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Tropical Cyclone Verification Operations in STI/CMA
(Submitted by Jianjie Wang, Xiaotu Lei and Hui Yu)

Summary and purpose of document

This document reports the progress on tropical cyclone verification activities led by Shanghai Typhoon Institute of CMA in recent years and the relevant background information to the ET for comments.
Action Proposed

The meeting is invited to review the document and recommend on the progress and future development of tropical cyclone (TC) verification. 
Annex(es):
-     Performance of tropical cyclone forecast in western North Pacific in 2015
· Performance of tropical cyclone forecast in western North Pacific in 2016
· Verification of tropical cyclone operational forecast in 2017
Reference(s): -  WMO, 2013: Verification methods for tropical cyclone forecast (WWRP 2013-7). Available online at: https://www.wmo.int/pages/prog/arep/wwrp/new/documents/WWRP_2013_7_TC_verification_15_Nov_en.pdf
1. Background information
1.1 About ESCAP/WMO Typhoon Committee

The ESCAP/WMO Typhoon Committee has already a long history of fifty years and has been an example followed by countries of other regions affected by tropical cyclones. It is an intergovernmental body established in 1968 under the World Meteorological Organization (WMO) in order to promote and coordinate the planning and implementation of measures required for minimizing the loss of life and material damage caused by typhoons in ECAFE region.

Later, in 1974, this Commission was re-designated as ESCAP-Economic and Social Commission for Asia and the Pacific. The Typhoon Committee is currently composed of 14 Members: Cambodia, China, Democratic People’s Republic of Korea, Hongkong China, Japan, Lao People’s Democratic Republic, Macao China, Malaysia, the Philippines, Republic of Korea, Singapore, Thailand, Socialist Republic of Viet Nam and United States of America.
1.2  STI on TC verification.

Shanghai Typhoon Institute (STI) of China Meteorological Administration is a national-level institute specialized in tropical cyclone (TC) research. STI has been dedicated in TC forecast verification activity for over 40 years (Fig.1). With the authorization and support of WMO, STI built real-time and post-season verification systems as an outcome of WMO-Typhoon Landfall Forecast Demonstration Project (TLFDP) in 2011. Since 2012, metrics for verification, including TC genesis, ensemble probability, prediction system error, NWP characteristic analysis, and so on, have been developed. Annual verification report is submitted to ESCAP/WMO Typhoon Committee since 2013 till now.
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Fig.1 History of tropical cyclone forecast verification at Shanghai Typhoon Institute (STI)

1.3 International activities on TC verification
a) Annual verification report has been submitted to ESCAP/WMO Typhoon Committee since 2013.
b) Leading the development of new TC verification methodologies in ESCAP/WMO Typhoon Committee, for example, “Track Forecast Integral Deviation (TFID)”, “Track Error Rose (TER)”, “Categorical Score (CS)” for intensity verification, and so on.
c) New TC forecast verification techniques were adopted by WMO document “Verification Methods for tropical cyclone forecasts” (by JWGFVR).

2. Recent progresses

2.1 New verification results

a) There has been a trend of decrease on model TC track forecast errors since 2010, with a small perturbation over last two years (2016 and 2017) (e.g. in Fig.2).
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Fig.2 Box plots of position errors for ECMWF-IFS, NCEP-GFS and UKMO-MetUM in TC track forecasts from 2010 to 2017. The bar in the middle of the plot represents the median values of errors, the lower and upper ends of the boxes represent the 25th and 75th quantile values. The bars below and above the box represent the non-outlier extreme values, and the circles represent the outliers.

b) Impacts of different best track data on the verification results are clear (Fig.3).
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Fig.3 Variation intervals of track errors for official guidances, global models and regional models by referring to different TC best tracks in 2017.
c) There has been little progress on the performance of intensity prediction for both global and regional models since 2010 (Fig.4).
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Fig.4 Intensity forecast skill scores at the lead times of 48 h for global and regional models.

2.2 New capability development
(a) Track Forecast Integral Deviation (TFID) 
A new measure, named the Track Forecast Integral Deviation (TFID), for the verification of TC track forecasts has been proposed, based on the mathematical consideration that a “good” forecast has a small distance to the observed track not only at zero-order but also at higher orders. The TFID is the mean of two sub-scores, which are respectively calculated for latitude and longitude and defined to be the average value of the mean absolute error and mean absolute deviation of relative errors from the mean relative error along a track.
By definition, the smaller the TFID, the more accurate the forecast track. A perfect forecast has zero TFID. It is suggested that such a measure is superior to the widely-used position error (PE) in terms of reflecting the accuracy of the whole track instead of just one position. In an experimental application, TFID was calculated for the track forecasts from the ECMWF-IFS during 2010–2012 (Fig.5). A comparison with PE showed that TFID can work as a good supplement to the PE in discriminating good or bad track forecasts, as there are generally some forecasts with small PE but large TFID, or vice versa. The binned characteristics of TFID and PE of ECMWF-IFS were also analyzed based on several traits of the TC or its environment at the initial time of the forecast. It was found that the model performs better for initially strong and large TCs, or those with weak vertical wind shear at lead times shorter than 48 h.
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Fig.5 Scatter plot of the standardized TFID and PE at (a) 24h, (b) 48h, (c) 72h, and (d) 120h. The numbers in the brackets are the sample sizes.

