AFWAITN-98/002 Revised 13 June 2003

Meteo Ql%g\lcal
Tec h '.. ciﬁes

g

L

This tech note is a
compilation of various
techniques in forecasting

Authors:

Mr. Mark R. Mireles
Capt Kirth L. Pederson
MSgt Charles H. Elford

- Surface Weather Elements
- Fight Weather Elements
- Convective Weather

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

Air Force Weather Agency/DNT
106 Peacekeeper Dr, STE 2N3

Offutt Air Force Base, Nebraska 68113-4039




REVIEW AND APPROVAL PAGE

AFWA/TN-98/002 Revised, Meteorological Techniques, 13 June 2003, has been reviewed and is
approved for public release. There is no objection to unlimited distribution of this document to the

public at large, or by the Defense Technical Information Center (DTIC) to the National Technical
Information Service (NTIS).

wa,,k:r:;_«!;__'_

MARK T. SURMEIER, GS-14, DAF
Acting Director, Air and Space Science

Py

HN D. GRAY, GS5-13, DAF
Scientific and Technical Information
Program Manager



REPORT DOCUMENTATION PAGE
2. Report Date: 13 June 2003
3. Report Type: Technical Note
4. Title: Meteorologial Techniques
6. Authors. Mark R. Mireles, Capt Kirth L. Pederson, MSgt CharlesH. Elford.

7. Performing Organization Names and Address: Air Force Weather Agency
(AFWA), Offutt AFB NE 68113-4039

8. Performing Organization Report Number: AFWA/TN—-98/002 Revised

12. Distribution/Availability Statement: Approved for Public Release;
Distribution is Unlimited.

13. Abstract: Contains weather forecasting techniques of interest to military
meteorologists, in three chapters. surface weather elements, flight weather
elements, and convective weather. Includes both general specific rulesof thumb,
results of research, lessons learned from experience, etc, gathered from military
and other sources. Updates and supersedes earlier AFWA/TN-98/002,
Meteorological Techniques.

14. Subject Terms: ATMOSPHERIC PRESSURE, ATMOSPHERIC STABILITY,
CLIMATOLOGY, CLOUDS, CONTRAILS, D-VALUES, DEW POINT,
ELECTROOPTICS, ICING, PRECIPITATION, RELATIVE HUMIDITY,
SEVERE WEATHER, SKY COVER, SOLARWEATHER, TEMPERATURE,
THUNDERSTORMS, TORNADOES, TURBULENCE, VISIBILITY,
WEATHER, WINDS

15: Number of Pages. 233

17. Security Classification of Report: UNCLASSIFIED

18. Security Classification of this Page: UNCLASSIFIED

19. Security Classification of Abstract: UNCLASSIFIED

20. Limitation of Abstract: UL

Standard Form 298




TABLE OF CONTENTS

CHAPTER 1— SURFACE WEATHER ELEMENTS

Y 11 = I 1 2SR 1-1
A. Dry Obstructions (LitNOMELEOIS) .......c.eiuiiieriiiierieerieee e e 1-1
B. Moist Obstructions (HYdromeLEOrS) .........ccueieereriereeiesee et 1-1
C. Visibility Forecasting Rules of ThUumMD .........ccooiiiiiiii e 1-3
D. Visibility Forecasting Aids/ TECNNIQUES........cc.oiieiirieniesee e 1-10
[l PRECIPITATION .....oiiiiiitieeieeeieieesie e ste e ste st e e ee e ssessestessessesseesesseensensessessessessessens 1-14
A. Precipitation General GUIANCE ..........coieriiriinieiieeee ettt see e 1-14
B. MOUE GUIANCE .......eeeieiieiieie ettt st be et e e e sbeeeesneens 1-18
C. Determining PreCipitalion TYPE ....cooeeeeieereeie et 1-18
D. Forecasting Rainfall AMOUNES..........cooiiiiiiiiieie et 1-22
B SNOWTEIL ... e et sr et 1-23
. SURFACEWINDS ... .ottt ettt st be e nne et 1-35
AL WINA BESICS ...ttt sttt st be st st ee e e sbeebesneesbeesesneans 1-35
B. General Toolsfor Forecasting SUrface WINGS..........ccoooeieriineeneeieneeseee e 1-36
C. Speciaized Airfield OperationS TOPICS......ccueevereererriieie e sie e sree st ee e e e see e es 1-46
V. TEMPERATURE ...ttt sttt re s e s e stessestesnesnenneas 1-50
A. General Temperature FOreCast TOOIS........ccoueiiiiiiriinieseeie e 1-50
B. Forecasting MaX TEMPEIAIUIES .........coeeriirierieeieseesieeeesseesie e sreesseseessesssessesssesnsesseens 1-52
C. Minimum Temperature FOrECASES. ........c.oierruireereeie et 1-54
D. Some Additional RUIeS Of TRUMID ........ooiiiiiiee e 1-54
E. TEMPErature INGICES ......oocuiiieieiie ettt nae e 1-55
V. PRESSURE ..ottt sttt sttt et et s tesbesseeseese e e etenseneessennennens 1-61
AL GENETal GUILAINCE. ......ooueitieiieie ettt sbe e e sseesbe et e sneesneenne s 1-61
B. Pressure-Related ParametersS........cocoiieiiieiieiene et 1-62

