2 days during the summer season. In 2008, Korean National Institute of Meteorological Research (NIMR) and Applied Climatologists (AC) developed a HHWS for Seoul, and is commencing development for other major cities in the S. Korea based upon successes in other parts of the world. In this study, we introduce the preliminary results showing relationships between oppressive air masses and forecasted mortality, and the developmental procedure for the experimental operation of the HHWS in Seoul, Korea.
2. DATA AND METHOD
Daily mortality data for Seoul were provided by the Korea National Statistical Office, and meteorological data was provided by the Korea Meteorological Administration. Daily mortality data  were divided into the elderly (age over 65) and the others, from January 1991 to December 2005, and meteorological data wereorganized by 3 hour daily intervals (03, 06, 09, 12, 15, 18, 21, and 24 Korean Standard Time) from 1 May 1982 to 31 August 2007.
Weather elements considered in this analysis are air temperature, dew point temperature, cloud cover, sea level pressure, wind direction, and wind speed. As these systems are based on a synoptic methodology, and assumes that the population responds to all weather variables concomitantly, the initial method of analysis involves the classification of all days in each city into one of several weather types, or air masses. The particular classification system utilized is the Spatial Synoptic Classification (SSC; Sheridan, 2002).
3. RESULTS
Table 1 shows excess mortality on consecutive days as classified by air mass type. Because of certain statistical artifacts, which we see in most of other cities, the table does not show a smooth increase as consecutive days increase, but it is clear that consecutive day runs of offensive air mass conditions can cause many excess deaths. For example, when there are three consecutive days of offensive air masses, 65+ daily mortality averages 3.5 deaths above the baseline, and less than 65 daily mortality averages 5.1 above the baseline, leading to a total of 8.5 deaths above the baseline. In the entire period of record, this situation occurred 8 times. There were 7 times in the period of record when there were 5+ consecutive days of offensive conditions, with the last day being dry tropical (DT). On the last day of the sequence, elderly mortality averaged over 38 above the baseline, and non-elderly mortality averaged 9 above the baseline, giving us a total excess mortality of 47, an almost 50 percent rise in total mortality over a typical summer in Seoul. Somewhat similar, but less dramatic, rises in excess mortality are seen for the MT+ and MT++ (an even a more oppressive subset of MT air) air masses, increases of 12-19 percent in overall mortality. Thus, persistence of oppressive air masses clearly plays a role in excess mortality sensitivity in Seoul, with magnitudes similar to other sensitive mid latitude cities. Fig. 1 shows the experimental webpage of the HHWS for Seoul.
4. CONCLUSION
The impacts of weather and climate on human health have attracted public attention in the past several decades. In particular, applied heat-related mortality research has contributed to reduced adverse health impacts attributed to excessive heat events, particularly in large mid-latitude cities. Considering these successes, a heat/health watch warning system has been developed for the Seoul metropolitan city, South Korea, using a synoptic-based system that identifies air masses associated with a negative health outcome. These air masses are traditionally associated with large day-to-day mortality variations, and those particular characteristics which contribute to heightened mortality days have been identified. The results of our analysis and performance of the system will be presented. We will also discuss future plans for system development in other urban areas in South Korea. System validation is another necessary step in system development an implementation, and will be ongoing as the system runs from one summer season to the next. There are plans over the next few years that the HHWS will be expanded to 6 additional cities in Korea.
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Table 1. Anomalous mortalities on consecutive days by classified airmass.

	SSC
	
	1
	2
	3
	4
	5+

	Transition
	65 and over
	8.0
	-3.6
	
	
	

	
	Under 65
	6.5
	-0.3
	
	
	

	
	Total population
	14.5
	-4.0
	
	
	

	
	n
	4
	1
	
	
	

	Dry Moderate
	65 and over
	1.0
	5.9
	-6.6
	
	

	
	Under 65
	1.3
	1.1
	-6.3
	
	

	
	Total population
	2.2
	6.9
	-12.9
	
	

	
	n
	6
	4
	1
	
	

	Moist Tropical
	65 and over
	-1.0
	2.9
	-5.7
	4.5
	

	
	Under 65
	-1.1
	-1.7
	-3.2
	8.7
	

	
	Total population
	-2.1
	1.3
	-8.9
	13.2
	

	
	n
	18
	4
	2
	5
	

	Moist Tropical
Plus
	65 and over
	3.4
	3.0
	18.5
	-8.5
	10.9

	
	Under 65
	2.2
	2.4
	4.5
	-0.5
	1.7

	
	Total population
	5.6
	5.3
	22.9
	-9.1
	12.6

	
	n
	28
	11
	1
	1
	8

	Moist Tropical
Double Plus
	65 and over
	3.1
	1.4
	10.8
	15.2
	14.0

	
	Under 65
	3.2
	-0.3
	-1.2
	5.9
	4.7

	
	Total population
	6.3
	1.1
	9.6
	21.2
	18.7

	
	n
	4
	4
	4
	3
	10

	Dry Tropical
	65 and over
	3.3
	2.9
	3.5
	-6.2
	38.1

	
	Under 65
	0.4
	2.4
	5.1
	-2.1
	9.0

	
	Total population
	3.7
	5.3
	8.5
	-8.3
	47.0

	
	n
	71
	22
	8
	2
	7
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Fig. 1. Experimental webpage of Heat/Health Watch-Warning System, Seoul, S. Korea.
