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Summary and purpose of document

This document reviews the progress from WENS project planning to implementation and capacity building, specifically, the service during the Expo 2010.  The document specially summarizes the capacity of WENS to service delivery, including nowcasting technological application, and corresponding PWS. It also introduces the process and results of benefits assessment.  Finally, the document details future considerations for nowcasting services.
Action Proposed

The Meeting is invited to use this summary review as a reference to create WMO nowcasting service guidelines.  SOPs and partnership practices for service delivery can be used as a reference for the creation of general operational service delivery guidelines and performance indicators.  Routine benefit assessment, especially operational analysis on impact factors to satisfaction is suggested to be further conducted and expanded as a demonstration. 

Annexes:
A.
WENS Summary Review

B.
Project Implementation Plan
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Practices and Experiences of Public Weather Service (PWS) in 
Shanghai World Expo Nowcasting Services (WENS) Demonstration Project

Summary Review

1.
Participation of Met Services at Expo

1.1 World Expo 2012, Shanghai China

The World Universal Exposition is a large-scale, global, non-commercial Expo, officially sanctioned by the (BIE/WEC) Bureau Internationale des Expos/World Expo Committee. Countries who wish to host the expo must file applications and be approved by the BIE/WEC.
Expo aims to promote the exchange of ideas and development of the world economy, culture, science and technology. Expo allows exhibitors to publicize and display their achievements and improve international relationships. Accordingly, the World Expo with its 150-year history is regarded as the Olympic Games of the economy, science and technology and one of the world’s most important international events along with Olympic Games and the World Cup.
The Shanghai World Expo 2010 was held from May to October in 2010 (184 days). Under the theme of "Better City, Better Life", the Expo put on display the splendid achievements of contemporary civilization, pooled human wisdom in exploring the path of urban development, set many Expo-related records, and added a glorious chapter to the Expo history. This successful international event attracted 246 official participants, including 190 countries and 56 international organizations, and 73 million visitors. All these figures are new records in World Expo history, the first of which was held in London in 1851.
The concept of Shanghai Expo 2010 was a green, environmentally friendly, and a low carbon way of life. To better achieve this concept, the first-ever meteorological themed pavilion in the 159-year history of the World Universal Exposition, “MeteoWorld” was created under the theme of “For Safety and Well-being”. To illustrate how making use of weather and climate information can bring about a better city, and better life.
The pavilion aimed to display the concept of disaster risk reduction, climate change, weather forecasting and services, progress of meteorological technology, and the responsibilities and spirit of meteorologists. Among these aims, the Expo Weather Observatory within the MeteoWorld Pavilion displayed weather forecast and service experience was one of the most important exhibits, and required support from the latest technology and service delivery capacity.
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Fig. 1 The Expo Site
1.2.1
Expo’s Requirements for Meteorological Services: Shanghai Climate

With a pleasant northern subtropical maritime monsoon climate, Shanghai enjoys four distinct seasons, with generous sunshine and abundant rainfall. Located at 31°N,121°E, the city is bordered by the Yangtze River to the north and Hangzhou Bay to the south. Shanghai occupies a central location along China’s eastern coastline. Dotted with many rivers and lakes, the Shanghai area is known for its rich water resources. Shanghai receives an average annual rainfall of 1,200 mm; nearly 60% of the precipitation occurs from April to September, Shanghai summers are hot and humid. July and August are Shanghai's hottest months with average highs of 32.4°C, and daytime average of humidity is 75%. On average there were 15 rainy days, and 8 thunderstorm days per month during the Expo period of operations. According to meteorological records, 2-3 tropical cyclones may have an impact on Shanghai per annum. Abnormal rainfall events can occur during this period, e.g. on the 25th of August 2008, the precipitation exceeded 100mm in a one hour period. 

1.2.2
Expo’s Requirements for Meteorological Services: Challenges

Expo brought a lot of requirements of meteorological services. Planning an event during the warm season of the year in Shanghai; a time of frequent precipitation and thunderstorms, together with some high impact weather (HIW), such as heavy rainfall, squalls, hail, lightning, and tropical cyclones could bring weather-related disasters. In addition, Expo 2010 Shanghai was the first Expo to be held in the downtown area of a mega-city, the Expo site was located on the banks of the Huangpu River in the downtown area, covering an area of about 5.3 km2, which is a relatively small area in terms of synoptic weather prediction. The topography, surface features, and the “urban heat island” effect could play important roles in the initiation and evolution of meso-scale weather systems, which increases the difficulty of forecasting. The weather service needed to consider the following factors when designing the Expo Weather Service:
· Weather impact on large number of visitors
· Weather impact on traffic for the expo site, the city of Shanghai as a whole and for incoming domestic and international travel
· Performance and activity arrangement, for both the pavilions and for the Expo site
· Weather impact on groups of people who are vulnerable to certain weather conditions
The groups included:
· People from different areas have different levels of sensitivity
· Different age groups are more or less vulnerable to certain weather conditions
· People with health considerations (i.e. Respiratory illness, Digestive issues, Cardiopulmonary illness)
· The large number of temporary buildings at the Expo site
· The capability of early warnings and early response mechanisms for emergency Management
· Continuous dissemination of specific hydromet and environmental information to support a large and frequent number of unique activities at the Expo site 


The Shanghai World EXPO 2010 ran from May to October 2010 and was a major international event in which weather had a significant impact. Weather services were required to support planning and coordination of EXPO operations and activities. Important issues concerning the weather’s effect on individual exhibition pavilions and potential impacts associated with the outdoor exposure of a large number of people, and a large extent of property. The specific activities in the critical location (Expo Site) and the huge number of users (decision makers, city management agencies, local organization committee, and visitors) could be highly sensitive to weather. There were about 250 pavilions in the Expo site, several important activities (including the Opening Ceremony, the Closing Ceremony, etc.) and more than 20,000 smaller scale activities, over 73 million visitors during the Expo period (the highest daily total reached 1.03 million). This demanded detailed, targeted, and tailored meteorological services.

1.2 An Expo Driven Opportunity for the Met Service
Expo 2010 presented the meteorological service with requirements that demanded the advancement of technology and restructuring of the conventional approach in the fields of observation, prediction and service delivery. These numerous requirements helped bring about a transformation of the Shanghai Met service, not only in terms of technological improvements but also in terms of shifting the attitudes of weather service personnel.
The following needed to be established:
· High resolution, 3D, Real time data, including dynamic, thermodynamic and chemical weather information
· Different spatial scale monitoring capabilities (Yangtze river delta, Shanghai city, Expo site)
· Nowcasting and high resolution NWP technology based “seamless” forecast approach
· Impact forecast systems to meet the needs for high sensitive users and sectors
· Targeted, tailored service delivery approach to meet the demands of special user groups such as: participants, energy suppliers, specific performance and activity organizers
· Specialized dissemination systems for visitors of Expo Park
· Detailed routine service, risk assessments and risk management for different user groups and different activities
1.3 The Shanghai World Expo Nowcasting Services (WENS) Demonstration Project

The World EXPO presented a unique and exciting opportunity to reach out to the general public on a global level. The WENS was designed to be an excellent example of how Meteorological and Hydrological Services can participate in international events in more than just a service capacity.  The improvements in DRR for natural disasters as well climate change adaptation strategies are highlighted and public awareness of meteorological sciences and services are gradually increased.
In November 2008, the WENS project was officially established as a joint effort of WWRP and PWS/WMO. The goals of WENS are to demonstrate how nowcasting applications can enhance short-range forecasts of severe weather using the opportunity afforded by the Shanghai World EXPO 2010, and to promote the understanding and enhance the capability, as appropriate, of WMO Members in nowcasting services.
The objectives of WENS are as follows:
1)
Provide advanced high impact weather and precipitation nowcasting products and services in the context of the World EXPO 2010.
2)
Enhance the capacity of the SMS in MHEWS by:
· Addressing the problem of urban inundation;
· Providing improved heavy precipitation warnings;
· Evaluating the contribution of QPE/QPF to the overall effectiveness in the risk assessment process;
· Effectively presenting the information to the decision makers and the public.
3)
Demonstrate the introduction, optimal implementation, and training in the use (technology transfer) of advanced nowcasting systems in operational forecasting and in the generation of enhanced products and services.
4)
Evaluate the impact of the implementation of operationally focused nowcasting on the quality of high impact weather and precipitation forecasts, on forecasters and on end-users of a local meteorological service;
5)
Promote the implementation of nowcasting services in the Shanghai region initially and ultimately for the benefit of all WMO Members, especially those in East Asia.