CHAPTER 2 — FLIGHT WEATHER ELEMENTS

[, CLIOUDS. ...ttt sttt e e e te s b e e beebeebeeneene e e ensesteseenbesneenenreas 2-1
A. Cloud Types/StateS Of the SKY. .....ccciiiiiiiieiereeie e 2-1
B. General Forecasting TOOIS. ........coeeiiiiiiieieee ettt 2-5
C. Cloud Forecasting TECNNIQUES. .......c.eeiuirerrieeieriesieeie et sie et sre e sre s eneas 2-9

1. TURBULENCE. ..ottt sttt st st sseenesseeneesensentessesnenneas 2-14
AL LEVEISOf INEENSITY. ...eiieiiiiee ettt sae et sreenne e 2-14
B. Aircraft Turbulence SENSITIVITIES. ........coiiiiiriesieseee e e 2-15
C. CauSES Of TUIDUIENCE. .....oeeeieeeee ettt nne s 2-16
D. Clear Air TUrDUIENCE (CAT). .ottt sttt sreene e 2-18
E. Mountain Wave (MW) TUrBUIENCE. ........coiiiieiceeee e e 2-26
F. WaKe TUIDUIBNCE. ...t s et 2-29
G Gravity Waves and Stratospheric Turbulence. ... 2-30
H. FOreCastiNg AIGS. ....coooieiieiee ettt a et s r et st esne e e 2-32

HELAIRCRAFT ICING. ...ttt et sttt sse s e e nsessestesnennenneas 2-39
A. Icing Formation Processes and ClassifiCation. ..........coceveeiirinnennesceeseese e 2-39
B. Meteorological CONSIAEIELIONS. .......cccereerieriiiiie ettt sre e 2-45
C. Products and PrOCEAUIES. ........oceiiiiieieeie ettt n e sbe e 2-49



D. Standard SysStem APPlICALTIONS. ........coviriiiieiieie e e 2-51

E. Methods and Rules of Thumb for the “Negative 8 TimesD” (-8D) Procedure. ........... 2-54
Fo SUMIMBIY. ettt et et e et e e s ae e e e e e sae e emse e sneesnneesneesnneens 2-55
V. MISCELLANEOUSWEATHER ELEMENTS. .....ooiieeee e 2-56
A. Flight Level and CIImBDWINGS. ........ccoiiiiieeeee e 2-56
B. TEMPEIGIUIE. ...t s e s e s mn e e s ann e e snneas 2-57
(O I 018 g0 1= 6 (o 10 SRR 2-58
DR 0 1= 1 KU RRRN 2-58
E. JAAWIN and CONrailS. ....cceeuiiiiiiiiieeiesiee et sttt st 2-58
F. Forecasting In-flight Visibility for Air-refueling Mission Execution Forecasts (MEFS).2-62
G CIITUS FOIECASLING. ..eeuveiueeteeieeiiesieeieeiee sttt sttt st sae e b e se e sbeebe e e sreebesneesbeeneas 2-63
H. Ditch Headings and Wave HEIGNL. ..........coooiiiiieiecsee e 2-64
|, SeaSurface TEMPEIELUIES. .......cociiierieie e 2-64
J. SPACEWEELNEY. ... e 2-65
O ==t 00 o1 ox TSRS 2-77
L. Clutter or TAWS Scene ComPlEXItY. ...ccoveieererieiierieniesee et 2-83
M. Chemical DOWNWING MESSAgES .......cceeruerirrieerieriesieesieseesiee e see s e seesessreseesseessesneens 2-89
N. Nuclear FalloUt BUHTELINS .........ooeiiiiieieeee e e 2-89
(@ Y 0] For= o o o PR 2-89

