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ABSTRACT: The Lightning Nowcasting and Warning System (CAMS_LNWS) can provide 0~2 hour lightning warning products. The products are showed in several forms such as Lightning Occurrence Probability, Lightning Forecasting of Key Region, and Lightning Hazard Rank Forecasting et al. Lightning forecasting products of the CAMS_LNWS can also be obtained on the Lightning Detection Information Website http://lightning.cma.gov.cn/. This summer, the CAMS_LNWS took part in the 2008’s Olympic Weather Service Drilling. The system was applied to the weather forecasting system in Beijing Meteorological Bureau and experienced the operational experiments. In order to test the warning result and its ability, we evaluated the accuracy of the warning products by adopting three evaluation index, Probability of Detection (POD), Fault Alarm Rate (FAR) and Threat Score (Ts) through comparing the warning results with lightning locating results from SAFIR 3000 detection system. Results of the experiment showed that the CAMS_LNWS runs steadily and automatically, and can enable the sharing of products on internet. Comparison and analyses studies suggest that the CAMS_LNWS has favorable forecasting ability for regional lightning activity and its forecasting accuracy has reached domestic advanced level.
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1. INTRODUCTION
1.1 Lightning Nowcasting and Warning System

Lightning Nowcasting and Warning System (CAMS_LNWS) integrates multi-source observation data [Gremillion and Orville, 1999] such as lightning detection, SAFIR, radar, satellite, surface electric field instrument and sounding data et al., and synthesizes the charge model and discharge model of thunderstorm [MacGorman et al., 2007] to do lightning nowcasting [Colquhoun, 1987]. Lightning nowcasting and warning method in the CAMS_LNWS was firstly proposed in China. The method was base on region recognizing, tracking and extrapolation algorithm and Decision Trees algorithm [Dixon and Wiener, 1993]. The CAMS_LNWS is designed in framework and modularization and established a lightning warning method using data integration, multi parameters and multi algorithms [[Buechler et al., 1990; Smith, 1996]. The system can provide 0~2 hour lightning nowcasting and warning results in form of Lightning Occurrence Probability, Lightning Forecasting of Key Region, and Lightning Hazard Rank Forecasting et al.
Lightning nowcasting and warning products are classified into three categories: lightning occurrence probability forecasting, lightning hazard rank forecasting and potential active region and its movement forecasting. The CAMS_LNWS gives the 0~1 hour nowcasting and warning products every 15 minutes automatically. Products include six images: four lightning occurrence probability products of 0～15 min, 15～30 min, 30～45 min and 45～60 min, one lightning hazard rank forecasting products and potential active region and one lightning movement forecasting product.
In order to assure the accuracy of the nowcasting and warning products provided by the CAMS_LNWS to the public during the 2008’s Olympic Games [Johnson et al., 2000], we should carry out operational application experiments and conduct evaluation research on lightning data applying to severe convection weather forecasting operation. The objectives are to complete lightning nowcasting and warning products for operational diagnoses and forecasting technique, set up a quick-response operational system of lightning forecasting and service and finally improve the reliability and stability of the system in meteorological operational application. 