The WENS Implementation Plan was drafted through the joint efforts of the experts from WMO, China Meteorological Administration (CMA), Australia Bureau of Meteorology (BOM), Hong Kong Observatory (HKO), and CMA’s Shanghai Meteorological Service (SMS) and Beijing Meteorological Service (BMS).

At the recommendation of the WMO Implementation and Coordination Team on Public Weather Services, WENS focused on the "services" rather than the "systems", in particular, the translation of nowcasting system outputs to timely, relevant and user-friendly products for decision makers and stakeholders. WENS products were made available to local weather forecasters on duty and a post-project review was conducted to assess the impact of WENS. This was to be followed by the publication of guidelines on the provision of nowcasting services reflecting the experience gained from WENS, and the conduct of capacity building workshops for WMO members. 
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Fig. 2 WENS Interim SSG Meeting and SSG Meeting, Nov, 2008, Shanghai China

A WENS Scientific Steering Group (SSG) was established to plan and steer the implementation of the project recognizing the need for a focus on service delivery aspects.  The SSG comprises a SMS/CMA, PWS Secretariat, an ICT Chair, JONAS SC Co-chairs and PSOs, a capacity building lead, and a socio-economic lead with the WENSWG Chair serving as secretary. The SSG was in charge of developing an agreed-upon business/project plan based on the MHEWS project plan that defined project participant roles and responsibilities, an agreed-upon timetable and financial arrangement. The responsibilities of the WENS/SSG are: to formulate strategies of the WENS implementation (scientific and technical aspects), to monitor the progress of WENS implementation, including review of the implementation plans of the participants, to oversee the training programme, and prepare reports on the scientific aspects of WENS.
A WENS Working Group (WENSWG) oversaw the development of an implementation plan, its execution and reported to the SSG. A comprehensive user evaluation process was also developed and applied to all WENS products and services by the WENS Working Group.
The WENS was conducted over four years (2008-2011). Baseline evaluation of stakeholder / user communities took place during the first half of 2009. The formal WENS project was conducted from 26 April to 31 October 2010. This included both the World EXPO 2010 and its preparation period. Procedures and approaches tested in this Demonstration Project are expected to have general international applicability.
Some nowcasting systems (i.e. Australia BOM–STEPS, the BMS–BJANC, and HKO-SWIRLS) from the B08FDP (the Beijing 2008 Olympic Games Forecast Demonstration Project) of WMO/WWRP were also introduced into the WENS for Expo 2010.
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Fig. 3 WENS official web site and the public WENS web site

A professional WENS web site was set up in the SMS’s intranet for professional users at Expo, these professionals included forecasters in the SMS weather office and in the Expo Operation Center, and service officers and coordinators of the SMS. On the page, observations and nowcasting products such as Quantitative Precipitation Estimates (QPE), and Quantitative Precipitation Forecasts (QPF), Severe Storm Nowcasts, and a host of other participating systems could be displayed. An official web page on the SMS web site displaying real time WENS products was available for the public during Expo. Some specialized users had their own Expo Weather Service web profile, which they customized to fit their specific needs 
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Fig. 4 Activities in the WENS full operation

The operational phase of WENS began on 26 April 2010 and ran continuously until the end of Expo on October 31st. Nowcasting information was generated by the participating systems providing advice and warnings to Expo organizers and other users. The WENS systems and products supported the SMS forecasters and service officials as well as the end users, including Expo organizers and participants, relevant government departments some special users and the general public. WENS systems performed well in monitoring and nowcasting during some important Expo activities such as the opening ceremony, the site opening ceremony, the WMO Pavilion Day, etc. Using the WENS products, 12 lightning, 6 strong wind, and 11 heavy rain warning signals were issued for the Expo site during the 184 days of operations. From the beginning of 2009, WENS related work was pushed forward in accordance with the Implementation Plan, and thanks to the efforts and contributions of the participant systems, everything ran smoothly.  
Milestones of the WENS project:

1) Sep. 2008: Establishment of WENS Scientific Steering Group (SSG) and WENSWG by interim SSG, draft TORs and draft business plan for WENS. (Interim SSG).
2) Nov. 2008: SSG Planning Meeting finalized TORs and WENS Business Plan on project scope, duration, milestones and deliverables as well as funding arrangements (SSG).
3) Apr. 2009: Pre-Training in Hong Kong and Australia: HKO (Linus Yeung and his colleagues) and BOM (Alan Seed and his colleagues) provided trainings to the SMS staff on application of the nowcast products of SWIRLS and STEPS.
4) May, 2009: PWS Platform was established in SMS.
5) Jul.-Aug. 2009: First trial run (WENSWG): the participant systems were installed and fine-tuned under the guidance and support of the experts and operational training courses for WENS forecasters were taken.
6) Oct. 2009: Interim Review Meeting: Review objectives, undertake validation and performance assessment of systems taking part in trial run; engage key stakeholders/users to provide feedback on products.
7) Apr. 26 – Oct. 31, 2010: WENS in Full Operation. 
8) Sep. 20-24, 2010: WENS Review presentation, in the WMO Public Weather Services Core Implementation and Coordination Team meeting, Shanghai, China.
9) March, 2010, the meteorological post in the Expo Operation Command Headquarters began operations.
10) May, 2010, the Expo Weather Observatory (MeteoWorld) began operations.
11) 8-10 Feb., 2011: WENS Review presentation on internet, in the WMO WWRP Working Group on Nowcasting Research, Geneva.
12) Nov. 14-18, 2011: WENS Final Review meeting of WENS was held in Shanghai, China.
2.
Capacity of WENS to support Expo Weather Service Delivery
2.1

The application of nowcasting techniques
Nowcasting services of High Impact Weather (HIW) were a particularly important requirement from both organizers and participants of Expo 2010. In order to incorporate nowcasting techniques into the conventional weather service, a new approach to service delivery was established by the SMS.

2.1.1
Nowcasting had a very important role to play 
In terms of weather disaster prevention and guidance to public, nowcasting services are the most direct and useful. But the capabilities of the various departments are different, so their requirements on timeliness of nowcasting on disastrous weather were also different. (See Table 1. -below)

Table 1. The forecast timeliness requirements of response 
departments to severe convective weather
	Weather Type
	Response Departments
	Minimum leading time for response
	Time threshold

	Severe Convective

Weather

(Thunderstorms, strong wind, hail, tornadoes, etc.)
	Shanghai Emergency Response Center
	2 hours
	2 hours

	
	Shanghai Flood Control Headquarters
	2 hours
	3 hours

	
	Shanghai Municipal Transport and Port Authority
	4 hours
	4 hours

	
	Shanghai Municipal Tourism Authority
	2 hours
	2 hours

	
	Shanghai Labor and Social Security Bureau
	1 hours
	1 hours

	
	Shanghai Electric Power Company
	2 to 3 hours
	3 hours

	
	Shanghai Shentong Subway Group
	30 minutes
	30 minutes

	
	Shanghai Airport Group
	Airport emergency response department: 1 hour

Other departments: 30 minutes
	2 hours, 90 minutes respectively


Many weather sensitive events also benefited from nowcasting. For example, during the Expo opening ceremony, many of the activities could have easily been affected by the weather. In attendance were numerous dignitaries including heads of state, which complicated matters as well.
A total of 7 categories of activities that could be influenced by the weather were created and 17 possible weather conditions were identified. 33 possible adjustments to the plan were laid out and 58 responses detailing possible cancellation actions were put in place after joint consultation between meteorologists and ceremony directors.