CHAPTER 3. — CONVECTIVEWEATHER

. THUNDERSTORIMS. ...ttt sttt st sb ettt eesneenneennas 3-1
AL TRUNAEISEONM TYPES ...ttt sttt sttt b e sae e be e sne e e e 31
[1. SYNOPTIC PATTERNS. ... .ottt st st s e nne s 3-5
A. Classic Synoptic Convective Weather Patterns. ...........ccooeeeereeienieneeneee e 3-6
B. Additional Squall Line INfOrmation ...........ccooeeiiieneniiseeseee e 312
[11. CONVECTIVEWEATHER TOOLS. ...ttt ettt st 3-13
AL SEEDHITY TNAICES. .. ettt s sne e 3-13
B. Evaluation and TECHNIQUES. ........ccoiiriiiiiiiieie ettt sre e 3-21
BIBLIOGRAPHY .ottt st et be st e s e e st et e s e ntessenbenreens B-1
ABBREVIATIONSAND ACRONYMS ...ttt e A-1
IO 1SS AN o A ST G-1
SUBJIECT INDEX ...ttt sttt st sseesae s essastessesbessesseeseeneensensensessessens -1



LIST OF FIGURES

Figure1-1  Whiteout Conditions -----=--=-==-mmmmmm oo oo oo 1-2
Figure1-2 IceFog (Dissipating) -----=-=-=====mmmm oo oo oo oo 1-3
Figure1-3  Pre-Frontal Fog Associated with Warm Fronts --------------=--=-==mommmmmmo oo 1-9
Figure1-4  Post-Frontal Fog Associated with Slow-Moving Cold Fronts ------------------------ 1-9
Figure1-5 Graphica Method of Forecasting FOQ -----------==========mmmmmmememm oo 1-10
Figure1-6. Thermal Ribbon Spacing ---------=-=--==-mmmm oo 1-15
Figure1-7  The 500-mb Product ---------===-=mm oo oo 1-16
Figure1-8  Widespread Precipitation SCenario ---------===-==m=mmmmmmmmmmm oo 1-16
Figure1-9  Overrunning Associated with a Typical Cyclone ------------=--=-==-mmmmmmmmm e 1-17
Figure1-10 Equal Probability of Liquid or Frozen Precipitation ----------------=-=-=-=-=-mnmvm---- 1-19
Figure1-11 Probability of Precipitation Being Frozen Versus Liquid-----------=-=-=-=-=---------- 1-19
Figure1-12 Method 2 --------mm-m oo oo 1-20
Figure1-13 Snow Index (200-mb) Exampl@---------=-==m-mmmmmmmmm oo 1-24
Figure1-14 Centrifugal and Centripetal FOrces ---------=-==-===mmmmm oo 1-35
Figure1-15 GeostrophiC Wingd---=-=-=-===n=nmm e e oo oo e 1-36
Figure1-16 Isallobaric FlOW ------m-mmmmm oo oo oo 1-36
Figure1-17 Pressure Gradient Method for Determining Surface Winds--------------------------- 1-38
Figure 1-18a-f Variation of Isallobaric Winds by Latitude --------------------mmmmememomm oo 1-39
Figure 1-19 Open-Cell Cumulous Shapes--------=-=-========mmmm oo 1-42
Figure1-20 Low-level Wind Shear DeCiSiOoNn Tree --------====m=mmmmmmmmmmommm oo 1-47
Figure1-21 Temperature Forecasting Checklist Sample -------------=----mmmmommm oo 1-52
Figure1-22 Computation of Maximum Temperature -------------=--=-=--=-mmmmmmmmmmm oo 1-53
Figure1-23 Heat INAEX -------mnmmmmmmmm e e e 1-56
Figure1-24 Fighter Index of Thermal Stress (FITS) Chart ---------------=--=-mm-mmmmmm oo 1-57
Figure1-25 Wind Chill Temperature (WCT) Index Chart with 33-Foot Garrison

Anemometer Height (degrees Celsius and knots) -----------==--==mmsmmmmmmmmmmm oo 1-58
Figure1-26  Wind Chill Temperature (WCT) Index Chart with 15-Foot Garrison

Anemometer Height (degrees Celsius and KNots) -------------===-==mmmmmmmmmmmmemmmee 1-58
Figure1-27 Wind Chill Temperature (WCT) Index Chart with 5-Foot (handheld)

Anemometer Height (degrees Celsius and KNnots) ------------=-==-==msmmmmmmmmmmmmeeo 1-59
Figure 1-28 Wind Chill Temperature (WCT) Index Chart with 5-Foot (handheld)

Anemometer Height (degrees Fahrenheit and MPH) --------=---=-==mmmmmmmmme oo 1-59
Figure1-29 Wind Chill Temperature (WCT) Index Chart with 33-Foot Garrison