2. EVALUATION ANALYSIS ON OPERATIONAL EXPERIMENT 

2.1 Operational Experiment

The CAMS_LNWS and Lightning Detection and Analysis System (CAMS_LDAS) took part in the 2008’s Olympic Meteorological Services Drilling organized by China Meteorological Administration (CMA) from July to September 2006 in Beijing. Laboratory of Lightning Physics and Protection Engineering (LLPPE) from Chinese Academy of Meteorological Sciences (CAMS) had installed and debugged the two systems at Beijing Meteorological Bureau on 24th June 2006. Data-interface had been adjusted and trainings about introduction and usage of the CAMS_LNWS had been conducted to operational forecasters before the drilling.
During the whole experiment period, Beijing had suffered many thunderstorms with lightning happened. For each thunderstorm, the CAMS_LNWS provided nowcasting and warning products of 0~1 hour every 15 min automatically. Users could query the real-time nowcasting and warning products on website http://lightning.cma.gov.cn/ (see Fig. 1). Moreover, the CAMS_LNWS uploaded warning products to FTP Server of Olympic Meteorological Service Products. The system achieved execution and share of warning products and accomplished the task successfully. Presently, the CAMS_LNWS runs steadily and automatically. It reads several kinds of sounding data on regular time, provides warning products, and displays the results automatically. Accuracy of the warning products has achieved advanced level in China. Therefore the system offers an important reference tool for forecasters to get lightning warning information.
2.2 Evaluation Method for Warning Products
Comparison analyses between the forecasting results and observation results were conducted to evaluate the accuracy of the CAMS_LNWS [Churma and Smith, 1998]. Probability of Detection (POD), False Alarms Rate (FAR) and Test Score (TS) were adopted as evaluation index. Taking two thunderstorms for example, we compared the forecasting results with observed results and gave the evaluation of 0~12h potential forecasting products during the Olympic Meteorological Services Drilling. 
3. CASE STUDIES 
From 8th to 24th July 2006, weathers in Beijing were almost local strong thunderstorms with strong lightning activities, which mainly happened on 8th-10th, 12th-13th and 24th July. Rainfall on 24th July reached rainstorm level. The lightning detection system SAFIR 3000 observed almost 20,000 lightning in Beijing and its vicinal area. From 12th to 13th July, in the northwest part of Beijing, hail and strong winds occurred at the mountainous area, with strong lightning activities. SAFIR 3000 observed almost 50,000 lightning in Beijing and its vicinal area.
3.1 Thunderstorm on 9th July, 2006 
3.1.1 Weather Condition 
On the early morning of 9th July 2006, influenced by local convective cloud cluster, thunderstorm occurred in most area of Beijing. In spite of the large distribution, the rainfall scattered in different directions. Precipitation in Han Dian, Shi Jiangshan and Men Tougou district reached rainstorm level. Especially, precipitation in Men Tougou district from 20:00 8th to 06:00 9th July reached 74 mm. Strong lightning occurred simultaneously. Figure 2 shows the lightning locating result in Beijing area from 01:00 to 07:00 9th July detected by SAFIR system. From the lightning distribution in different time period we can see that, lightning activity area present southwest- northeast distribution. It moved from west to east and pass Haidian district at 03:00.
3.1.2 Forecasting Result 
    The CAMS_LNWS gives the lightning occurrence probability results of 03:00~04:00 at 03:00. Figure 3 provides four images of every 15 min from 03:00 to 04:00. Results suggest that, potential lightning activity region forecasted by the CAMS_LNWS is consistent with real lightning occurrence region observed by lightning locating systems. We also evaluated the forecasting results given by the CAMS_LNWS in four time periods and listed them in Table 1. 
Tab. 1 Evaluation result of lightning occurrence probability given by CAMS_LNWS at 03:00, 9th July 2006

	Warning time
	15min
	30min
	45min
	1h

	POD
	74%
	57%
	63%
	67%

	FAR
	69%
	71%
	68%
	68%


Table 1 shows that, POD of 0～1h lightning occurrence probability given by CAMS_LNWS at 03:00 on 9th July 2006 is 57%～74%. That is, 27%～43% area is not detected. FAR is about 70%. Forecasting results are consistent with observation results. 

Tab. 2 Evaluation result of lightning occurrence probability given by CAMS_LNWS from 01:00 to 07:00 
on 9th July, 2006*
	Warning time
	15min
	30min
	45min
	1h

	POD
	56%
	52%
	33%
	26%

	FAR
	71%
	77%
	85%
	89%


*warning products are given every 15 min and there are 25 warning products totally.
Table 2 gives the evaluation result of lightning occurrence probability provided by CAMS_LNWS of 25 time periods. Generally, POD decreases with the warning time while FAR increases with it. For the warning time within 30 min, POD is above 50% and FAR is less than 80% and the result is acceptable. As for warning time of 30 min to 1 hour, POD decreases to about 30%, and FAR increases to above 85%. It is because of the accuracy and time-effectiveness of the extrapolation method。

