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Chapter 1

Introduction

1.1 Introduction & Scope. The Theater Analysis and Forecast Program (TAFP) is vital component of a sound forecast process and meteorological watch (METWATCH) program. It provides a systematic means of synthesizing weather station technology, forecast techniques, and weather information using the AMIS/AWDS, WSR-88D, Joint Task Force/Small Tactical Terminals, and other satellite systems. The program specifies techniques and tools used to forecast individual weather elements; describes the requirements for locally prepared work charts; and describes refinements and application of centralized products needed to effectively evaluate and forecast the weather. This document serves to lay the foundation to integrate numerous subordinate forecast processes and METWATCH program components. This approach exploits available resources, facilitates a logical division and organization of topics and materials, and strives to eliminate redundancy in procedures and programs. 

1.2 Regime Approach. This regime-based program was developed for use by forecasters and observers in the analysis and processing of weather information. The TAFP will be supplemented by Local Area Forecast Programs (LAFP), monthly forecaster and observer seminars, follow-on-training, Theater Forecast Reference Notebook, and Terminal Forecast Reference Notebooks at individual locations. All of these products will be used in conjunction with the TAFP to familiarize assigned forecasters and observers with the local area, unit forecasting and observing techniques, and as a method to build upon experience and proficiency. 

1.3 The Six Step Process.

Step 1 - Know the Scale & Products

Step 2 - Know the Tools & Technology

Step 3 - Know the Continuity & Analysis

Step 4 - Know the Weather Regimes & Problems

Step 5 - Know the Customer, Mission, & Airframe

Step 6 - Know the Implementation & Procedures

1.4 References. 

1.4.1 
 AFMAN 15-125, Weather Station Operations.

1.4.2
 Draft AFMAN 15-156, Meteorological Techniques.

1.4.3 AFP 105-34, Aircraft Performance Characteristics and Weather Sensitivities

1.4.4 FMH-11, Part C, WSR 88-D Products and Algorithms 

1.4.4
 AWS/TR-76/264, Satellite Meteorology.

1.4.5
 AWS/TR-77/271, New Severe Thunderstorm Radar Identification Techniques and Warning Criteria.

1.4.6
 AWS/TR-79/003, Cloud Patterns and Upper Air Wind Field.

1.4.7
 AWS/TR-79/006, Use of the Skew-T, Log P Diagram in Analysis and Forecasting.

1.4.8
 AWS/TR-80/001, Forecasters’ Guide on Aircraft Icing.

1.4.9 
 AWS/TR-90/001, Convective Scale Dynamics.

1.4.10 AWS/TR-200, Notes on Analysis and Severe-Storm Forecasting Procedures of the AFGWC.

1.4.11 AWS/TR-212, Application of Meteorological Satellite Data in Analysis and Forecasting.

1.4.12 1WW/TN-83/001, METSAT Users Guide

1.4.13 607 WSPAM 15-5, Korean Climatology

1.4.14 Echoes #17, RPS Lists

1.4.15 PACTips Weather Regimes

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2

STEP ONE: KNOW THE SCALE AND PRODUCTS

 

2.1 Scale.

2.1.1 Macroscale. The largest scale of weather systems generally greater than 1080nm (2000km) with a duration of several days to a week or more. These systems are characterized by persistent jet streams aloft and by semi-permanent pressure centers.

2.1.2 Synoptic. These weather systems vary in size from 108-1080nm (200-2000km) and have a duration of an hour to several days. They are characterized by migratory high and low pressure systems, frontal systems, and tropical cyclones.

2.1.3 Mesoscale. These weather systems vary in size horizontally from 1-500nm (2-926km) and have a duration tens of minutes to several hours. These weather systems are characterized by low level jet streams, squall lines, cloud clusters, thunderstorms, fog, and land and sea breezes.

2.1.4 Microscale. These are the smallest of weather systems generally less than one nautical mile (2km) with a duration of a few seconds to a few minutes. These systems are characterized by tornadoes, deep convection, dust devils, thermals, wakes, plumes, roughness and turbulence.

2.2 Products

2.2.1 FOXX60 RKSZ Discussion Bulletin. The FOXX60 contains a plain language synoptic discussion that addresses upper air, model discussion, model initialization, model of choice, METSAT discussion, forecast challenges/problems of the day, selected city temperatures, wave heights, sea-surface temperatures, and flight level winds. The FOXX60 is issued twice daily at 0900Z and 2100Z.

2.2.2 FOXX61 RKSZ. The FOXX61 is a 00-120 hour graphical analysis/forecast for north and South Korea that provides synoptic-scale guidance to combat weather teams. The FOXX61 is broken down into 12, 24, 36, 48, 72, 96, and 120 hour time blocks. The FOXX61 is issued two times per day at 2200z and 1000z, and is valid from 1500z to 1500z.

2.2.2.1 FOXX61 Text. Issued during exercises/contingencies. Developed for transmission over HF communication modes. The text version is a written version of the FOXX61 Graphic.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1. USFK Areas with KMA, ROKAF, and USAF

reporting locations. All ROKAF and USAF locations appear

as two letter idnetifiers. Prefix the two letter identifier with RK

to get the ICAO.

 

 

 

 

 

 

 

 


Figure 2-2. Graphical FOXX61 

2.2.3 FOXX62 RKSZ Bulletins. The FOXX62 bulletin is normally produced after a Support Assistance Request (SAR) is submitted to the TFU. This bulletin can be/is also produced during major exercises, contingencies, or wartime. It normally consists of two parts, a "box forecast" and a "route forecast". Depending on customer requirements, one or both parts are produced. The purpose of this bulletin is to give meteorologists in the field a mesoscale forecast of a particular low-level flight route or a Forward Edge Battle Area (FEBA)/Forward Line of Own Troops (FLOT) forecast.

2.2.4 NOGAPS. The Navy Operational Global Atmospheric Prediction System (NOGAPS) provides global weather analyses and forecasts as well as critical surface conditions for US Navy atmospheric and oceanic application models. NOGAPS runs operationally at the Fleet Numerical Meteorology and Oceanography Center (FNMOC) in Monterey, California. Data from NOGAPS is sent from FNMOC to AFWA and then on to Air Force Weather (AFW) units throughout the world as Vector Graphic (VG) and Uniform Gridded Data Field (UGDF) products on AWDS. Since NOGAPS is AFW’s source for global weather analyses and forecasts, it is important for all forecasters to be familiar with the model and its strengths and weaknesses. (NOTE: Even though this is the primary model the OWS also uses JMH, MRF, AVN, and KMA models in addition to AFWA’s MM5.)

2.2.4.1 Objective Analysis. In order for a computer to generate an analysis, it must strictly adhere to some type of atmospheric analysis technique. Because the computer always follows the analysis technique and, unlike a human, doesn’t have its own opinion on how to analyze a chart, a computer-generated analysis is an objective analysis. NOGAPS uses the multivariate optimum interpolation (MVOI) technique to analyze data. In NOGAPS, the MVOI technique creates an analysis by updating a short-range forecast, created by a previous NOGAPS run, with quality-controlled observations. The "multivariate" in MVOI means that the wind observations affect the geopotential height analyses and the height observations affect the wind analyses. The "optimum interpolation" in MVOI essentially means the analysis takes into account (1) the distance between each observation and the grid upon which the analysis is performed, (2) the accuracy of the observing systems used to make the observations (e.g., surface observations, rawinsonde, satellite), and (3) the expected accuracy of the short-range forecast (the forecast is expected to be more accurate in data-rich areas than in data-sparse areas). Analyzed fields are produced for 16 pressure levels including the 925 mb level. The analyses are also three-dimensional, which means observations that influence an analyzed variable do not have to reside at the same level as the analyzed variable.

2.2.4.2 NOGAPS Model Self-Initialization. Once the objective analyses are complete, they are "passed" to the forecast model to use as its initial conditions. However, before the forecast model can use these analyses, they must be subtly adjusted to remove undesirable atmospheric waves. The objective analysis creates these waves when it updates the short-range forecast. These waves, if not removed, can contaminate the first few hours of a forecast. These adjustments, coupled with the objective analysis, can cause the model’s initial conditions to differ from what is actually observed. That’s why you, the forecaster, must check the model’s initialization yourself! You do this by initializing the model with satellite data, FBD, etc. If you don’t initialize, you’ll have no way of assessing how well NOGAPS is forecasting the weather systems in which you’re interested.

2.2.4.3 Forecast Model. The forecast model used in NOGAPS is a global spectral model. The horizontal resolution of the model is 159 waves (the GSM’s is 40 waves). This means NOGAPS can model up to 159 waves (trough-ridge combinations) along a given latitude circle. In the vertical, the model contains 18 layers from the surface to 1mb, the top of the model’s atmosphere. The layers follow the model’s terrain at low levels and constant pressure surfaces at upper levels. The model also uses physics parameterizations. Physics parameterizations are approximations a model uses for complex processes, like convection and precipitation, instead of using complicated, time-consuming computations. In order to create the NOGAPS-derived products available over AWDS, the output from the model are saved on a 2.5 by 2.5 latitude-longitude grid.

2.2.4.4 NOGAPS Strengths and Weaknesses. These strengths and weaknesses concentrate on NOGAPS analyses and forecasts out through 48 hours. This information was derived from the Navy’s NOGAPS performance reviews. Even though the Navy’s reviews concentrate on how NOGAPS performs over the oceans, the information is still relevant to forecasting over land masses. Don’t be dismayed by this apparently long list of weaknesses. Comparisons between NOGAPS and the Global Spectral Model formerly used by AFGWC have shown the NOGAPS forecasts to be better, particularly in the lower atmosphere.

2.2.4.4.1 Surface Lows.

Lows over oceans: The analyzed central pressure of deepening lows is typically 3 to 4 mb too shallow. In regions of rapidly deepening lows, the analyzed central pressure may be too shallow by as much as 10 mb in data-sparse areas. Forecasts of developing lows tend to deepen too slowly (average central pressure error is 2 to 3 mb too shallow by 48 hours). Forecasts of filling lows tend to be too deep and fill too slowly after "bottoming out" (average central pressure error is 2 to 3 mb too deep by 48 hours). There is no consistent directional bias for deepening or filling lows.

Lows over land: Forecasts of developing lows tend to deepen too slowly but are only minimally too shallow. Forecasts of filling lows tend to be too deep and fill too slowly after "bottoming out" (average central pressure error is 3 to 4 mb too deep by 48 hours). There is no consistent directional bias for deepening or filling lows.

Initial cyclogenesis is well defined due to the improved analysis and forecast of upper-level short-wave troughs; however, secondary cyclogenesis is minimally under-forecast.

Multiple low pressure centers in close proximity to each other (complex lows) tend to be merged into one, slightly deeper system.

Surface lows north of the polar jet tend to be too deep while surface lows forming south of the polar jet deepen too slowly.

Explosive lows: The central pressure of explosive lows (deepening rate 15 mb or greater in 24 hours) is usually deeper than the NOGAPS-analyzed central pressure, especially in data-sparse areas. Likewise, forecasts of explosive lows tend to be too shallow.

False forecasts of explosive lows in the cool season tend to be in two groups. The first group is associated with the early stages of "subtropical" type cyclogenesis. The second group tends to occur at higher latitudes in the extended forecast period. These are primarily associated with the over-forecasting of a well-defined short-wave trough embedded in strong or broad zonal flow.

Surface lows associated with upper-level cut-off lows: Lows associated with the formation of upper-level cut-off lows in the cool season are forecast to be too deep. Mature cut-off lows fill too slowly after "bottoming out." Occasionally, NOGAPS tends to over-forecast the deepening rate of surface cut-off lows.

Tropical cyclones: The development/intensification rate of tropical cyclones (e.g., hurricanes, typhoons) is over-forecast. In the development stage, forecast tropical cyclones move too slowly. After reaching their maximum intensity, mature tropical cyclones move too slowly. NOGAPS can tend to over-forecast the number of tropical cyclone systems. During the primary North Pacific tropical cyclone season (June through November), cyclone development tends to be over-forecast with regard to the size of the circulation in the western half of the North Pacific. 

Sea level pressure: The sea level pressure analysis and forecast fields over high terrain should be used with caution. From the late spring to early winter, a false deep surface low is often observed in the analyses and forecasts over the very high terrain of the Himalayas in Asia.

2.2.4.4.2 Surface Highs.

Western ocean surface highs and mid-ocean surface highs tend to be 1 to 2 mb too strong by 48 hours. 

2.2.4.4.3 Other Surface Parameters.

Peak surface wind analyses and forecasts are too weak. Winds tend to be at least 5 knots weak by 24 hours.

Temperatures over land areas are slightly cool.

Moisture forecasts over land areas are too wet.

2.2.4.4.4 Upper-Level Parameters.

Upper-level short-wave troughs in strong zonal and broad meridional flow are minimally weak. The associated surface lows tend to be 3 to 4 mb too weak and deepen too slowly.

Upper-level lows north of the polar jet tend to be slightly too deep while upper-level highs south of the polar jet are slightly too strong.

The formation of upper-level cut-off lows is well forecast. The associated surface low forecast, however, is slightly too deep.

Wind speed: Forecasts of wind speed vary the greatest in the 300 to 250mb jet-stream region of the upper troposphere. Wind speed forecasts in this layer can be plus or minus 10 to 15kts by 48 hours.

Temperatures in the mid-troposphere and lower stratosphere tend to be slightly cool. Upper-stratospheric temperatures are slightly warm.

2.2.4.5 Processing. NOTE: Analyze only features west of 140E.

2.2.4.5.1 300mb


Highlight jet cores in red.


The jet max will be labeled and shaded in purple.


Label the jet with the appropriate label, i.e. PFJ, AFJ, or STJ.

2.2.4.5.2 500mb


Analyze all troughs and ridges with appropriate symbols.


Analyze vorticity maxima in red and minima in blue.


Shade areas of PVA in red and NVA in blue.


Pick an appropriate height contour and highlight in purple to aid in initialization


and verification process.

2.2.4.5.3 700mb


Outline all areas with RH of > 70% in green.


Pick an appropriate height contour and highlight in purple to aid in initialization


and verification process.

2.2.4.5.4 850mb


Outline all areas with RH of > 70% in green.


Highlight the 0C isotherm in blue.


Analyze for fronts.


Analyze for low-level jets.

2.2.4.5.5 925mb


Highlight the 0 C isotherm in blue.


Analyze for fronts.

2.2.4.5.6 1000-500mb/SFC Thickness


Analyze all pressure centers, fronts, and troughs in standard colors.


Highlight a representative thickness isopleth and highlight in black.

2.2.5 KGWC Significant High-Level Icing, Turbulence, and Thunderstorms. Required for pilot briefings to indicate flight level hazards from 10,000ft - 55,000ft. Shows expected severity and location of hazards, and alerts forecasters to potential areas of high-level hazards. Additionally, identifies the presence of mountain wave turbulence using proven values for the 500mb wind speed versus the sea-level pressure differential across a mountain chain expressed in millibars. Mountain wave will be expressed as light, moderate, or severe.

2.2.5.1 Strengths. Available twice daily at approximately 0200Z and 1400Z, this vector graphic is a time-phased product through 36 hours. Also provides coverage on a hemispheric basis.

2.2.5.2 Weaknesses. Hazardous areas are often significantly smaller than forecast and duration of events is often shorter than forecast. Only moderate or greater turbulence is forecast; however light or greater icing is forecast. 

2.2.5.3 Processing. None.

2.2.6 Alphanumeric Bulletins. Alphanumeric data is also an important source of data.

PRIVATE
 
FJAS KGWC

 
FXPA41 KGWC

2.2.6.1 Trajectory Bulletins (FJAS KGWC). Trajectory data is normally received twice daily (from the 00Z and 12Z MM5 model runs). The FJAS KGWC bulletin contains forecasted gradient winds and numerically forecast values of temperature and dew point for the gradient level as well as 850, 700, and 500mb levels. The bulletin’s forecast periods are at 6-hour intervals out to 48-hours. Used as a guide to forecast the state of the atmosphere with respect to temperature, dew point, moisture advection, and stability.

2.2.6.1.1 Sample FJAS.

FJAS KGWC 130000Z

GG TT DP LA LON PPP TT DP N LA LON PPP TT DP N LA LON PPP TT DP N SI

RKJK 939 850MB 700MB 500MB 13/0000Z JAN 97

06 3 1 36M125 850 M3M15 7 36M124 702M10M19 8 36M122 501M27M37 6 0

12 2 1 36M124 862 M5M15 7 35M121 721M11M15 8 36M115 502M28M39 7 0

18 1 0 37M123 866 M7M28 7 35M117 715M13M35 8 36M110 498M27M46 6 0

2.2.6.1.2 Interpretation of Trajectory Data. Using the sample above for Kunsan, it is important to understand that the LA, LON, and PPP (latitude, longitude, and pressure level) are the conditions that existed at 13/0000Z, when the bulletin was created. All other data is valid for the time period specified. For example, using the 12-hour forecast line (12 under GG group), the first 2 digits, "2" and "1" are the forecast temperature and dew point for the gradient level (939mb) at Kunsan for 12Z (13/0000Z + 12). This is the only information available for the gradient level. The LA LON group that follows, pertains to the 850mb level. "36M124" means that the parcel of air that will be over Kunsan at 12Z was at 36N, 124E (or about 120 miles west of Kunsan) when the bulletin was created (13/0000Z). The parcel must travel 120 miles due east to reach Kunsan in 12 hours, or will travel at approximately 10 miles per hour. The "PPP" group, (862) means that the parcel of air that will be over Kunsan at 12Z was at 862mb when the bulletin was created, and must rise 12mb in 12 hours (or 1mb/hr) to reach 850mb by 12Z. "TT" and "DP" (M5M15) are the temperature and dew point that the parcel of air is forecast to have when it arrives at 850 mb over Kunsan. The "N" group (7) refers to total cloud cover, in eighths that is expected over Kunsan at 850mb when the parcel arrives. The data is decoded for 700mb and 500mb the same way. The "SI" group at the end is the Showalter stability index forecast for each time period. At present, this value is not reliable and should not be used. With moisture and vertical motions of 1mb/hr at 850mb, and moisture with vertical motions of almost 2mb/hr at 700mb, we can infer mostly cloudy skies with light rain (or snow) for Kunsan at 12Z.

2.2.6.1.3 Plotting (Optional). The FJAS KGWC trajectory can be plotted in conjunction with the FXPA41/42 KGWC on 607WS Form 12 for a trend analysis of vertical motions through 48 hours. Shade areas of upward vertical motion in red and areas of downward vertical motion in blue.

2.2.6.1.4 Strengths. Provides a quick look at the vertical profile of the atmosphere out through 48 hours. Good tool to use for determining the onset and duration of precipitation and cloud cover.

2.2.6.1.5 Weaknesses. Not available until about 6 hours after the data base time. Also, since it’s derived directly from the NOGAPS model, it’s subject to the same limitations.

2.2.6.1.6 Rules-of-Thumb for Using Trajectory Bulletins. Determine the vertical velocity of a parcel by dividing the total millibar change in a parcel from the data base time to the valid time of the forecast ("GG" line on bulletin). For example, a parcel which starts at the 900mb level and is forecast to be at the 850mb level over the station 24 hours from the data base time, must rise from 900mb to 850mb in 24 hours. Therefore, the vertical velocity of the parcel is (900-850) divided by 24, which equals a positive (upward) vertical velocity of approximately 2mb/hr.

Vertical velocities > +.5mb/hr with T-Td less than 3 Celsius degrees, forecast overcast skies.

Vertical velocities > +.5mb/hr with T-Td from 3 to 6 Celsius degrees, forecast broken clouds.

Vertical velocities > -.5mb/hr, forecast existing conditions to improve.

Vertical velocities between +.5 and -.5mb/hr, forecast upstream cloud cover to advect into your area.

Consider forecasting precipitation if the parcel’s moisture content is forecasted to be near saturation, and the vertical velocity exceeds +1mb/hr. Advect existing precipitation areas if vertical velocity is upward, but less than 1mb/hr and the parcel’s dew point spread is < 5 Celsius degrees.

Forecast snow if the above conditions are met and the 850mb temperature of the parcel is forecast to be < -2 degrees Celsius.

Forecast mixed precipitation if the above conditions are met and the 850mb temperature of the parcel is forecast to be between 0 and -2 degrees Celsius.

Forecast liquid precipitation if the above conditions are met and the 850mb temperature of the parcel is forecast to be > 0 degrees Celsius.

2.2.6.2 FXPA41/42 KGWC. The FXPA41/42 bulletin contains forecast total-totals, Showalter stability indices, vertical velocities, quantitative precipitation values, and thickness values for several layers of the atmosphere. The data is forecast in 6-hour intervals out through 36 hours. Used as a guide to forecast advection patterns, wind direction and speed, forecast precipitation amounts, time of onset, and duration.

2.2.6.2.1 Strengths. Provides a look at forecast advection patterns and depth at various levels of the atmosphere, in 6-hourly increments. Also good tool for estimating frontal passage and timing/duration of precipitation events.

2.2.6.2.2 Weaknesses. Available about 6 hours after data base time. Also, it tends to under-forecast precipitation amounts, especially during spring and summer.

2.2.7 MM5. MM5 is The Pennsylvania State University/ National Center for Atmospheric Research (PSU/NCAR) Mesoscale Model, Version 5 model. MM5 has been progressively improved for nearly 20 years and is still undergoing development at universities, U.S. Government laboratories, and private companies worldwide 

 

2.2.7.1. MM5 is a NWP model, somewhat similar to AVN, ETA, NGM, and other regional-scale models, but runs at finer resolutions. MM5 will depict mesoscale features overlooked in other models 

This chart compares the spatial and temporal resolutions of some models:

PRIVATE
Regional Model
Grid Spacing (Km)
Number of Vertical Levels
Output Frequency

Relocatable Window Model
92.3
16
3 hourly

Nested Grid Model (NGM)
~80
16
3 hourly

ETA Model
32
45
3 hourly

Mesoscale Model, Version 5 (MM5)
36 (12 inner nest)
41
3 hourly

2.2.7.2. At AFWA, objective and subjective verification of MM5 occurs on a daily basis. The MM5 is compared with surface and upper-air observations. Root-mean-square errors (RMSE) and bias scores are automatically computed at the surface and five mandatory levels for a handful of variables. 

How MM5 compares with other models (highlighted areas indicate best forecast):

East Asia



 

2.2.7.3. AFWA varies the configuration of MM5 from region to region. Here in the Far East, MM5's outer nest is 45 km and the inner nest is 15 km. Additionally, a 5km nest is now available.

2.2.7.4. The physics packages (which determine how the model treats several weather elements) in MM5 are re-definable (by AFWA modelers) with seven choices available.

Currently, MM5 is initialized from the previous run of another larger-scale model (e.g., NOGAPS, AVN, ETA). If the larger-scale model is handling the state of the atmosphere well, it will be reflected in the MM5

2.2.7.5. At AFWA, the MM5 forecasts are also compared to satellite images to assess overall storm placement and development of smaller-scale features (e.g., squall lines)

2.2.7.6. Unlike most NWP models, the MM5 has more sophisticated physics packages, enabling it to model a wider variety of weather phenomena. Presently, the Far East MM5 is initialized with 6 hr or 12 hr fields from the AVN model. Analysis data will soon be assimilated into the model. New product types and geographic coverage continue to expand.

2.2.7.7. All windows are now run with a vertical resolution of 41 sigma levels.

2.2.8 Other Models. Depending on availability and circumstances the JMH, MRF, AVN, and KMA models may/can be used in the forecast process.

 

 

 

 

Chapter 3

STEP TWO: KNOW THE TOOLS AND TECHNOLOGY

 

3.1 Software Suites for producing weather products. The following software are used to develop products used by the Theater Forecast Unit: 1). Digital Atmosphere: Used for upper-air, surface, and LAWC analysis. 2). JMV 3.1: Used to develop FOXX61 graphical bulletins.

3). AWDS/AMIS: Used to produce and disseminate TAFs, watches, warnings, advisories and other alpha-numeric products.