Anemometer Height (degrees Fahrenheit and MPH) -------------mmsmmmmmmmmm oo 1-60
Figure1-30 Wind Chill Temperature (WCT) Index Chart with 33-Foot Garrison

Anemometer Height (degrees Fahrenheit and MPH) -----------=--mommmemomme e 1-60
Figure1-31 Pressure Conversion Chart ---------==-mmmmm oo oo 1-64
Figure1-32 Density Altitude Computation Chart -------=-==-===mm s oo 1-65
Figure1-33 D-Vaue Computation Chart --------======== e oo e oo 1-66
Figure2-1  Fair Weather CumMuIUS (L 1) ------=-mmmmmmm s oo oo 2-1
Figure2-2  Towering Cumulus (TCU) (L2) -----==-==n==mmmmmmm e o oo e 2-1
Figure2-3  Stratocumulus from Cumulus (L4) ------=-===mmmmm oo 2-2
Figure2-4  Stratocumulus not from Cumulus (L5) ------=-======m=mmmmmmmmm oo 2-2

Vi



Figure2-5a Cumulonimbus Mammatus (L 9) ---------=--=-==mmmmmm oo oo 2-2
Figure2-5b  Cumulonimbus Mammatus (L 9) --------=-==========mmmmmmmmemmm oo 2-2
Figure2-6  Cumulonimbus (L 3) ----=--=-==m=mmmm e oo oo e 2-3
Figure2-7  Cumulonimbus (L9) ------=-m=mmmmmmm e e e oo oo e e 2-3
Figure2-8  AROSIratus (M 1) —-----m-mmmmmm oo oo oo e e 2-3
Figure2-9  NIimbOStratus (M2) -------=-==mmmmmmm oo oo oo oo 2-3
Figure2-10 Altocumulus (M 3) =------nmmmmm e e e oo 2-4
Figure2-11  AItocUMUIUS (M 5) =--=mmmmmm e m e oo e 2-4
Figure2-12 Altocumulus Castellanus (M8) -------==mmmmmmmmmm oo 2-4
Figure2-13  CirruS (HL) ------=--mmmmmmm e m oo s oo oo e e 2-4
Figure2-14 Cirrus (H4) Progressively Invading the SKy ------------------m-mmmm oo 2-4
Figure2-15 Cirrostratus (H6) With Cirrus-----=-==-===-mmmm oo oo 2-5
Figure2-16 Cirrostratus (H7) Covering the Complete SKy ---------------=-mmmmmmm oo 2-5
Figure2-17 Cirrocumulus (H9) Alone and with Cirrus ---------=-=-=-=-m-memmmmmmmm oo 2-5
Figure2-18 Nephanalysis Example ---------=--=m oo oo 2-18
Figure2-19 VAD Wind Profile (VWP) Product --------=-=-=-====mmmmmmmm oo 2-8
Figure2-20 Base Reflectivity ProduCt. -------==-=====mmm oo oo 2-9
Figure2-21 Reflectivity Cross-Section Product ---------=-========mmmmmmmmmmm oo 2-9
Figure2-22 Echo TOps Product ----=-=-=-=====nmmm e e oo oo 2-9
Figure2-23 MCL CalCulationS -----==-==mmmm e m o oo oo 2-10
Figure2-24  Parcel Method --------=-==mmmm oo oo 2-10
Figure2-25 RH and OVV Graph ---------=-m-mmm oo 2-11
Figure2-26 Dissipation of Stratus Using Mixing Ratio and Temperature ------------------------- 2-12
Figure2-27 Tropopause Method of Forecasting Cirrus -----------=-==-===-mmmmmmmmmomm oo 2-13
Figure 2-28a CAT and Surface CyClOgeNeSIS -------=--=-==mmmmmm o oo 2-18
Figure 2-28b CAT and Surface Cyclogenesis North of the Main Jet --------------=-=-=-=-=-=-------- 2-19
Figure 2-29a-d CAT and Upper-Level LOWS -----=--=-=mmmm oo oo 2-19
Figure2-30 CAT and the Shear Line Associated with an Upper-Level Low ---------------------- 2-20
Figure2-31 United Air Lines Jet Stream Turbulence Model ----------------=----mmcmmemmm e 2-20
Figure2-32 CAT and Diffluent Wind Patterns ----------=-==mmmmmm oo 2-21
Figure2-33 CAT and Strong WindS-----=-=-======mmmm oo oo 2-21
Figure2-34 Turbulence with Confluent Jets ----------=-==-==-mmm s m s 2-21
Figure2-35 Two Basic Cold-Air Advection Patterns Conducive to CAT ----------=-=-=-=-------- 2-22
Figure2-36  Common Open-1Sotherm CAT --------mmmmmm oo oo oo 2-22
Figure2-37 CAT in Thermal Troughs --------=-====m=mmmmmmm oo 2-23
Figure2-38 CAT in Thermal Troughs ---------=-=-mmmmm oo oo 2-23
Figure2-39 Closed ISotherm CAT —----m-mmmmmm s 2-23
Figure2-40 CAT and Shearing Troughs -------=-====mn e mm e oo 2-24
Figure2-41 CAT Associated with Strong Wind Maximum to the Rear of the Upper