3.2. Thunderstorm on 24th July, 2006
3.2.1 Weather Condition
In the afternoon of 24th July 2006, influenced by convective cloud cluster, most area of Beijing suffered thunderstorms. Distribution area of the rainfall was large but the precipitation was not evenly spread. Rainfall in some area reached rainstorm level. Some area in Fangshan district even suffered short time hail. Up to 06:00 25th, the largest precipitation observed by weather stations was 88 mm in Che Daogou area. Average rainfall in the city region is 41.4 mm. During the thunderstorm, strong lightning activities occurred simultaneously. Figure 4 gives the lightning location from 14:00 to 20:00 on 24th July detected by SAFIR system in Beijing. Different from the weather condition on 9th July, lightning active region in this thunderstorm was very large. During one time period, lightning happened in several regions simultaneously. In addition, regions with strong lightning activities also had high precipitation. Regions with strong hail also suffered lightning.  
3.2.2 Forecasting Result
    In order to test the forecasting ability of the CAMS_LNWS, we analyzed the lightning occurrence probability of 16:00~17:00 given at 16:00. Figure 5 provides four images of every 15 min from 16:00 to 17:00. Figure 6 shows the forecasting result of lightning activity region movement. Table 3 provides the evaluation results of lightning occurrence probability. Weather condition on 24th July 2006 was more complex. Lightning activity region in the thunderstorm was large and scatters in different directions. POD of 0～1h lightning occurrence probability given by CAMS_LNWS is 23%～46%. That is, 54%～77% area is not detected. FAR varies between 75% and 90%.

  Tab. 3 Evaluation result of lightning occurrence probability given by CAMS_LNWS from 15:00 to 20:00
 on 24th July, 2006*
	Warning time
	15min
	30min
	45min
	1h

	POD
	46%
	39%
	32%
	23%

	FAR
	75%
	82%
	86%
	90%


*warning products are given every 15 min and there are 21 warning products totally. 

4. DISCUSSION  

When lightning activity regions are complex, the CAMS_LNWS has worse forecasting results compared to simple lightning activities. Because the forecasting method is based on region recognize, tracking and extrapolation [Mills and Colquhoun, 1998]. As for monomer thunderstorms, the extrapolation method can predict potential lightning occurrence region accurately. However, for thunderstorms with complex structure, the forecasting results of lightning activity by extrapolation method are unsatisfactory. A complex thunderstorm may comprise several thunderstorm monomers. In this thunderstorm, lightning occurs in certain regions, but these regions spread over large area and do not evenly spread. With continuous convection occurring, developing and disappearing in the thunderstorm, lightning in the scattered area will reduce the POD of the CAMS_LNWS [Roeder and Pinder, 1998]. Restricted by accuracy and time-effectiveness of the extrapolation method, POD for lightning activity region of CAMS_LNWS will decrease and FAR will increase with the growth of prediction time.
From the above work, we can conclude that:
(1)  With the growth of prediction time, POD for lightning activity region of CAMS_LNWS will decrease and FAR will increase because of the accuracy and time-effectiveness of the extrapolation method. 
(2)  In the next step, we will couple models of electrification mode and discharge mode in thunderclouds with meso-scale lightning forecasting model to eliminate the limitation of extrapolation method and improve the forecasting ability of the CAMS_LNWS [Mansell et al., 2002; Mansell et al., 2003]. With accumulation of historical data, Decision Trees method used in the forecasting of lightning potential activity will be advanced and the forecasting results will be constantly improved.

(3)  Based on the thunderstorm data collected during the Olympic Weather Service Drilling, we will compare forecasting results with observation results, evaluate and analyze the lightning nowcasting and warning results, and finally improve the warning method and lightning warning system. Although improvements on forecasting ability still need more intensive research, the CAMS_LNWS do provides a fundamental platform for China’s lightning warning and forecasting operational work.
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Fig. 1 Lightning nowcasting and warning products on Lightning Detection and Warning website (http://lightning.cma.gov.cn/) developed and supported by Laboratory of Lightning Physics and Protection Engineering (LLPPE), Chinese Academy of Meteorological Sciences (CAMS).
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Fig. 2 Lightning locating result of 01:00~07:00 on 9th July, 2006 detected by SAFIR systems in Beijing area.
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Fig. 3 Lightning occurrence probability products of 03:00~04:00 given by CAMS_LNWS at 03:00 on 9th July 2006 and observed results detected by SAFIR system. (Time period of four images are 03:00～03:15, 03:15～03:30, 03:30～03:45 and 03:45～04:00. Green dots indicate lightning locating data. )
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Fig. 4 Lightning locating result of 14:00 ~ 20:00 on 24th July, 2006 detected by SAFIR systems in Beijing area.
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Fig. 5 Lightning occurrence probability products of 16:00～17:00 given by CAMS_LNWS at 16:00 on 24th July 2006 and observed results detected by SAFIR system. (Time period of four images are 16:00～16:15, 16:15～16:30, 16:30～16:45 and 16:45～17:00. Green dots indicate lightning locating data. )
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Fig. 6 Lightning active region movement of 16:00～17:00 provided by CAMS_LNWS at 16:00 on 24th July 2006.
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