3.2 WSR-88 Provides a variety of Doppler weather radar products (e.g. velocity, reflectivity, spectrum width-based) which can be manipulated using animation, color depiction’s and highlights, alerts, etc., to enhance the forecast process and perform an effective METWATCH. Many tasks accomplished on the WSR-88D are automated. The system itself is very user-friendly with ready access to "pick-and-click" options. Similarly, local user functions are designed to meet forecast needs according to the meteorological situation, such as for interrogating a thunderstorm, monitoring wind shear, tracking the onset of upslope conditions, etc. The operation and application of the Doppler radar is critical to the forecast process and METWATCH program. One of the most valuable tools for metwatch, this radar provides real-time data on the strength, development, and movement of thunderstorms in the area, and provides for the dial-up of other regional radars. During severe weather outbreaks, continuous monitoring is advisable to monitor any rapid development and appearance of severe signatures. Products are invaluable in identifying boundaries, wind shear, thunderstorm characteristics, etc. Employ system features and applications detailed in your WSR-88D Continuity and Training Binders, to include user functions, alert areas, and severe storm detection. Exploit additional information such as product applications and limitations, quick reference charts, and thunderstorm interrogation guides.

3.2.1 Strengths. Real-Time data, combined with our ability process a huge amount of information regarding the atmosphere, make for a formidable weapon.

3.2.2 Weaknesses. Limited effective range because of complex terrain; Individual units cannot control the mode (clear air vs. precip--must call the Unit Control Position (UCP) and discuss mode changes.

 

3.2.3 Products - Strengths and Limitations Summary. Here's the "best-products" matrix:



Because the reflectivity for snow and ice crystals is much lower than for rain drops of the same size, snow events may be better tracked in clear-air mode. Snow has a flat plate-like structure that presents a smaller cross-section to the radar beam than the almost-spherical raindrop. Also, some of the energy from the radar beam is scattered out of the radar’s field of view because of the tumbling snow crystals. Returns for snow range from about -5 dBz for light snow to about 35 dBz for very heavy wet snow. If the radar is switched to precipitation mode, you will miss much of the snow event and snow band structure. This is because the reflectivity cutoff for precipitation mode is 5 dBz. It is true that in clear air mode you will not receive any precipitation or storm products, but due to the low reflectivity values from the snow, switching to precipitation mode will not give accurate precipitation accumulation amounts anyway. By leaving the radar in clear air mode, it's more sensitive to the weaker returns from the snow. You get a better picture of the atmosphere and the fine structure in the snow bands and can better determine where the snow is falling.

3.2.3.1. BASE PRODUCTS.

3.2.3.1.1 Reflectivity - R

3.2.3.1.1.1 Strengths. Can locate Hook echoes, shows strong reflectivity gradients, LEWP's, embedded thunderstorms, outflow boundaries, detection of the melting level, storm cores, and flow around the obstacle (intense updraft core/ rear-flank downdraft).

3.2.3.1.1.2 Limitations. Ground clutter and anomalous propagation can contaminate data, beam height vs. range causes overshooting of distant targets, beam broadening may cause small features to be undetectable at longer ranges, side lobe contamination can cause false echo tops and false intensities. Usually won’t detect stratus or fog due to small droplet size. Beam elevation and broadening at longer ranges limits detection beyond 100nm to large storms.

3.2.3.1.2 Velocity - V

3.2.3.1.2.1 Strengths. Quick determination of wind speeds aloft, determine warm or cold air advection over the area, detection of low and mid level jets, abrupt changes in wind speed and/or direction indicating turbulence, frontal boundaries and overrunning, small scale rotations within the environmental flow, convergence and divergence, can be used to determine hail size.

3.2.3.1.2.2 Limitations. Residual clutter and anomalous propagation can contaminate data; range-folded or velocity-aliased data may cause incorrect interpretation; data coverage is limited by the amount of scatterers in the atmosphere; velocities are relative to the RDA location -- not the PUP location; for effective severe storm analysis, multiple elevation angles must be used.

3.2.3.1.3 Spectrum Width - SW

3.2.3.1.3.1 Strengths. Can be used to estimate turbulence associated with thunderstorms, fronts, gust fronts, and clear air; convective development can sometimes be seen before reflectivity returns show up; can be used to validate mean radial velocity estimates.

3.2.3.1.3.2 Limitations. Other products must be used in conjunction for positive identification of features; weak signal returns near the noise threshold can cause incorrect or contaminated data.

3.2.3.2 DERIVED PRODUCTS.

3.2.3.2.1 Composite Reflectivity - CR

3.2.3.2.1.1 Strengths. Reveals max reflectivity in all storms within range; can generate cross sections through maximum reflectivity in a storm; combined attribute table is available.

3.2.3.2.1.2 Limitations. Low-level reflectivity signatures can be obscured; height of maximum reflectivity cannot be determined; precipitation aloft can't be discriminated from that reaching the surface; non-precipitation echoes may contaminate product; horizontal plane signatures (bow echoes, hooks) of potentially severe storms may not be distinguishable. 

3.2.3.2.2 Vertically Integrated Liquid - VIL

3.2.3.2.2.1 Strengths. Helps locate strong storms which may become severe, especially those with hail; magnitude of VIL is related to the strength of the updraft; persistent high VIL values associated with supercells; helps locate areas of heavy rainfall; rapid increase then decrease in values may signify onset of microburst.

3.2.3.2.2.2 Limitations. Values for warnings may change daily and across the warning area; more VIL fluctuation with VCP 21 than VCP 11 due to the amount of data levels sampled; values within 20nm of radar tend to be underestimated; VIL values biased by drop size; values at distant ranges (> 110nm) are occasionally overestimated; values underestimated for strongly tilted or fast moving storms; values may be contaminated by non-precipitation echoes.

3.2.3.2.3 Severe Weather Probability - SWP

3.2.3.2.3.1 Strengths. Quick indication of strongest storms.

3.2.3.2.3.2 Limitations. Only incorporates VIL--no environmental conditions are incorporated; if VIL values inconsistent, SWP also inconsistent; may be contaminated by non-precipitation echoes.

3.2.3.2.4 Echo Tops - ET

3.2.3.2.4.1 Strengths. Quick estimation of most intense convection--higher echo tops; assists in differentiating non-precipitation echoes from real storms; aides in identification of storm structure features; may detect mid-level echoes before low-level echoes are detected; observation of collapsing echo tops can aid in timing the onset of severe weather.

3.2.3.2.4.2 Limitations. A stair-step appearance will often be evident due to beam broadening and increasing beam height with distance; side lobes may result in overestimated tops; tops underestimated close to radar; tops indicated are tops of precipitation, not tops of clouds; heights in 5,000-foot increments.

3.2.3.2.5 Storm Total Precipitation - STP

3.2.3.2.5.1 Strengths. Aids in the monitoring of total precipitation accumulations, regardless of duration; can be useful for evaluating flood potential.

3.2.3.2.5.2 Limitations. Extended WSR-88D system outages during precipitation events compromises the data; breaks in precipitation of more than one hour resets the system; non-precipitation reflectivity, such as clutter or anomalous propagation, may contaminate data; small-scale or isolated convection degrades accuracy.

3.2.3.2.6 Storm Relative Mean Radial Velocity Map - SRM

3.2.3.2.6.1 Strengths. Aids in displaying shear and rotation in storms and storm-top divergence; most useful with faster moving storms; good tool for investigating the 3-D velocity structure of a storm; for a line of thunderstorms or a convective system where storm motions are similar, an average storm motion can be removed.

3.2.3.2.6.2 Limitations. If the computed storm motion is significantly in error, or a vector average of storms moving in a widely divergent pattern is used, storm rotational signatures will be further obscured; average storm relative speed/direction likely will vary from volume scan to volume scan.

3.2.3.2.7 Storm Relative Mean Radial Velocity Region - SRR

3.2.3.2.7.1 Strengths. Better resolution and less chance for storm relative error than on SRM; displays shear and rotation; operator may input storm motion at the pup; displayed max inbound/outbound velocities are for the specified area selected; for a line of thunderstorms or a convective system where storm motions are similar, an average storm motion can be removed.

3.2.3.2.7.2 Limitations. If the computed storm motion is significantly in error, or a vector average of storms moving in a widely divergent pattern is used, storm rotational signatures will be further obscured; limited viewing area (27nm by 27nm window); velocities displayed are relative to RDA, not necessary the pup. 

3.2.3.2.8 Velocity/Shear Display - VR Shear

3.2.3.2.8.1 Strengths. Graphic feedback message provides rotational velocity in knots; provides distance from the RDA and amount of shear; aids in identification in Mesocyclone and TVS.

3.2.3.2.8.2 Limitations. displays mid-range values, not low level; rotational velocity may be underestimated; two points selected must be > 1 beam width apart or will result in error. 

3.2.3.2.9 Velocity Azimuth Display - VAD

3.2.3.2.9.1 Strengths. Proven to be an accurate tool for estimating wind speed and direction; does not require entire 360 degrees of data to calculate winds; data available in Clear Air or Precipitation mode.

3.2.3.2.9.2 Limitations. Needs sufficient scatterers; VAD algorithm assumes horizontal uniformity of the wind field and precipitation and doesn’t account for deformation (i.e. fronts). 

3.2.3.2.10 VAD Wind Profile - VWP

3.2.3.2.10.1 Strengths. Real-time upper level wind data is available every 6 minutes; aids in severe weather forecasting, hydrology, aviation, and forecasting operations; data can be used to create/adjust hodographs and brief pilots on climb and flight level winds. 

3.2.3.2.10.2 Limitations. Measurable returns needed - at least 25 data points; VAD algorithm assumes horizontal uniformity of the wind field and precipitation and doesn’t account for deformation (i.e. fronts); can only be generated at pre-established reporting altitudes. 

3.2.3.2.11 Mesocyclone - M

3.2.3.2.11.1 Strengths. Identifies mesocyclones in potentially severe thunderstorms--a mid level meso that lowers toward the surface may indicate a developing tornado.

3.2.3.2.11.2 Limitations. Time continuity is not employed; don’t know which elevation angle to examine for shear; inadequate vertical sampling may discard or improperly classify meso’s; algorithm default values adopted for Oklahoma supercell; only detects cyclonic rotation.

3.2.3.2.12 Tornadic Vortex Signature - TVS

3.2.3.2.12.1 Strengths. The product shows a TVS or ETVS (Elevated TVS) with occurrence of strong gate-to-gate shear. A TVS is detected if gate to gate 3-D circulation is located on the 0.5 degree elevation slice or below 600 meters ARL (above radar level). An ETVS is defined as a 3-D circulation with a base above the 0.5 degree slice and above 600 meters ARL. The Build 10 TDA (Tornado Detection Algorithm) has more adaptable parameters (30 in all) to refine the algorithm's performance for a geographical area. 

3.2.3.2.12.2 Limitations. Research of the Build 10 TDA indicates an increased number of false alarm TVS's and ETVS's when the default adaptable parameters are used. More research is needed to fine-tune the algorithm's performance for the Korean Theater. Due to the increased number of TVS's/ETVS's being detected, forecasters may tend to issue more false alarm tornado warnings. A higher false-alarm-rate with TDA may result in over-warning, or desensitizing forecasters. In addition, little research has been done relating to the occurrence of tornadoes to ETVS's. Forecasters should use ETVS output with caution until they develop a better understanding of the product. It is imperative that manual TVS verification is used to evaluate the validity of a detected TVS/ETVS.

3.2.3.2.13 Severe Weather Analysis Product

3.2.3.2.13.1 Strengths. All three base products and storm relative products are available with best resolution; can examine three base products simultaneously; used primarily for investigating most intense storms; when paired with alert, will be centered on the feature causing the alert; can analyze reflectivity and velocity structure at various heights.

3.2.3.2.13.2 Limitations. Provides a limited viewing area (27nm by 27nm window); narrowband or CPU load shedding possible with widespread precipitation; lack of height continuity in analysis of a storm.

3.2.3.2.14 Severe Weather Analysis Reflectivity - SWR

3.2.3.2.14.1 Strengths. Best used for identification of hook echoes, strong reflectivity gradients, LEWP’s, and outflow boundaries.

3.2.3.2.14.2 Limitations. All SWA products must be used together, not singularly.

3.2.3.2.15 Severe Weather Analysis Velocity - SWV

3.2.3.2.15.1 Strengths. Best used for identification of TVS, low-level convergence, outflow boundaries, and LEWP’s; product displayed in .13nm resolution (best possible).

3.2.3.2.15.2 Limitations. Same as SWR.

3.2.3.2.16 Severe Weather Analysis Spectrum Width - SWW

3.2.3.2.16.1 Strengths. Higher values are directly correlated to turbulence and shear. 

3.2.3.2.16.2 Limitations. Same as SWR. 

3.2.3.2.17 Severe Weather Analysis Shear - SWS

3.2.3.2.17.1 Strengths. Determines existence of microburst/downburst.

3.2.3.2.17.2 Limitations. Same as SWR.

3.2.3.3 CROSS SECTION PRODUCTS.

3.2.3.3.1 Reflectivity Cross Section - RCS

3.2.3.3.1.1 Strengths. Estimates height of highest dBz to help evaluate storm structure and determine severe potential; estimates echo tops; detects clouds, boundaries, and smoke plumes; verifies the existence of a bright band; monitors formation/dissipation of precipitation events.

3.2.3.3.1.2 Limitations. Viewing angle may hamper evaluation of storm structure; echo tops and bases may be truncated; no data in cone of silence; small features may be enlarged or missed due to interpolation; resolution of cross section more coarse with VCP 21 than VCP 11; fast-moving storms may appear to be strongly tilted; the cross section must be analyzed with respect to the location of the RDA, not the PUP.

3.2.3.3.2 Velocity Cross Section - VCS

3.2.3.3.2.1 Strengths. Aids in determining storm structure features such as locating updrafts/downdrafts, strength of storm top divergence, depth of mesocyclones.

3.2.3.3.2.2 Limitations. Doppler velocities are relative to the RDA-must manipulate the image in your mind to determine outbound and inbound velocities; operator must know how to cut cross section (perpendicular to the radial for rotation or down a radial for convergence/divergence).

3.2.3.3.3 Spectrum Width Cross Section - SCS

3.2.3.3.3.1 Strengths. Can be used in Clear Air or Precipitation mode; high Spectrum Width values could be the only evidence of rotation; can identify the freezing level; can identify turbulence.

3.2.3.3.3.2 Limitations. Spectrum Width values could be higher due to beam broadening; values may be from birds, insects, clouds, precipitation, etc.; usefulness decreases with distance from the RDA due to beam height and broadening.

3.2.3.4 OTHER PRODUCTS.

3.2.3.4.1 Storm Track Information - STI

3.2.3.4.1.1 Strengths. Product works best with well defined, separated storms; two or more past tracks and/or small track variance signifies a more reliable storm movement; use as an overlay on other products - especially other volume products; can be used to warn forecasters when storms are forecast to move into alert areas.

3.2.3.4.1.2 Limitations. Large area of 30+ dBz echoes will continuously be re-identified; erratic movements, merges, splits, and areas/lines make correlation difficult; multiple storms in close proximity may confuse algorithm; unrepresentative movements possible due to storm propagation; new storms will be given an average movement of all identified storms; forecast positions of curving storms will be displayed as a straight line.

3.2.3.4.2 Layer Composite Reflectivity - LRM/LRA

3.2.3.4.2.1 Strengths. Comparison of Base Reflectivity and Mid Layer Composite products may aid in determining a storm's intensity trend; use mid level products to help differentiate real echoes from non-precipitation echoes.

3.2.3.4.2.2 Limitations. Lower-layer products may use only one elevation angle at long distances; mid- and high-level products are ineffective at close range; lower layer products susceptible to contamination from non-precipitation echoes.

3.2.3.4.3 Hybrid Scan Reflectivity - HSR

3.2.3.4.3.1 Strengths. Displays a composite reflectivity product of lowest 4 elevation slices which has underwent numerous quality control steps. Allows the user to check the validity of data being used in precipitation. May aid in distinguishing precipitation and returns due to anomalous propagation (AP). 

3.2.3.4.3.2 Limitations. May display abrupt changes in reflectivity. This occurs most often at stations that are at higher elevations.

3.2.4 Routine Product Set (RPS) Lists. The Routine Product Set is a list of products sent to you each volume scan. The current RPS list is the one actively in use. The RPS list consists of up to 20 products you use most frequently. The products you put on the list are a function of the Volume Coverage Pattern (VCP), weather regime, experience, personal preference, and station policy. Keep in mind you must request any product not on the RPS list from the RPG each time it is desired. Therefore, you should include any product used often or desired routinely. 

3.2.4.1 System Considerations. When developing an RPS list, you should consider the system weather mode (clear air or precipitation), VCP, resident User Functions (UF), and any Time Lapse (TL) loops. For example, in clear air mode using VCP 31 or 32, only five low-level elevation scans are made and certain products (i.e. hail and echo tops) are not available. In precipitation mode, VCP 11 samples 14 elevation scans which includes a 7.5 degree elevation, but VCP 21 (9 elevation cuts) does not. Therefore, base products for 7.5 degrees would only work with VCP 11. The RPS list should also include products needed by appropriate UFs and TLs.

You must maintain properly tailored adaptation RPS lists A (precipitation mode) and B (clear air mode). Whenever there is a change in the weather mode, the system automatically invokes the appropriate list. When switching from clear air mode to precipitation mode, RPS list A replaces the current list. Conversely, when switching from precipitation to clear air mode, RPS list B replaces the current list. Neither adaptation list A nor B should ever be blank since the result would be the reception of only one-time product (OT) requests or alert-pared products.

3.2.4.2 Weather Regime Considerations. Anticipated weather regimes (i.e. convective, stratiform, or embedded convective precipitation) and the threats (i.e. heavy rain, hail, etc.) play an important part in adaptation RPS list composition. Another important influence, particularly in base product elevation choices and resolutions, is the expected range of weather types or threats. In some cases, it may be possible to know in advance that convective storms will be confined to the fringes of the radar coverage area (>100nm). In that case, only the lowest three or four elevation angles would be chosen for base products. In other cases, convection may be anticipated and confined very near the RDA, thus dictating high resolution and higher elevation angles for base products. During some weather regimes, convection may occur at all ranges, demanding "generic" or mixed RPS-based product entries.

 

3.2.4.3 RPS list for season/regime.

3.2.4.3.1 RPS list for spring:

PRIVATE
East Lake Baikal High



Northeast Lake Baikal High`



West Sea Low > 60 NM




RPS LIST H



RPS LIST H



RPS LIST C




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5
R
16
.54
0.5

R
16
.54
1.5
R
16
.54
1.5
R
16
.54
1.5

R
16
.54
2.4
R
16
.54
2.4
R
16
.54
2.4

R
16
.54
4.3
R
16
.54
4.3
R
16
.54
3.4

V
16
.54
0.5
V
16
.54
0.5
R
16
.54
6

V
16
.54
1.5
V
16
.54
1.5
R
16
1.1
0.5

V
16
.54
2.4
V
16
.54
2.4
V
16
.54
0.5

V
16
.54
4.3
V
16
.54
4.3
V
16
.54
1.5

SW
8
.54
0.5
SW
8
.54
0.5
V
16
.54
2.4

SW
8
.54
1.5
SW
8
.54
1.5
V
16
.54
3.4

SW
8
.54
2.4
SW
8
.54
2.4
V
16
.54
4.3

SW
8
.54
4.3
SW
8
.54
4.3
V
16
.54
6

CR
16
.54

CR
16
.54

SW
8
.54
0.5

CR
16
2.2

CR
16
2.2

SW
8
.54
1.5

VWP



VWP



SW
8
.54
2.4

VIL



VIL



SW
8
.54
3.4

OHP



OHP



SW
8
.54
4.3

STP



STP



ET
16
.54


STI



STI



VIL
8
.54


ET



ET



CR
16
.54










OHP
16
.54










THP
16
.54










STP
16
.54










VWP

N/A










M

N/A










STI

N/A










HSR




 

 

 

 

PRIVATE
West Sea Low < 60 NM



Baikal/Manchurian Low




RPS LIST D



RPS LIST I




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5

R
16
.54
2.4
R
16
.54
1.5

R
16
.54
4.3
R
16
.54
2.4

R
16
.54
6.2
R
16
.54
3.4

R
16
.54
10
R
16
.54
6

R
16
.54
14
V
16
.54
0.5

V
16
.54
0.5
V
16
.54
1.5

V
8
.54
2.4
V
16
.54
2.4

V
8
.54
4.3
V
16
.54
3.4

V
16
.54
6.2
V
16
.54
4.3

V
16
.54
10
V
16
.54
6

V
16
.54
14
SW
8
.54
0.5

SW
8
.54
1.5
SW
8
.54
1.5

SW
8
.54
2.4
SW
8
.54
2.4

SW
8
.54
4.3
SW
8
.54
4.3

SW
8
.54
10
CR
16
2.2


ET
16
.54

CR
15
.54


VIL
8
.54

VWP




CR
16
.54

ET




OHP
16
.54

VIL




THP
16
.54

HSR




STP
16
.54

HI




VWP



STI




M








STI








HSR








3.2.4.3.2 RPS list for summer:

PRIVATE
Changma >40 NM



Changma <40 NM




RPS LIST C



RPS LIST D




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5

R
16
.54
1.5
R
16
.54
2.4

R
16
.54
2.4
R
16
.54
4.3

R
16
.54
3.4
R
16
.54
6.2

R
16
.54
6
R
16
.54
10

R
16
1.1
0.5
R
16
.54
14

V
16
.54
0.5
V
16
.54
0.5

V
16
.54
1.5
V
8
.54
2.4

V
16
.54
2.4
V
8
.54
4.3

V
16
.54
3.4
V
16
.54
6.2

V
16
.54
4.3
V
16
.54
10

V
16
.54
6
V
16
.54
14

SW
8
.54
0.5
SW
8
.54
1.5

SW
8
.54
1.5
SW
8
.54
2.4

SW
8
.54
2.4
SW
8
.54
4.3

SW
8
.54
3.4
SW
8
.54
10

SW
8
.54
4.3
ET
16
.54


ET
16
.54

VIL
8
.54


VIL
8
.54

CR
16
.54


CR
16
.54

OHP
16
.54


OHP
16
.54

THP
16
.54


THP
16
.54

STP
16
.54


STP
16
.54

VWP




VWP

N/A

M




M

N/A

STI




STI

N/A

HSR
16
0.54


HSR
16
.54






PRIVATE
Okhotsk High



Bonin High




RPS LIST E



RPS LIST F




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5

R
16
.54
1.5
R
16
.54
1.5

R
16
.54
2.4
R
16
.54
2.4

R
16
.54
3.4
R
16
.54
4.3

V
16
.54
0.5
R
16
.54
6

V
16
.54
1.5
V
16
.54
0.5

V
16
.54
2.4
V
16
.54
2.4

V
16
.54
3.4
V
8
.54
4.3

V
16
.54
4.3
SW
8
.54
0.5

SW
8
.54
1.5
SW
8
.54
1.5

SW
8
.54
2.4
SW
8
.54
2.4

SW
8
.54
4.3
SW
8
.54
4.3

ET
16


SW
8
.54
6

VIL
16


VWP




CR
16
.54

VIL




VWP



CR
16
2.2






CR
16
.54






ET








STI








SS








OHP








STP




3.2.4.3.3 RPS list for fall:

PRIVATE
Mongolian Low



East Lake Baikal High



Northeast Lake Baikal High




RPS LIST G



RPS LIST H



RPS LIST H




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5
R
16
.54
0.5

R
16
.54
1.5
R
16
.54
1.5
R
16
.54
1.5

R
16
.54
2.4
R
16
.54
2.4
R
16
.54
2.4

R
16
.54
3.4
R
16
.54
4.3
R
16
.54
4.3

R
16
.54
6
V
16
.54
0.5
V
16
.54
0.5

R
16
1.1
0.5
V
16
.54
1.5
V
16
.54
1.5

V
16
.54
0.5
V
16
.54
2.4
V
16
.54
2.4

V
16
.54
1.5
V
16
.54
4.3
V
16
.54
4.3

V
16
.54
2.4
SW
8
.54
0.5
SW
8
.54
0.5

V
16
.54
4.3
SW
8
.54
1.5
SW
8
.54
1.5

V
16
.54
6
SW
8
.54
2.4
SW
8
.54
2.4

SRM
16
.54
0.5
SW
8
.54
4.3
SW
8
.54
4.3

SRM
16
.54
1.5
CR
16
.54

CR
16
.54


SRM
16
.54
2.4
CR
16
2.2

CR
16
2.2


SRM
16
.54
3.4
VWP



VWP




SRM
16
.54
4.3
VIL



VIL




SRM
16
.54
6
OHP



OHP




ET
16
.54

STP



STP




VIL
8
.54

STI



STI




CR
16
.54

ET



ET




OHP
16
.54

HSR








VWP

N/A










M

N/A










STI

N/A










HI












TVS












SS












STP












HSR












 