Table 2. Action plan detailing the impact of wind on Opening Ceremony activities
	Element (wind)
	Fireworks
	Light show
	Fountain
	Water Curtain
	Flag boat
	LED screen
	LED

ball
	Dignitaries attendance
	Public

	Wind speed(m/s)
	5.5-7.9
	○
	○
	○
	○
	○
	○
	●
	○
	○

	
	5.5-7.9（gust）
	○
	○
	○
	○
	○
	○
	◎
	○
	○

	
	8.0-10.7
	○
	○
	◎
	◎
	●
	◎
	●
	○
	○

	
	8.0-10.7（gust）
	○
	○
	◎
	◎
	◎
	◎
	●
	○
	○

	
	10.8-13.8
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	10.8-13.8（gust）
	◎
	◎
	◎
	◎
	●
	●
	●
	◎
	◎

	Wind Direction
	East -southwest
	○
	○
	○
	○
	○
	○
	○
	○
	○

	
	West -northeast
	◎
	○
	○
	○
	○
	○
	○
	◎
	◎

	Typhoon, tornado, squall 
	●
	●
	●
	●
	●
	●
	●
	●
	●


Remarks: ○ means the activity can be carry on as usual；◎ means the activity needs to be adjusted● means the activity needs to be cancelled.

The establishment of an integrated seamless suite that focused on a gradual procedure to track the evolution of a given weather system and to provide continuous refreshing (updating) forecasts and impact forecasts with less uncertainty to end users was necessary to meet the requirements for Expo. The integrated suite included long-term predictions, medium-range forecasting, short-term forecasting, and nowcasting, so forecasters could follow the entire process of a weather system’s evolution as it becomes less uncertain. The continuous refreshing feature of this procedure enables frequent updates of live observations; this helps the public to better understand forecast accuracy, thereby lowering the risk of the weather’s impact on end users. Emphasis was also put on “interaction” or “dialog” between the seamless forecasting techniques and products in different temporal scales, i.e: nowcasting experts and their techniques need to be able to easily interact with their longer term counterparts.
2.1.2 How was nowcasting accomplished for Expo 2010

1) Monitoring of high impact weather
Nowcasting needs very high-resolution observations in order to effectively monitor high impact weather. However, the conventional weather observation network can’t meet the demand of nowcasting of mesoscale weather. Based on a mesoscale observation network in the east China region, a well-refined concentric monitoring zones were designed to monitor high impact weather to the critical area (Shanghai and the Expo site) and users (government departments and the general public) or events (the Shanghai Expo 2010). The early detection and monitoring network consists of three-levels:
Outlook range (1000km): to monitor synoptic weather systems if they are approaching the Yangtze River Delta area. The observations are from the CMA-national conventional weather observation networks, the national lightning detection network, the AWS network, and satellites.
Watch range (600km): to monitor meso-scale weather systems’ motion and evolution. The observations are from the East-China Region observation networks, e.g., CINRAD Doppler weather radar network, AWS network, total lightning detection network, soundings, GPS/Met network.
Warning range (100km): to monitor the initiation and evolution of local meso-β scale weather systems and some weather phenomena related to severe convection in the Shanghai area (MCS, boundary convergence line, sea-breezing front, etc.). The Shanghai local observation network consists of 2 Doppler weather radars, an X-band mobile dual-polarization Doppler radar, a total lightning detection network, a 10 wind profiler network and an AWS network, etc.
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Fig. 5 The three-level early detection and monitoring platform of SMS

2)
Supporting systems
The SMS developed an Integrated Observation and Analysis Platform for the Yangtze River Delta area, including 2,200 AWS stations, and 15 Doppler radars. Varieties of monitoring products with four warning categories are automatically generated and then alert the forecasters on duty. 
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Fig. 6 Integrated Information Display Platform
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Fig. 7 Radar reflectivity with GIS

There were six nowcasting systems that participated in the WENS projects:
· CMA
· SWAN (Severe Weather Automatic Nowcast system)
· BJANC (Beijing Auto-NowCastor)
· NoCAWS (NowCAsting and Warning System)
· SMS-WARR (Shanghai Meteorological Service – WRF ADAS-3DVar Rapid Refresh system)
· Australia BOM
· STEPS (Short Term Ensemble Prediction System)
· HKO
· SWIRLS (Short-range Warning of Intense Rainstorms in Localized Systems)
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Fig. 8 WENS nowcasting systems and products

SWAN (CMA) is an operational platform for severe weather monitoring, analysis, warning and prediction, by providing radar mosaic, quantitative precipitation estimate and forecast, storm identification and tracking, etc. 
BJANC (BMS) is the fruit of an international collaborative project between China and the U.S.A. It is an automated nowcasting system that produces 0-1 hr forecasts of convective storm location and intensity with optional human enhancement to forecasts by entering boundary layer convergence line or modifying focused forecast areas. BJANC can provide routine nowcasts of position, intensification and evolution of convective storms.
NoCAWS (SMS) is an operational system for severe weather very-short range forecasting and nowcasting in the Shanghai Meteorological Service. NoCAWS functions include automatic severe weather alert, nowcasts of thunderstorm and precipitation, convection environment analysis, and interactive nowcasting and warning generation. 
SMS-WARR (SMS) is comprised primarily of a numerical forecast model (WRF3) and an analysis/assimilation system to generate refreshed analysis fields and to initialize the model.  Together with a digital filter initialization, initial conditions or analyses essentially make the 1-hourly cycle be a warm-start setup.
STEPS (Australia BOM) generates ensembles rainfall forecasts in the 0-6 hour lead time by blending the radar based extrapolation nowcast with the Numerical Weather Prediction (NWP) rainfall forecasts, and then perturbing the blend with a statistical model of the forecast error.
SWIRLS SWIRLS-2 (HKO) comprises a set of nowcasting sub-systems, responsible for the ingestion of observation data, execution of nowcasting algorithms, as well as product generation and visualization. 
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Fig.9 SMS-WARR’s products for a severe hail storm on Aug. 25 2012

3）Weather Impact Forecasts
As a weather event makes its way through the different time scales, uncertainty values become lower and lower. By the time it reaches the nowcasting time scale uncertainty is at its lowest along the chain, allowing for more accurate impact forecasts.
Impact forecasts focus on forecasting the weather’s impact on specific people, locations, or/and events, through the process of reducing the uncertainty of weather forecasts. Impact forecast can help users to make response decisions.
The uncertainty in a forecast and its change are major components of a forecast. Development of the relationships between various weather elements and high sensitive events (thresholds) is the trigger for the selected solution and response action. The setup of these relationships is major part of risk assessment.
During the continuous seamless forecasting process, the uncertainty gradually decreases, this is an effective and gradually improving approach to the application of the impact forecast techniques in selecting a final response action. The setup of the approach, the selection in the approach, and its systemization and standardization are important content of risk management.
Based on SMS’s experiences, weather impact forecasts can be divided into three types:
Type I)
Weather impact on natural environment (i.e. storm surge in maritime meteorology, river flow, and flood of hydro-meteorology, haze in environment meteorology)
Type II)
Weather impact on urban infrastructure (i.e. energy, power, and water service in city, urban inundation, transportation)
Type III)
Weather impact on events and/or groups (i.e. big outdoor social activities, human body comfort indices, bacterial food poisoning in health meteorology)
Table 3: The types of weather impact forecasts
	Type
	Impact region/sector
	Products

