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(Submitted by Maria Cecilia A. Monteverde – PAGASA, Philippines)
Summary and purpose of document

This document provides information on the status of SWFDP implementation including the results of evaluation of SWFDP Progress Reports and Key outcomes of Case Studies in the Philippines 
Action Proposed
The meeting is invited to review the document and discuss the status of SWFDP implementation, the summary of the results of evaluation on the performance of the different Global/ Regional Numerical Weather Prediction (NWP) models/EPS products in forecasting the severe weather events and the key outcomes of case studies done in the Philippines.
A.  Introduction

A.1 The Philippine Atmospheric, Geophysical and Astronomical Services Administration (PAGASA) is the National Meteorological and Hydrological Services (NMHS) in the country and being the sole mandated agency that provides weather related information and services.  PAGASA is closely monitoring the development of tropical cyclones and other severe weather systems within the Philippine Area of Responsibility (PAR) and issues regular warnings in various forms to the public. The provision of timely and reliable warnings and likely impacts on these hazards give people enough lead time to prepare for possible effects that it may cause to protect lives and properties.

A.2  The enactment of the Republic Act (RA) No. 10692 in November 2015, otherwise known as “The PAGASA Modernization Act of 2015” is essentially a conscious recognition of the need to improve the National Meteorological and Hydrological Service (NMHS) of the Philippines, not only at the present time but also in the immediate and foreseeable future.

As declared in the said Act, it is the policy of the State (Government) to utilize scientific and technical knowledge and information as an effective instrument to ensure the safety, well-being and economic security of the people; to safeguard the environment; and to promote national progress and sustainable socioeconomic development through various applications of meteorology, geophysics, astronomy and allied sciences. Moreover, the State recognizes the need to strengthen the capability of government personnel tasked to provide atmospheric, geophysical, astronomical and other weather and climate-related services and information to the public. Towards this end, the modernization of the Philippine Atmospheric, Geophysical and Astronomical Services Administration (PAGASA) to improve its technological operational capacity, strengthen its role as the premier national weather agency and to attain its vision as a center of excellence for weather-related information services will be realized.
A.3 Due to the geographical location, the Philippines is highly prone to extreme weather events and suffer greatly from the impacts of hydrometeorological hazards. The PAGASA is now faced with increasing challenges and demands of providing more accurate, timely and actionable forecasts/warnings, products and information services to avert these kinds of disasters.
B.  Role of PAGASA in SWFDP-SeAsia
B.1  The Severe Weather Forecasting Demonstration Project (SWFDP) is a project of the World Meteorological Organization which aims to strengthen the capacity of National Meteorological and Hydrological Services (NMHSs) in developing and least developed countries to deliver improved forecasts and warnings of severe weather to save lives, livelihoods and properties.  PAGASA issue alerts, advisories, severe weather warnings; collaborate with Media, and DMCPA; and must contribute to the evaluation of the project.
B.2  PAGASA RSMT Representative participated in the RSMT Meeting held in Hanoi, Vietnam on 10 -24 August 2015 and PAGASA forecasters/researcher participated in the Regional Training Workshop Programme on Severe Weather Forecasting (GDPFS) and Public Weather Services (PWS) held in Thailand on 14 – 25 September 2015.  
B.3  The implementation of the Demonstration Project of the SWFDP in the Philippines started in 2016 including the use of the SWFDP products during severe weather events, provide validation of model forecasts and assessment of its performance. 

C.  Status of Severe Weather Forecasting Demonstration Project for Southeast Asia (SWFDP-SeA) Implementation in the Philippines 

C.1 PAGASA has been utilizing and evaluating the SWFDP products available in the SWFDP-SeA website such as the Daily Guidance, Satellite-based products, Global and Regional Numerical Weather Prediction products, and Global and Regional EPS products since January 2016. These products serve as tools in forecasting the occurrence of severe weather events and recognize its significant contribution to improve severe weather forecasting services in the country. 
PAGASA validates the performance of the different NWP models/EPS products in forecasting the severe weather events that occurred within the reporting period and submitted the Quarterly Progress Reports on the online SWFDP database and the outcomes of the Case studies.  Key findings of the Case Studies are also submitted to the WMO Secretariat via e-mail.
C.1.1  Forecasting process including use of products available through SWFDP

PAGASA follows sets of processes in issuing Heavy Rainfall Warnings and Tropical Cyclone Warnings for the Philippines. PAGASA forecasters use PAGASA facilities and expertise in observing the present conditions of the atmosphere.

For heavy rainfall monitoring, forecasters utilize satellite weather maps, observed rainfall values from rain gauges, Doppler Radar products and Radiosonde soundings. Moreover, to predict duration and persistence of heavy rainfall, they utilize Numerical Weather Prediction (NWP) models and EPS Grams/iMap and other probabilistic forecasts.