 

PRIVATE
West Sea Low > 60 NM



West Sea Low < 60 NM



Baikal/Manchurian Low




RPS LIST C



RPS LIST D



RPS LIST I




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5
R
16
.54
0.5

R
16
.54
1.5
R
16
.54
2.4
R
16
.54
1.5

R
16
.54
2.4
R
16
.54
4.3
R
16
.54
2.4

R
16
.54
3.4
R
16
.54
6.2
R
16
.54
3.4

R
16
.54
6
R
16
.54
10
R
16
.54
6

R
16
1.1
0.5
R
16
.54
14
V
16
.54
0.5

V
16
.54
0.5
V
16
.54
0.5
V
16
.54
1.5

V
16
.54
1.5
V
8
.54
2.4
V
16
.54
2.4

V
16
.54
2.4
V
8
.54
4.3
V
16
.54
3.4

V
16
.54
3.4
V
16
.54
6.2
V
16
.54
4.3

V
16
.54
4.3
V
16
.54
10
V
16
.54
6

V
16
.54
6
V
16
.54
14
SW
8
.54
0.5

SW
8
.54
0.5
SW
8
.54
1.5
SW
8
.54
1.5

SW
8
.54
1.5
SW
8
.54
2.4
SW
8
.54
2.4

SW
8
.54
2.4
SW
8
.54
4.3
SW
8
.54
4.3

SW
8
.54
3.4
SW
8
.54
10
CR
16
2.2


SW
8
.54
4.3
ET
16
.54

CR
15
.54


ET
16
.54

VIL
8
.54

VWP




VIL
8
.54

CR
16
.54

ET




CR
16
.54

OHP
16
.54

VIL




OHP
16
.54

THP
16
.54

HSR




THP
16
.54

STP
16
.54

HI




STP
16
.54

VWP



STI




VWP

N/A

M








M

N/A

STI








STI

N/A

HSR








HSR












 

 

3.2.4.3.4 RPS list for winter:

PRIVATE
East Lake Baikal High



Northeast Lake Baikal High



Mongolian Low




RPS LIST H



RPS LIST H



RPS LIST J




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5
R
16
.54
0.5

R
16
.54
1.5
R
16
.54
1.5
R
16
.54
1.5

R
16
.54
2.4
R
16
.54
2.4
R
16
.54
2.4

R
16
.54
4.3
R
16
.54
4.3
R
16
.54
3.4

V
16
.54
0.5
V
16
.54
0.5
R
16
.54
6

V
16
.54
1.5
V
16
.54
1.5
R
16
1.1
0.5

V
16
.54
2.4
V
16
.54
2.4
V
16
.54
0.5

V
16
.54
4.3
V
16
.54
4.3
V
16
.54
1.5

SW
8
.54
0.5
SW
8
.54
0.5
V
16
.54
2.4

SW
8
.54
1.5
SW
8
.54
1.5
V
16
.54
4.3

SW
8
.54
2.4
SW
8
.54
2.4
V
16
.54
6

SW
8
.54
4.3
SW
8
.54
4.3
ET
16
.54


CR
16
.54

CR
16
.54

VIL
8
.54


CR
16
2.2

CR
16
2.2

CR
16
.54


VWP



VWP



VWP

N/A


VIL



VIL



HSR




OHP



OHP








STP



STP








STI



STI








ET



ET








HSR



HSR








 

 

PRIVATE
West Lake Baikal High



Manchurian Low




RPS LIST H



RPS LIST I




PROD NAME
DTA LVL
RES
SLICE
PROD NAME
DTA LVL
RES
SLICE

R
16
.54
0.5
R
16
.54
0.5

R
16
.54
1.5
R
16
.54
1.5

R
16
.54
2.4
R
16
.54
2.4

R
16
.54
4.3
R
16
.54
3.4

V
16
.54
0.5
R
16
.54
6

V
16
.54
1.5
V
16
.54
0.5

V
16
.54
2.4
V
16
.54
1.5

V
16
.54
4.3
V
16
.54
2.4

SW
8
.54
0.5
V
16
.54
3.4

SW
8
.54
1.5
V
16
.54
4.3

SW
8
.54
2.4
V
16
.54
6

SW
8
.54
4.3
SW
8
.54
0.5

CR
16
.54

SW
8
.54
1.5

CR
16
2.2

SW
8
.54
2.4

VWP



SW
8
.54
4.3

VIL



CR
16
2.2


OHP



CR
15
.54


STP



VWP




STI



ET




ET



VIL




HSR



HSR








HI








STI




 

3.3 Meteorological Satellites METSAT) Imagery. Satellites observe weather virtually continuously throughout the day. In data sparse regions of the world, satellite could be the only tool used to create a forecast. Satellite also provides uniform coverage around the globe. However, it is limited by the skill level of the user. Your ability to correctly identify and analyze satellite features will determine your success. Satellite has many limitations to include resolution, contamination (cloud tops too warm), foreshortening (clouds appear closer), attenuation (clouds appear too cold), etc. Listed below are the types of satellites and imagery available from them.

3.3.1 Defense Meteorological Satellite Program (DMSP). DMSP satellites are in a near polar orbiting, sun synchronous orbit at an altitude of approximately 830 Km above the earth. Each satellite crosses any point on the earth twice a day and has an orbital period of about 101 minutes. Each DMSP satellite monitors the atmospheric, oceanographic, and solar-geophysical environment of the Earth. The visual and infrared sensors collect images of global cloud distribution across a 3,000 km swath during both daytime and nighttime conditions. The coverage of the microwave imager and sounders are one half the visual and infrared sensors coverage. 

3.3.1.1 DMSP Sensors. 

3.3.1.1.1 Operational Linescan System (OLS). The main sensor on board DMSP satellites that produces visual and thermal imagery. The OLS produces "smooth" visual/thermal imagery and "fine" visual/thermal imagery. Smooth imagery is 3.0-5.0km in resolution (Real-Time Data Smooth or RDS). Fine imagery is 0.6-1.1 km in resolution (Real-Time Data or RTD). The OLS DOES produce night-time visual imagery using lunar illumination, whereas the NOAA AVHRR does not. Unlike the NOAA and other METSAT systems, the OLS provides a nearly constant cross-track resolution from scan edge to scan edge.

3.3.1.1.2 Special Sensor Microwave Imager (SSM/I). A sensor on-board DMSP satellites that produces environmental data records using 7 channels (or wavelengths). A channel by itself, or in combination with other channels will produce data for various Small Tactical Terminal (STT) software applications such as sea-surface wind speed or soil moisture content. The SSM/I has a 25nm resolution. The channels are as follows:

3.3.1.1.2.1 19 Ghz (vertical and horizontal resolution, Channels 1 and 2). This is the best channel to use to reveal areas of standing water which may impact the trafficability of Army armored vehicles. Since the emissivity of water is very low and land emissivity is very high, large areas of standing water will appear colder than the surrounding land. This frequency is also useful for assessing sea surface winds, as sea surface roughness increases water’s emissivity while decreasing it’s polarization. A third use of this frequency is to assess the density and moisture content of vegetation. Lush, moist vegetation has higher emissivity than dry soil or dry vegetation, and therefore, appears warmer.

3.3.1.1.2.2 22 Ghz (vertical resolution only, Channel 3). The best use of this frequency is to compare against the 19 Ghz frequency image for analysis. Areas of dry air will be nearly identical on both images, while areas of moist air will appear significantly warmer on the 22 Ghz imagery. This frequency is absorbed and emitted by water vapor. Moist air has high emissivity and appears warm when over oceans. However, due to excessive clutter, relatively dry air, and high surface emissivity, identifying areas of moist air over land is difficult at best.

3.3.1.1.2.3 37 Ghz (vertical and horizontal resolution, Channels 4 and 5). This frequency is best used to assess sea state. Since calm water is highly polarized with much more radiance in 37V (vertical) than in 37H (horizontal), comparing vertical polarized imagery from Channel 4 with horizontal polarized imagery from Channel 5 (or a simple multispectral subtraction (37V - 37H)), can yield a reasonably accurate assessment of wind speeds over oceans. This technique works best over large ocean areas at least 50nm from coast lines. 37 Ghz imagery is also useful for detecting areas of new snowfall. The large ice crystals in snow have a very low radiance and scatter microwave radiation emitted from the ground below. Therefore, new snow can be distinguished from bare ground by its low radiance and lack of polarization (snow will appear colder than land surfaces).

3.3.1.1.2.4 85 Ghz (vertical and horizontal resolution, Channels 6 and 7). This frequency is sensitive to suspended water droplets and ice particles, but not ice crystals. This property allows this type of imagery to reveal low and mid-level clouds and precipitation, even through a cirrus overcast. This frequency is also good for identifying areas of low cloud and precipitation over ocean areas at night, when conventional IR imagery indicate little water/cloud temperature difference. Since radiation from water is more vertically polarized, using the horizontally-polarized channel ( 85H, Channel 7) will yield a colder surface background and make low clouds more distinguishable over ocean areas. If the ocean surface is choppy, however, the water droplets from foam and ocean spray appear warmer than the clouds and may hamper low cloud detection. Clouds near or above the freezing level over ocean areas may appear so cold that they are not distinguishable from the ocean surface below. Also, due to the high emissivity of land surfaces, low clouds are not readily identified over land on this imagery. 

3.3.1.1.3 Special Sensor Microwave/Temperature Sounder (SSM/T-1): A sensor on the DMSP satellite that uses seven channels in the 50 to 60 Ghz oxygen band to produce temperature data records at a 25nm resolution. Available products include vertical pressure profile, gridded temperature at pressure levels, heights of constant pressure surfaces, geostrophic wind at pressure levels, gridded thickness between layers, vertical temperature profile, thermal winds between layers, tropopause temperature, and tropopause pressure.

3.3.1.1.4 Special Sensor Microwave/Water Vapor Sounder (SSM/T-2): A sensor on the DMSP satellite that utilizes 5 channels (3 situated symmetrically about the 183.31 GHZ water vapor resonance line) to produce water vapor data records at a 25nm resolution. Available products include vertical water vapor profile, water vapor mass between levels, dew point grids, dew point depression grids, specific and relative humidity grids, and air mass type.

3.3.1.2 DMSP Data Types.

3.3.1.2.1 Real-Time Data (RTD): DMSP satellites transmit RTD continuously for world-wide tactical satellite receivers such as the STT, Mark IV, and the Navy’s SMQ-11. The RTD data stream will contain SSM/I data, T-1 data, T-2 data, one channel of smooth (1.5NM resolution) imagery and the alternate channel of fine (0.3NM resolution) imagery. A tracking antenna is used to receive the RTD data stream.

3.3.1.2.2 Real-Time Data Smooth (RDS): DMSP satellites transmit RDS data on an "as needed" basis for tactical satellite receivers. The RDS data stream contains visual and thermal smooth imagery, SSM/I data, T-1 data, and T-2 data. The RDS data stream DOES NOT contain fine imagery. A smaller 2 foot tracking antenna is used to receive the RDS stream.

 

3.3.2 NOAA Polar Orbiter. The NOAA Polar Orbiter (Advanced Television Infrared Observation Satellite (TIROS)-N) is a three-axis-stabilized spacecraft that is launched into an 830-870 km, circular, near-polar, sun synchronous orbit. The polar operational system consists of two satellites in Sun-synchronous orbits, one in a morning orbit at 833 km and one in an afternoon orbit at 870 km. Advanced instruments measure parameters of the Earth's atmosphere, its surface and cloud cover (Advanced Very High Resolution Radiometer (AVHRR)), solar protons, positive ions, electron-flux density, and the energy spectrum at the satellite altitude.

3.3.2.1 AVHRR: The AVHRR is a radiation-detection imager used for remotely determining cloud cover and the surface temperature. This scanning radiometer uses five detectors (channels) that collect different bands of radiation wavelengths. Measuring the same view, this array of diverse wavelengths, after processing, will permit multispectral analysis for more precisely defining hydrologic, oceanographic, and meteorological parameters. One channel monitors energy in the visible band, and another channel monitors energy in the near-infrared portion of the electromagnetic spectrum to observe vegetation, clouds, lakes, shoreline, snow, and ice. Comparison of data from these two channels can indicate the onset of ice and snow melting. The other three channels operate entirely within the infrared band to detect the heat radiation from, and hence, the temperature of, land, water, sea surfaces, and the clouds above them. Resolution ranges between 1.1 km (visual) and 4.0 km (Infrared).

3.3.2.1.1 AVHRR Channel 1. Visible range (0.58 to 0.68 microns). Channel 1 responds only to the visible portion of the spectrum. It is used for the detection of cloud cover, snow cover, sea/lake ice, pollution, and tropical storms. It is the best channel for monitoring volcanic plumes, aerosols, and dust storms.

3.3.2.1.2 AVHRR Channel 2. Near Infrared (Near-IR) range (0.73 to 1.1 microns). Channel 2 is used primarily to discern clouds. Since liquid water absorbs near-IR radiation more strongly than visible radiation, this channel is used for delineation of land-water boundaries. It can also be used with Channel 1 locate areas of snow and ice melt. In DMSP satellites, the visible and near-IR are recorded in a single channel (0.4 to 1.1 microns). The NOAA AVHRR split channel allows comparison of the visible and near-IR signals which aids interpretation of the data.

3.3.2.1.3 AVHRR Channel 3. Infrared (IR) range (3.55 to 3.93 microns). Channel 3 responds to emitted IR and reflected solar energy. Emitted IR is used normally only at night because of contamination by reflected solar energy during the day. Channel 3 is very sensitive to high energy sources and can be used to detect hot spots, such as gas flares, forest fires, volcanoes, and smoke stacks. Because of its warm temperature capability and low attenuation by water vapor, Channel 3 is excellent for thermal mapping of clouds and surface temperatures in the tropics where high moisture content often degrades longer wavelength channels. Channel 3’s response to reflected solar radiation allows it to be used in the daytime to discriminate between pack ice and cloud, and ice and water.

3.3.2.1.4 AVHRR Channel 4. IR range (10.3 to 11.3 microns). Channel 4 is used both day and night for thermal mapping of cloud and sea surface. It is used for mid-latitude ocean currents, fronts, thermal studies, and cirrus cloud coverage. Channel 4 can be significantly degraded in the tropics by high moisture concentrations.

3.3.2.1.5 AVHRR Channel 5. IR range (11.5 to 12.5 microns). Channel 5 was designed to account for the effects of water vapor attenuation and to enhance the determination of sea surface temperatures in the tropics. DMSP satellites have a single IR channel (10-9 to 12.5 microns) which brackets the NOAA AVHRR Channels 4 and 5.

3.3.2.2 Other: As a part of the series mission, the spacecraft also can receive, process, and retransmit data from Search and Rescue beacon transmitters (not aboard NOAA-12), free-floating balloons, buoys, and remote automatic observation stations distributed around the globe.

3.3.3 Geostationary Meteorological Satellite (GMS). GMS is operated by the Japanese Meteorological Agency (JMA). It is in geostationary orbit along the equator near 140 degrees east longitude, at an altitude of 19,300nm above the earth. It's primary sensor consists of the Visible Infrared Spin-Scan Radiometer (VISSR), providing full disk and sector imagery on a routine basis in 4 spectral channels (3-visual and 1-IR). Resolution of the imagery ranges from 1.25km (visual) to 5km (Infrared and Water Vapor).

3.3.4 Types of Satellite Imagery.

3.3.4.1 Visible. Visible satellite photos look very much like standard black and white photographs. Actually, they are constructed here on earth, line by line, from digital information gathered by the satellite sensors, but they can be interpreted just as if they were snapped by a regular camera in space.

Visible imagery relies solely upon reflected sunlight. At night, when there is no sunlight, there can be no visible imagery (except DMSP, which has a special sensor). Neither the earth’s atmosphere nor empty space reflect any sunlight, so any background area on a visible photo will always be black.

Various surfaces reflect light differently. Thick clouds reflect most of the sunlight that strikes them, so they will appear bright white. Thin clouds or areas of very small clouds will appear darker because much less sunlight is reflected. Various types of terrain have intermediate or low reflectivity so land surfaces will appear as some shade of gray. Water surfaces are the poorest reflectors of all, so they will appear almost black. Land-water contrast will normally be very good on visible imagery. Water will always be very dark unless it is very shallow, muddy, or frozen.

3.3.4.1.1 Reflectivity of Various Surfaces:

PRIVATE
 
Large thunderstorm 92% Thin stratus 42%

 
Fresh new snow 88% Thin cirrostratus 32%

 
Thick cirrostratus 74% Sand, no foliage 27%

 
Thick stratocumulus 68% Sand and brushwood 17% 

 
White Sands, NM 60% Coniferous forest 12%

 
Snow 3-7 days old 59% Water Surfaces 9%

3.3.4.1.2 Thin or Small Clouds. In an area of thin or small clouds, part of the reflected sunlight sensed by the satellite is from the tops of the clouds and part is from the land or water surface below. The resultant gray shade on the photo depicts an average of the two reflectivities. It appears darker than a thick cloud area and lighter than the normal surface shade. An exception to this would be if the surface were covered with snow or a thick layer of low clouds. Under these circumstances, there would be no noticeable error in shading and the thin or small clouds may not be detected at all.

Thin or small clouds pose no hazard to aviation. However, to a small segment of the pilot population, thin clouds or areas of very small clouds are very important. Aerial photography and reconnaissance pilots usually need clear skies for their specialized missions. Low-altitude flights can operate effectively in spite of thin middle or high cloud cover, but the high-altitude flights normally cannot tolerate clouds at any level regardless of how thin or small they are. To meet the specialized needs of these pilots, the briefer must not only be able to accurately identify areas of thin and small clouds, but also be able to estimate their relative height. Thus, infrared imagery should be used in conjunction with the visible.

3.3.4.1.3 Snow. Snow cover is often very difficult to identify on satellite imagery. Like clouds, snow reflects most of the sunlight that strikes it. Consequently, clouds and snow cover may look exactly alike, especially over relatively flat terrain. The most reliable indicator for differentiating between clouds and snow cover is being able to recognize known terrain features such as unfrozen rivers and large lakes. Clouds normally obscure terrain features, but snow cover does not. 

Snow in mountainous terrain is usually easier to identify because it often forms a dendritic (branchy) pattern. Mountain ridges above the tree line are essentially barren and the snow is visible there, but in the tree-filled valleys, most of the snow is hidden beneath the trees.

There are several sources of observed data to help you determine snow cover. Surface observations and pilot reports are very helpful, especially when they confirm that the sky is clear. also, you can compare current photos with earlier photos. Cloud patterns can change noticeably in a few hours, whereas snow cover normally changes very little from day to day.

3.3.4.2 Infra-Red Imagery (IR). Everything with a temperature above absolute zero radiates electromagnetic energy. The wavelength of this radiation varies with temperature. As energy radiates from the earth and the tops of clouds, the IR sensor measures the energy level at specific wavelengths. The energy measurements are transmitted to the receiving station on earth, where they are converted to temperatures. Temperatures can then be displayed as black (warm), white (cold), or some specific shade of gray.

Computers are capable of producing and recognizing at least 256 distinct shades from black to white. The human eye, however, can only distinguish from 15 to 20 shades, so the unenhanced IR photo isn’t used much operationally. A technique called "enhancement" is used to highlight areas of interest.

3.3.4.2.1 Enhancement. On an unenhanced IR photo, each degree of temperature is represented by a slightly different shade of gray. In the enhancement process, any shade of gray can be assigned to any temperature when more contrast is needed to highlight a certain temperature range.

3.3.4.2.1.1 ZA Enhancement Curve. The ZA enhancement curve is broken into five segments. Segment 1 denotes the very warm temperatures (56.8 C to 29.3 C) and are all displayed in black. Since there are no clouds in that temperature range, there is no need for a difference in shading. Segment 2 (28.8 C to 6.8 C) contains the temperatures of most low clouds and sea surfaces. In this way, the darker shades of gray are used over a smaller temperature range so that small differences in temperature can be more easily detected. A similar process is done at the other end of the temperature scale except that it affects a much smaller range of temperatures. All temperatures of minus 75.2 C or colder are shown as pure white (Segment 5). Here, too, since there are so few clouds in this temperature range, there is no need for a difference in shading. The very light gray shades out to white are used in the temperature range of the very high cirrus clouds (Segment 4. -56.2 C to -75.2 C). Between these two extremes, no enhancement is used (Segment 3, 6.3 C to -55.2 C). Clouds in that temperature range will be shaded the same as the unenhanced IR photo. 

3.3.4.2.1.1.1 Strengths. The ZA curve can be thought of as a somewhat improved version of the unenhanced photo, and the ZA photos are generally used in place of unenhanced IR photos. The end result of the ZA curve is that the temperature range we are observing has been narrowed somewhat by effectively eliminating the very warm and the very cold temperatures. Interpretation of the ZA photo is essentially the same as the unenhanced photo because in the temperature range of interest, each degree of temperature has its own separate shade of gray which is not used for any other temperature.

3.3.4.2.1.1.2 Weaknesses. At night, warm surfaces will cool rapidly, which reduces the contrast between land and cloud temperatures. Temperature contrast between land and clouds are usually at a minimum just when they are needed most--in the early morning before visible imagery is available.

3.3.4.2.1.2 MB Enhancement Curve. The MB curve is the most commonly used IR curve and is comprised of nine segments. The MB curve is similar to the ZA curve in the warm temperature range, from very warm surface temperatures up through the mid-level cloud temperature range (Temperatures enhanced in Segments 1 and 2 of the MB curve are the same as ZA. Temperatures between 6.3 C and -32.2 C are highlighted in Segment 3). The MB curve is meant to show overshooting tops of thunderstorms, so the real enhancement starts at the cirrus cloud temperature level (-32.2 C). Segment 4 (-32.2 C to -41 forms the first contour and is shaded medium-gray to make it stand out. Segment 5 (-41 C to -52 C is shaded light gray, Segment 6 (-52 C to -58 C) is dark gray, and Segment 7 (-58 C to -62 C) is black. In this way, the areas of intense updrafts are clearly defined because the clouds formed in these updrafts are higher (and colder) than the surrounding cirrus clouds. Segments 8 and 9 use all the shades from black to white and indicate cloud top temperatures colder than -62 C.

3.3.4.2.1.2.1 Strengths. MB curve is excellent for defining the most intense updrafts in thunderstorm complexes. It can be used in a loop to define trends in thunderstorm intensity in terms of cloud top heights.

3.3.4.3.1.2.2 Weaknesses. Low clouds are not enhanced on MB imagery and can be hard to detect. High clouds with very cold tops also exist in non-convective areas and areas where convective activity is dissipating or has ceased. Therefore, MB-enhanced imagery must be used in conjunction with other products to verify the actual presence of thunderstorms and to determine their severity. 

3.3.4.2.2 Thin or small clouds. Thin or small clouds create errors in shading on IR photos as well as visible. Assume an area is exactly half-covered with small clouds with tops of 10,000 feet and the temperature of the cloud tops is 0 C. If the temperature of the underlying surface is 20 C, half of the radiation coming from that area would be from the tops of the clouds and half from the earth’s surface. The satellite would sense a temperature of 10 C and the resultant gray shade on the photo would correspond to 10 C. This is referred to as "contamination" and will be addressed later.

3.3.4.2.3 Snow cover on IR. In identification of snow cover, the unenhanced IR and the two most common IR enhancement curves (ZA and MB) are usually no help at all. Normally, there is not enough temperature contrast between the snow cover and the adjacent surface to appear as contrasting shades of gray. On days when the sky is clear, barren terrain that is not covered by snow can become significantly warmer than the nearby snow-covered terrain, at least for a few hours during the afternoon. Under these conditions, the boundaries of snow cover can be identified on IR imagery. There are enhancement curves developed specifically to show snow cover and snow melt information, but they are used mostly for hydrology rather than pilot briefing.

3.3.4.3 Water Vapor Imagery (WV). Water vapor imagery, especially when used in time-lapse motion, is an excellent tool for observing the location and evolution of upper air circulation systems. The water vapor patterns fill in the regions where no mid or high clouds are present and aid in the interpretation of standard infrared imagery. Diurnal and propogational effects are minimized and, compared to other imagery, the patterns and their changes appear more fluid-like. Moisture patterns combined with cloud patterns can be used to more precisely locate the position of the jet stream. A dark zone which parallels the jet axis often appears in moisture channel imagery and is believed to represent sinking and drying associated with the jet circulation. Similar dark bands also appear in deformation zones or with the advection of drier air aloft.