	Type I
	Maritime
	Strong winds, storm surge and wave prediction

	
	Lake Basins
	Area rainfall and flood risk level prediction, temperature, humidity, pressure predictions on algae blooming 

	
	Environment
	Prediction of the spread of haze and dispersion of atmospheric contaminates

	Type II
	Power supply
	Prediction on power consumption, effects on transmission stations and high-voltage corridors

	
	Transportation
	Weather impact on highways, risk level of wind impact on the railway for high speed trains 

	
	Water 
	Urban inundation prediction, water supply levels based on consumption patterns

	
	Food supply
	Prediction on vegetable production and price, impact leafy vegetable production, 

potential outbreaks of agricultural pest and disease

	
	Fire risk
	Fire risk index, wind, relative humidity

	Type III
	Public health
	COPD, child asthma, bacterial food poisoning, pollen allergies, UV index

	
	Heat wave
	Heat index, heat exhaustion, comfort index

	
	Life indices
	Low carbon index for air conditioning, laundry index, dressing index, car washing index, fishing index, morning/evening exercise index


Fig. 10 Shanghai urban inundation warning categories
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Fig. 11 Bacteria food poisoning risk forecast

2.2 Service Delivery
In 2009, an efficient and unified integrated PWS operations system was established at the SMS. The goal of the platform was to transform PWS delivery into routine work by specialized duty officers and provide highly targeted and tailored services to a variety of institutional, governmental and special users. Duty Stations staffed by PWS Experts & Councilors for Multi-Agency Coordination communicate with response agencies (Total 35) & high sensitive users on daily basis, eliminating misunderstandings & ensuring faster responses during weather emergencies. The platform is anchored by the Chief Service Officer (CSO) and uses a new slate of Standard Operational Procedure (SOPs) to strengthen the partnership between SMS and other agencies & special users.
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Fig. 12 Posts of PWS, SMS

2.2.1
CSO
Observations and forecasts flow from the Forecasting Platform to the PWS Platform through the CSO. At-risk actors and sectors are identified. Councilors for Multi Agency Coordination liaise with Emergency Management Agencies and other targeted users via a range of communication & dissemination channels.
Establishment of conventional and unconventional seamless operational service system:
Under normal weather conditions, the service platform operates steadily according to conventional routine procedure. When disastrous weather occurs or is about to occur, emergency contingency plans are launched and on duty leaders and staff operations intensified. Examples of intensified operations are as follows:


-
Intensified mobile observations
-
Briefing between forecasters and service officers



-
Regional joint defense
-

Information dissemination through multi-channels
-

Internal briefing between departments
-

Joint actions with other related departments
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Fig. 13 Workflow for agency coordination during emergencies

2.2.2 SOPs
SOPs are the standardization of linkages & approaches used to define the actions of the weather service and other actors as they address their needs category by category, level by level, and event by event. Linkages include both management & technical support. Management level support includes policy, planning, duty identification, human resources etc. Technical Support includes infrastructure such as data collection, disaster prediction and warning technology, risk assessment data sets, prevention-mitigation-evacuation technical guidelines, information dissemination capabilities & professional human resources.
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Fig. 14 Explanation of “category by category, level by level, and event by event”

A variety of dissemination channels are available. First, municipal-level platform was established. The Emergency Response Management Office of the Shanghai Municipal Government relies on and is supported by the SMS and to set up platform covering city-wide third-level government and 76 departments. In total, about 3,000 administrators and staff are involved. Second, our dissemination platform has disseminated hydrological, flood prevention, heat stroke, food poisoning, community management, and other relevant types of hazards early warning information. The city-wide information dissemination system has been set up for communities, campuses and villages. Currently it covers 8,000 residential communities, 1,780 elementary and secondary schools as well as 300 agricultural information service centers. The third class in the “3 class coverage” refers to the public-class platform that has been expanded effectively. The network-wide dissemination mechanism of severe disaster early warning information to mobile phone users has been established.
Community level SOPs are driven by BGU (Basic Grid Unit) management system. The Basic Grid Unit is a unique Shanghai agency. Approximately 2,000 BGU supervisors monitor an area of 1,620 BGUs (35,970 BGU Points, which covered 1186 square kilometers) with 24-hour operations a day. The SMS works BGU management to achieve the goals of “Better dissemination, better receiving, better understanding & handling of warning information”.
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Fig. 15 Community level SOPs driven by BGU (Basic Grid Unit) management system

2.2.3

The role of Nowcasting in service delivery
High impact weather nowcasting and its internal warning briefing can speed up and strengthen the operation of the PWS procedure (DRR/SOP). DRR SOPs governing Met service and agency partner interaction with each of these levels must meet the unique needs of each level. 
The shorter time scale and the more accurate (less uncertainty) forecast functions as the trigger for special user groups’ pre-determined action plans. Decisions are put on a “Fast Track”, leading to an increase in response time. SOPs for Disaster Management Authorities have been implemented as one of the key functions of the MHEWS to enable multi-agency coordination and multi-phase response. DRR/SOPs support the 5E (earlies) approach. 
· Early Monitoring (Detection)
· Early Briefing
· Early Warning
· Early Dissemination
· Early Handling
The standardized interaction mechanism was established between the Forecasting and Service platforms. Under emergency conditions such as periods of severe convective weather, service timeliness was improved via the “Fast Track” Mechanism.
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Fig. 16 Interactive procedure between weather forecasting and service

2.2.4
C.L.A.P. Approach for Better Service Delivery

In terms of Shanghai’s comprehensive disaster prevention and mitigation system, better service delivery fully demonstrates a tight integration of “Critical Locations, Line, Area, and People”.
C: Critical Locations. PWS delivery should focus on city Hot-Spots which are safety-sensitive such as airports, public transportation networks, logistics infrastructure, and communities.
L: Line (Workflow throughout the each stage of DRR & ERM). The delivery of PWS as one chain from monitoring, warning, prevention, mitigation, rescue, and post disaster recovery can reduce the hazard catenation effect and social domino impacts.
A: Area. Warning Dissemination includes multiple transmission channels (including targeted by at-risk area rather than all-city) giving the CSO many options to disseminate warnings.
P: People. We should pay much attention to impacts on sensitive groups, people in transit, human health etc. PWS is critical for decision-makers, social groups, individuals, and the general public.  The implementation of a people-centered concept is very important in the whole procedure of PWS (DRR).

2.2.5
Decision-making and Dissemination Systems

A Decision-making System and a Dissemination System were established for the PWS Platform. The systems were implemented for service products generation, checking, and dissemination. Visual live teleconferences are conducted to discuss and identify the responsibilities and actions of partner sectors.
1.
Decision-making System:
Visible Consulting System (video conference) with Emergency Management Agency
Visible Consulting System (video conference) with Flood Prevention Agency
Shanghai Emergency Reporting System
Bacterial Food Poisoning (BFP) Warning System
Public Related Health Operation System
Agricultural Weather Service Platform
CMA Disaster Reporting System
Direct Reporting system for Weather Information
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Fig. 17 Visible Consulting System (video conference) and Disaster Information Sharing System (110)

2.
Dissemination System:
TV Programming System (41 TV Programs on 9 Separate Channels)
Radio Broadcast System (410 minutes)
Special Radio Receiver System (Programs can be directly inserted into the broadcast)
969221 Weather Hot Line
400 Provincial Weather Service Hot Line
SMS System
Online Weather Service www.soweather.com
Official Micro-blog (like Twitter): Shanghai Weather
Electronic Screen Display System
Weather Signal Tower
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Fig. 18 Electric screen system for dissemination