Using the tools mentioned above, forecasters identify the nature of the heavy rain event. If it is an isolated case, a Thunderstorm Warning will be placed over areas to be affected. However, if the case is synoptic in nature and will be experienced over long durations, a Heavy Rainfall Warning will be issued.


All Warnings are disseminated to the public through various forms of media such as television, radio, fax, mobile and social media networks. (See Annex 2.A)

Similarly, forecasters utilize various facilities and expertise in determining Tropical Cyclone genesis potential.


If a Tropical Cyclone (TC) is still outside the Philippine Area of Responsibility (PAR) but has a possibility of entering the PAR in the following hours or days, PAGASA issues a Weather Advisory. Should the TC enter PAR and has the potential to affect any area of the Philippines, a Tropical Cyclone Warning Signal will be raised.

These Signals will be issued using a Severe Weather Bulletin which is updated every 6 hours. This Bulletin is disseminated to the public through various forms of media, and press conferences are held regularly within the duration of the TC.


When a TC is threatening to affect the Philippine landmass, the Pre-Disaster Risk Assessment (PDRA) is convened composed of members of the National Disaster Risk Reduction and Management Council (NDRRMC) of which PAGASA is part. The PDRA discusses the possible impacts of the TC and actions to be carried out to reduce casualties and damage to properties. (See Annex 2.B)
C.1.2  Delivery of services including coordination and engagement with users (e.g. media, general public, disaster management and civil protection, hydrology etc.)

Following PAGASA’s mission to protect lives, livelihoods and properties through provision of timely, accurate and reliable weather-related information and services, forecasters undergo regular workshops and trainings to enhance their capacity on weather forecasting and familiarize with new technologies and advancements in Numerical Weather Prediction, severe weather forecasting and others.

In addition, workshops are also conducted for Local Government Units, members of the media, and other relevant agencies on the existing products and services of PAGASA that they may access and utilize for various applications.


Also, as member of the NDRRMC, PAGASA collaborates on various projects and activities with other agencies and institutions related to disaster management.

C.1.3 Thresholds for warnings at national levels (e.g. Heavy rainfall, strong wind, etc)


As of May 2015, PAGASA updated and revised its TC classification and TC Warning System following Typhoon Haiyan in 2013.
The TC Classification is now composed of 5 categories namely: Tropical Depression with winds of up to 61 kph; Tropical Storm with winds of up to 62 kph to 89 kph; Severe Tropical Storm with winds of up to 89 kph to 117 kph; Typhoon with winds of up to 118 kph to 220 kph; and Super Typhoon with winds exceeding 220 kph. (See Annex 3.A)

The revised TC Warning System are as follows: TC Warning Signal 1, winds of 30 to 60 kph will be experienced in the next 24 hours; TC Warning Signal 2, winds of 61 to 120 kph will be experienced in the next 24 hours; TC Warning Signal 3, winds of 121 to 170 kph will be experienced in the next 18 hours; TC Warning Signal 4, winds of 171 to 220 kph will be experienced in the next 12 hours; and TC Warning Signal 5, winds of more than 220 kph will be experienced in the next 12 hours. All lead times apply to the first issuance only. (See Annex 3.B)

Additionally, a separate threshold is set for Heavy Rainfall Warning. If rainfall of 7.5 to 15 mm is observed in 1 hour and is expected to continue in the next 2 hours, a Yellow Warning is issued for those areas. If rainfall of 15 to 30 mm is observed in 1 hour and is expected to continue or if accumulated rainfall for the past 3 hours exceeds 45 to 65 mm, an Orange Warning is issued. If rainfall observation is more than 30 mm within 1 hour or if accumulated rainfall for the past 3 hours is more than 65 mm, a Red Warning is issued. (See Annex 3.C)
C.1.4 Standard Operating Procedure (SOPs) among NMC and disaster management and civil protection and other relevant agencies 

Warnings issued by PAGASA are disseminated to the decision-makers and the public through various forms of media. On the National level, PAGASA sends the warnings to the Office of the President, the NDRRMC/Office of Civil Defense, PAGASA Regional Centers and the National Media. After which, it is forwarded to the local DRRMCs, Local Government Units, PAGASA Local Stations and Local Media. The primary and ultimate recipient of the warnings are the General Public. (See Annex 4)
D. Evaluation of SWFDP Progress Reports and Key outcomes of Case Studies at national level
D.1 The provision of various NWP/EPS products paves the way to better analyze the weather system from global/regional to national scale analysis. With the growing demands of numerical weather prediction tools for operational weather forecasting, the development of SWFDP for Southeast Asia has been of great contribution to increase forecast confidence and accuracy. The Ensemble Prediction System (EPS) provided for in this project including the probabilistic forecast gives a higher forecast confidence. The provision of EPSgrams for forecasting various meteorological parameters in specific points also are of great help to assess the potential of severe weather events in the next couple of days. The employment of probabilistic and deterministic forecast also enhances the forecaster’s skill to analyze severe weather events.   
D.1.1  Evaluation of SWFDP progress reports submitted by NMHSs during 2016 and 2017 (e.g. verification of forecasts, clients feedback etc.)