3.3.4.3.1 Strengths. Excellent tool for locating jet streams over broad ocean areas where conventional data is lacking. Strengthening/weakening of jet streams and their associated weather systems can be obtained by observing changes in the dark band over time. 

3.3.4.3.2 Weaknesses. Water vapor imagery has its best resolution around 400mb. Therefore, clouds and moisture at low levels cannot be accounted for on water vapor imagery. 

3.3.4.4 General Accuracy Constraints of METSAT Imagery. there are numerous factors during imagery sensing and processing that affect the quality and representativeness of the data. Some of these effects can be and are compensated for at various acquisition stages. Others cannot be corrected and their impact on the final photo product must be understood.

3.3.4.4.1 Foreshortening. This is a multifaceted phenomena which increases toward the edges of the image where resolution becomes poorer, distortion increases, and cloud location is displaced due to parallax error. Also, the amount of cloud coverage will be greater at the image edges because the sensor was actually looking at the sides of the clouds.

3.3.4.4.2 Contamination. Contamination occurs when radiation is sensed from multiple sources; for instance, thin cirrus over altocumulus. The result may be cirrus that appears warmer and lower, making it hard to recognize as cirrus. Contamination depends on cloud thickness, cloud spacing, sensor viewing angle, and the vertical temperature profile. 

3.3.4.4.3 Attenuation. Attenuation is a decrease in radiation received at the spacecraft due to energy scattering and absorption by the atmosphere. Attenuation results in clouds appearing colder and higher than they really are. The prime energy absorbers ( water vapor, carbon dioxide, and ozone) can cause cloud top temperatures to appear 6 Celsius degrees too cold. The affect of attenuation increases toward the edges of the image. The colder temperature sensed by the spacecraft causes the edges to have whiter gray shades. 

3.3.4.4.4 Temperature Averaging of the IR Sensor. If a cloud, small storm, or part of a storm does not completely cover the pixel, the cloud temperature indicated by that pixel will be an average of the actual cloud temperature and the temperatures of the surrounding clouds and ground. In other words, small, cold features are de-emphasized and may be hidden.

3.3.4.4.5 Time Response Lag of the IR Sensor. This problem is caused by the unavoidable time lag in sensor response as it scans across the earth. It results in convective cloud tops being sensed further east and appearing warmer (lower) than they actually are. An IR sensor on a geostationary satellite can only change its reading a maximum of 26 Celsius degrees per pixel. For example, if the surface temperature just west of a violent thunderstorm is 32 C, and a significant part of the cloud top near the west edge of the storm is -83 C, one pixel could indicate the correct 32 C surface temperature, with the next pixel indicating a temperature no lower than 6 C, the following pixel -20 C, and the fourth pixel -56 C. It is easy to see how response lag can render a small, tall, stationary, flash-flood-producing thunderstorm invisible, or vastly displaced on imagery.

3.4 Air Force Weather Information Network (AFWIN)/Secure AFWIN (SAFWIN).

3.4.1 Strengths. Can be used anywhere in the world by accessing a phone line using a computer, modem and internet software. World-wide product set, including surface observations, graphic products (charts), and satellite photos. The same AFWA products available on AWDS are available on AFWIN. Images can be downloaded to a hard drive for future use. Easy to learn and use. Download of images is fast (usually less than 1 minute per image).

3.4.2 Weaknesses. Phone line access can be difficult overseas; product set is somewhat limited; problems at AFWA can cause delays in image updates. Crowded internet can slow image retrieval.

3.5 Navy Oceanographic Data Distribution System (NODDS). NODDS can be configured for user-defined areas and products. Can be used to obtain the NOGAPS model run out through 120 hours. Can generate surface plot maps every six hours, and upper-air charts every 12 hours for virtually anywhere in the world. Sea state and temperature data is readily available in a graphic display.

3.6.1 Strengths. Can be used anywhere in the world by accessing a phone line using a computer and modem. World-wide product set, including surface observations, forecasts, weather bulletins, and graphic products (charts). Products can be downloaded to a hard drive for future use. Easy to learn and use.

3.6.2 Weaknesses. Phone line access can be difficult overseas. Download of products can take time. Too many customers can also slow download, particularly during peak usage periods. Bandwidth off peninsula can make retrieval a lengthy process.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 4

Step Three: Know the Continuity, Analysis, and Forecast Techniques

 

4.1 Introduction. The successful forecaster begins with a solid understanding of the current synoptic situation by conducting a good analysis and re-analysis of current and past (continuity) weather. Using established techniques, the forecaster carries out a systematic construction of a three-dimensional perception of the atmosphere. Only then does a forecaster have the comprehension needed to skillfully translate the weather into a scientific product. Continuous refinement is absolutely necessary throughout the entire forecasting/metwatching process. Continuity comes first, then a solid analysis/re-analysis, then your forecast! 

4.2 General. Analysis of the atmosphere is accomplished using a combination of surface and upper air charts, satellite, radar, and other data as available. 

4.2.1. Stacking. Use all available resources to achieve appropriate atmospheric stacking.

4.2.2 Verify Central Analyses. Never accept a central analysis at face value! Look at all available data and justify the analysis for yourself (i.e. METSAT in connection with upper air).

4.2.3 Contouring. Whenever accomplishing analyses, consider the application of representative (in an area of baroclinic instability) isopleths to highlight key features over or near the area of concern. These features can then be initialized with forecast models and followed through a given forecast period. Some examples include associating a particular height or thickness contour with the jet or a surface front, showing the leading edge of a significant area of cold air advection, showing a rain/snow line, showing a demarcation for significant ceiling heights or precipitation types (at the surface), isotherms favoring thunderstorm development (e.g., -20 C), or an upper level ridge preventing such development.

4.2.4 Continuity. Apply continuity in every analysis to monitor changes to significant weather features which may affect your area. Account for systems and features previously tracked and ensure movement, amplitude changes, etc., is consistent and logical. If using 12-hour continuity at the surface and 925mb adjust values for diurnal affects.

4.2.5. Coverage. Ensure a large enough area is analyzed to facilitate continuity in the movement of a system for the next 24 to 36 hours (or longer if the mission demands). Don’t forget to consider downstream features that have a direct impact on the local weather (e.g., blocking system).

4.2.6 Consistency. Keep horizontal/vertical consistency in mind in all analysis and production actions. Analyses, forecast reasoning, warnings and advisories, flight weather briefings, FOXX bulletins, TAFs, etc., need to sing the same song.

4.2.7 Conventions. Use standardized symbols and features when you analyze IAW AFMAN 15-125, Attachments 7 and 8.

4.2.8 Contingency. Pursue backup data when upper air and/or surface charts are not received on AWDS/NODDS. Refer to guidance in the Equipment Outage Binder, consider alternate sources of data (e.g., Internet, etc.), perform hand plotting (if data is not available through primary or secondary systems. Continue to plot upper air and surface charts as the mission and duties allow until access to automated products is re-established).

4.2.9 Consider Priority. Time constraints, higher priorities, severity of the weather, and other factors will not always allow the forecaster to complete all analyses. During "crunch times", prioritize analysis tasks as needed to produce a viable forecast and maintain a constant METWATCH.

4.3 Upper Air and Surface Analysis. Use Digital Atmosphere to generate charts at 300mb, 500mb, 700mb, 850mb, 925mb, and Surface. The upper air analysis also incorporates 12-hour continuity for initialization and verification purposes. 

4.3.1 300mb Analysis. Used to locate and maintain continuity of the arctic, polar, and subtropical jet streams (indicating primary storm tracks), areas of difluence leading to potential severe weather, and pinpointing the triple-point location of occlusions. Jet maxima are tracked to help predict changes in the long wave pattern.

4.3.1.1 Strengths. Indicates the primary storm track and steering of synoptic systems. Good for locating and maintaining continuity on the Polar Jet stream. This level can be used to determine the long wave pattern. Good to use as the steering flow of minor short waves. Analysis, when used with 12-hour continuity, is an excellent tool for forecasting high/ridge and low/trough movements and changes. 

4.3.1.2 Weaknesses. Analysis reliability is a function of data density (i.e., data fields are least dependable over eastern Asia). These areas must be supplemented with METSAT imagery and/or other products. Data is too sparse for meso/micro systems. Computer analysis is gridded and smoothed, eliminating minor features. Upper air data may be unrepresentative over the actual reporting station due to balloon drift in high winds. Major short-wave troughs can distort the jet pattern and give you a misrepresentation of the long-wave pattern.

4.3.1.3 Processing. Use dashed green lines to analyze isotachs every 20 knots, beginning with 50 knots. Shade the jet max in purple and label the speed. Highlight the jet core(s) using a broad red line with an arrowhead to indicate the direction of flow. Use standard symbols and colors IAW AFMAN 15-125. Label each jet with either AFJ, PFJ, or STJ. Maintain 12- hour continuity of jet streams in yellow. Always use METSAT (water vapor imagery is a key jet stream identification tool) and the most current 500mb isothermal analysis when analyzing for jet streams. 

4.3.1.4 Some general rules of thumb for locating jet streams:

PRIVATE
 
Using visual imagery, the PFJ is located where a baroclinic cirrus shield crosses a vorticity comma cloud system.

 
Using visual or IR, the jet stream is found 1 - 2 poleward of the back edge of the cirrus shield (+n side of cirrus shield).

 
Using IR over ocean areas, PFJ will be approximately 1 north of the transition line between open cell and closed cell cumulus.

 
Using water vapor imagery, the jet stream is found along the narrow, moisture-free black-colored linear areas.

 
Jet streams are normally associated with a semi-continuous max-wind band of 50 knots or higher.

 
Located above the tightest thickness packing on the 1000-500/SFC Thickness chart.

 
Located above the -31 C (AFJ), -17 C (PFJ), or -11 C (STJ) on the 500mb chart.

 
Jet streams usually don’t make sharp turns, nor do they usually cross height contours excessively

 

4.3.2 500mb Analysis. Over two-thirds of the earth’s entire atmospheric mass lies below this level. We use this analysis to identify troughs and ridges, evaluate vertical consistency with the 300 and 700mb levels, determine amplitude changes in systems, locate warm and cold air advection aloft, moisture, and to initialize the NOGAPS (as well as other model runs) and as a primary tool for forecasting changes in upper-level features. Also used to verify and supplement upper wind forecasts. Finally, relating the thermal patterns (associated with rising or falling height centers) to the moisture analysis can help in forecasting changes to cloudiness and precipitation. It’s used to determine long-wave pattern and thus the overall change/movement of systems.

4.3.2.1 Strengths. Patterns at 500mb are easily related to weather above and below. Minor perturbations can be reflected at this level. Indicates areas of mid-high level warm/cold air advection and moisture. This level works best for numerical model initialization. Indicates intensity of dynamics and vertical stacking associated with weather producing systems (Arctic/Polar outbreaks, Subtropical intrusion). Conservative level for extrapolating movement of highs and lows (height falls best indicator). Height changes work well for forecasting high/ridge and low/trough movements.

4.3.2.2 Weaknesses. Computer analysis of temperature and height fields are excessively smooth on occasion. Subtle, but significant cold and warm air pockets that frequently effect the local weather may not be depicted by the computer analysis. Lack of data over eastern Asia is a problem. Data is also too sparse for meso/micro systems. Computer analysis is gridded and smoothed, eliminating minor features. Upper air data may be unrepresentative over the actual reporting station due to balloon drift in high winds.

4.3.2.3 Processing. Analyze all troughs, ridges, and closed height centers. Analyze height contours every 60 meters using 5520 as a base (reanalyze contours as necessary if AWDS generated). Analyze highs and lows and put heights for closed circulation centers. Analyze moisture for areas of dew point depressions of 5 Celsius degrees or less and shade the areas in green. Using dashed lines, analyze isotherms in red for every 5 Celsius degrees to identify thermal packing, recent advection, and small cold/warm pockets. Label warm and cold pockets with a "W" or "K" respectively and shade in read or blue respectively. Highlight the 0 C and -20 C isotherms in blue to identify the general limits if icing. Highlight the max wind band with a broad red line. Use an arrowhead to indicate the direction of flow. Highlight a seasonally-determined, representative contour in yellow and label it near the margins of the chart to track changes in the upper-level pattern (a subjective indicator of the variation of the polar jet; this contour should be associated with the 300mb jet stream and not necessarily the closest contour in our vicinity). Generally, highlight the 528 contour from October through March and the 576 contour from April through September. Use standard symbols and colors IAW AFMAN 15-125. Maintain 12-hour continuity. Ensure features stack with all other atmospheric levels. Be prepared to discuss and defend unusual analyses with sound meteorological reasoning. Areas of height falls and cold troughs should coincide.

4.3.2.4 Some rules that apply to the 500 mb analysis: 

PRIVATE
 
Surface fronts are normally located at the 500mb inflection point between the ridge and trough.

 
The leading edge of a thick Cirrus shield will normally extend to and track with the down-stream 500mb ridge line for fast moving systems.

 
Major short waves normally move at 50% of the 500mb wind speeds.

 
Precipitation normally ends with the passage of the 500mb short wave (assuming upslope and/or overrunning does not continue).

 
The Artic front jet is normally associated with the -31 C isothermal band, the polar front jet with the -17 C isotherm, and the sub-tropical jet with the -11 C isotherm.

 
Strong divergence at 500mbs is a good indication of upward motion.

 
Strong convergence at 500mbs is a good indication of downward motion or subsidence.

 
Areas of height rises are associated with convergence aloft will dampen convective activity and increase surface pressure.

 
Strong cold air advection at 500mbs tends to decrease the stability of the airmass below, while strong warm air advection tends to increase the stability of the airmass below.

 
Evaluate regions of moisture with temp-dew point spreads of <5 C. Areas of moisture detached from a primary source and not solely explained by advection are most likely the result of PVA. Look for a short wave upstream or turning in the winds. Initialize and adjust the analysis as required.

 
For TSTM development, it is beneficial to have sufficient steering winds available to assist the dynamic lifting (< 35 knots weak, 35-49 knots moderate, > 50 knots strong). TSTM areas should be predominately south and 150-200NM downstream of the 500mb jet/max wind.

 
Track 500mb cold pockets for areas of maximum instability. With surface heating these are prime locations for rainshower/thunderstorm development.

 
Locate areas of thermal ridging, indicating areas of moderate to strong WAA. The thermal ridge lined up with the streamlined contour ridge acts as a cap to convective activity from the center of the thermal axis to the eastern edge of the ridge.

 
Locate maximum isothermal troughing, normally just behind the area of maximum cyclonic turning. Indicates thermal support for short wave troughs. The short wave trough should correspond with to the advection lobe on the vorticity chart.

 

4.3.3 700mb Analysis. Used for locating mid-level areas of moist and dry air, identifying troughs and ridges, and evaluating vertical consistency with the surface and 500mb features, and for initializing the NOGAPS (or other model runs). Also used to verify and supplement upper wind forecasts, maintain continuity of short wave troughs, detect warm or cold air advection, find mid-level moisture, identify short wave troughs and ridges, and check their vertical continuity with other levels.

4.3.3.1 Strengths. Moisture analysis will indicate the presence of mid-level cloudiness and, if stacked with the low level moisture maximum, will indicate areas where significant precipitation is likely. When moisture shows at the 700mb level and is not due to advection, upward vertical motion is implied. 700mb level indicates areas of mid-level warm/cold air advection and moisture and is an excellent tool for finding areas of entrainment for enhancing TSTM development. The 700mb analysis provides an indication of how intense dynamic weather systems are and how well surface systems are supported. It is used as directional steering flow for shallow systems and TSTMS and is a good level for analyzing/forecasting short wave troughs/ridges.

4.3.3.2 Weaknesses. As in all levels, computer analyzed temperature and height fields may be excessively smoothed. Minor, yet significant, pockets of cold or warm air may be completely overlooked or moist air may be between reporting stations - be sure you use interpolation techniques. Data is too sparse for meso/micro systems. Computer analysis is gridded and smoothed, eliminating minor features. Upper air data may be unrepresentative over the actual reporting station due to balloon drift in high winds.

4.3.3.3 Processing. Analyze all troughs, ridges, and closed height centers. Analyze height contours every 30 meters using 3000 as a base (reanalyze contours as necessary if AWDS generated). Analyze moisture for areas of dew point depressions of 5 Celsius degrees or less and shade the areas in green. Analyze for troughs and ridges. Using dashed lines, analyze isotherms in red for every 5 Celsius degrees to identify thermal packing, recent advection, and small cold/warm pockets. Highlight the 0 C and -20 C isotherms in blue to identify the general limits if icing. Use standard symbols IAW AFMAN 15-125. Maintain 12-hour continuity in yellow. 

4.3.3.4 Some rules that apply to the 700mb analysis:

PRIVATE
 
When 700mb winds are parallel to a cold front, the front will become active, with waves developing and moving along the front if short waves are moving through the long wave trough.


 
A wave will deepen or a front will become more pronounced if the wind flow at 700mb possesses cyclonic curvature and there is significant temperature contrast through or across the front.


 
A wave will weaken and a front frontolysize if the 700mb wind flow has anticyclonic curvature.


 
Clouds/precip are usually present under cyclonically curved contours aloft, regardless of surface features until passage of the 700mb trough.


 

If T-Td < 2 C and temp < 0 C expect icing in areas of neutral to strong CAA

 

Dew point spread reflects how deep and how much moisture is available. Drying at 700mbs enhances the development of thunderstorms through entertainment. Check upstream dynamics for a dry slot or dry line moving into a moist region.

 

Heavy snow usually ceases with the passage of the 700mb trough (assuming upslope and/or overrunning does not continue).

 

If there are several waves along a front, the wave nearest the 700mb trough axis will usually develop at the expense of the others.

 

Major short wave troughs and ridges move at 70% of the 700mb flow.

 

4.3.4 850mb Upper Air Analysis. Shows regions of low level warm and cold air advection, moisture, low level jets, wind flow, thermal patterns and upper frontal surfaces. Used primarily to locate and track frontal boundaries, associated highs and lows, and their movement over time. Also used to verify and supplement upper wind forecasts and locate the polar and arctic fronts. 

4.3.4.1 Strengths. Generally, fronts are much easier to locate at 850mb than at the surface (except over mountains) since 850mb is normally high enough to be unaffected by terrain features. Indicates areas of low level warm/cold air advection, moisture, pressure gradient and helps derive surface max/min temperatures. Provides upper air support for dynamic surface systems. Replaces the surface chart in mountainous and plateau regions (since the 850mb level is only about 5000ft, be alert to the fact that the 850 mb chart is the effective surface in higher elevation areas. Also a good indicator for favorable up up/down slope producing conditions.

4.3.4.2 Weaknesses. Computer analyzed isotherm fields aren’t always correct. At times, the observed temperature doesn't give a true representation of the 850mb level temperature due to local terrain and/or diurnal effects. In addition, local terrain features often rise above 4500ft, so the mountains and valleys tend to wash out pressure, temperature and dew point discontinuities that aid in positioning features. Lack of data over eastern China is also a problem. Data is too sparse for meso/micro systems. Computer analysis is gridded and smoothed eliminating minor features. Upper air data may be unrepresentative over the actual reporting station due to balloon drift in high winds.

4.3.4.3 Processing. Analyze all fronts, troughs, ridges, and closed height centers. Analyze height contours every 30 meters using 1500 as a base (reanalyze contours as necessary if AWDS generated). Analyze moisture for areas of dew point depressions of 5 Celsius degrees or less and shade the areas in green. Using dashed lines, analyze isotherms in red for every 5 Celsius degrees to identify thermal packing, recent advection, and small cold/warm pockets. Analyze for low-level jets. Highlight the 0 C and -20 C isotherms in blue to identify the general limits if icing. Use standard symbols and colors IAW AFMAN 15-125. Maintain 12-hour continuity in yellow.

4.3.4.4 Some basic rules for upper fronts at 850mb are:

PRIVATE
 
Cold and warm fronts at 850mb parallel and are located on the warm side of the thermal packing, except for thermal ridging where occlusions may exist.

 
Fronts are parallel to the isotherms, except in occlusions which will be in thermal ridges.

 
850mb polar fronts are always located on the cold air side of the surface front. The 850mb cold front should stack behind the surface cold front, while the 850mb warm front should stack ahead of the warm front.

 
The greater the isothermal packing, the greater the discontinuity between airmasses, thus the more intense the front.

4.3.4.5 Some forecasting hints at this level are:

PRIVATE
 
If T-Td < 2 C and temp < 0 C expect icing in neutral to strong cold air advection areas

 
Streamlines should be used to advect temperature and moisture rather than contour lines because they more accurately represent the field of motion.

 
The low-level jet shows strong advection and can be used to forecast severe weather potential.

 
WAA tends to help thunderstorm development even when all other parameters remain stagnant.

 
Cold advection at 850mbs indicates possible downward motion.

 
Warm air advection at 850mbs indicates possible upward vertical motion.

 
Look for low level wind maxima or jets and moisture advection (possible severe weather).

 
Jet axis/max of 40 knots or greater show dynamic systems capable of strong convective microbursts, but are not required. Use common sense. 850mb winds < 20 knots weak, 25-34 knots moderate, > 35 knots strong.

 
Locate areas of thermal ridging, indicating areas of moderate to strong WAA. The thermal ridge should be lie west of the access of maximum moisture advection when considering a threat of severe weather.

 

4.3.5 925mb Upper Air Analysis. Shows regions of low level warm and cold air advection, moisture, low level jets, wind flow, thermal patterns and upper frontal surfaces. Used primarily to locate and track frontal boundaries, associated highs and lows, and their movement over time. Also used to verify and supplement upper wind forecasts and locate polar and arctic fronts, especially over hilly terrain. Useful in determining low-level icing areas and indicating areas of possible MVFR/IFR conditions.

4.3.5.1 Strengths. Fronts are somewhat easier to locate at 925mb than at the surface (except over higher terrain). Indicates areas of low level warm/cold air advection, moisture, pressure gradient and helps derive surface max/min temperatures. Provides upper air support for dynamic surface systems. Replaces the surface chart in areas of uneven or hilly terrain (since the 925mb level is only about 2,500ft, be alert to the fact that the 925mb chart is the effective surface in many locations). Also a good indicator for favorable up/down slope producing conditions.

4.3.5.2 Weaknesses. Computer analyzed isotherm fields aren’t always correct. At times, the observed temperature doesn't give a true representation of the 925mb level temperature due to local terrain and/or diurnal effects. In addition, local terrain features often rise above 2500ft, so the mountains and valleys tend to wash out pressure, temperature and dew point discontinuities that aid in positioning features. Lack of data over eastern China is also a problem. Data is too sparse for meso/micro systems. Computer analysis is gridded and smoothed eliminating minor features. 

4.3.5.3 Processing. Analyze all fronts, troughs, ridges, and closed height centers. Analyze height contours every 30 meters using 750 as a base (reanalyze contours as necessary if AWDS generated). Analyze moisture fields for areas of dew point spreads of 5 Celsius degrees or less and shade the areas in green. Using dashed red lines, analyze isotherms every 5 Celsius degrees to identify thermal packing, recent advection, and small cold/warm pockets. Highlight the 0 C and -20 C isotherms in blue to aid in identifying the general limits of icing. Use standard symbols and colors IAW AFMAN 15-125. Maintain 12-hour continuity in yellow.

4.3.5.4 Some basic rules for upper fronts at 925mb are:

PRIVATE
 
Cold and warm fronts at 925mb parallel and are located on the warm side of the thermal packing, except for thermal ridging where occlusions may exist.

 
Fronts are parallel to the isotherms, except in occlusions which will be in thermal ridges.

 
925mb polar fronts are always located on the cold air side of the surface front. The 925mb cold front should stack behind the surface cold front, while the 925mb warm front should stack slightly ahead of the warm front.

 
The greater the isothermal packing, the greater the discontinuity between airmasses, thus the more intense the front.

4.3.5.5 Some forecasting hints at this level are:

PRIVATE
 
If T-Td < 2 C and temp < 0 C expect icing in neutral to strong cold air advection areas

 
Streamlines should be used to advect temperature and moisture rather than contour lines because they more accurately represent the field of motion.

 
The low-level jet shows strong advection and can be used to forecast severe weather potential.

 
WAA tends to help thunderstorm development even when all other parameters remain stagnant.

 
Cold advection at 925mbs indicates possible downward motion.

 
Warm air advection at 925mbs indicates possible upward vertical motion.

 
Look for low level wind maxima or jets and moisture advection (possible severe weather).

 
Locate areas of thermal ridging, indicating areas of moderate to strong WAA. The thermal ridge should be lie west of the access of maximum moisture advection.