2.2.6

Weather Service for Expo2010
The PWS platform, operating at the city level as well as the Expo site, was a crucial to the success of the weather service for Expo 2010.
2.2.6.1
Service for Urban Safe-City Operations
The forecasting platform and service platform of SMS not only provide weather service for the safe-city operations, but also provide products and technical support to the Expo Weather Service.
The SMS, in cooperation with the Shanghai Commission of Construction and Transportation created forecast products to predict water and power consumption.
At Expo site, the Weather Observatory in the WMO pavilion served as a “Front Stage”. It was an exhibit as well as a functional observatory. The Forecasting and Service Platforms at the SMS functioned as the behind the scenes ‘factory’.
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Fig. 19 Contact posts of Expo 2010 weather service

2.2.6.2
Weather service for Expo Site

Services provided:
Weather Service was provided according to the different demands of management departments, Expo 2010 participations, and visitors. Tailored services were provided to both participants and visitors through communication with the more popular pavilions and those that were more sensitive to weather. A special SMS and email tracks were put in place for more than 30 pavilions, including the UN, American, and Australian pavilions.
An English website was created to serve the participants. Fax, Email, cell-phone messages and a special telephone hotline were all used to deliver services and information.
The Expo weather hotline was called 724,979 times and number of visitors to the Expo Weather website reached 1.3 million.
An effective weather warning dissemination channel was established for the Expo park ensuring that key users receive warnings within 45 seconds via SMS and under 2 minutes by fax. The public was kept informed via a number of channels such as Expo TV broadcasts, SMS pushed to visitors at the park, electronic screens, and the 165-meter weather signal tower. The tower was built from an old industrial smoke stack and is still in operation today. It displays temperature and weather warning signals with brilliant LED lights. Over the 184 day event, a total of 37 high temperature, 16 thunder and lightning, 10 severe rainstorm, 7 strong wind, 1 typhoon, and 1 heavy fog warnings were issued and disseminated.
Impact weather forecasts for high sensitive users proved highly useful. Impact forecasts included predictions of total site visitors, and the impact of the weather on visitor health such as cases of heat exhaustion and bacterial food poisoning risk.
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Fig. 20 Weather service delivery workflow at Expo 2010

Actions taken:
Outdoor concerts and parades at the Expo Site were also supported. Weather service personnel stationed at the Expo Command Headquarters monitored weather conditions and were on hand to provide actionable suggestions on whether performances and other activities should proceed, be canceled or delayed. A total of 573 outdoor activities were adjusted or cancelled by Expo Site Management based on suggestions from the Expo Weather Service.
Response actions, such as closing the elevated pedestrian walkways, or the interruption of ‘green’ electric buses or river ferries were carried out according to plans established before the Expo. These plans detailed the necessary response actions for conditions such as thunder and lightning, strong wind and rainstorms.
For heat wave warnings, cooling measures to ensure visitor welfare were taken such as spraying of mist on groups of people queuing to enter the pavilions (wait times to enter the more popular pavilions often exceeded 5 hours) 

Prediction of number of visitors
The analysis shows that high temperatures have a clear impact on the number of Expo visitors. 
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Fig. 21 Relationship between high temperature and the number of Expo visitors
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Fig. 22 Comparison between prediction and real time cases of heat exhaustion
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Fig. 23 Heat Index Forecast for the Expo Park

Now, the same service model is applied in the weather service for other big events, such as 14th FINA World Championship that took place in Shanghai in 2011. A Disney Weather Observatory is being prepared to provide better service to the resort which is presently under construction.
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Fig. 24 Shanghai Disneyland Resort map
3. Evaluation and Assessment of the WENS

This was a very important aspect of the WENS Project. It’s the first time that a full and proper social and economic assessment had been carried out in conjunction with the scientific aspects of such a project.
3.1

Assessment by forecasters for nowcasting application
The WENS project is a shift from conventional weather forecasting methodology, the introduction of the nowcasting service brought about enhancements in technology and improvements in service delivery.
The WENS project has:
· Improved the SMS nowcasting operations, including the upgrading of the observation network, and provided new nowcasting techniques, systems, and products.
· Provided very successful capacity building: Forecasters received training and gained experience in using new systems and providing nowcasting services.
· Established a platform to exchange techniques and experiences among the WENS participant systems.
· Given forecasters a new and deeper understanding of the nowcasting service by the interaction between the participating systems and the local forecasters.
After using the nowcasting systems of the WENS project, SMS forecaster’s volunteered their opinions on the effectiveness, usability and comprehension of the systems and their products. 

Table 4. Forecaster’s Assessment of WENS Nowcasting Systems
	System
	Advantages in effectiveness, usability and comprehension of the best products
	Suggestions on improvement

	BJ-ANC
	storm evolution phase product, storm track and nowcasting 
	more detailed evolution information

	NoCAWS
	storm type-based Z-R relationships and QPF
	thunderstorm initiation and decay identification algorithms

	STEPS
	blending-QPE, 0-6h QPF, PoP products, site-based nowcasts
	site-based QPF products generation

	SMS-WARR
	near - storm environment, 0-6 h nowcasting, possible evolution of thunderstorm
	more products for storm nowcasting

	SWAN
	storm tracking and nowcasting, CAPPI supporting SWIRLS, CoTREC wind
	cross section product, Z-R relationship

	SWIRLS
	integrated severe weather products, CoTREC wind, echo extrapolation
	more severe weather related  products


Two surveys were conducted on the understanding and requirements of nowcasting for the SMS operational forecasters and weather service delivery personnel. A total of 86 questionnaires were completed in October of 2009, and a further 50 were filled out in Oct 2011 and comparisons were made. The before-and-after results demonstrated the change in forecasters’ attitude to the nowcasting operations and how they used nowcasting products.
The comparison shows that:
1)
Since the WENS provided so many nowcasting systems and products at once there appeared to be a point of diminishing returns, choosing the best one was challenging for forecasters as they tended to rely on the one system they saw as the best, other systems became reference for verification.
2)
In 2009, 87.2% of the forecasters surveyed wanted to work with high resolution NWP models generated nowcasting, including SMS-WARR.  In 2011, the number reached 100%.
3)
Compared to 2009, forecaster’s enthusiasm for all the various forms of observational data included in the survey increased substantially. The exception is radar, which remained very high at approximately 98%.
4)
The satisfaction of the existing nowcasting systems increased from approximately 63% to 78%.
5)
In 2011, nearly all of the forecasters surveyed believed new operational procedures (such as the importance of early briefing to high sensitive users) played an important role in nowcasting service. (This number is up to 96% in 2011 compared to 79% in 2009)
3.2
End users’ assessment for nowcasting application
The aim of the end users’ assessment was to find out whether the services offered were beneficial, which potential impact factors were the most influential in their satisfaction. Furthermore, by improving our forecast products and types of service delivery, user satisfaction would be expected to increase based on the suggestion from the assessment. An added benefit to the assessment is that it also built trust with the users and improved the overall reputation of the weather service.
3.2.1
Categorized approaches for users’ assessment
For the purposes of this evaluation users were divided into two categories, special users and public users. 
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Fig. 25 Types of WENS end-users

Special Users
· 
Special users included Expo Park Operations agencies, decision-making government departments, (Emergency Response & Flood Control Departments) agencies responsible for safe city operation, and representatives from various sectors including high sensitive users such as Shanghai Road Management Department and the Electric Utility. The Electric Power Company was selected as an example of a special user group for the case study. 
· 
The special users assessment contained:
-Details on the size and scope of operations of the user group being surveyed
-The current application of weather information in their decision making process
-Relationship between the users’ decision making process and uncertainty in forecasts including Nowcasting
-Case studies were conceived for selected users that were able to provide sufficient socio-economic data to create an empirical baseline for risk and sensitivity analysis 

· 
The survey of special users was jointly conducted by both the evaluation team and user-designated contact persons. Assessments were conducted through face-to-face meetings, telephone interviews, and Email. 