(b) Categorical score for the verification of TC intensity forecasts
In practice, it is important to forecast the category of a TC, that is to say, whether a TC is going to be a tropical depression, or a tropical storm, and so on. The verification technique proposed by Aberson (2008) is adopted to take into consideration the forecasts of dissipation. In Aberson (2008), all the forecasts and observations of Vmax are numbered by 5-kt intervals and filled into a matrix (or contingency table) composed by forecast-observation pairs. In a modification of the technique, the forecasts and observations are numbered by the category of the TC instead of the Vmax in 5-kt increments. Such a score is named the category-score  and used to analyze the capability of NWP models in intensity prediction.

(c) Track Error Rose (TER) for the verification of TC track forecast
The track error rose (TER) uses the same concepts as the ‘wind rose’ for reference. First, the PE is divided into longitude and latitude components, so if PE is treated as a vector, like wind speed, then these components can be regarded as U and V. Secondly, the azimuth angles based on the longitude and latitude components are calculated, which correspond to the PE. Finally, the TER diagram is created in the same way as a wind rose. In the TER diagram, each color bar represents different magnitudes of track error, and the length of alignment of the color bars represents the proportion of each azimuth angle. A total of 16 allied color bars are included in the whole circle, each of them representing 24 degrees. The TER diagram reveals the track error distribution (both the error magnitude and percentage of sample size) at each azimuth angle. Fig. 6 is an example of a TER diagram for 5 official guidances in 2017.
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Fig.6 Position error rose (TER) diagrams of the distribution of direction and magnitude position errors for official guidances at the lead time of 72 h in 2017.

(d) Bi-directional scatter plot for the verification of ensemble track forecasts
For the verification of ensemble track forecasts, it is helpful to apply the position error and ensemble spread scatter plot to analyze the relationship between the forecast uncertainty and the error of a particular EPS. A bi-directional scatter plot is a re-statistics for a traditional scatter plot. In the bi-directional scatter plot (Fig. 7), the lead time symbols indicate the mean track errors (ensemble spread), and the bars at the top (right) of the lines signal the 75th percentile of spread (track error), while the bars at bottom (left) of the lines signal the 25th percentile of spread (track error).
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Fig.7 Bidirectional track forecast scatter plot for EPSs in 2017. The blocks represent the mean values of spread or position error. The lower (left) and upper (right) bars represent the 25th and 75th quantile values.

2.3 Relevant research activities 

(a) WMO Typhoon Landfall Forecast Demonstration Project (WMO-TLFDP)
The “WMO Typhoon Landfall Forecast Demonstration Project (WMO-TLFDP)” was started in May 2010 in conjunction with the start of the Shanghai World Expo 2010. The project was successful in terms of assisting the local forecasters in providing efficient tropical cyclone forecast service for World Expo 2010, demonstrating the performance of the most up-to-date techniques in TC forecasting, and enhancing the ability of forecasters to effectively use products of the most advanced TC forecasting techniques in the world. It completed its first phase in December 2012 and second phase in December 2015. The third phase (TLFDP-III) was started in 2016 and will be end in Dec. 2018.
During the past years, TLFDP collected real-time TC forecast products from 15 Typhoon Forecast Product Providers (TFPPs). The products include deterministic track and intensity forecasts, ensemble track and intensity forecasts, deterministic wind radii forecasts, wind probability forecasts, and gridded model outputs. The products were disseminated through the project’s website and the operational website of the Shanghai Typhoon Warning Center.

TLFDP has made significant progress in TC forecast verification, including setting up the tools for both real-time and post-season TC forecast verification, developing and integrating several new verification techniques, carrying out a survey on the operational status of TC forecast verification in the western North Pacific region, and contributing to the WMO document “Verification of tropical cyclone forecasts”. The post-season forecast verification was reported to the Session of the UNESCAP/WMO Typhoon Committee since 2013. New consensus methods for TC track and intensity forecast were also proposed either based on Ensemble Prediction Systems (EPSs) products or multiple deterministic NWP model products.
 (b) Training and research fellowship projects on verification

Five research fellowship projects were implemented as jointly supported by the ESCAP/WMO Typhoon Committee and STI. The successful applicants of these projects, from Viet Nam, Thailand and DPRK, visited STI for one or two months and participated in the research activities.

3. Future plan

(a) Continue to enhance capacity on evaluation of TC track, intensity and genesis forecasts.  
(b) Develop and improve methodologies for verifying forecasts of TC formation, structure, evolution and motion, particularly from high resolution and ensemble system which are now the foundation for most operational TC forecasts.

(c) Strengthen international cooperation and promote the exchange of TC forecast data and verification techniques. 
