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Zsótér, E., 2006: Recent developments in extreme weather forecasting. ECMWF Newsletter, 107, 8–17.

244



List of Authors

ISHIDA, Junichi Preface
ARANAMI, Kohei Section 3.8
GOTO, Atsushi Subsection 5.2.3
GOTO, Yuta Chapter 1 , Section 2.1 , Section 3.1
HASEGAWA, Hiroshi Section 5.5
HASEGAWA, Yoshiomi Section 3.12 , Section 3.13
HAYASHI, Yosuke Section 3.12 , Section 3.13
HIGAKI, Masakazu Section 5.1
HIRA, Sakie Section 5.7
HIRABARA, Mikitoshi Section 5.3
HIRAHARA, Shoji Section 3.4
IRIGUCHI, Takeshi Section 2.2 , Section 2.3
ISHIKAWA, Yoshihiro Section 4.1
ITO, Shingo Subsection 4.8.1
KADOWAKI, Takashi Section 2.5 (except Subsection 2.5.7) , Section 2.8 , Section 2.9
KAKEHATA, Takayuki Section 4.5
KAMADA, Akane Section 3.9 , Section 3.10
KANEHAMA, Takafumi Section 3.2
KARIYASAKI, Jun Section 4.2
KAWANO, Kohei Section 2.6 , Section 2.7 , Section 3.6
KAZUMORI, Masahiro Section 2.4 , Section 2.10
KIMURA, Tsubasa Chapter 1 , Section 2.1 , Section 3.1
KIMURA,Mika Subsection 5.2.1
KITAMURA, Yuji Section 3.5 , Section 3.7
KOBAYASHI, Shinya Section 2.11
KOMORI, Takuya Section 3.3
KUBO, Yutaro Subsection 4.8.2.2
KUSABIRAKI, Hiroshi Section 3.5
MURATA, Hidehiko Section 2.2 , Section 2.3 , Section 2.5 , Section 2.7
NAGATA, Kazuhiko Subsection 4.4.1 , Subsection 4.4.2 , Subsection 4.4.3
NATORI, Hiroaki, Subsection 4.4.1 , Subsection 4.4.2 , Subsection 4.4.3 , Subsection 4.8.2.3
OCHI, Kenta Section 2.9
OTA, Yukinari Section 3.11 , Subsection 4.8.2.1 , Subsection 4.8.2.4 , Appendix
SAKAMOTO, Masami Section 3.8
SAKURAGI, Tomoaki Section 5.4
SAKURAI, Toshiyuki Subsection 5.2.2
SANNOHE, Yosuke Section 4.3
SAWADA, Masahiro Section 3.5
SUMITOMO, Masashi Subsection 4.8.2.5
TAKADA, Shinichi Section 4.6 , Section 4.7
TAKAKURA, Toshinari Section 3.3
TSUJI, Kentaro Section 5.6
UEDA, Manabu Section 4.9
UJIIE, Masashi Section 2.8 , Section 2.9 , Section 3.2
YAMAGUCHI, Haruki Section 3.3
YONEHARA, Hitoshi Section 3.2

245



246



———————————————————
Outline of the Operational Numerical Weather Prediction

at the Japan Meteorological Agency
—– Appendix to WMO Technical Progress Report on the Global Data-processing and
Forecasting System (GDPFS) and Numerical Weather Prediction (NWP) Research —–

———————————————————
25 February 2022

Japan Meteorological Agency
3-6-9 Toranomon, Minato-ku, Tokyo 105-8431, Japan

———————————————————
c⃝2022 Japan Meteorological Agency

(Printed in Japan)


	outline2022_Reference.pdfから挿入したしおり
	Preface
	1 Computer System
	1.1 Introduction
	1.2 System Configurations and Specifications
	1.2.1 Overview
	1.2.2 High Performance Computer
	1.2.3 Server and Terminal Computers at Kiyose
	1.2.4 Mass Storage System
	1.2.5 Networks
	1.2.6 Server and Terminal Computers at Osaka