Public Users
· 
Public users included residents of the city of Shanghai and the Expo visitors

· 
The contents of the survey were:
-How well they understand nowcasting products
-What they are looking for in terms of accuracy and timeliness (lead time)
-Users comments and/or satisfaction rating for nowcasting products

· 
The survey for public users was jointly conducted by both the evaluation team and a professional market research company using the internet and face-to-face interviews to conduct the survey for public users. 

The evaluation comprises 3 phases.
-Phase 1 was a baseline survey to understand user requirements and expectations.
-Phase 2 was an ongoing survey. Special users were invited to give comments and their evaluation of high impact weather service. The Electric Power Company was selected as a case to evaluate the social and economic benefits. A randomly selected group of the local residents and visitors were also invited to give feedback.
-Phase 3 was analysis of evaluation data (including quality control) and the factors related to user satisfaction.
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Fig. 26 Survey during Expo 2010

3.2.2
Results of the evaluation
1)
The nowcasting service increased users’ level of satisfaction with the weather service.
Although special users and public users both saw nowcasting products as an obvious improvement over conventional weather services, the results showed that the level of satisfaction for special users was higher than that of public users. This was due in part to the fact that special users’ nowcasting products were tailored to their specific requirements, whereas the nowcasting products for public users were useful and well received, but were more general in scope. 
The rate of general satisfaction for special users on accuracy and timeliness is above 80, higher than that for the public. 
Table 5 Total evaluation (Rating from special users)
	Organization
	Accuracy
	Lead time
	Service

	Expo Park
	82
	94
	94

	Government & Agencies
	82
	84
	86

	Weather sensitive Sectors
	84
	88
	88

	Average
	82.7
	88.7
	90


Table 6 Nowcasting evaluation (Rating from Public)
	Weather type
	Accuracy
	Lead time
	Service

	thunderstorm
	76.9
	76.6
	

	thunder and lightning
	77.4
	74.7
	

	Strong wind
	77.2
	75.5
	

	Average
	77.1
	75.6
	79.6


2)
Compared with the accuracy of forecasting, the understandability and variety of the content in nowcasting products and the timeliness of the service have a greater impact on user satisfaction.
The results are based on the analysis of the factors that influence satisfaction. Based on Structural Equation Modeling (SEM) (Huang, 2005; Yang, 2008) and article references, the influence factors to the satisfaction of nowcasting services were selected and designed to create the questionnaire. The influence factors were as follows: understandability, variety, accuracy, timeliness, importance, and attractiveness.
Another model for satisfaction assessment was developed using AMOS18.0 software. Once fitting, verifying and allocating the relationships of the factors within the model, the structure of the relationship of the factors has been adjusted. Finally the Path Coefficient can be calculated to identify which the factors are significant.
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Fig. 27 Results of SEM

The coefficient of “lead time” and “user satisfaction” is 0.58, the coefficient of “content” and “user satisfaction” is 0.57, and the coefficient of “accuracy” and “user satisfaction” is 0.37. The results of the analysis show that the understandability and variety of the content in nowcasting products and the timeliness of the service have a greater impact on user satisfaction compared to timeliness 

3)
Regarding the significance of service delivery frequency and efficiency, time is of the essence. 
The general public appreciate receiving the information in the most convenient way possible. This means using all methods at our disposal: Text messages, micro-blogs, specialized mobile phone apps, etc. While over 70% of the public surveyed expressed a need to receive nowcasting products 30 minutes in advance, (Fig. 28) frequent updates was also deemed important.
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Fig. 28 Public requirement survey on lead time of receiving rainstorm
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Fig. 29 Public evaluate the satisfaction to channels

According to information received from media outlets that issue weather reports, people are most satisfied with the reports from broadcast networks, and are least satisfied with weather reports in the newspaper. (Fig. 29) 
4)
In terms of the case study, various production activities of different special users, (or in some cases 1 user in different stages of activity) have different sensitivities to different weather elements 
Using the power industry as an example, the analysis of sensitivity to meteorological elements on power dispatch and coal transportation for power generation was conducted (Fig. 30). It shows the main impact factors to power dispatch is max high temperatures, typhoons, and strong winds. Although the main factors which impact coal transportation for power generation (Fig. 31) also include typhoons and strong winds, they are also particularly sensitive to fog and haze. 
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Fig. 30 Sensitivity analysis on weather factors which impact coal transportation and power dispatch
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Fig. 31 Sensitivity analysis on average temperature which impact power load

5) 
The effect of the weather on public user emotions has been shown to influence the level of satisfaction.
A satisfaction survey was conducted during thunderstorms on 5 different days (Fig. 32).
In each case, thanks to the WENS the forecasts that were issued were highly accurate, yet the user satisfaction rating for each day was very different. On July 16th, the highest temperature was 28.2℃, a fair weather day ruined by a thunderstorm; the satisfaction rating on forecast accuracy and timeliness for this day was lower than the other 4. Between July 29th and August 5th, there were 5 days of continuous high temperatures (over 35℃) with thundershowers. During this period, the rain cooled people down, thus the users’ emotional state increased the satisfaction rate. 
This proves a user’s preference for a certain type of weather has a direct impact (either positive or negative) on their opinion of forecast’s accuracy, as well as their opinion of the weather service in general.
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Fig. 32 Users evaluation results to weather service during thunderstorms
4.
Training and Capacity Building

According WENS training plan and requirements of PWS, three types of trainings occurred over the WENS period (2008-2012).
1) Training for forecasters and meteorological service delivery personnel:  WENS nowcasting techniques, application of WENS systems and products, and forecasting techniques for severe convective weather.
· Final Application Training Courses of WENS Systems and Products, Apr. 2010, Shanghai, China

· Application Training Courses of WENS Systems and Products, Aug. 2009, Shanghai, China
· Workshop on Severe Convective Weather Forecasting and Nowcasting, Pre-training for local champions and forecasters, May 2009, Shanghai, China

2) Training for specialized users and sectors: Understanding of nowcasting operations and the contents of nowcasting products, solutions related to nowcasting, application of WENS products, and PWS operational procedures.
· World Bank GFDRR Training Workshop on Multi-Hazard Early Warning and Decision Support Systems, 21-23 Mar. 2012, Shanghai, China
· Sector Users Training Workshop and Requirement Survey on the WENS project, Dec. 2012, Shanghai, China
· Application Training Course on WENS Products and Website, Apr. 2010, Shanghai, China
· World Bank GFDRR Training Workshop on Multi-Hazard Early Warning and Decision Support Systems

3) Training for the WMO members: Nowcasting technology and system application, services related to nowcasting, effectiveness and ways to improve nowcasting service.
· Capacity-Building Workshop in Nowcasting and Sharing the Experiences of WENS, 17-18 Nov. 2011, Shanghai, China
· International Training Course on Meteorological Hazards Early Warning, Nov. 2011, WMO RTC, Nanjing, China
· Quantitative Precipitation Estimation (QPE) and Quantitative Precipitation Forecasting (QPF) Training for Thailand Meteorological Department (TMD) under Cross-Cutting -Project of Urban Flood Risk Management (UFRM), 8-19 Aug. 2011, Shanghai, China
· International Training Course on Multi-hazard Early Warning 10-28 May 2010, WMO RTC, Nanjing, China
· Training Workshop on Operational Tropical Cyclone Forecast, 24-28 May 2010, Shanghai, China
· Training Seminar on Meteorological Information Services for Developing Countries, 7 June – 4 July 2010, WMO RTC, Nanjing, China
· WMO Symposium on Meteorological Services in Support of Decision/38th WMO Study Tour, 19-23 Oct., 2009, Shanghai, China
· Assessment of Social and Economic Benefits of Meteorological services, 21-28 Sep. 2009, WMO RTC, Nanjing, China
· Training Course on Meteorological Hazards Early Warning for Developing Countries, 20 Feb. 2012, WMO RTC, Nanjing, China
· Symposium on Meteorological Service Delivery and Disaster Risk Reduction (39th WMO Study Tour), 9-10 May 2010, Shanghai, China
· International training course on multi-hazard early warning, 08-26 Jun.2009, WMO RTC, Nanjing, China
· WMO Symposium on Strengthening NMHSs External Relations and Field Study/37th WMO Study Tour, 20-24, Oct. 2008, Shanghai, China

5.