Various severe weather events were reported over the Philippines during 2016 to 2017, and forecasts for such events were recorded and verified against observed values. Several events were constantly being reported every quarter such as Heavy Rainfall, Severe Thunderstorms, Flooding and Tropical Cyclone.


The following severe weather events are reported for the Philippines: Heavy Rains, Severe Thunderstorms, Strong Winds, Flooding, Tropical Cyclone, High Waves, Storm Surge, Dry Spell and Warm Spell. Dry Spell and Warm Spell were reported only during quarters 1 and 2 of 2016, when there was an El Niño advisory raised over areas in the Philippines. (See Annex 5)

In summary, average hit rate for the mentioned severe weather events were more than 75%, which shows high forecast accuracy based on daily forecast against observed rainfall.

Additionally, average false alarm rate for the mentioned severe weather events were 30%, which shows that PAGASA forecasts less number of events that did not occur.

           Based on the Customer Satisfaction Survey on PAGASA Weather & Climate Information in Be Secure’s Project Areas, a project of USAID and PAGASA (2017), on the overall, awareness of PAGASA programs and services have improved over time in both areas covered, Iloilo and Tacloban. This may mean that numerous sources and channels that PAGASA utilizes such as seminars/trainings, social media/FB, websites, etc. are working in favor of the organization. In fact, word-of-mouth has helped them more.
D.1.2  Key outcomes of case studies done at national level during 2016-2017 (NWP products usefulness, strengths, weaknesses etc.)

Several case studies were undertaken for select severe weather events in the Philippines during 2016 to 2017. These case studies are attached in the Annex of this document. (See Annex 1)

For each case study, several NWP models were assessed and validated against observations. A summary of the performance of the different NWP models is also attached in Annex 6.

For Rainfall Forecasting, the Global Spectral Model (GSM) performed better compared with the other NWP models assessed (Global Forecast System (GFS), Global Environmental Multiscale (GEM), and Navy Global Environmental (NAVGEM) models).
For Probabilistic Rainfall Forecast, both the Global EPS (NAEFS) and Regional EPS (LEPS) proved to have the best performance.

For Ensemble Prediction System, the ECMWF ENS performed better compared against the LEPS EPSGram.

For Wind Forecasting, the GFS performed relatively better than the GSM, GEM and NAVGEM models.

During the period of 2016-2017, several NWP models became unavailable (NAVGEM, ICON, GEM, global/regional EPS products, among others. Starting November 2016 until April 2017 when they transferred to their new building and due to internet problem, the products of SWFDP-SeA website were temporarily stopped.  
E. Recommendations for consideration by RSMT
E.1 Enhancement of Forecasters/Researchers’ Capacity on the interpretation of global/regional  models for various weather/high impact weather events (e.g. localised convection, TC, and southwest monsoon, MCS, etc.) for application in operational forecasting.
E.2 Enhancement of capability of the forecaster to interpret and understand forecast models considering uncertainties on the model outputs.
E.3 A higher resolution Regional Forecast model with the capability to resolve mesoscale convective (MCS) weather systems and to simulate tropical convective processes will be useful in forecasting short-term intense rainfall-causing floods/flash floods.
E.4 Additional capability for models to be focused on certain areas affected by severe weather event considering that Philippines is an archipelago consisting of some 7, 100 Islands and islets.
E.5 Make more ground stations available in the EPS meteograms.
E.6 Additional participants for the Training Desk and be conducted regularly to focus on the interpretation and validation and guidance products development.
E.7 A more interactive view of the Guidance Products, with capability to be overlayed in Google Maps (Web-GIS).
E.8 All SWFDP Products be made constantly available for the verification of forecast.
E.9 An additional option in the SWFDP website to request for data during severe weather events.
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Annex 1. Case Studies

Annex 2. Forecast Process
A. Rainfall Warning System
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Annex 2. Forecast Process
B. Tropical Cyclone Warning System
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Annex 3. Thresholds for Warnings
A. Tropical Cyclone Classifications
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B. Tropical Cyclone Warning Signals
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Annex 3. Thresholds for Warnings

C. Rainfall Warning System
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Annex 4. Standard Operating Procedures
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Annex 5. Verification of Forecasts
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Annex 6. Assessment of Individual NWP Model Performance
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Annex 6. Assessment of Individual NWP Model Performance
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Annex 6. Assessment of Individual NWP Model Performance
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