	1.3 Operational Aspects
	1.3.1 Operational Suite
	1.3.2 ROSE:Job Scheduler
	1.3.3 RENS:Operational Job Management System


	2 Data Assimilation Systems
	2.1 Summary
	2.2 Observation Data
	2.2.1 Summary of Observation Data Used in Analysis
	2.2.2 Supplemental Information for Used Observation
	2.2.2.1 SYNOP
	2.2.2.2 AMeDAS
	2.2.2.3 METAR
	2.2.2.4 SHIP
	2.2.2.5 BUOY
	2.2.2.6 TEMP
	2.2.2.7 PILOT
	2.2.2.8 Aircraft
	2.2.2.9 Wind Profiler
	2.2.2.10 AMVs
	2.2.2.11 Scatterometers
	2.2.2.12 MW Sounders
	2.2.2.13 MW Imagers
	2.2.2.14 CSR
	2.2.2.15 Hyperspectral IR Sounders
	2.2.2.16 GNSS-RO
	2.2.2.17 Ground-based GNSS
	2.2.2.18 Radar Reflectivity
	2.2.2.19 Radial Velocity of Doppler Radar
	2.2.2.20 Analysis of Precipitation(R/A)
	2.2.2.21 Soil Moisture Content


	2.3 Quality Control and Related Procedures
	2.3.1 SYNOP, AMeDAS, METAR, SHIP, BUOY, TEMP, PILOT, Aircraft and Wind Profilers
	2.3.1.1 Internal QC
	2.3.1.2 External QC

	2.3.2 AMVs
	2.3.3 Scatterometers
	2.3.4 Satellite Radiance
	2.3.4.1 MW sounders
	2.3.4.2 MW imagers
	2.3.4.3 CSR
	2.3.4.4 Hyperspectral IR sounders

	2.3.5 GNSS-RO
	2.3.6 Ground-based GNSS
	2.3.7 Radar Reflectivity
	2.3.8 Radial Velocity of Doppler Radar
	2.3.9 R/A
	2.3.10 Soil Moisture Content
	2.3.11 CDA: Feedback Data Base

	2.4 Typhoon Bogussing
	2.5 Global Analysis
	2.5.1 Introduction
	2.5.2 Incremental 4D-Var Formulation and Procedural Description
	2.5.3 Inner Model
	2.5.4 Penalty Term
	2.5.5 Background Term
	2.5.5.1 Climatological Background Error Covariance
	2.5.5.2 Modified Balance Mass Variable
	2.5.5.3 Regression Coefficients for U and (TU,PsU)
	2.5.5.4 Background Error Covariance Matrix
	2.5.5.5 Cholesky Decomposition of Background Error Covariance Matrix

	2.5.6 LETKF
	2.5.7 Observation Terms
	2.5.7.1 Observation Data
	2.5.7.2 Observation Error
	2.5.7.3 Observation Operator
	2.5.7.4 Variational Bias Correction


	2.6 Meso-scale Analysis
	2.6.1 Introduction
	2.6.2 Operational System
	2.6.3 Basic Formulation
	2.6.3.1 Cost Function
	2.6.3.2 Background Error Covariance
	2.6.3.3 Inner Model

	2.6.4 Observation Terms
	2.6.4.1 Observation Data
	2.6.4.2 Observation Error
	2.6.4.3 Observation Operator
	2.6.4.4 Special Treatment for Precipitation Data
	2.6.4.5 Variational Quality Control


	2.7 Local Analysis
	2.7.1 Introduction
	2.7.2 Operational System
	2.7.3 Basic Formulation
	2.7.3.1 Cost Function
	2.7.3.2 Solution Procedure
	2.7.3.3 Analysis variables
	2.7.3.4 Background Error Covariance

	2.7.4 Observation Terms
	2.7.4.1 Observation Data
	2.7.4.2 Observation Error
	2.7.4.3 Observation Operators

	2.7.5 Parallelization

	2.8 Snow Depth Analysis
	2.8.1 Global Snow Depth Analysis
	2.8.2 Mesoscale Snow Depth Analysis

	2.9 Soil Moisture Analysis
	2.10 Non-real-time Quality Control
	2.10.1 GDPFS-RSMC Operational Activities
	2.10.2 WDQMS Operational Activities
	2.10.3 Blacklist Management

	2.11 Climate Data Assimilation System

	3 Numerical Weather Prediction Models
	3.1 Summary
	3.2 Global Spectral Model (JMA-GSM2103)
	3.2.1 Introduction
	3.2.2 Dynamics
	3.2.2.1 Governing Equations
	3.2.2.2 Vertical Finite Difference Scheme
	3.2.2.3 Horizontal Grid
	3.2.2.4 Semi-implicit Semi-Lagrangian Formulation
	3.2.2.5 Vertically Conservative Semi-Lagrangian Scheme
	3.2.2.6 Departure Point Determination
	3.2.2.7 Spectral Method and Horizontal Diffusion