 

4.3.6 Surface Analysis. Used in conjunction with the upper air charts to relate the occurrence of surface weather events to synoptic features. Comparing the 850mb and 925mb analyses with the surface analysis usually allows the forecaster to quickly locate or confirm the location of surface fronts. Identify surface weather phenomena important to short-range forecasting by integrating data from upper air charts, radar, nephanalysis, etc.

4.3.6.1 Strengths. Minor troughs and local wind shifts are discernible from topographical influences. A local nephanalyses can be traced over a specific, visible area.

4.3.6.2 Weaknesses. Visibility values displayed (on AWDS) are in eighths of statute miles, yet are available in the database (raw data) in tenths of statute miles. Be careful not to misinterpret the data versus surface observation data on alphanumeric products. Surface fronts/troughs must be strong enough to override local terrain influences. A lack of SLPs make isobar analysis difficult. FBD isobar analyses are not representative over data-sparse areas (e.g., the ocean).

4.3.6.3 Processing. Analyze/reanalyze computer-generated isobars every 4-millibars using 1000mb as a base. Analyze/reanalyze isotherms at 5 Celsius degree intervals to more accurately depict local features that the computer may smooth. Use intermediate isopleths as necessary to adequately depict the local pressure and thermal pattern. Analyze fronts, troughs, and pressure centers. Color and outline areas of fog and precipitation using standard symbols and colors IAW AFMAN 15-125. Maintain 12-hour continuity in yellow.

4.3.6.4 Some methods of placing surface fronts are:

PRIVATE
 
Fronts should show logical continuity from previous charts.

 
Fronts lie in troughs of low pressure, but not all troughs are fronts.

 
Moving fronts have pressure tendency differences across them; stationary fronts or slow moving fronts exhibit little or no pressure tendency differences.

 
Wind shifts (cyclonically) veer across the front. 

 
Normally found on leading edge of thickness isopleth packing.

 
Dew point differences exist across the front.

4.3.6.5 Some general rules for forecasting the movement of low pressure systems are:

PRIVATE
 
Most surface lows tend to follow the long wave pattern.

 
Non-occluded lows steer by the flow at the first upper level where there is not closed circulation.

 
Lows frequently deflect to the left of the steering flow by approximately 15 degrees.

 
Occluded low pressure systems move in the direction of the maximum upper level height falls.

 
Non-occluded low pressure systems move parallel to the isobars in the warm sector.

 
Lows move along a line from isallobaric maximum to the isallobaric minimum.

 
Watch for lowering pressure values after a ridge has been the dominate feature; this could be an indicator for potential thunderstorms. The pressure indices (not the isobar pattern) define the predominant wind direction.

4.3.6.6 Some indications of wave cyclogenesis:

PRIVATE
 
Petterssen’s Rule - Short wave moving over a stationary front (weak thermal advection /pressure gradient over a strong thermal gradient). 

 
Major short wave trough in base of the long wave trough, cyclonic circulation pattern develops in divergent flow just downstream of trough axis.

 
Look for a baroclinic leaf (baroclinic leafs indicate the onset of surface cyclogenesis). 65-70% of the time, baroclinic leafs develop into comma cloud systems.

 

4.3.7 Local Area Work Chart (LAWC). The LAWC is used to supplement the centralized surface analysis and enhance metwatch. This analysis is the cornerstone of our quest to relate the larger scales of atmospheric analysis to the meso-scale and micro-scale. 

4.3.7.1 Strengths. Available hourly, this product provides the forecaster with data for mesoscale analysis. Enables the forecaster to discern small scale features.

4.3.7.2 Weaknesses. The limited amount of data available, especially over the large open waters, makes the LAWC a challenging product to analyze. Additionally, terrain effects often mask pressure and temperature differences. Data not available via AWDS until approximately 35 minutes past the hour. Data for north Korea and China is only available every three hours.

4.3.7.3 Processing. Analyze/reanalyze computer-generated isobars and isotherms (using the same guidelines as the surface analysis) to more accurately depict local features that the computer may smooth. Use intermediate isopleths as necessary to adequately depict the local pressure pattern. Analyze fronts, troughs, and pressure centers. Color and outline areas of fog and precipitation using standard symbols and colors IAW AFMAN 15-125. Display previous LAWC in yellow to maintain continuity.

4.4 METSAT Analysis. Various satellite photos are received daily from DMSP to GMS. METSAT imagery is a primary short-range forecasting tool for TAFs, briefings, weather warnings and advisories, and to supplement the LAWC and other local analyses.

4.4.1 Standard Processing Instructions. As a minimum, analyze GMS or DMSP imagery closest to the 00Z and 12Z time frames for initialization purposes. Analyze for the following features:

PRIVATE
 

Jet Stream(s): Indicated by a solid red line with an arrowhead, indicating flow.

 
Using visual imagery, the PFJ is located where a baroclinic cirrus shield crosses a vorticity comma cloud system.


 
Using visual or IR, the jet stream is found 1 - 2 poleward of the +n side of the cirrus shield.


 
Using IR over ocean areas, PFJ will be approximately 1 degree north of the transition line between open cell and closed cell cumulus.


 
Using water vapor imagery, the jet stream is found along the narrow, moisture-free black-colored linear areas (dark channeling).


 

Surface pressure centers: Use standard symbols and colors.

 

Fronts: Use standard symbols and colors IAW AFI 15-125.

 

Troughs: Use a black line.

 

Major ridges: Use a zigzag blue line.

 

Positive vorticity centers: Indicated by a red "X".

 

Tropical cyclones: Use standard symbols.

 

(Optional). Analyze areas of significant precipitation according to type using standard symbols and colors (use surface observations or plots to determine precip type).

 

Analyze any other features the forecaster deems significant

 

Outline the country in orange and label the date/time group in black in the lower right-hand corner.

 

4.5 Skew-T Analysis. Available twice daily at 00Z and 12Z (also 06Z and 18Z for Osan). RAOBs provide the forecaster with analysis data of the vertical structure of the atmosphere. By plotting the data on AWDS or on a SKEW-T diagram the forecaster can derive such information as observed pressures, winds, temperatures, and moisture distribution above a specific location in a specific point in time, in addition to stability, tropopause level, thunderstorm levels, etc. The NIPRNET site "The Storm Machine" is used when the AWDS circuit is down.

4.5.1 Strengths. RAOBs are observed data that is usually quite reliable.

4.5.2 Weaknesses. RAOB information is only acquired twice daily (sometimes four times daily from Osan). Forecasters must take into account modifying effects such as a change in airmass or passage of major upper-level features which will significantly alter RAOB soundings when using the data as a forecast tool.

4.5.3 Initialization. Doppler products are invaluable in identifying boundaries, wind shear, thunderstorm characteristics, etc. Compare and contrast RAOB data with WSR-88D products. Note similarities and/or differences in winds aloft versus the VWP/velocity products (particularly speed or directional shear), stability indices versus reflectivity products, moisture pattern versus and scatterers per radar products, etc. 

4.5.4 Processing. Select representative soundings based on the regime. When SKEW-Ts are manually plotted, analyze for the following parameters:

PRIVATE
 
Freezing levels.

 
LCL, CCL, LFC (when significant) in MBs.

 
Showalter Stability Index.

 
Cross Totals, Vertical Totals, Total Totals

 
Tropopause

 
Turbulence and Icing.

 
Continuity Trace

 
Lifted Index

 
Other parameters are analyzed at the forecaster’s discretion.

 

4.6 Forecast Skew-T. One of the forecaster’s primary tools lies in predicting changes in the atmosphere due to diurnal heating, cooling, and the advection of differing densities, temperatures, and moisture over the station. Forecasting your RAOB is one method to accomplish this. 

4.6.1 Data Availability. Probably the simplest method to use is to look at the previous sounding and make minor adjustments (be careful of major changes like FROPA). Next, you can use AWDS.

4.6.2 Strengths. Provides the forecaster a method of quantifying stability, temperature, and moisture changes to the atmospheric column over the station. Particularly useful when thunderstorms are expected.

4.6.3 Weaknesses. Hand-input of data.

4.6.4 Processing. Consider whenever the situation warrants, but especially during regimes producing air-mass thunderstorm activity.

4.7 Initialization/Verification (VIV) Process of Prog Charts and Products. This process is extremely important. Initialization is comparing the current analysis to the current run (i.e. 00Z anal to 00Z prog), making the adjustments needed and carrying them through the run. The second verification compares the current 12hr prog to any new products (i.e. 12hr prog valid 12Z compared to current 12Z satellite.) Obviously if the brief hasn’t passed the 12hr prog time, the second verification can’t be accomplished. The following steps outline a correct VIV brief at 00Z:

4.7.1 Initialization. Compare current run 00Z or 12Z prog to 00Z or 12Z analysis.

4.7.1.1 500mb Vorticity Chart. Compare 00Z satellite to any vorticity maxima and/or advection lobes (short waves/moisture). Look for Jet maxes on the 300mb chart and compare to X to N distribution on the vorticity chart. (Is the model picking up shear lobes where there are jet maxes?). Compare 500mb analysis to vorticity chart. Correct position of major short wave troughs/ridges to advection lobes (location and tilt). Compare amplitude of short waves to advection lobes. Select a representative contour on the analysis and compare it to the vorticity chart.

4.7.1.2 700mb Heights/RH. Compare 00Z WV (water vapor imagery) to RH. Correct position of major short wave troughs/ridges/heights by comparing a representative contour from anal to prog. 

4.7.1.3 1000-500mb Thickness/Surface Chart. Compare 00Z satellite to thickness. Check 00Z surface analysis against thickness prog positions of highs, lows, fronts, and troughs and their pressure values. Compare a representative isobar on the anal to the prog.

4.7.2 Verification. Compare the 00Z or 12Z analysis (if available) to 12hr prog. This is accomplished to verify that the prog package is not only timing the systems correctly, but also to see if corrections have be made on previous errors.

4.8 Forecast Techniques. The primary source of prognostic information available to the forecaster is the NOGAPS model run. Never take this or any other forecast model at face value since all predictive products have their weaknesses. None will do well if the initial data base is suspect. Prior to using any of these products, they should be checked for accuracy (initialized and verified) by using the latest available data.

4.8.1 Forecasting Ceiling and Visibility. LAWC’s supplement the surface analysis and FOXX61s on a smaller scale and indicate the influence of local topography on weather systems. They depict low level wind flow and allow for continuity for significant ceilings and visibility's. Skew-T’s define areas of moisture (cloud layers), vertical extent, inversions, stability, and depict the vertical wind profile. Temperature and dew point spreads can be used as an indicator of cloudiness. Determine the spread at the level where the possibility of clouds exists. Generally, the following can be used to predict the amount of cloudiness at any level.

PRIVATE
CLOUD AMOUNT
 T-Td C SPREAD
T-Td C SPREAD

SCT
4-5 

BKN
2-3 

OVC
0-2 

4.8.1.1 Satellite. Used to determine cloud type and movement. Compare visual imagery to infrared data and maintain continuity. Radar is used to determine cloud type and movement if precipitation is associated with the clouds.

In the broad scale, areas of 70 and 90% RH are indicators that a ceiling and/or precip may be present or is likely. If clouds are indicated at 700mb, but no low or frontal system is present, mid-level clouds should be forecast. However, if frontal activity or low development/movement is forecast, and 500mb PVA exists, expect steadily lowering ceilings and/or precipitation. Compare the NOGAPS 850 mb and 700 mb height and relative humidity panel with the latest 12/24 Hour Surface Prognosis and the upper air prognosis on positions of significant low clouds. Look at your boundary layer and geostrophic winds, as well as bulletins, such as the FJAS KGWC, FXPA41 KGWC. Check the RH in the lower levels, lifted index, SLP, boundary layer winds, and temperatures. 

4.8.1.2 Conditional Climatology/MODCV Tables. These products should be used to forecast improving conditions only. They are conditional probability forecasts for ceilings and visibilities (and almost always out-forecasts persistence). These products indicate areas of abundant low level moisture available for fog formation or low stratus/strato-cumulus if downward vertical velocities at 700mb, or strato-cumulus/cumulus if upward vertical velocities at 700mb (with no intervening inversion).

4.8.2 Forecasting Precipitation. Use the following; NOGAPS, AWDS, or locally prepared products such as the LAWC. Depicts low level wind flow and allows better continuity to relate systems and existing precipitation areas. Skew-T temperature and dew point spread. A two degree spread is a probable layer of cloudiness and/or potential precipitation at and below the 700mb level. Stability is useful in determining whether precipitation will be convective or non-convective. 

Satellite is used to determine cloud type, movement and possible movement of areas of precipitation. Compare with other products to maintain continuity. Radar is used to determine precipitation type and movement.

After determining areas of existing precipitation, correlate NOGAPS prognosis to precipitation areas. Refer to the 850 mb and 700mb moisture analysis and see if additional moisture will be available. Normally 90% areas are associated with precipitation. Use the 12/24 hour surface prognosis should be compared to the NOGAPS with respect to timing, and upper air prognosis for compatibility on positions of pertinent features. Compare type of precipitation to thickness analysis and prognosis.

4.8.3 Forecasting Surface Wind. Use the NOGAPS run for positions of high and low pressure systems. Generally, wind direction is from high center to low center across the isobars. Changes in pressure gradient give indication of gusty winds. If pressure gradient is weak, (summer) consider tertiary circulations such as land/sea breezes and mountain/valley breezes. Use the rule-of-thumb where you measure 5 upstream (perpendicular to isobars) and  P x 3.5 in cold air advection and  P x 3.0 in warm air advection.

4.8.4 Forecasting Turbulence. Use AWDS locally prepared or processed products. The LAWC defines pressure systems and allows for more accurate frontal analysis. The Skew-T defines stability, inversions, and vertical wind profile. Computerized Skew-T analyses often produce some indication of turbulent layers. Use satellite to identify turbulent and possible turbulent areas by cloud signatures and associated jet streams (i.e. transverse banding, wave cloud formations, etc.). Use the VAD profiler for an indication of winds through 10,000ft. Use the Base Spectrum Width product to show areas of potential turbulence. Consider wind speed, terrain, and stability when looking for low level turbulence. Centralized products are time phased and must be adjusted by the user. 

4.8.4.1 Clear Air Turbulence (CAT): CAT is literally turbulence not associated with convective clouds. This means that turbulence in clear air as well as in non-convective clouds is classified as CAT. Although most often associated with turbulence near the jet stream, CAT can also occur near the ground. Within this discussion, CAT and turbulence are interchangeable.

4.8.4.1.1 Common areas to find Clear Air Turbulence:

PRIVATE
 
Ahead of a jet max (supergradient winds)

 
Rapidly amplifying major short wave troughs/ridges

 
To the left and downstream of the surface waves track (contiguous with the PFJ)

 
At and downstream (200nm) of a rapidly amplifying long wave ridge

 
In the throat of cut-off low formation

4.8.4.2 Mountain Waves: In some cases, the wind flowing over hills and mountains is set into smooth oscillation. These mountain waves are not true turbulence as given by the strict definition above. Pilots flying through mountain waves at high speed, however, feel the oscillations as rapid bumps. Consequently, they report this as turbulence or chop. To make matters more difficult, smooth mountain waves can sometimes create conditions favorable to the formation of true turbulence. Parameters required are: perpendicular wind component of > 25kts, wind direction with perpendicular component >45 normal to ridgeline, stable layer at and above the ridgeline.

4.8.4.2.1 Regimes under which mountain wave turbulence may occur in Korea.

4.8.4.2.1.1 Northeast Lake Baikal High. As the high center is just north of north Korea, easterly flow over the Taebak mountains (> 25kts normal at ridgeline) can result in turbulence as far west as eastern Army Area II.

4.8.4.2.1.2 West Lake Baikal High. As the high center passes south of the peninsula, westerly flow over the Taebaks can result in mountain wave turbulence just off the east coast and into the East Sea.

4.8.4.3 Mechanical Turbulence: This is common under the West Sea Low and Shanghai Low regimes. Use the following tables to assist in forecasting mechanical turbulence:

PRIVATE
Terrain
Stability
1-12kts
13-24kts
25-50kts
>50kts

Smooth
Very stable
N
L
L
M

 
Relatively stable
N
L
M
M

 
Relatively unstable
L
M
S
S

 
Very unstable
M
M
S
S

Rough
Very stable
N
L
M
S

 
Relatively stable
N
M
S
S

 
Relatively unstable
L
M
S
S

 
Very unstable
M
S
S
S

Key: N=None L=Light M=Moderate S=Severe

 

 

 

 

 

PRIVATE
 
Wind speed in knots
Intensity of Turbulence

Relatively flat or smooth terrain
Gusts 30-39
LGT: SFC-3,000ft

 
Gusts 40-49
LGT-MDT: SFC-3,000ft

 
>50
MDT: SFC-5,000ft

Rough terrain (mountainous)
20-24
LGT: SFC-3,000ft above average ridge height

 
25-34
LGT-MDT: SFC-3,000ft above average ridge height

 
35-49
MDT: SFC-5,000ft above average ridge height

 
>50
SVR: SFC-5,000ft above average ridge height





Vertical vector wind shear (kts/1,000ft)


PRIVATE
Mean wind speed in layer
5-7
8-10
11-20
21-30
31-50
>50

40-60kts
N
L
L-M
M
M-S
S

61-120kts
L
L-M
M
M-S
S
S-X

>120kts
L
L-M
M
M-S
S
X

N=None L=Light M=Moderate S=Severe X=Extreme

4.8.4.4 Turbulence Intensity.

4.8.4.4.1 Light: May cause slight, erratic changes in attitude and/or altitude. Usually, produces a slight variation in airspeed (5-15 knots). Seat belts may be required and occupants may feel a gentle strain against restraints. Loose objects in the aircraft may be displaced slightly. Little or no difficulty is encountered while walking. The vertical gust velocity is 5-20 feet/second.

4.8.4.4.2 Moderate: Moderate changes experienced in aircraft attitude or altitude, but the aircraft remains in positive control at all times. Usually, small variations in air speed (15-25 knots). Occupants feel strain against seat belts or have difficulty walking and loose objects move about. The vertical gust velocity is 20-35 feet/second.

4.8.4.4.3 Severe: Abrupt changes in aircraft attitude or altitude are experienced. Aircraft may be out of control for short periods. Usually, large variations in airspeed (25 knots). Occupants are forced violently against seat belts and loose objects are tossed about. The vertical gust velocity is 35-50 feet/second.

4.8.4.4.4 Extreme: The aircraft is violently tossed about and practically impossible to control. Structural damage may occur. Rapid fluctuations in airspeed are > 25 knots. The vertical gust velocity is > 50 feet/second.

4.8.4.5 Occurrence of Intensities. The following is a guide to classification of turbulence as associated with meteorological conditions. It suggests where the greatest frequency of turbulence occurs but does not rule out turbulence of any severity when the conditions are correct.

4.8.4.5.1 Light: Light turbulence may be frequently found in many situations. Some of the most common are:

PRIVATE
 
In mountainous areas even with light winds.

 
In and near cumulus clouds.

 
Near the tropopause.

 
At low altitudes when the winds exceed 15 knots.

4.8.4.5.2 Moderate: Moderate turbulence may be found:

PRIVATE
 
In mountain waves as far as 300 miles leeward of the ridge when the wind normal to the ridge exceeds 50 knots.

 
In mountain waves as far as 150 miles leeward of the ridge when wind normal to the ridge is 25-50 knots.

 
In thunderstorms and towering cumuliform clouds.

 
Near the jet stream on the cold side.

 
At low altitude when the surface winds exceed 25 knots.

4.8.4.5.3 Severe: In addition to the areas where extreme turbulence may be found, severe turbulence may be experienced:

PRIVATE
 
Up to 150 miles leeward of the ridge when a mountain wave exists and winds normal to the ridge exceed 50 knots.

 
Up to 50 miles leeward of the ridge when a mountain wave exists and winds normal to the ridge are from 25-50 knots.

 
In and near mature thunderstorms.

 
Near jet stream altitude and about 50 to 100 miles on the cold side.

4.8.4.5.4 Extreme: This turbulence is rarely encountered. It is usually found in the strongest forms of convection and wind shear. The two most frequent locations of extreme turbulence are:

PRIVATE
 
In mountain waves in or near the rotor cloud.

 
In severe thunderstorms, especially in organized squall lines, supercells and MCCs.

 

 

 

 

 

 

 

 

 

 

 

4.8.4.6 Aircraft Types and Categories.

PRIVATE
CATEGORY
AIRCRAFT TYPE

I
OH-58 UH-1 AH-1

II
B-52 C-5A C-9 C-12 C-17 C-20 C-21 C-23 C-130 C-141 E-3 E-4A F-15 F-16 F-18

F-117 KC-135 OV-1 U-2 U-21 

AH-64 CH-47 CH-53 CH-54 H-3 H-60 RAH-66

III
OV-10 KC-10 T-37 A-10 F-111

IV
A-7 F-4 B-1B F-111* 

* At 50 degree wing configuration.

Table 4-1. Aircraft Category at Typical Flight Condition.

 

PRIVATE
 
I
II
III
IV

 
 
 
 
 

 
N
N
N
N

 
(L)
N
N
N

 
L
(L)
N
N

 
L-(M)
L
(L)
N

Turbulence Reported As
M
L-(M)
L
(L)

 
M-(S)
M
L-(M)
L

 
S
M-(S)
M
L-(M)

 
S-(X)
S
M-(S)
M

 
X
S-(X)
S
M-(S)

 
X
X
S-(X)
S

 
X
X
X
S-(X)

 
X
X
X
X

 

N = None ( ) = Occasional (less than 1/3 of the time)

L = Light M = Moderate S = Severe X = Extreme

Table 4-2. Conversion of Turbulence Intensities for Categories of Aircraft.

 

 

4.8.5 Forecasting Icing. Aircraft icing is one of the major weather hazards to aviation. It increases drag and weight while decreasing lift. Icing can affect the control of the aircraft and if engine-system icing occurs, a power loss could result. You must know before you can make an icing forecast, the occurrence and type of precipitation, as well as the thickness, amount, and temperature of clouds. The procedures outlined here will present ways to forecast icing that have proven successful. Two parameters are essential for aircraft icing to occur. These are supercooled water droplets and an aircraft surface temperature < 0 C.

4.8.5.1 Icing Types.

4.8.5.1.1 Rime - Rough, milky opaque ice formed by the instantaneous freezing of small supercooled droplets which trap air within the ice as they strike the aircraft.

4.8.5.1.2 Clear - Glossy, clear or translucent ice formed by the relatively slow freezing of large supercooled droplets. The droplets spread out over the airframe surface before complete freezing.

4.8.5.1.3 Frost - Light, feathery deposit of ice crystals which usually forms on the upper surfaces of parked aircraft. Frost can also form on aircraft in flight during descent from subfreezing air into a warmer moist layer below. This is generally considered harmless, since it melts as the aircraft warms.

4.8.5.1.4 Mixed - Although it is not listed in AWS TR/80-001, this term is used to report a combination of rime and clear icing.

4.8.5.2 Icing Intensities.

4.8.5.2.1 Trace - Icing becomes perceptible, accumulation ratio is slightly greater than sublimation rate. This is not usually considered hazardous unless it lasts longer than one hour.

4.8.5.2.2 Light - Rate of accumulation may create a problem if flight is prolonged in the situation (over one hour). Occasional use of deicing/anti-icing equipment removes/ prevents accumulation.

4.8.5.2.3 Moderate - The rate of accumulation is such that even short encounters become potentially hazardous. Use of deicing/anti-icing equipment is necessary.

4.8.5.2.4 Severe - The rate of accumulation is such that deicing/anti-icing equipment fails to reduce or control the hazard. Immediate diversion is necessary.

4.8.5.3 Rules-of-Thumb for Forecasting Icing. A collection of general case rules-of-thumb are listed to help you determine when or when not to forecast icing conditions. They were empirically derived and are therefore not 100% accurate. Modify the rules as necessary if they are not appropriate for your forecast location. 

4.8.5.3.1 Unfavorable Atmospheric Conditions for Icing.

4.8.5.3.1.1 If the temperature is 0 to -7oC at flight level and the dew point spread is greater than 2oC, forecast no icing. There is an 80% probability of no icing under these conditions.

4.8.5.3.1.2 -8 to -15oC, and the dew point spread is greater than 3oC, forecast no icing. Again, there is an 80% probability of no icing.

4.8.5.3.1.3 -16 to -22oC, and the dew point spread is greater than 4oC, forecast no icing with a 90% probability of a correct forecast.