Plans for the Future

The utility of the WENS Demonstration project has been demonstrated, however much work needs to be done to improve the system. It is an ongoing effort and that will concentrate on the following areas:

5.1
Integrating nowcasting with rapid refreshed NWPs:
Based on user feedback and assessments, there is a requirement to improve accuracy and lead time. This can be accomplished by developing and improving certain nowcasting techniques including blending (combining) high frequency nowcasting techniques with the high-resolution Rapid Refreshed Models, etc.
Blending in nowcasting is to merge the extrapolation radar-based schemes with NWP model predictions (Golding, 1998; Venugopal et al., 1999; Germann and Zawadzki, 2002). In the WENS -STEPS system, the merging of the extrapolation and NWP component forecasts is performed in a scale-dependent way using several levels on cascade processes. Future development of the blending techniques may focus on how to use high resolution rapid refresh model outputs.

5.2
Creating nowcasting-based impact forecasts:
Targeted, Meaningful & Actionable impact forecasts are of critical importance and should reflect user needs. User groups include the general public, (gender, age, occupation, socio-economic status, health consideration, location etc.) special users, related agencies, high sensitive + special users and sectorial users. Moving forward the aim is to improve the usefulness and relevance of targeted impact forecasts using ensemble techniques in the fields of natural environment, urban infrastructure and events and/or groups. Examples include tailored impact forecasts for urban inundation, aviation, traffic control, harbor operations, construction safety, and social events.

5.3
Improving warning standards in terms of weather stress and vulnerability:
The current weather warning system is based on the type, intensity, and evolution of disastrous weather. The focus should also include the impact on areas, stakeholders, sectors and high sensitive users. The aim is to improve the severe weather warning standards in two broad categories:
a)
For the impact on vulnerable areas and related prevention activities
b)
For the impact on sensitive users  

5.4
Benefits Assessment
5.4.1
a)
Establish continuing dialog and interaction mechanisms with special user groups, which we have already identified. Benefits Assessments feedback & mechanism should be incorporated into daily work routine by both sides. (Provider and User) 

b)
Users are sensitive to different weather conditions and levels of intensity.  These thresholds must be identified and response solutions put in place. A mechanism should be established to identify the final options based on certainty information from the uncertainty forecasting provided. Economic benefits or losses incurred from actions taken or not taken based on met information need to be quantified and user groups should count and report the cost effect value. 

c)
Reports should be generated on a monthly, seasonal, annual, post HIW and special event (Expo, Olympics etc.) basis.

5.4.2
a)
Assessment survey methodology (questionnaires) can be put into operation and needs to further incorporate mainstream and psychological factors. Mainstream factors reflect typical metrics such as impressions of forecast accuracy, timeliness, understandable etc. Psychological factors include user habits, likes, dislikes, and moods related to the weather.

b)
Survey coverage must be expanded to not only include special user groups, government and agency decision makers, but the full range of public interests, and professional groups vulnerable to HIW. Questionnaires should reflect the different requirements of user groups. 

c)
Collection of such feedback information needs to be further integrated into daily routine operations. Surveys can be conducted via new channels such as TV, web, phone, text message, Internet, etc.

5.4.3
In order to find new solutions to improve the quality of service, a range of assessment techniques based on the KANO model (KANO, 1984) should be used to determine the impact of different factors on user satisfaction. The assessment model should be continuously optimized. 
5.5
Next generation of PWS platform (PWS 2.0)
A new weather center is currently under construction in Shanghai and will include a new Forecasting Platform and a redesigned PWS Platform. Efforts are also underway to enhance ‘Intelligent Service’ in the Digital Age. An SMS sponsored mobile & location based ‘Smart’ interface (app) is currently under development. 
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Fig. 33 Next generation of PWS platform
5.6
Establishment of Risk management operations
5.6.1
Meteorological Risk Mapping:
· Create digital risk maps and increase resolution down to the community level.
· Combine risk maps and action plans
· Create different risk maps based on requirements of different response activities
· Allocate resources based on associated risks
· Prioritize response activities by risk and timeline
5.6.2
Public education related to high impact weather, climate events and ‘hot topics. (Causes and effects) Increase efforts to communicate with the public and explain why things are happening, what they can expect, and what they should do.
5.6.3
Better Integration of DRR mechanisms into all levels of society
The current mechanism is driven by the government however greater emphasis needs to be placed on bringing in all stakeholders into the fold including multi-sectors, grass roots organizations, and the general public to a) help distribute warnings b) send feedback and personal accounts of the effects of unfolding weather events, and c) teach others what measures that they can and should take.
6.
Conclusions and discussions

1)
Nowcasting operations should be a standard part of any NMHS’s everyday operations (integrated into a seamless suite encompassing all timescales) because:
-
Nowcasting is more accurate, contains less uncertainty than long, medium and short term forecasts and also functions as the trigger for special user groups’ pre-determined action plans. Nowcasting ensemble techniques speed up the decision making process, allowing special user groups to reduce the number of options, thereby avoiding costly and wasteful actions.
-
In order to make services more effective, nowcasting impact forecasts for special users should be developed and used to create a link between information received in a forecast and the action taken in response based on a predetermined action plan. 
-
Public weather service delivery experts need to be properly trained on the requirements of each unique sector as different special user groups see the value in nowcasting products, ie: Harbor operations see the benefit in wind forecasting products
-
Special user groups like emergency management, and organizers of large scale events already have experience with nowcasting services, the next step is to take it into the homes of the general public.
-
We are in the process of developing a system to issue hourly forecasts at 3 to 12-hour (or user specified) intervals.

2)
A new and more effectient mechanism for service delivery should be established to provide useful and useable forecast products with frequent updates that contain suplimentary information in order to increases users’ satisfaction
-
When severe weather did not occur in a particular area in which it was predicted, that doesn’t mean that it didn’t happen somewhere else, with timely and frequent updates of live observations, we will help the public to better understand forecast accuracy.
-
In instances of impending high-impact weather or during an important event that requires specific attention, the situation can change at a moment’s notice; increasing forecasting service frequency, increases user’s awareness.
-
Giving certain high sensitive users enough lead-time, (longer than their response time) an early briefing on high impact weather helps them minimize losses and avoid unnecessary and sometimes costly and wasteful actions.
-
Microblogs, websites and mobile applications (Apps) are incredibly efficient ways to disseminate and update information quickly and efficiently, improving the capacity to use these channels is ideal for disseminating information as quickly and frequently as possible.
-

Continuous updates are only useful if users are checking for them, improving the graphical content and overall appearance of weather service products makes them more attractive to users leading them to view updates on a more regular basis.
3)
A weather information explanation mechanism should be part of daily forecasting procedures, to increase users’ awareness of weather impacts
-
By explaining the difficulty in forecasting high impact weather, we can eliminate unreasonable expectations of predictions by the public.
-
By continuously providing the public with real-time observations and updating forecasts in order to keep them informed throughout the entire event.
-
By generating forecast verification analysis and impacts (losses) caused by the weather.
-
By keeping them informed with climatological information as severe weather often occurs in long-term cycles, the SMS already has a special team for such explanations.
-

By briefing them on severe weather events in adjacent areas, even though there is no obvious connection with the weather they are. 
4)
Identifying the key indicators of each special user group in order to create guidelines to improve their ability to build their own impact response capacity
-
Cooperating with high sensitive users to develop weather impact indictors tailored for each user based on their sensitivity to weather and DRR capacity.
-
Assisting users to establish their own impact analysis systems while providing highly relevant meteorological data and products.