	3.2.3 Radiation
	3.2.3.1 Longwave Radiation
	3.2.3.2 Shortwave Radiation
	3.2.3.3 Gas Concentrations and Aerosol Climatology
	3.2.3.4 Cloud Properties

	3.2.4 Cumulus Convection
	3.2.4.1 Convective Effect on Large-scale Variables
	3.2.4.2 Cloud Model
	3.2.4.3 Closure
	3.2.4.4 Triggering Mechanism
	3.2.4.5 Convective Downdraft
	3.2.4.6 Mid-level Convection
	3.2.4.7 Convective Momentum Transport
	3.2.4.8 Melting and Re-evaporation of Precipitation

	3.2.5 Clouds and Large-scale Precipitation
	3.2.5.1 Cloud Scheme
	3.2.5.2 Stratocumulus Scheme
	3.2.5.3 Cloud Ice Fall and Conversion to Precipitation
	3.2.5.4 Melting and Evaporation

	3.2.6 Surface Turbulent Fluxes
	3.2.7 Boundary layer (turbulent transport)
	3.2.8 Sub-grid Orography
	3.2.8.1 Turbulent Orographic Form Drag
	3.2.8.2 Blocked Flow Drag
	3.2.8.3 Gravity Wave Drag
	3.2.8.4 Ancillary Fields for Blocked Flow Drag and Gravity Wave Drag
	3.2.8.5 Joint Implicit Calculation

	3.2.9 Non-orographic Gravity Wave Drag
	3.2.10 Land Surface Processes
	3.2.10.1 Fluxes
	3.2.10.2 Radiation and Albedo
	3.2.10.3 Energy and Water Balances
	3.2.10.4 Snow
	3.2.10.5 Soil
	3.2.10.6 Datasets

	3.2.11 Parallelization
	3.2.12 Surface Specifications
	3.2.12.1 Orography
	3.2.12.2 Grid Type
	3.2.12.3 Sea Surface
	3.2.12.4 Sea Ice

	3.2.13 Initial Conditions
	3.2.14 Forecast Performance

	3.3 Global Ensemble Prediction System
	3.3.1 Introduction
	3.3.2 System
	3.3.2.1 Configuration, and Initial and Boundary Conditions
	3.3.2.2 Ensemble Size, Forecast Range and Frequency

	3.3.3 Initial Ensemble Perturbations
	3.3.3.1 Local Ensemble Transform Kalman Filter
	3.3.3.2 Singular Vector Method

	3.3.4 Perturbed Physics
	3.3.5 Sea Surface Temperature and Related Perturbations
	3.3.6 Performance
	3.3.6.1 Typhoon Forecasting
	3.3.6.2 One-week Forecasting
	3.3.6.3 One-month Forecasting


	3.4 Seasonal Ensemble Prediction System
	3.4.1 Introduction
	3.4.2 System Configuration
	3.4.2.1 Forecast Model
	3.4.2.2 Ensemble Size, Forecast Range and Frequency
	3.4.2.3 Breeding of Growing Modes (BGM) Method

	3.4.3 Performance

	3.5 Meso-Scale Model (JMA-MSM2003)
	3.5.1 Introduction
	3.5.2 General Configuration
	3.5.3 Dynamics
	3.5.3.1 Basic Equations
	3.5.3.2 Spatial discretization
	3.5.3.3 Time integration
	3.5.3.4 Boundary Conditions

	3.5.4 Cloud Microphysics
	3.5.4.1 Mass-size Relationships
	3.5.4.2 Size Distribution Functions
	3.5.4.3 Fall Velocity and Sedimentation

	3.5.5 Convective Parameterization
	3.5.5.1 Cloud Model
	3.5.5.2 Determination of Variables in Updraft
	3.5.5.3 Treatment of convective precipitation
	3.5.5.4 Closure
	3.5.5.5 Diagnosis of the Convection as a Triggering Process

	3.5.6 Radiation
	3.5.6.1 Radiatively Active Constituents
	3.5.6.2 Cloud Properties
	3.5.6.3 Cloud Fraction
	3.5.6.4 Radiative Timesteps

	3.5.7 Boundary Layer
	3.5.7.1 Prognostic Equations and Fluxes
	3.5.7.2 Buoyancy Flux
	3.5.7.3 Dissipation Terms
	3.5.7.4 Mixing Lengths
	3.5.7.5 Nondimensional Diffusion Coefficients