4.8.5.3.1.4 Below -22oC, regardless of what the dew point spread is, forecast no icing with a 90% probability of being correct.

PRIVATE
T
Td
Forecast
Probability

0oC to -7oC 
> 2oC
None
80%

-8oC to -15oC
> 3oC
None
80%

-16oC to -22oC
> 4oC
None
90% 

Lower than -22oC
Any Spread
None
90%

Table 4-3. No Icing Conditions.

4.8.5.3.2. Favorable Atmospheric Conditions for Icing. At 0 to -7oC, if the dew point depression is 2oC or less, or at -8 to -15oC with a dew point depression of 3oC or less, use these rules:

4.8.5.3.2.1 In zones of neutral or weak cold-air advection, forecast a trace of icing with a 75% probability of being correct.

4.8.5.3.2.2 In zones of moderate or strong cold-air advection, forecast light icing with an 80% probability of being correct.

4.8.5.3.2.3 In zones with vigorous cumulus build-ups due to surface heating, forecast light icing with a 90% probability of being correct.

PRIVATE
T
T - Td
Advection
Icing * Forecast 
Probability


0 to -7oC
<2oC
Neutral/Weak Cold Air
Trace
75%


 
 
Strong Cold Air
Light
80%


-8 to -15oC
<3oC
Neutral/Weak Cold Air
Trace
75%


 
 
Strong Cold Air
Light
80%


Areas with vigorous Cu build-ups due to surface heating


Light

90%

Table 4-4. Conditions Favorable for Icing.

4.8.5.3.3 General Icing Forecast Rules.

4.8.5.3.3.1 Areas with steady non-freezing precipitation, forecast little to no icing.

4.8.5.3.3.2 Areas without steady non-freezing precipitation, particularly in cumuliform clouds, forecast light icing.

4.8.5.3.3.3 Other icing rules based on surface data (see note at end of Section 4.4.7.):

4.8.5.3.3.4 Icing in clouds resulting from frontal activity or orographic lifting is indeterminate based on surface data alone. (Do not use presence or absence of precipitation as a factor in predicting icing here.)

4.8.5.3.3.5 Within clouds up to 300 miles ahead of the warm-front surface position, forecast light icing. (Moderate icing is possible within 100-200 miles ahead of the frontal boundary.)

4.8.5.3.3.6 Within clouds up to 100 miles behind the cold front surface position, forecast moderate icing.

4.8.5.3.3.7 Within clouds over a deep, almost vertically stacked low-pressure center, forecast moderate icing.

4.8.5.3.3.8 In freezing drizzle, whether below or in clouds, forecast moderate icing.

4.8.5.3.3.9 In freezing rain, whether below or in clouds, forecast severe icing.

PRIVATE
DESCRIPTION
POSITION OF CLOUDS

ICING FORECAST

Not due to frontal
Over areas with steady
Little or none


activity or orographic
liquid precipitation
 


lifting
 
 


 
Over areas with no 
Light


 
liquid precipitation
 


Due to frontal
Presence/absence of
Indeterminate


activity or orographic
precipitation not an
 


lifting
indicator
 


Up to 300 miles ahead of warm frontal surface

Light


position

 


Up to 100 miles behind cold frontal surface position

Moderate


 

 


Over deep, almost vertical low pressure center

Moderate


In freezing drizzle (in or below clouds)

Moderate


In freezing rain (in or below clouds)

Severe


Table 4-5. General Icing Forecast Rules.

4.8.5.3.4 Forecasting Icing Type.

4.8.5.3.4.1 Forecast rime icing when the temperatures at flight level are colder than -15oC under any conditions, or between -1 and -15oC in stable stratiform clouds.

4.8.5.3.4.2 Forecast clear icing when temperatures are between 0 and -8oC in cumuliform clouds. In freezing drizzle, forecast moderate clear icing. In freezing rain, forecast severe clear icing.

4.8.5.3.4.3 Forecast mixed rime and clear icing when temperatures are between -9 and -15oC in unstable clouds.

PRIVATE
 

TEMPERATURE
AT OR IN
ICING TYPE FCST

below -15oC
Flight level
Rime

-1 to -15oC
Stable stratiform clouds
 

0 to -8oC
Cumuliform clouds and in freezing precipitation
Clear

-9 to -15oC
Unstable clouds
Mixed (rime and clear)

Table 4-6. Determining Icing Type.

 

 

 

4.8.5.3.5 Forecasting Icing Using AWDS.

4.8.5.3.5.1 Create a vertical cross-section of the potential icing area and look for the ingredients necessary to produce icing. Isopleth for RH and TMP values. Locate moisture pockets (Areas of RH greater than 65% where clouds are most likely to exist) and subfreezing temperatures. Be very careful with FBD data, the stations selected for your cross-section may not show moisture pockets that may exist between them. UGDF is model-based output data, so be sure the model is handling the situation well. If it isn't, the forecast could be very inaccurate. If the flight route takes you through these areas of higher moisture, forecast icing. 

4.8.5.3.5.2 Look on the 1000-500mb thickness chart for thermal advection patterns. Increasing cold air advection into an area raises the possibility of icing. Now check the 850, 700, and 500mb charts for moisture. Moisture combined with cold air advection should alert the forecaster to the possibility of icing in that area. Use 300 and 200mb data to show locations of jet streams (with emphasis on maxima and minima). This shows areas of PVA (downstream from maxima and upstream from minima) and NVA (upstream from maxima and downstream from minima). 

4.8.5.3.5.3 Use the high-level icing charts produced by AFWA to check for possible icing areas. Remember to adjust the timing accordingly.

4.8.5.3.6 Forecasting Icing Using Skew-T. Look for moist layers where the temperature is between 0 C and -22 C and the dew point depression is < 3 C. Icing will likely be found at these levels. Use cloud type and the temperature rules above to determine the type of icing that is likely.

4.8.5.3.7 Forecasting Icing Using the WSR-88D. There are several icing parameters that can be identified by the WSR-88D. The first parameter is cold air advection. The radar produces two products to help you. Base mean Radial Velocity and the VAD Wind Profile (VWP). The Base Velocity Product indicates cold air advection by a backward "S" pattern in the zero isodop. The VWP will show the winds backing with height, the same pattern you see on the Skew-T. The advantage to using the VWP over the Skew-T is data timeliness.

The second parameter identified by the radar is the freezing level. The Base Reflectivity displays the freezing level as a ring of enhanced reflectivity (30-45 dBz) around the Radar Data Acquisition Unit (RDA). The outer edge of the ring is the freezing level (0oC). You can measure the height (MSL) by placing the cursor on the freezing level. The Reflectivity Cross Section (RCS) can also identify and measure the height of the freezing level. The end points chosen on the RCS should be on different sides of the enhanced reflectivity ring on Base Reflectivity product to provide an accurate interpretation. The freezing level is along the top of the bright band. The third parameter identified by the radar is moisture, actually cloud droplets and precipitation. All moisture falling within the 0oC and -22oC isotherms may contribute to icing, if other parameters have been identified.



 

 

4.8.6 Forecasting Maximum Temperature. 

4.8.6.1 Skew-T. If no changes in airmass are expected, use an early morning sounding and trace a dry adiabat through the temperature at the 850mb level (adjust if strong subsidence or frontal inversion exists at 850mb) to the surface pressure level and read the surface temperature. This method is representative when little or no cloud cover is present or expected during the heating period. When broken to overcast conditions exist, or are expected to occur during the heating period, follow a moist adiabat through the 850mb temperature to the surface pressure level and read the surface temperature. These guidelines are general and must be tailored to individual locations. 

4.8.6.2 Diurnal Temperature Curves. These tables are climatologically-based and categorized for the specific month, various ceiling heights, wind directions, and speeds.

4.8.7 Forecasting Minimum Temperature. 

4.8.7.1 Skew-T. If no changes in airmass are expected, use an afternoon sounding and trace the 850mb dew point moist adiabatically to the surface pressure level and read the surface temperature. This method is only applicable with clear to scattered skies. When forecasting minimum temperature in cP or cA airmasses, use the coldest temperature, which is usually below the 850mb level.

4.8.7.2 Diurnal Temperature Curves. These tables are climatologically-based and categorized for the specific month, various ceiling heights, wind directions, and speeds.

4.8.7.3 If no change in airmass is expected, The dew point temperature at the time of maximum heating is a good estimate of the next day’s low. 

4.8.8 Forecasting Thunderstorms. Use these locally prepared or processed products. 

4.8.8.1 Skew-T. Use accepted stability values for thunderstorms to determine potential or forecast the Skew-T.

4.8.8.2 Satellite is used to determine cloud type, movement, and possible movement of thunderstorms. It will be the primary tool in tracking the monsoonal moisture trail over the southern portion of the sector. Doppler can be used for timing and interrogating specific cells, lines, and areas.

4.8.8.3 Parameters needed for thunderstorms:

4.8.8.3.1 Low-level moisture.

4.8.8.3.2 Instability.

4.8.8.3.3 Trigger; mechanical (frontal or orographic), low-level convergence, surface heating.

4.8.8.3.4 Exhaust (for severe storm development)

4.8.8.4 Thunderstorm Indicators for Korea:

PRIVATE
 
Triggers: (orographic or frontal lift, surface heating)

 
Total Totals >50

 
Showalter Stability Index < -1

 
Lifted Index < -1

 
Abundant Low Level Moisture

 
Cold Air Advection at 500mb

 
Significant divergence aloft

 
500mb Temperature <-20 C

 
Veering winds with height (30-90 ) (severe)

 
Surface pressure <1005mb (severe)

 
850mb thermal ridge lies west to southwest of max moisture advection (severe)

 
Strong wind shear, provides exhaust and keeps updraft core precipitation free (severe)

 
Dewpoint >13 C (severe)

 
Wet-bulb 0 7,000-9,000 (large hail)

 
700mb dry air intrusion (severe)

 

 

 

 

 

Chapter 5

STEP FOUR: KNOW THE WEATHER REGIMES AND PROBLEMS

 

5.1 Introduction. It's the middle of summer. You're all set to assume forecasting responsibilities. Are you thinking about how much snow to forecast? Probably not. What you're thinking about is the overall weather pattern and the likely effects of that pattern upon the weather. You've also got one eye on that next system or a frontal passage that's going to introduce cooler air. What you're doing is analyzing the current weather regime affecting the Korean Peninsula. Smart and experienced forecasters know what to expect under certain regimes/patterns. Satellite imagery, checklists, metwatching pressure gradients for onshore flow, etc., are just some of the things they'll look for. They'll also look at filed forecast reviews, case studies, and other technical library resources. That's what weather regimes are all about--quantifying the experience and knowledge of forecasters past, present, and future. By using the regime concept, we're able to focus our energies in the proper direction and make the best use of the resources around us in the weather station.

5.2 Siberian High (or Asiatic High). Due to its latitude, incoming solar radiation (insolation) is at a minimum in the northern latitudes as the solar angle of incidence is minimal during the winter months. With a lack of a large body of water to modify the climate, the Asian landmass becomes intensely cold, and the Siberian High is formed. The mean position of the Siberian High is centered around south-central Mongolia, south of Lake Baikal. Cold, dry air flows southward from the high as far south as the northern Philippine islands. This high pressure cell drives the polar front south of the Korean peninsula by late October and establishes itself as the primary winter regime.

5.2.1 Helpful Products. Evidence of the Siberian High can be detected on surface and 850mb charts as early as late September and becomes more pronounced as the fall and winter progress. Establishing continuity on this feature early in the season aids the forecaster in the timing of its onset. 1000-500mb thickness is a good tool to use to monitor the advancement of this airmass over the Korean peninsula, since the polar front denotes its leading edge. Surface observations characteristic of this regime often include clear skies, crisp temperatures, relatively dry dew points, and northerly winds. Visibility may be restricted due to morning fog, particularly in cities and along coastal areas. The 1000-850mb thickness or isodrosotherm analysis is also helpful during mid-winter for new arctic outbreaks.

5.2.2 NEXRAD. Composite reflectivity will be generally echo-free. Provided enough scatterers are available, a distinct "ring" denoting an inversion will be present around the RDA.

5.2.3 METSAT. Visual imagery will be cloud-free over land, but may indicate stratus or strato-cumulus clouds over the ocean areas. On high-resolution visual imagery, ice can be seen over shallow coastal waters. The large land mass over Asia will show up as milky-white on infrared imagery due to extremely cold temperatures.

5.3 Arctic Fronts. In mid-December, the Asian airmass becomes bitterly cold as the Siberian High continues to intensify. Occasionally, a portion of this airmass may migrate southward over Korea (West Lake Baikal High), moved from its source region by the arctic jet and reflected as a mid-level short-wave (usually 500 or 700mb), producing unusually cold temperatures and dangerous wind chills throughout the peninsula. On the average, bitter cold surges occur 2-3 times from late-December through mid-February, with milder surges occurring about once per week. Due to the large water areas surrounding the peninsula, these airmasses are relatively short-lived and generally modify to mP in 2-3 days (i.e. West Lake Baikal Highs).

5.3.1 Helpful Products. Thorough surface and upper air analysis are the best tools to indicate arctic outbreak potential. Look for troughing over the surface high pressure cell and a short-wave at 500 and/or 700mb that will dig the trough southward. The arctic jet will show up well at 500 and 300mb, and a jet max will be supporting the trough. Arctic jets are normally associated with the -30 C isotherm at 500mb. The 1000-500mb thickness chart is also useful for detecting and progging the movement of arctic boundaries. Arctic fronts generally lie along the 516-522 decameter thickness isopleth. However, since arctic outbreaks are usually shallow the 1000-850 or 1000-700mb thickness charts may be a better indicator arctic outbreaks. Draw a front along, or highlight this isopleth and look for evidence of southward movement on thickness progs. Vorticity charts can provide initial clues of short-wave development that may trigger frontogenesis. Satellite imagery can help track the development of instability showers over the open water of the West Sea, along the front. 

5.3.2 NEXRAD. Spectrum width data is very useful in this regime as these fronts are generally associated with little or no cloud cover. Spectrum width data will depict a discontinuity line of higher reflectivities denoting the frontal surface. Due to the shallow nature of these systems, these lines of discontinuity will only appear in the vicinity of the RDA.

5.3.3 METSAT. Visual imagery will be cloud-free over land, but may indicate cumulus clouds along the boundary over the ocean areas. On high-resolution visual imagery, ice can be seen over shallow coastal waters. Subtle temperature differences may appear across the boundary on infrared imagery, particularly during the afternoon hours (max heating) as the airmass ahead of the front warms at a faster rate than the airmass behind the front. 

5.4 Shanghai Low. Shanghai Lows form and develop as upper-level short waves intersect the polar front over the relatively warm waters of the West Sea in the vicinity of Shanghai. Depending on their trajectory as they move eastward, they affect different portions of the peninsula in different ways. If the lows move over the peninsula, considerable snowfall will accumulate in areas to the left and downstream of the low’s track. Since these lows are fairly intense, gale-force winds (> 27 knots) are possible, especially in areas prone to channeling effects. As the low moves off the east coast of Korea, cold, westerly to northwesterly winds behind the low draw moisture off the West Sea and produce instability snow showers that dump snow along the west coast. If these lows track south of the peninsula, strong easterly winds north and east of the low center draw moisture off the East Sea and produce blizzard conditions in winter and several inches of snow or rain along the east coast of Korea due to upslope. Gale-force winds are also common, especially in areas prone to channeling effects. In winter, southern portions of the peninsula will get snow as the low passes by, with the heaviest amounts accumulating to the west and downwind of the low’s track, and in areas prone to upslope conditions. South coastal regions may get rain in advance of the low, changing to snow as the low passes. The heaviest snow is 1 to the left of the track of the surface low and with a width of approximately 100-150nm.

5.4.1 Helpful Products. On the surface chart, look for a developing frontal wave over the West Sea. Ship synoptic reports in this area will indicate rapidly falling pressures as the low pressure system continues to develop. In the upper air, troughing exists above 850mb over eastern China, with a short-wave entering the base of the long wave trough. This causes the frontal wave to deepen. Upper air charts are of limited value in the development of the low, since it occurs over the data-void area of the West Sea. However, as the low develops fairly rapidly, upper air plots from coastal stations in China and Korea will show marked height falls at 700 and 500 mb. Track advection patterns at 850mb and monitor the freezing level at individual locations to determine the type of precipitation that will fall. The position of the polar jet at 300mb will dictate the path that the low will follow. Once developed, the forecast models may be used to assist in forecasting the movement. 700mb relative humidity charts can provide clues as to where the heavy precipitation is likely to occur, but must be tailored to individual locations that are prone to upslope conditions. 

5.4.2 NEXRAD. Reflectivity products will indicate clouds and precipitation over the West Sea as the low develops. Composite reflectivity on NEXRAD is the best short-term forecasting tool for timing the onset and duration of precipitation at individual locations. Thickness/heights of cloud layers and circulation patterns can be monitored as the system develops, using the VAD Wind Profile. UCPs should consider using clear-air mode if the precipitation event is likely to be in the form of snowfall, as snow is better reflected and tracked in the lower dBz range.

5.4.3 METSAT. Looped satellite imagery (especially visual) is very beneficial for identifying low-level cyclonic circulation at the onset of the event. IR imagery is useful for determining heights of cloud tops as the system develops. Satellite imagery is also useful for determining the movement of these systems and for timing the onset of clouds and precipitation at individual locations.

5.5 Okhotsk High. This semi-permanent high pressure cell forms over the cold, maritime-polar source region in the Sea of Okhotsk during late winter and early spring. Ridging from this high extends southwestward across the Sea of Japan (East Sea) and the Korean peninsula westward to eastern China when it’s well-developed, and is the primary regime affecting Korea from March through early June. Its influence on the Korean peninsula varies according to its relative strength which fluctuates week to week throughout the spring but, in general, the Okhotsk High is strongest in the early spring and gradually weakens by June. It holds the Changma boundary at bay until mid- to late-June, when the water over the Sea of Okhotsk warms, causing the high to weaken and allowing an influx of moisture from the south that precedes the rainy season.

5.5.1 Helpful Products. The surface chart/LAWC, although data-sparse over the ocean area, is a good product to use in identification of this regime. Although ship synoptic reports in the Sea of Okhotsk are most helpful, knowledge can be gained from a thorough analysis of surface plots along coastal areas near the Sea of Okhotsk and northeastern Japan. Good continuity of surface pressure trends in these areas can provide important clues to the relative strength of this regime and subsequently, its affect on the Korean peninsula. Upper air charts are of limited use due to data sparsity over the source region, although an increase in pressure heights and a decrease in dew point depressions over coastal land areas on the 925 and 850mb charts may be of some use. Because the flow remains westerly at these levels and upstream data is more abundant, the 700 and 500mb charts are great for tracking short-waves which may bring precipitation to the peninsula under this regime. Forecast models such as NOGAPS are the best tools for forecasting the high’s effect on the peninsula for the near future. Surface observations indicative of this regime contain light winds, cool temperatures with relatively high dew points (compared to the Siberian or Baikal High), and may have a visibility restriction due to fog or haze during the early morning and afternoon hours. 

5.5.2 NEXRAD. In clear-air mode, reflectivity products may denote a "ring" of higher reflectivity values around the RDA, indicating the presence of an inversion. Any clouds and precipitation under this regime would likely come from the west, associated with upper-level short waves, and can easily be detected using reflectivity products.

5.5.3 METSAT. Over land areas, visual imagery may indicate the presence of fog/stratus especially over coastal areas. Followed through time, this fog/status will dissipate from the edges inward during mid-morning through afternoon due to surface heating. Stratocumulus clouds will be extensive over the Sea of Japan with little diurnal variation and can be detected using either visual or IR imagery. 

5.6 Changma Boundary (or Monsoon Boundary). A quasi-stationary, semi-permanent east to west-oriented low-level convergence boundary generated by the interaction of the northward-moving tropical airmass around the Subtropical High (or Bonin high) to the south and the retreating cool, relatively dry, airmass of the Okhotsk High. A series of waves rippling along the boundary form an almost continuous cloud band, which may be up to 600 miles wide. Normally, the boundary lies across the southern portion of the ROK in late June and gradually migrates northward to the north Korea/China border by August as the subtropical ridge builds northward behind it.

5.6.1 Helpful Products. Monitor surface charts and model runs for evidence of the Okhotsk high pressure system weakening and the subtropical ridge building northward, usually around mid-June. The initial indication that the Changma front is approaching the peninsula is evidenced by a marked increase in moisture from the south on the 500mb chart and/or reports of cirrus/cirrostratus clouds on observations at stations in extreme southern Korea. As the front progresses northward, moisture gradually increases at the 700mb and 850mb levels, combined with strong warm air advection at all levels on the upper air charts. An LAWC plotted and analyzed every three hours can provide excellent continuity on the movement and development of the system once it begins to affect the peninsula. The MM5 surface moisture convergence chart, 850mb RH and 700mb RH are excellent tools to indicate where the monsoonal boundary is and whether it is "active" or not. If the moisture doesn’t extend above 850mb the boundary is "inactive". Once the vertical extent of the moisture reaches up to 700mb the monsoonal boundary has great potential to produce heavy rain events, especially if a vorticity advection lobe interacts with the boundary. Satellite imagery is especially helpful for detecting the location and movement of the Changma boundary due to the sparseness of conventional weather data over the ocean areas. Wave development can be monitored quite well on a visual or infrared loop. Areas of positive vorticity advection provide early indication of wave formation, and assist the forecaster in progging their development. Other ways to track the boundary are the 576 thickness isopleth on the 1000-500mb thickness chart and the 582 height contour on the 500mb chart.

5.6.2 NEXRAD. Reflectivity products on NEXRAD are extremely beneficial in timing the onset and duration of precipitation at individual locations. VAD Wind Profile can be used to assess the thickness and heights of cloud layers as the system progresses northward (the system will build down to the surface). Velocity products are useful for determining vertical advection patterns (backing/veering winds). Spectrum width data can be used to identify the boundary surface, and will be displayed as a line of higher values. 

 

5.6.3 METSAT. Due to extensive cloudiness associated with this regime, the Changma boundary can easily be tracked around the clock using IR imagery. Looping visual and/or IR imagery provides for early detection of developing waves, especially over the data-sparse waters to the west. Water vapor imagery works well for determining changes in the strength and orientation of the jet stream and can provide important clues for predicting movement of the boundary.

5.7 Bonin (or North Pacific) High. This regime dominates Korea in late summer, after the Changma has passed to the north. It dominates the southern portion of the peninsula beginning in July, and gradually pushes northward behind the Changma, dominating the entire peninsula by late August. It is characterized by hot, humid, sultry conditions and generally fair skies. During the fall, the cell moves east-southeast and weakens.

5.7.1 Helpful Products. Monitor surface charts and model runs for indications of the subtropical ridge intensifying and building northward. Upper air charts are of limited value due to data sparsity over the vast ocean areas. However, evidence of significant height rises over Japan at all levels is a strong indication that this regime is developing. Establishing continuity using the 576 or 582 decameter contour on the 500mb chart can be a tremendous help. Monitoring and timing the northward progress of the Changma can provide insightful clues as well. Surface observations indicating the regime are characterized by temperatures above 80 F (27 C), dew points in excess of 65 F (18 C), and reduced visibility in fog or haze.

5.7.2 NEXRAD. Reflectivity products may indicate the presence of an inversion by a "ring" of higher reflectivity values encircling the RDA. The development of afternoon cumulus clouds, especially over higher terrain are also easily detected. Although relatively rare, isolated airmass thunderstorm activity is also possible.

5.7.3 METSAT. Water vapor satellite imagery is very useful for identifying the development of the subtropical ridge, as indicated by a large, black spot or channel where mid- and upper-level moisture are lacking due to subsidence. Development of afternoon cumulus fields are easily detected on visual satellite imagery and should be monitored for possible thunderstorm development.

5.8 Polar Front. North Korea is affected by the polar front in mid-September as the boundary begins its migration southward from its summertime location north of the peninsula. Forced southward by the building Siberian High, the movement of this system is fairly gradual and the front generally moves to its mean position south of Korea by late October.