5)
In order to develop dependable and reliable weather service delivery, SOPs for multi-sector coordination need to be established
-
Establishing a CSO-centered mechanism of service planning, products generating, reviewing and issuance.
-
Establishing an operational interaction mechanism between monitoring, forecasting, and service delivering.
-
Developing a service supporting platform or system. (Hardware)
-
Establishing standardized joint action mechanisms among different sectors, and agencies.
-
Establishing a meteorological warning dissemination and disaster information collection mechanisms, which involve media, weather volunteers, and grass roots community personnel.

6)
Benefits and risk assessments should be made a part of everyday PWS operations in order to improve service delivery and to increase the level of user satisfaction
-
Carefully designed questionnaires distributed at Expo showed that frequent updates allowed users to stay informed, and this was actually as important to them as the efforts put into forecast accuracy and timeliness.
-
It’s important to have trained and qualified personnel conducting the assessments for special user groups, as these users are more familiar with the products they use and interaction procedures.
-
Proper analysis of routine benefits assessments allow weather service experts to improve on existing products by providing more supplemental information (details or background/related information) this lowers expectations and increases users’ satisfaction.
-
The information gathered through benefits assessments is necessary for the creation of new products, i.e. providing rush hour weather information.
-
Benefits assessments can be used to generate analysis reports on the effectiveness of service on a monthly, seasonal, annual, post HIW and special event (Expo, Olympics etc.) basis.
-
Risk assessments and benefits assessments are two sides of the same coin; reducing one improves the other and vice-versa. Both risk and benefits assessments should be incorporated into routine PWS operations. The technique of both risk and benefits assessments should be developed to improve service delivery. Risk mapping and assessments are the pillars of risk management, which reduces a special users’ vulnerability by providing guidelines for proper allocation of resources and prioritization of response activities. Incorporating the results of routine benefits assessments should become part of assessments operations.
References:
Final Report on Shanghai World EXPO 2010 Nowcasting Service (WENS) Demonstration Project, Shanghai, China, 24-29 November, 2008
Final Report on ICT/PWS, Shanghai, China, 20-24 September, 2010
Final Report on Final Review meeting for the World EXPO 2010 Nowcasting Service (WENS) Demonstration Project and Capacity Building Workshop, Shanghai, China, 14-18 November, 2011
Germann, U. and Zawadzki, I.: Scale-dependence of the predictability of precipitation from continental radar images. Part I: Description of the methodology, Mon.Weather Rev., 130, 2859–2873, 2002.
Golding, B.: Nimrod: A system for generating automated very short range forecasts, Meteorological Applications, 5, 1–16, 1998.
Huang Fangming. Theory and Applications of the Structural Equation Modeling (SEM)[M].BeiJing: China Tax Press.2005 
Kano, N., Seraku, N., Takahash, F. and Tsuji, S. Attractive quality and must-be quality[J]. Hintshitus, 1984, 14(2):56-147
Tang Xu, 2007: New Challenges to meteorological services for human settlement and sustainable development in megacities. In:  Preprints of Secure and Sustainable Living: The Societal and Economic Benefits of Weather, Climate and Water Products and Services, Madrid 2007, WMO.
Tang Xu, Zou Yongjie, Mu Haizhen. Shanghai Multi-Hazard Early Warning and Emergency Preparedness Second Experts’ Symposium on Multi-Hazard Early Warning Systems (MHEWS – II) with focus on the Role of National Meteorological and Hydrological Services 5-7 May 2009 Météo-France Conferences International Centre, Toulouse, France
The WMO Strategy for Service Delivery. The 16th Session of World Meteorological Congress (CgVXI) Geneva, 16 May – 3 June 2011
Venugopal, V., Foufoula-Georgiou, E., and Sapozhnikov, V.: Evidence of dynamic scaling in space-time rainfall, J. Geophys. Res., 104, 31599–31610, 1999.
WMO Guidelines on Communication Forecast Uncertainty, PWS-18, WMO/TD No. 1422
WMO Statement on the scientific basis for, and limitations of, weather and climate forecasting, abridged report with resolutions, 54th session of the WMO executive council, Geneva, 2002
Yang Fenghua. Application of Structural Equation Modeling in the public satisfaction with Government dapartments[J]. Nantong University of Social Science, 2008, 24(5):127-131

_____________
The professional WENS page





The public WENS web page











Location of Disney Weather Observatory（in planning）









[image: image34.png]‘Workflow for agency coordination during Emergencies
Work F|°Wm

Data & Product| PWS
Acquisition Coordination

Dissemination| Targeled Userg|

Real time
and object
analysis data

pws platform}
Basic forecast (C50)

products

Cotegorized

eneaton
pecial fo e g
rodutts ot (e




[image: image35.png]Category by category: natural disasters, calamitous accidents, public health
accidents and public security incidents.

Four grades (levels) of public security emergencle:

" andmoderate

very serlous, serious.

Overall emergency
plan at city level

District | Government] Special Planning | [ Important social
Levels(17) || Agencies(40) for disasters (11) o)
! I I =

Heavy fog, hest wave,

ightning,etc.

Games,ete

Expo, Special Olympic




[image: image36.png]Closstestion sub-cortr |
[



[image: image37.png]Forscasing Carter
#mmm ;ﬁ.mmn.mmm onsmronsang]

et s o s ooy |

Colecion s Assesimertof g oo
il A i L




[image: image38.png]fencing with Wulpie Actors




[image: image39.png]


[image: image40.png]Warning &Information Dissemination Channels
Information & Waming Screens.

Electronie screens: Westher information are fssud via display
acreens In the streets and parks. At precent there are 24000
publc clctronie screens.




[image: image41.png]Emergency Response Committas  Emergency Respanse Center (110}
umsn sarety |
Service Post | Flood Control Command Headqusrter  Talhu Basin Authorty

= Transportand Port Authory  markime safety Authority  Subway hub
ransportation
nd Tounsm

Shanghal | - SenicePest | ongaiotib  Pudong Aiport  Rallvay Station
Expo2010 -

jesther Envionment nvironment Potection Buresu
Weathe nranment | enyonment rotecton B Food snd Drug Supervision
Servics o Eublic = Adminisution
feanter e Public Heakh Buresu
crcat VangshanPort  Chemical ndustry Park  Bao SteelIndusty Park
Locations ;
senice post e =4
Expo Operation Headquarer  Event Dop.
Expo site Expo Po O a .
Coordimation > WEMher== pariipants Dept.  Protocol & nematinsi At Dept.
Post station

Transportation Management Dept.  Securky Dept.



[image: image42.png]Weather Service Delivery Workflow @ Expo 2010

Expo Weather
Service Center
Display

Scresno14) Forecast Plattorm | Public Service Platorm

~ Eariy Briefing, Early Warhing
Feedback and analysis.

Landscape tower
for weather warning Posts at Expo Command _Posts at Meteoworld

Covidination

Bacteial hazards etc.

Participarts




[image: image43.jpg]o IR el AN



[image: image44.png]Heat Index Forecast For Expo Park Tourists_2010-09-21 16:005:45

A

wHRELE E) R g
ner " PT P
<usa (Shanghai
<HKG Hodel> | | U &=
it for the peoplel _Fit for the _[Fit for the people|
fromlow- | people fiom | from mid
middle latitude| low-middle  atitude reg
toglon and mid
latitude ragion|
= ot 2 3
7 s 2 7




[image: image45.jpg]


[image: image46.png]


[image: image47.png]Layout of PWS platform (Future)




[image: image48.png]