	3.5.8 Surface Fluxes
	3.5.9 Ground Temperature and Soil Moisture
	3.5.10 Parallelization
	3.5.11 Forecast Performance

	3.6 Meso-scale Ensemble Prediction System
	3.6.1 Introduction
	3.6.2 System Configuration
	3.6.3 Initial Perturbations
	3.6.3.1 Singular Vectors
	3.6.3.2 Global SVs
	3.6.3.3 Mesoscale SVs
	3.6.3.4 Linear Combination of SVs

	3.6.4 Lateral Boundary Perturbation

	3.7 Local Forecast Model (JMA-LFM2103)
	3.7.1 Introduction
	3.7.2 General Configurations
	3.7.3 Forecast Performance

	3.8 Atmospheric Transport and Dispersion Model
	3.8.1 Introduction
	3.8.2 Model
	3.8.2.1 Basic Model Description
	3.8.2.2 Dry and Wet Deposition

	3.8.3 Products

	3.9 Chemical Transport Model
	3.9.1 Introduction
	3.9.2 Global CTM for UV Index Forecasting
	3.9.2.1 Basic Framework
	3.9.2.2 Coupling of Chemical and Meteorological Parts
	3.9.2.3 Data Assimilation
	3.9.2.4 Verification
	3.9.2.5 Radiative Transfer Model for UV Index Forecasting

	3.9.3 Regional CTM Used for Photochemical Oxidant Information
	3.9.3.1 Basic Framework
	3.9.3.2 Relaxation to Observational Data
	3.9.3.3 Verification

	3.9.4 Local CTM Used for Photochemical Oxidant Information
	3.9.4.1 Basic Framework
	3.9.4.2 Verification


	3.10 Kosa (Aeolian Dust) Analysis Prediction Model
	3.10.1 Introduction
	3.10.2 Basic Framework
	3.10.3 Data Assimilation
	3.10.4 Verification

	3.11 Verification
	3.12 Global Atmospheric Transport Model for Volcanic Ash
	3.12.1 Introduction
	3.12.2 Initial Condition
	3.12.3 Model
	3.12.3.1 Basic Framework
	3.12.3.2 Horizontal and Vertical Dispersion
	3.12.3.3 Gravitational Fallout
	3.12.3.4 Dry and Wet Deposition

	3.12.4 Products

	3.13 Regional Atmospheric Transport Model for Volcanic Ash
	3.13.1 Introduction
	3.13.2 Initial Condition
	3.13.3 Model
	3.13.4 Products


	4 NWP Application Products
	4.1 Summary
	4.2 Weather Chart Services
	4.3 Gridded Data Products
	4.4 Very-short-range Forecasting of Precipitation
	4.4.1 Analysis of Precipitation (R/A)
	4.4.2 Forecasting of Precipitation up to 6 hours ahead (VSRF)
	4.4.2.1 Processes assumed in EX6
	4.4.2.2 Merging Technique
	4.4.2.3 Example and Verification Score of R/A and VSRF

	4.4.3 VSRF Forecast Range Extension to 15 hours (ExtVSRF)
	4.4.3.1 Basic Concept of ExtVSRF
	4.4.3.2 ExtVSRF Verification Score and Example


	4.5 Hourly Analysis
	4.6 Guidance for Short-range Forecasting
	4.6.1 Overview
	4.6.2 Guidance Based on Kalman Filtering
	4.6.2.1 Kalman Filtering
	4.6.2.2 Frequency Bias Correction
	4.6.2.3 Example of Guidance (GSM) Based on Kalman Filtering (3-hour Precipitation Amount)

	4.6.3 Guidance Based on a Neural Network
	4.6.3.1 Neural Network
	4.6.3.2 Example of Guidance Based on a Neural Network (Categorized Weather)

	4.6.4 Utilization of Guidance at Forecasting Offices

	4.7 Application Products for Aviation Services
	4.7.1 Aerodrome Forecast Guidance
	4.7.1.1 Visibility
	4.7.1.2 Cloud
	4.7.1.3 Weather
	4.7.1.4 Wind and Temperature
	4.7.1.5 Gust Winds
	4.7.1.6 Thunderstorms
	4.7.1.7 Snow