5.8.1 Helpful Products. Surface and upper air charts are generally good at defining the polar front at its northernmost point in China, as data is relatively abundant. It is important to establish continuity on this boundary before it begins to affect the peninsula, where data is limited due to the vast ocean areas surrounding it. Defining the front on the surface and 925mb chart can be difficult as it progresses through the rugged terrain in China and north Korea. Use of the 850mb chart better depicts frontal placement in these locations. The polar boundary generally follows the +5 C to +10 C isotherms at 850mb in the fall. The 1000-500mb thickness chart is very good for locating and progging the movement of the polar front. The front should be initialized at the leading edge of the thickness packing and should be progged through the period using the same thickness contour it was initialized on. As a rule, the front tends to follow the 546-552 decameter thickness contours. Use the vorticity chart to initialize and prog frontal wave development. Areas of potential precipitation can be found by using the relative humidity charts from the NOGAPS model runs. Areas of 70% or greater relative humidity generally indicate the potential for shower activity. Areas of 90% or greater relative humidity are indicative of a steady rain event. The availability of moisture on the upper air charts should be assessed at all levels to refine these rules-of-thumb.

5.8.2 NEXRAD. Reflectivity products on NEXRAD are the best short-term forecasting tools to use in the timing of cloud cover and onset of precipitation at individual locations as well as helping to determine precipitation type. The VAD wind profile is useful in monitoring the thickness and height of cloud layers as the front approaches and also can be used to find the upper-level frontal surface. Velocity products are useful for determining vertical advection patterns (backing/veering winds). Spectrum width data can be used to identify the frontal surface, and will be displayed as a line of higher values. 

5.8.3 METSAT. Due to extensive cloudiness associated with this regime, the Polar front can easily be tracked around the clock using IR imagery. Looping visual and/or IR imagery provides for early detection of developing frontal waves, especially over the data-sparse waters to the west. Water vapor imagery works well for determining changes in the strength and orientation of the jet stream and can provide important clues for predicting movement of the frontal boundary.

5.9 Baikal Low. The Baikal (Lake Baikal) Low is a migratory low that occurs throughout the year, but mostly in the spring. Baikal Lows pass to the north of Korea and Japan and move at an average speed of 20 knots. Their tracks are parabolic (move in a curved path). Baikal Lows appear less frequently than Mongolian Lows. They occur any month of the year, most often in spring and fall, and average 2-3 per month. Regeneration is triggered by pressures of 1016 mb or lower. Baikal Lows are often weak due to the dry continental air. As a result, there is very little precipitation and variable amounts of cloud both ahead of and behind the associated occlusion or cold front. Little change in temperature is observed at the surface. An unstable air mass causes considerable precipitation and cloudiness and a more rapid movement of the low.

Baikal Lows track north of 50° N and only their trailing cold fronts affect the region. The associated trailing cold fronts are weak, slow moving, cause little or no precipitation, and are often difficult to detect. You can detect frontal passage by a wind shift and cooling of the lower layers in upper-air soundings. Cold fronts from the northwest generally produce ceilings in the 2,500-3,000-ft range with very little precipitation. These clouds persist 1-3 hours and scatter after frontal passage, except along the immediate West Sea coast where upslope conditions may persist. In the spring at locations farther south and near the West Sea coast, with southerly to southwesterly flow tapping West Sea moisture, pre-frontal squall lines or thunderstorms along the front are possible. These thunderstorms will have low tops, but could produce weather warning winds and hail. Although a cold front may pass the Shantung Peninsula without rain, it often brings rain or snow to Korea because of its path over the West Sea.

The following can be used to time cold frontal passage:

PRIVATE
 
Cold fronts move at speeds of 15-20 knots in spring and fall and 20-25 knots in winter.

 
A cold front moving to the southeast will pass Camp Casey, Seoul, Suwon, Osan, and Camp Stanley 4-5 hours after it passes P-Y-DO (Paengnyong-Do) causing conditions similar to those experienced at P-Y-Do. P-Y-DO is a good indicator of the weather at Camp Casey, Seoul, Suwon, Osan, and Camp Stanley, except when Korea is under easterly flow.

 
The island of Chodo (NNE of P-Y-DO at 38°40’ N, 124° 50’ E) is an excellent tool for timing frontal approach and passage. The weather at Camp Casey, Seoul, Suwon, Osan, and Camp Stanley parallels Chodo’s with a lag of 6-8 hours.

5.9.1 Helpful Products. On the surface, 925mb, and 850mb charts, look for a wind shift and slight contour troughing to locate the front. Horizontal weather depiction analysis may indicate a band of 2,500-3000 foot ceilings in the vicinity of the boundary, provided sufficient moisture exists. Troughing will exist in the upper levels, supporting the surface frontal system. Initialize the frontal boundary on the 1000-500mb thickness chart and prog it through the period. Be alert to possible wave development along the boundary over the West Sea. During the spring, monitor the perpendicular component of the wind at 700mb to the frontal boundary to determine possible squall line development.

5.9.2 NEXRAD. Reflectivity products may be helpful for detecting and monitoring showers and possible thunderstorms associated with the trailing frontal boundary, especially in spring. Spectrum width data is useful for locating the boundary in the absence of clouds. The frontal boundary will appear as a line of higher spectrum width values.

5.9.3 METSAT. Visual or infrared imagery may be useful in tracking the boundary provided sufficient moisture exists. Developing showers and thunderstorms can be detected along or ahead of the boundary, especially over the West Sea in spring. Water vapor imagery can be used to find jet streams and may be useful for steering the system.

5.10 West Sea Lows. West Sea Lows (also known as Hwang Ho Lows) occur during any month of the year. They reach a double maximum of occurrence in late spring (June) and again in early autumn (September) with the Polar Front still in the Korea area. They reach a minimum in the summer (July and August) once the Polar Front pushes north of the peninsula. West Sea Lows are relatively rare, averaging 1 per month with a life cycle of around 6 days. They only affect the Korean peninsula for about two days per occurrence.

When a low is generated over China and passes 120° E, south of 30° N, it is classified as a Shanghai Low. The low is classified as a West Sea Low if it passes north of 30° N. West Sea Lows almost always track into the East Sea and are responsible for some of the worst weather experienced in Korea.

Most West Sea Lows form when a weak frontal wave on the South Mongolian Low track moves east of Beijing and taps West Sea moisture and warmth in the Gulf of Pohai, on the northwest corner of the West Sea. These lows typically track eastward at an average speed of 20 knots across the Korean peninsula north of the DMZ, and into the East Sea.

West Sea Lows bring the worst weather conditions of any migratory system to the area. They typically track along the DMZ, resulting in less weather for southern portions of the ROK. However, when they track over the south part of the peninsula, the worst conditions can be expected at all locations. Cloud cover generally persists for 24-36 hours; expect ceilings of 500-1,000 ft once the storm center reaches the Kunsan-Suwon area. Precipitation ends once the storm center passes 127° E. Ceilings and visibilities will drop to 600 ft and 1-3 miles a few hours after the onset of rain or drizzle.

Keys to forecasting cyclogenesis and timing of weather associated with West Sea Lows:

PRIVATE
 
If the winds at Cheju-Do become southeast at 8 kts or higher, rain will occur over Korea in 12-18 hours due to a wave (usually a West Sea Low) on the Polar Front and will persist until a north-south line from the wave crest is east of Korea. 

 
A rapid pressure drop at P-Y-DO (Paengnyong-Do), Seoul, or Osan indicates the rapid approach of a system or the development of a new system in the West Sea area. Maintain a close watch on the 24- to 48-hour pressure changes as indications of possible development.

 
If a low overcast continues 2-3 hours after a frontal passage on either coast, expect an approaching secondary low to exist to the west of the Yellow River area or an approaching secondary front. However, if the skies become broken to scattered soon after a frontal passage, clear skies should be forecast for the next 24 hours.

 
Thin cirrostratus overcast forming over the western ROK and gradually thickening is often the first indication of an approaching wave. These systems usually reach the area within 24-36 hours after the initial formation of cirrus and are most frequent during the spring.

 
Forecast cyclogenesis (except in summer) within 48 hours after a migratory high (usually an East Lake Baikal High) moves from East Asia to a position over the East Sea.

5.10.1 Helpful Products. On the surface, look for falling surface pressures along the east coast of China and the west coast of Korea and/or a developing low pressure system north of 30° N. A horizontal weather depiction will indicate areas of lower ceilings along coastal China and Korea as the system develops. in the upper levels, a major short-wave trough will be found supporting the surface cyclogenesis. The NOGAPS model may be slow to develop these systems and may be erratic in predicting their movement.

5.10.2 NEXRAD. Reflectivity products are excellent for depicting cloud cover and precipitation associated with West Sea Lows and aids in timing the onset of precipitation at individual locations. Due to the abundance of scatterers, the VAD wind profile provides a good indication as to the thickness of cloud layers and upper-level steering flow to aid in timing the system’s movement. VIL and other products such as One Hour Precip and Storm Total Precip can be good for estimating precipitation amounts at individual locations and possibly determine areas where flooding may be occurring.

5.10.3 METSAT. Abundant cloud cover make visual and infrared imagery useful for detecting a developing West Sea low and tracking its movement. Water vapor imagery is also good for identifying jet streams which will steer the low through its life cycle. The low will affect portions of the Korean peninsula differently, depending on its track.

5.11 Mongolian Lows. Mongolian Lows occur in all seasons. Their track is more southerly than Baikal Lows, generally tracking northwest to southeast over northern China, recurving over the West Sea and passing over Korea (north of the DMZ). Mongolian Lows move at a mean speed of about 20 knots and are most prevalent from March to July (averaging 2-3 per month), but may occur any month of the year. 

Usually, the only effects from Mongolian Lows in the Far East Region are in association with trailing cold fronts. Timing these fronts is fairly consistent. When the trough which precedes cyclogenesis moves past Lake Baikal, look for the trailing cold front to pass into Korea 24-30 hours later.

As a Mongolian Low approaches the Gulf of Pohai, it tends to slow up slightly as a warm ridge builds ahead of it. The low generates moderate-heavy precipitation in the region, most of it on the northwest coast of Korea. Ahead of the low, a cirrus/cirrostratus shield thickens, and a band of high altocumulus or altostratus clouds (7,000-11,000 ft) appears locally 8 to 10 hours prior to the low passage. A broken to overcast stratocumulus/ cumulus deck develops some 2-4 hours prior to the low passage. This deck lowers to below 1,000 feet just prior and during low passage. Precipitation is showery, and may be in lines of either rain or snow. Visibility in rain is usually 2-4 miles, but may drop to 1-2 miles or occasionally below 1 mile in snow.

Once the low passes, winds shift from southwest to northwest, but remain gusty. 20 to 30 knot winds are not uncommon. Ceilings lift to 2,000-2,500 feet and the precipitation ends within 1-2 hours. If the clouds become scattered shortly after frontal passage, clear skies should be forecast for the next 24 hours.

If the low tracks north of the Gulf of Pohai, the trailing front produces clouds and light precipitation. Cirrus/cirrostratus first moves ahead of the front with a band of altocumulus or altostratus clouds (7,000 to 11,000 ft) appearing locally 8 to 10 hours prior to frontal passage. A broken layer of stratocumulus (2,000 to 3,000 ft) moves in 2-4 hours prior to and during passage. Showery precipitation precedes the front by 3-6 hours. Rain reduces visibilities to 3-5 miles, occasionally down to 1-2 miles in heavier showers. Snow reduces visibilities to 1-2 miles, intermittently down to 1 mile. The precipitation usually ends with frontal passage. Expect shifting gusty surface winds. Prior to passage, winds are generally southwest shifting to northwest after passage with speeds of 20 to 30 knots. Several hours after frontal passage skies scatter except near the West Sea coast, where cold air advection stratocumulus and lake-effect showers may occur.

Weather from a Mongolian Low is usually limited to frontal bands over Korea. A wider band of precipitation occurs with northeast-southwest oriented fronts than with west-east or north-south oriented fronts. 

5.11.1 Helpful Products. On the surface, 925mb, and 850mb, look for a developing low pressure system over Mongolia, and developing fairly rapidly. In the upper levels, a major short-wave can be found in the vicinity of Lake Baikal, supporting the surface cyclogenesis. Use the 1000-500mb thickness chart to initialize the associated frontal system and prog it through the forecast period. Track the movement of the low carefully, as its trajectory will determine the amount of precipitation which can be expected.

5.11.2 NEXRAD. Reflectivity products are good for monitoring the development of the system and timing the onset of clouds and precipitation at individual locations. VIL and other products such as One Hour Precip and Storm Total Precip can be good for assessing the amount of rainfall and determining possible areas of flooding. Due to the abundance of scatterers, the VAD wind profile can be useful in determining the thickness of cloud layers and determining the steering flow to predict the movement of these systems.

5.11.3 METSAT. Mongolian lows are easily tracked using both visual and infrared imagery due to the associated cloud cover. Water vapor imagery is useful for locating jet streams which will steer the system through its life cycle. 

5.12 East Lake Baikal High. The East Lake Baikal High is the dominant migratory high during the late spring, summer, and early fall months when an average of 3 highs affect the Far East Region monthly. East Lake Baikal Highs generally follow Mongolian and West Sea Lows and their cold fronts. They are not as cold as West Lake Baikal and Northeast Lake Baikal Highs. In the upper levels, a broad high pressure ridge can be found over Lake Baikal with a long wave trough down stream over the Sea of Japan.

East Lake Baikal Highs typically bring fair weather and cooler temperatures to the region.

Gusty northwest winds set up initially, but decrease once the high moves east of the Shantung Peninsula. Cold air advection stratocumulus occurs initially with lake-effect showers along west coastal areas. Once an East Lake Baikal High is in the East Sea and return flow is more southwesterly over Korea, clouds and precipitation develops west, spreading east. Another cold frontal passage usually follows.

If the center moves north of the Shantung Peninsula (i.e., north of 38° N), the coldest temperatures will be in the north central mountains under clear skies. If the center passes south of 36° N, expect heavy early morning fog in southern areas (once centered east of 123° E) with otherwise good weather conditions. If the center moves eastward, between 36°-38° N, expect fair skies and fairly uniform colder temperatures over the Korean Peninsula. Once the center is east of 128° E, southeast winds have the potential to funnel low clouds from the east over the Taegu/Camp Walker area.

5.12.1 Helpful Products. On the surface, 925mb, and 850mb charts in the late spring through early fall, look for a cool high pressure system forming in the vicinity of Lake Baikal. A broad upper-level long wave ridge will appear over the area on the 700mb, 500mb, and 300mb charts. Use the NOGAPS model run to initialize the high and prog it through the forecast period. If the high tracks south of 36° N, expect heavy fog in southern portions of the peninsula.

5.12.2 NEXRAD. As the high approaches Korea, stratocumulus clouds and possible instability showers may be detected in the northwesterly flow over the West Sea on the Reflectivity products. As the high moves over the peninsula, an inversion may be seen as a "ring" around the RDA.

5.12.3 METSAT. Look for a large area of clear skies over the Lake Baikal area on visual and infrared imagery. Water vapor imagery may be useful in determining the location of the high as depicted as a large dark spot, indicating a lack of moisture due to downward vertical motion. Water vapor imagery is also useful for locating the jet stream, which will steer this system through its life cycle.

5.13 West Lake Baikal High. The main Siberian High originates in the areas north of Lake Balkhash and northwest of Lake Baikal in Russia. It is a semi-permanent feature most prevalent during the winter and early spring. The West Lake Baikal High breaks off from the main Siberian High. It moves southeast around the edge of the Tibetan Plateau to the southeast into the East China Sea and then recurves northeast to pass south of Japan. West Lake Baikal Highs are most prevalent in the winter, averaging 3-4 a month in the winter and early spring. West Lake Baikal Highs typically are the strongest and coldest of the migratory Asian Highs. Surface temperatures typically range from -9° C (15° F) to -40° C (-40° F) under the center of the high. These highs typically follow on the heels of Arctic (or "fresh polar") fronts. Their mean central pressure is strongest in January, averaging 1038mb (30.65 inches). West Lake Baikal Highs can exceed 1050mb (31.01 inches) for up to 3 days. Variations in the strength of this high are directly related to the strength of the prevailing northwest winds associated with it. The upper levels feature a broad long-wave trough extending to south of Taiwan. The trough axis typically lies west of 125° E--west of the Korean Peninsula and just east of Taiwan in an extremely low zonal pattern.

Expect clear skies under this regime, except for areas along the west coast areas where lake-effect cold air advection stratocumulus and snow showers are prevalent.

5.13.1 Helpful Products. Evidence of West Lake Baikal Highs can be detected on surface and 850mb charts, especially as the winter progresses. Establishing continuity on this feature early in its life cycle aids the forecaster in the timing of its onset. 1000-500mb thickness is a good tool to use to monitor the advancement of this airmass over the Korean peninsula, since the arctic front denotes its leading edge. The best surface/thickness tool is either the 1000-850mb or 1000-700mb thickness chart, depending on the thickness of the cold air. Surface observations characteristic of this regime often include clear skies, crisp temperatures, relatively dry dew points, and brisk northerly winds. Visibility may be restricted due to morning fog, particularly in cities and along coastal areas.

5.13.2 NEXRAD. Composite reflectivity will be generally echo-free. Provided enough scatterers are available, a distinct "ring" denoting an inversion will be present around the RDA.

5.13.3 METSAT. Visual imagery will be cloud-free over land, but may indicate stratus or strato-cumulus clouds over the ocean areas. On high-resolution visual imagery, ice can be seen over shallow coastal waters. The large land mass over Asia will show up as milky-white on infrared imagery due to extremely cold temperatures. The West Lake Baikal High cannot be distinguished from the Siberian High on satellite imagery. Normally cold air stratocumulus forms approximately 8-12 hours after frontal passage. Consider the strength of the temperature advection and pressure gradient.

5.14 Northeast Lake Baikal High. These highs occur in any season. They move to the southeast and pass over Hokkaido. About 2-3 highs a month move through in winter. They are most prevalent in the spring and fall transitions, averaging 3-4 a month. They typically follow Baikal and Manchurian Lows and their associated cold fronts. 

Northeast Lake Baikal Highs are cP in nature and are shallower and much colder than Okhotsk Highs. Northeast Lake Baikal Highs tend to track southeastward, while Okhotsk Highs track more south or southwest. 

Northeast Lake Baikal Highs are characterized by a blocking pattern in the northern storm tracks with a weakening long wave trough over east Asia. The trough axis generally lies east of 150° E.

Forecast strong northwest winds initially when a Northeast Lake Baikal high pressure cell follows a cold frontal passage. Strong northwesterly becoming northeasterly flow usually indicates the beginning of 3 to 5 days of clear, cold, dry weather. After the third day, morning fog and smoke (near urban areas) often develops between 0800L and 1100L. Along the West Sea coast, strong northwest winds and cold air advection produce lake-effect snow showers at Koon-Ni, Kunsan, and areas just south of Camp Humphreys. This lake-effect typically begins 8-12 hours after cold front passage. When an intense high is centered in the area and its influence extends southeast to Japan, favorable weather persists in the ROK. 

In southern ROK during the winter, low-level flow from 330°-060° produces clear, cold weather. These conditions also persist for wind directions from 060°-140°, provided gradient wind velocities are light. If low-level flow is from 060°-140° and gradient wind speeds are 25 knots or more, heavy cumulus "build up" activity may occur in mid-winter and cause frequent snow showers, provided the upper level flow is from the west.

Taegu is well protected from strong surface winds by mountains. Expect the strongest gusts in this area immediately after a cold frontal passage. Generally speaking, Taegu's peak winds run 5-15 knots less than those occurring along the west coast of the ROK.

5.14.1 Helpful Products. On the surface, 925mb, and 850mb charts, look for a developing high pressure system northeast of Lake Baikal, primarily during the spring and fall transitions. In winter, monitor the gradient in the low levels, as easterly winds in excess of 25 knots may produce heavy snow showers in the southern portions of the peninsula, provided upper-level flow remains westerly. In the upper levels, troughing will be found over the Sea of Okhotsk. Use the NOGAPS model to predict the movement of the high through the forecast period. 

5.14.2 NEXRAD. As the Northeast Lake Baikal High initially begins its movement southeastward, northwesterly flow over the West Sea will cause stratocumulus clouds and instability showers to develop along the west coast, which may be depicted on Reflectivity products. As the high move over the East Sea, stratocumulus ceilings may also be indicated along the east coast of the peninsula. The VAD wind profile may be useful in monitoring gradient-level winds provided enough scatterers are available.

5.14.3 METSAT. Visual and infrared imagery may be useful in detecting stratocumulus ceilings over the West Sea in the initial stages of this regime and may indicate low-level ceilings along the east coast of the peninsula as the high moves over the East Sea. Water vapor imagery can be useful in detecting the jet stream, which will steer this system through its life cycle.

5.15 Tropical systems. Tropical systems normally originate in a band between 5° and 10° N. This band, often called the Near Equatorial Convergence Zone (NECZ), is now known as the tradewind trough, or monsoon trough. A region of convective activity with a detectable center of cyclonic circulation, called a tropical disturbance, could be the first sign of a tropical depression, tropical storm or typhoon in the making. Tropical disturbances can be triggered by a junction vortex in the Near-Equatorial Tradewind Convergence, or a trough in the westerlies intruding into the tropics from mid-latitudes, such as a shear line, a weak front undergoing frontolysis, or a cold, upper-level trough (tropical upper tropospheric trough or TUTT). Conditions that must be met before a tropical depression, tropical storm, or typhoon can develop: (1) Sea-surface temperature (SST) must be at least 26.5° C(80° F), (2) a strong Coriolis effect must be present (minimum at 5° latitude, but optimum between 10° to 20° latitude) (3) weak vertical wind shear (deep easterlies), (4) exhaust (sub-tropical ridge or TUTT), (5) pre-existing low-level disturbance, (6) deep moist layer. The prime genesis area for the western Pacific normally exists south and east of Guam.

The magnitude and position of the Pacific High over the western part of the Pacific Ocean determine the tracks of these storms. The tropical systems move under the ridge and recursive to the north at a weak point or break in the ridge. After a period of erratic movement during generation, most systems assume a west to northwest track toward the Philippines and Taiwan. Systems tracking around the western periphery of the North Pacific High recursive northward at a point generally farther to the west. This directs tropical cyclones toward the East China Sea and the Ryukyu Islands. They may then move into China and dissipate, recursive to the northeast toward the main islands of Japan, or recursive northward into the Yellow Sea and affect Korea. During the winter months, tropical cyclones normally recursive to the south and east with little effect on the Ryukyus and none on Japan or Korea.

5.15.1 Effect of Tropical Systems on the Korean Peninsula. The northern ROK is not as susceptible to tropical systems as the southern ROK. The northern ROK can expect one tropical storm or typhoon every 2-3 years, the central ROK can expect one every 1-2 years, and the southern ROK can expect an average of two per year. Climatology shows although the region is susceptible in July, August and September, the greatest probability is from 11-20 July and 1-10 September. Winds are not the biggest threat from tropical systems. Heavy rains cause flooding and are a major problem for the region. 

If a high is situated over the East Sea and/or southern Siberia and a typhoon or tropical storm is positioned in the Taiwan area, South Korea records heavy rainshowers. Typhoons that move northeast, south of Japan, cause light, intermittent precipitation over South Korea. When a cyclone tracks to the south of the ROK, expect 5-7 inches of rain in 24 hours over southern Republic of Korea. If the cyclone tracks inland from the southwest coast, expect 7-9 inches of rain in 24 hours over the southern areas.

Obviously, weather conditions depend on the proximity of a typhoon or tropical storm to a location. If a cyclone passes within 120 miles, expect initial conditions of scattered to broken low clouds at 4,500-5,000 ft, broken mid clouds at 10,000 ft, and a cirrostratus overcast. Within 2-4 hours of rain beginning, conditions deteriorate to low stratus-fractus at 500 ft, cumulus/stratocumulus broken at around 3,000 feet and overcast altostratus at less than 10,000 ft and visibility of 2-3 miles. Once a cyclone is within 60 NM, expect IFR conditions (usually 500 ft overcast and 1 mile or less in moderate to heavy rain). Conditions improve as a cyclone moves away. Topography affects wind speeds; friction reduces the maximum winds of a cyclone coming onshore. Embedded thunderstorms are likely with any cyclone. 

Storm surge is another consideration for coastal areas of Korea, specifically Kunsan AB. Things to consider when evaluating the effects of storm surge are: 1). Direction of storm movement relative to the coastline. A storm moving perpendicular to the coast will produce the greatest surge. Additionally, the greatest surge occurs to the right of the storm. 2). Whether it is high or low-tide. 3). The slope of the ocean floor. A gradual slope produces a greater surge than a steep slope. The south and west coasts of Korea have shallow slopes and, hence, are more vulnerable to storm surge effects.

 

 

 

 

 

 

 

 

 

Chapter 6

STEP FIVE: KNOW THE CUSTOMER AND MISSIONS

6.1 Introduction. Understanding the atmosphere and formulating a scientific, coherent forecast is an important job, but in and of itself is of no value unless our supported customer can utilize it to anticipate and exploit the weather for a successful mission! We are professionals serving professionals and our input is valued quite highly. That’s why this step is so crucial - we must know the customer, his mission, and his airframe.

Listing all customers and missions supported by the 607th Weather Squadron goes beyond the scope of this publication. It is incumbent upon each Detachment and Operating Location to identify their customers and know their customer’s missions. Each Detachment and/or Operating Location will list it’s supported customers and their requirements in their Local Area Forecast Program. Help your customers to choose the weather for battle!

6.2 Aircraft Performance Characteristics and Weather Sensitivities.

6.2.1 A-10 "Warthog" or "Thunderbolt II" (Cat III). 

6.2.1.1 Limitations of operation: 

6.2.1.1.1 Icing: Possesses anti-icing wind screen. Light icing may degrade mission. Cannot operate in areas of forecasted moderate icing.

6.2.1.1.2 Turbulence: May operate in light turbulence. Avoid moderate or greater turbulence.

6.2.1.2 Critical takeoff and landing elements:

6.2.1.2.1 Maximum gust spread: N/A

6.2.1.2.2 Maximum cross wind: 25 kts.

6.2.1.2.3 Maximum prevailing head wind: None.

6.2.1.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.1.3 Airborne severe weather capability: No.

6.2.2 C-5 "Galaxy" (Cat II)

6.2.2.1 Limitations of operation: 

6.2.2.1.1 Icing: Possesses engine anti-icing equipment only. Icing will degrade mission.

6.2.2.1.2 Turbulence: May tolerate light to moderate turbulence. 

6.2.2.2 Critical takeoff and landing elements:

6.2.2.2.1 Maximum gust spread: N/A

6.2.2.2.2 Maximum cross wind: 27 kts 

6.2.2.2.3 Maximum prevailing head wind: None.

6.2.2.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.2.3 Airborne severe weather capability: Color weather radar installed.

6.2.3 C-9 "Nightingale" (Cat II)

6.2.3.1 Limitations of operation: 

6.2.3.1.1 Icing: Possesses anti-icing equipment. May operate in areas of light to moderate icing.

6.2.3.1.2 Turbulence: May operate in areas of light to moderate turbulence.

6.2.3.2 Critical takeoff and landing elements:

6.2.3.2.1 Maximum gust spread: N/A

6.2.3.2.2 Maximum cross wind: 30 kts 

6.2.3.2.3 Maximum prevailing head wind: None.

6.2.3.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.3.3 Airborne severe weather capability: Weather radar installed.

6.2.4 C-12 "Beechcraft 200" (Cat II). 

6.2.4.1 Limitations of operation: 

6.2.4.1.1 Icing: Operates in up to moderate icing. Flight in severe or extreme icing is prohibited. Aircraft is equipped with anti-icing and deicing equipment.

6.2.4.1.2 Turbulence: Operates in up to moderate turbulence. Flight in severe or extreme turbulence is prohibited.

6.2.4.2 Critical takeoff and landing elements:

6.2.4.2.1 Maximum gust spread: N/A

6.2.4.2.2 Maximum cross wind: 25 kts.

6.2.4.2.3 Maximum prevailing head wind: None.

6.2.4.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.4.3 Airborne severe weather capability: Yes (weather radar and storm scope).

6.2.5 C-17 "Globe Master III" (Cat II)

6.2.51 Limitations of operation: 

6.2.51.1 Icing: Possesses anti-icing and de-icing equipment. May operate in areas of light to moderate icing.

6.2.51.2 Turbulence: May operate in areas of light to moderate turbulence.

6.2.5.2 Critical takeoff and landing elements:

6.2.5.2.1 Maximum gust spread: N/A

6.2.5.2.2 Maximum cross wind: 25 kts 

6.2.5.2.3 Maximum prevailing head wind: None.

6.2.5.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.5.3 Airborne severe weather capability: Weather depiction radar installed.

6.2.6 C-21 "Learjet" (Cat II)

6.2.6.1 Limitations of operation: 

6.2.6.1.1 Icing: Possesses anti-icing and de-icing equipment. Avoids areas of severe icing.

6.2.6.1.2 Turbulence: Must avoid severe turbulence.

6.2.6.2 Critical takeoff and landing elements:

6.2.6.2.1 Maximum gust spread: N/A

6.2.6.2.2 Maximum cross wind: 25 kts 

6.2.6.2.3 Maximum prevailing head wind: None.

6.2.6.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.6.3 Airborne severe weather capability: Color weather radar installed.

6.2.7 C-130 "Hercules" (Cat II). 

6.2.7.1 Limitations of operation: 

6.2.7.1.1 Icing: Possesses anti-icing/de-icing equipment. may operate in areas of light to moderate icing.

6.2.7.1.2 Turbulence: May operate in areas of light to moderate turbulence.

6.2.7.2 Critical takeoff and landing elements:

6.2.7.2.1 Maximum gust spread: N/A

6.2.7.2.2 Maximum cross wind: 35 kts.

6.2.7.2.3 Maximum prevailing head wind: None.

6.2.7.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.7.3 Airborne severe weather capability: Weather depiction radar installed.

6.2.8 DHC-7 (RC-7) (Cat II).

6.2.8.1 Limitations of operation:

6.2.8.1.1 Icing: Operates in up to moderate icing. In order to maintain flight level with an extremely heavy payload, this aircraft flies at an unusually steep angle. This increases its ability to accumulate icing. Any icing forecast for normal aircraft should be bumped up a notch specifically for this aircraft.

6.2.8.1.2 Turbulence: Operates up to moderate turbulence.

6.2.8.2 Critical takeoff and landing elements:

6.2.8.2.1 Maximum gust spread: N/A.

6.2.8.2.2 Maximum cross wind: 25 knots.

6.2.8.2.3 Maximum prevailing head wind: 60 knots.

6.2.8.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.8.3 Airborne severe weather capability: Yes.

6.2.9 F-15 "Eagle" (Cat II). 

6.2.9.1 Limitations of operation: 

6.2.9.1.1 Icing: Operations should be planned to minimize duration of icing conditions.

6.2.9.1.2 Turbulence: Will avoid areas of Moderate or greater turbulence.

6.2.9.2 Critical takeoff and landing elements:

6.2.9.2.1 Maximum gust spread: N/A

6.2.9.2.2 Maximum cross wind: 30 kts.

6.2.9.2.3 Maximum prevailing head wind: None.

6.2.9.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.9.3 Airborne severe weather capability: Weather depiction radar installed.

6.2.10 F-16 "Fighting Falcon" (Cat II). 

6.2.10.1 Limitations of operation: 

6.2.10.1.1 Icing: Operations should be planned to minimize duration of icing conditions.

6.2.10.1.2 Turbulence: May degrade mission and aircraft.

6.2.10.2 Critical takeoff and landing elements:

6.2.10.2.1 Maximum gust spread: N/A

6.2.10.2.2 Maximum cross wind: 25 kts.

6.2.10.2.3 Maximum prevailing head wind: None.

6.2.10.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.10.3 Airborne severe weather capability: On board systems can depict severe weather when in ground mode.

 

 

6.2.11 KC-10 "Extender" (Cat II). 

6.2.11.1 Limitations of operation: 

6.2.11.1.1 Icing: Anti-icing for engines and wings. No de-icing. Icing limits operations.

6.2.11.1.2 Turbulence: Will avoid areas of moderate or greater turbulence.

6.2.11.2 Critical takeoff and landing elements:

6.2.11.2.1 Maximum gust spread: N/A

6.2.11.2.2 Maximum cross wind: 30 kts.

6.2.11.2.3 Maximum prevailing head wind: None.

6.2.11.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.11.3 Airborne severe weather capability: Color weather radar installed.

6.2.12 KC-135/WC-135 "Stratotanker" (Cat II). 

6.2.12.1 Limitations of operation: 

6.2.12.1.1 Icing: Possesses anti-icing equipment only. May operate up to 10 minutes in moderate icing but never in known or expected severe icing.

6.2.12.1.2 Turbulence: Will avoid areas of moderate or greater turbulence.

6.2.12.2 Critical takeoff and landing elements:

6.2.12.2.1 Maximum gust spread: N/A

6.2.12.2.2 Maximum cross wind: 25 kts (30 kts for WC-135).

6.2.12.2.3 Maximum prevailing head wind: None.

6.2.12.2.4 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.12.3 Airborne severe weather capability: Limited. WC-135 has a weather depiction radar.

6.2.13 U-2 (Cat II).

6.2.13.1 Limitations of operation:

6.2.13.1.1 Icing: Cannot operate in areas where any icing is forecast.

6.2.13.1.1.1 Induction Icing Thresholds: Fog present; Dew point depression  4 C.

6.2.13.1.2 Turbulence: Will avoid areas of more than occasional light turbulence.

6.2.13.2 Critical takeoff and landing elements:

6.2.13.2.1 Maximum gust spread: N/A.

6.2.13.2.2 Maximum cross wind: 15 kts.

6.2.13.2.2.1 RCR-Specific Crosswind Criteria: Wet: 15 knots 
Icy: 5 knots.

6.2.13.2.3 Visibility/RVR: 

6.2.13.2.3.1 (Osan) Night recovery visibility:  1nm.

6.2.13.2.3.2 (Osan) Night launch visibility:  1/2nm.

6.2.13.2.3.3 Takeoff: RVR  1600 (Can be waived to  1000).

6.2.13.2.3.4 Landing: RVR  2400.

6.2.13.3 Significant Weather:

6.2.13.3.1 Thunderstorm/Lightning: Must avoid all thunderstorms by 10nm below FL230 and by 20nm above FL230. Cannot take-off with thunderstorms within 10nm.

6.2.13.3.2 Freezing Precipitation: Avoid freezing precipitation.

6.2.14 AH-64 "Apache" (Cat II).

6.2.14.1 Limitations of operation:

6.2.14.1.1 Icing: Possesses anti icing and deicing equipment. May operate in areas of icing.

6.2.14.1.2 Turbulence: May operate in areas of light to moderate turbulence.

6.2.14.2 Critical takeoff and landing elements:

6.2.14.2.1 Maximum gust spread: N/A.

6.2.14.2.2 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.14.3 Airborne severe weather capability: No.

6.2.15 CH-47 "Chinook" (Cat II).

6.2.15.1 Limitations of operation:

6.2.15.1.1 Icing: Limited deicing equipment. May operate in areas of light to moderate icing.

6.2.15.1.2 Turbulence: May operate in light to moderate turbulence.

6.2.15.2 Critical takeoff and landing elements:

6.2.15.2.1 Maximum gust spread: N/A.

6.2.15.2.2 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.15.3 Airborne severe weather capability: No.

6.2.16 OH-58, "Kiowa" (Cat I). 

6.2.16.1 Limitations of operation:

6.2.16.1.1 Icing: Possesses no anti icing or deicing equipment. Avoids all icing.

6.2.16.1.2 Turbulence: Operates in areas of light to moderate turbulence. 

6.2.16.2 Critical takeoff and landing elements:

6.2.16.2.1 Maximum gust spread: 15 knots.

6.2.16.2.2 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.16.3 Airborne severe weather capability: No.

6.2.17 UH-1, "Huey" (Cat I) 

6.2.17.1 Limitations of operation:

6.2.17.1.1 Icing: No anti icing or deicing equipment. Avoids all icing.

6.2.17.1.2 Turbulence: May operate in areas of light to moderate turbulence.

6.2.17.2 Critical takeoff and landing elements:

6.2.17.2.1 Maximum gust spread: 15 kts.

6.2.17.2.2 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.17.3 Airborne severe weather capability: No.

6.2.18 UH-60, "Blackhawk" (Cat II). 

6.2.18.1 Limitations of operation:

6.2.18.1.1 Icing: Possesses deicing equipment. Icing will degrade operations.

6.2.18.1.2 Turbulence: May operate in areas of light to moderate turbulence.

6.2.18.2 Critical takeoff and landing elements:

6.2.18.2.1 Maximum gust spread: 15 kts.

6.2.18.2.2 Flight minimums: Depends on airfield minimums and pilot qualifications.

6.2.18.3 Airborne severe weather capability: No.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 7

STEP SIX: KNOW THE IMPLEMENTATION AND PROCEDURES

7.1 Introduction. As part of a continuous improvement effort, take immediate action to archive data that can be incorporated into the METSAT Imagery Reference File (MIRF), or other applicable program within the weather station. Consider the appropriate vehicle for archiving the data based on the intent (e.g., MIRF), and print products accordingly.

7.2 Meteorological Conferences (METCONs)/Forecast Discussions. The transition between shifts requires a thorough briefing to ensure oncoming personnel are fully prepared to assume responsibilities for operations. All available personnel will attend.

7.2.1 Format. 

7.2.1.1. METSAT Imagery. The forecaster should have a loop running during the METSAT discussion. Make sure speed and direction of movement are discussed on upstream features using continuity.

7.2.1.1.1 Infrared (IR). Cooling or warming of cloud tops indicating changing amplitude of systems/cloud formation and dissipation/onset of precipitation/etage of clouds/etc.

7.2.1.1.2 Visible. Consider correct identification of fog and stratus, dendritic patterns, bow waves, rope clouds, cloud streets, etc.



7.2.1.1.3 Water Vapor. Polar front jet (PFJ), long wave pattern, turbulence areas (darkening of the PFJ).

7.2.1.1.4 Discuss significant upstream features.

PRIVATE
 
Vorticity commas (indicating major short-wave troughs)

 
Comma clouds (indicating mature waves/occluding frontal systems)

 
Baroclinic leafs (indicating surface cyclogenesis/frontogenesis)

 
Upper level ridges

 
Upper level lows

 
Surface features—fronts/lows/highs

7.2.1.2 Digital Atmosphere/MM5 Package. If the unit uses hard copy analysis and prog charts, ensure the following are discussed.

7.2.1.2.1 Surface Analysis. Position, values, movement, and type of highs, lows, troughs, and fronts and their general intensity trend. Relate it to continuity from the past 12 or 24 hours.

7.2.1.2.2 Military Weather Advisory. Discuss support (or lack thereof) for centrally-forecast thunderstorm, heavy precipitation, and wind areas to determine whether they will occur at your station. Be sure to brief adjustments made to timing and intensity of the phenomena.

7.2.1.2.3 Low-level Flight Hazards. Discuss support (or lack thereof) for centrally-forecast turbulence and icing areas to determine whether they will occur at your station. Discuss intensity and vertical/horizontal extent of the phenomena. Be sure to brief adjustments made to timing and intensity of the phenomena.

7.2.1.2.4 500mb 0-5 Wave Chart Analysis. This barotropic analysis should be used to assess and discuss changes to the long wave pattern as it is designed to filter out all major short wave troughs and ridges which distort the long wave pattern.

7.2.1.2.5 Skew-T. Display current and previous Skew-T’s for a representative upstream station. Brief stability indices and if conditions warrant, brief severe parameters (i.e. T1, Fawbush- Miller hail triangle, Positive energy areas, etc.). Brief significant inversions/lapse rates. Discuss changes over time and relate to current and forecast conditions. Display and discuss the forecast sounding.

7.2.1.2.6 Time Cross-Section Skew-T. Should be utilized by units under a sub-tropical regime. As a minimum, the forecaster should analyze isentrops of equivalent potential temperature to determine stability and temperature advection. Dew point depressions of 2, 4, and 6 degrees should also be plotted to assess moisture advection.

7.2.1.2.7 Upper-Air Analysis 

7.2.1.2.7.1 200/300mb Analysis. Discuss long wave pattern changes (high or low zonal) using jet stream continuity from the previous 12 or 24 hours and forecast reasoning as to why the changes are occurring. 

7.2.1.2.7.1.1 Sound reasoning includes:

PRIVATE
 
Deepening long wave trough - CAA into trough; supergradient winds into trough (Jet max into trough)

 
Filling long wave trough - WAA into trough; subgradient winds into trough (Jet max out of trough)

 
Building long wave ridge - WAA into ridge; supergradient winds into ridge (Jet max into ridge)

 
Weakening long wave ridge - CAA into ridge; subgradient winds into ridge (Jet max out of ridge)

7.2.1.2.7.2 Longwave Pattern/500mb Analysis. Discuss movement (direction and speed) of all upstream major short wave troughs, ridges, lows, and highs. Brief general intensity trends (using 24-hour height changes). Discuss thermal and moisture advection patterns and relate to expected intensity changes of each feature. Ensure continuity is maintained. 

7.2.1.2.7.3 700mb Analysis. Same parameters should be discussed as at 500mb level (except height changes). Relate major features with 850 and/or 500mb.

7.2.1.2.7.4 850mb Analysis. Brief the same parameters as 700/500mb and discuss strength, movement and type of any upstream upper fronts.

7.2.1.2.7.5 925mb Analysis. Same as 850mb with the following two rules-of-thumb: 1). Surface winds will be 80% of 925mb wind speed. 2). Take the 925mb temperature and increase 3 C per 1,000 feet down to surface for max tempertures. NOTE: These rules-of-thumb must be adjusted for any local effects.

7.2.1.2.8 Forecast Model (NOGAPS). Features that don’t initialize well, can’t be progged with any degree of accuracy. It’s important that the model be properly initialized using the verification/initialization/verification (VIV) process outlined in paragraph 2.4.3. All discrepancies between the model and the analysis must be passed from one forecaster to another to ensure the model discrepancies are compensated for throughout the forecast period. Discuss model initialization/ verification and relate it to the location and strength of upstream troughs, ridges, pressure centers, and moisture patterns on the analysis. Is the model moving systems fast, slow, or about right? Do features on the model match features on the analysis in terms of location and strength? Whether the forecaster is using AWDS exclusively or has charts on the wall, this process is extremely important. 

NOTE: The forecaster should concentrate on upstream or downstream features still affecting the station. The brief should also tie together all levels and not just brief one level, another level, etc. (i.e. This major short wave trough in eastern Mongolia at 500mb is moving southeast at 30 knots and has increased in amplitude over the past 24 hrs due to increased CAA. This trough stacks 3 degrees at each level to an unstable wave on the surface 200nm to our west. The unstable wave is moving east at 25kts and has deepened 6mbs in the last 24 hrs due to increased divergence aloft. I expect this low to continue to undergo cyclogenesis through the period due to the self-development process and become a mature wave in the next 12 hrs.) Start the brief on the synoptic scale (to get the "BIG PICTURE" and then take it down to mesoscale. The forecaster should be gearing this briefing toward his/her forecast -- taking past data and comparing with the present (continuity). An accurate analysis will lead to an accurate forecast! 

7.2.1.3 NEXRAD. NEXRAD is one of the best short-term forecast tools available. If forecasting thunderstorms or if thunderstorms are present, make sure the mode is in VCP 11 or 21. If NEXRAD is detecting precipitation during shift change/METCON, the forecaster should brief history of the system using base reflectivity, composite reflectivity, cross section data, echo tops, base velocity, and any other parameters deemed helpful. If no precipitation is forecast, ensure the unit is in clear-air mode (VCP 31/32). If turbulence is forecast in an area of concern, ensure the forecaster is comparing velocity products with spectrum width products. During the brief, NEXRAD should be utilized to the maximum extent possible.

7.2.1.4 Numerical Discussion. This discussion will vary from unit to unit, but you should have a good understanding of trajectory bulletins and model numericals. Discuss significant items not covered specifically when the model was briefed (i.e. quantitative precipitation totals, vertical motions, etc.). Remember that these bulletins are derived directly from the model. Hence, any parameters which didn’t initialize well on the model run will also affect the numerical output. 

7.2.1.5 Local Weather Watches/Warnings/Advisories. Watches, warnings and advisories are issued to warn of potential danger and protect people and resources. While timely issuance of warnings and advisories is important, it is also important to cancel warnings and advisories promptly when the conditions are no longer occurring, or are no longer forecast to occur or recur. 

7.2.1.5.1 Thunderstorms. Brief meteorological reasoning to include stability (changes to occur), triggers, timing, and parameters that led to the forecast (i.e. 850 thermal ridge placement to the west of the axis of maximum moisture advection, Low-level Jet, 700mb dry intrusion, 500mb thermal trough, veering and increasing winds with height, polar jet support, etc.).

7.2.1.5.2 Turbulence. In the low-levels, forecast reasoning should include wind speeds, terrain, stability, diurnal heating, pressure gradient and/or troughs/frontal boundaries. In the upper levels (clear-air turbulence), reasoning should include the items listed in paragraph 2.4.4.5 and the turbulence flow charts in AFMAN 15-125.

7.2.1.5.3 Icing. Ensure reasoning is consistent with the parameters listed in the icing flow chart and rules-of-thumb listed in AFMAN 15-156.

7.2.1.6 Equipment Status. Brief the status of all circuits and equipment, along with the estimated time in-commission (ETIC) of any outages.

7.3 Forecast Reviews and Studies. As part of a continuous improvement effort, take immediate action to archive data that can be incorporated into the MIRF or other applicable program within the weather station. Consider the appropriate vehicle for archiving the data based on the intent (e.g., MIRF), and print products accordingly.

7.3.1 General. Forecast Reviews are a necessary part of station operations, helping to build your experience and allowing the entire unit to benefit and capitalize on your research. You’re encouraged to voluntarily undertake a review but do coordinate first with your team leader and/or the Station Chief. 

7.3.2 Responsibilities. The OP Chief or Superintendent will determine when reviews will be conducted, as well as the type required. Team leaders are responsible for ensuring reviews are conducted. Individuals/Teams will complete the reviews in a timely manner as outlined below.

7.3.3 Minor Reviews will be conducted on a frequent basis. Minor reviews should contain a brief description of the synoptic situation for the hit/missed forecast, a short statement of why the forecast hit/missed, and suggestions for improved forecasts in the future. Minor reviews can be accomplished on a plain sheet of paper or on the AF Form 3809.

7.3.3.1 Minor Reviews will be completed within one week whenever:

PRIVATE
 
A warning or advisory is issued with less than one-half the DLT

 
A two category forecast error at the six hour verification point 


 
A wind error of > 15 KTS at the six hour verification point

 
As directed by the OP Chief or Superintendent

7.3.3.2 The following areas will be addressed:

PRIVATE
 
Introduction: What the forecast elements to be discussed are

 
Synoptic Situation/Summary

 
Summarize the sequence of events

 
Review of original forecast reasoning

 
Discussion of after-the-fact reasoning

 
Your recommendation of lessons learned for future events

7.3.4 Major Reviews will be completed within two weeks whenever:

PRIVATE
 
Any warnings or advisory issued with negative lead time

 
A wind error of > 20 KTS at the six hour verification point

 
A three category forecast error at the 6-hour verification point

 
Directed by the OP Chief or Superintendent 

7.3.4.1 Include all information from the simple review plus:

PRIVATE
 
Re-analysis

 
Summary research of past events (if applicable)

 
Revised forecast reasoning and key indicators of the event

 
Conclusion: A thorough summary of the event/review

7.3.5 Evaluation. The Superintendent and OP Chief will evaluate completed reviews for technical adequacy. The reviews will then be circulated among all forecasters to facilitate the learning process. Finally, the reviews will be filed according to season to add to the Technical Library knowledge base.

7.3.6 When to Archive Products. Due to the perishability of data on AWDS, conduct a data save when any of the following occur:

PRIVATE
 
A warning or advisory is issued with < one half the desired lead time

 
A two or more category forecast error at the six hour verification point

 
A wind error of > 15 KTS at the six hour verification point

 
A weather warning is issued but doesn’t occur

 
As directed by the Sq/Det CC, or OP Chief or Superintendent

7.4 Forecast Seminars.

7.4.1 General. Forecast seminars should be presented monthly in conjunction with the station meeting. Topics discussed should be pertinent to the season.

7.4.2 Purpose. Monthly seminars ensure all forecasters are prepared to issue forecasts for terminals and flights, based on sound meteorological reasoning. Seminars should concentrate on forecasting techniques, forecast reviews, and climatology.

7.4.3 The contract trainer will give seminars. The seminar will be available for review by the OP Superintendent one week prior to the presentation. The seminar should be complete enough to permit a thorough understanding by personnel who were unable to attend the meeting. It is the responsibility of the assigned forecaster and observer to inform the station chief if they encounter any problems researching their topic.

7.4.4 Completed seminars should be filed by season in a seminar folder for future reference.