	4.7.2 Products for Domestic Area Forecast
	4.7.2.1 Gridded Values of Significant Weather
	4.7.2.2 Domestic Significant Weather Chart 
	4.7.2.3 Domestic Cross-section Chart 

	4.7.3 Products for International Area Forecast

	4.8 Ensemble Prediction System Products
	4.8.1 EPS Products for One-week Forecasting
	4.8.2 EPSs Products for One-month and Seasonal Forecasting
	4.8.2.1 Standard Products
	4.8.2.2 Gridded Datasets
	4.8.2.3 El Ninõ Outlook
	4.8.2.4 Probabilistic Forecast Products for Seasonal Forecasts
	4.8.2.5 Forecast Products in Support of Early Warnings for Extreme Weather Events


	4.9 Atmospheric Angular Momentum Functions

	5 Ocean Models
	5.1 Summary
	5.2 Sea Surface Temperature Analysis
	5.2.1 Merged Satellite and In-situ Data Global Daily Sea Surface Temperature (MGDSST)
	5.2.2 HIgh-resolution Merged satellite and In-situ data Sea Surface Temperature (HIMSST)
	5.2.3 Daily Sea Surface Analysis for Climate Monitoring

	5.3 Ocean Data Assimilation System
	5.3.1 Ocean General Circulation Model and Objective Analysis Scheme
	5.3.2 Ocean Data Assimilation System for Global Oceans (MOVE-G2)
	5.3.3 Ocean Data Assimilation System for the Western North Pacific (MOVE-WNP)
	5.3.4 Ocean Data Assimilation and Prediction System for the Seas Around Japan (MOVE-JPN)

	5.4 Ocean Wave Models
	5.4.1 Introduction
	5.4.2 Ocean Wave Model Structure
	5.4.3 Wind Field
	5.4.4 Wave Analysis
	5.4.5 Products
	5.4.6 Improvement and Development

	5.5 Storm Surge Model
	5.5.1 Japan Area Storm Surge Model
	5.5.1.1 Introduction
	5.5.1.2 Dynamics
	5.5.1.3 Meteorological Forcing
	5.5.1.4 Model Specifications
	5.5.1.5 Verification

	5.5.2 Asia Area Storm Surge Model
	5.5.2.1 Introduction
	5.5.2.2 Dynamics
	5.5.2.3 Data
	5.5.2.4 Meteorological Forcing
	5.5.2.5 Multi-scenario Prediction
	5.5.2.6 Model Specifications
	5.5.2.7 Verification

	5.5.3 Astronomical Tide Analysis
	5.5.3.1 Introduction
	5.5.3.2 Analysis Method
	5.5.3.3 Short-period Tides
	5.5.3.4 Long-period Tides
	5.5.3.5 Verification


	5.6 Sea Ice Model
	5.6.1 Introduction
	5.6.2 Model Structure
	5.6.2.1 Forecast Area
	5.6.2.2 Calculation of Sea Ice Conditions
	5.6.2.3 Dynamical Processes
	5.6.2.4 Thermodynamic Processes

	5.6.3 Data Used in the Model
	5.6.3.1 Initial Data on Sea Ice and Sea Surface Temperature
	5.6.3.2 Meteorological Data
	5.6.3.3 Ocean Current Data

	5.6.4 Numerical Sea Ice Model Results

	5.7 Oil Spill Prediction Model
	5.7.1 Introduction
	5.7.2 Basic Equation
	5.7.3 Products


	A Verification Indices
	A.1 Basic Verification Indices
	A.1.1 Mean Error
	A.1.2 Root Mean Square Error
	A.1.3 Anomaly Correlation Coefficient
	A.1.4 Ensemble Spread
	A.1.5 S1 Score

	A.2 Verification Indices for Categorical Forecasts
	A.2.1 Contingency Table
	A.2.2 Proportion Correct
	A.2.3 False Alarm Ratio
	A.2.4 Undetected Error Rate
	A.2.5 Hit Rate
	A.2.6 False Alarm Rate
	A.2.7 Bias Score
	A.2.8 Climatological Relative Frequency
	A.2.9 Threat Score
	A.2.10 Equitable Threat Score
	A.2.11 Heidke Skill Score
	A.2.12 Fractions Skill Score

	A.3 Verification Indices for Probability Forecasts
	A.3.1 Brier Score
	A.3.2 Brier Skill Score
	A.3.3 Murphy's Decompositions
	A.3.4 Reliability Diagram
	A.3.5 ROC Area Skill Score


	References
	List of Authors