TP OUQN ~ === oo o 2-24
Figure2-42 CAT inaDeep 500-mb Pressure Trough -------==-======mmmmmm s 2-24
Figure 2-43 Double Trough ConfiguratiOn ----=--=-===m=mmmm e 2-25
Figure2-44 CAT and Upper-Air Ridges-------=-==-mmm oo oo 2-26
Figure 2-45 Mountain-Wave CloudS ------========= == s oo o oo 2-26
Figure2-46  MountaiN-Wave CloUdS --------=-== == m oo oo e 2-27
Figure 2-47 Mountain Wave NOMOQraIm =-==-====== == e e e o e e oo e 2-28

vii



Figure2-48 Mountain Wave Cloud StrUCtUr@------=--======mmm oo oo oo 2-28
Figure2-49 Graph of Mountain Wave Turbulence Potential ---------------------=-=--nmemememomeo- 2-29
Figure 2-50a Satellite Depiction of a Gravity Wave-----------=-==-m e oo 2-31
Figure 2-50b Satellite Depiction of a Gravity Wave--------=-====m-mmmmmmmmm oo 2-31
Figure2-51 Forecasting Checklist for Low-Level Turbulence -----------=--=--=-=--mmemcmmmmmee 2-32
Figure2-52 Turbulence Forecasting from SKew-T ------------mmmmmmmmmm oo 2-33
Figure2-53 Low-Level Turbulence Nomogram—Temperature Gradient and

Surface Winds --------=-==m oo 2-34
Figure2-54 CAT in aDeformation ZOne ------=-==-===mm o m oo e 2-35
Figure2-55 Example of Tansverse Waves ---------=--=-mmmmm oo 2-35
Figure2-56 Example of Billow Clouds --------========mmmmmmmmmme oo 2-36
Figure2-57 Example of Mountain Way@------=--=-==-= - m e 2-36
Figure2-58  Spectrum Width Product -------=--=-=====m oo 2-37
Figure2-59 BaseVelocity Product ----=-=-======mmmm oo oo 2-38
Figure2-60 Vertically Integrated Liquid (VIL) Product ----------==-===mmmmmsm oo 2-38
Figure2-61 Icing Type Based on TEMPErature -----------=-=-==m-mmmmmm oo oo 2-43
Figure2-62 Frequency of Freezing Precipitation ------------=-==-=mmmm oo 2-45
Figure2-63 Cumuliform Cloud Icing LOCatiONS -----=-=-=-=====nmmmmmmmm oo 2-46
Figure2-64 Icing with aWarm Front -------=-=-=mmmmmmm oo 2-47
Figure2-65 Icing with a Cold Front --------=--mmmm oo 2-47
Figure2-66 IntakelCing =-----=-===n=nmm e e oo oo e e 2-48
Figure2-67 Carburetor | Cing ---------=-==-==mmm oo 2-48
Figure2-68 Icing Flowchart ---------memmmmmm oo 2-51
Figure2-69 Typical Icing Areasin aMature Cyclone ----------=--=-mmmmmmmm oo 2-51
Figure2-70 Bright Band Identification Using the WSR-88D. -------------- ---- 2-52
Figure2-71 Example of Visible Satellite Picture. ---------=-=-===-mmmmemmmem oo 2-53
Figure2-72 Example of aColorized IR Satellite Picture -----------=--==-=-emsmmmmmm oo 2-53
Figure2-73 Example of a Meteosat satellite over the Balkans -------------------=-=-m-memommemeo- 2-54
Figure2-74 Example of -8D Method -------==-=-==-mmmm oo oo 2-54
Figure2-75 Increasing Wind Speed Pattern----------=-=-==m-mmmmmmm oo 2-56
Figure2-76 Decreasing Wind Speed Pattern ------------=-m-mmmmmmmmm oo 2-56
Figure2-77 Example Contrails Chart -------=--=-==mmmmmm oo oo 2-59
Figure2-78 Jet Contrail Curves 0N @ SKEW-T ---=-==mmmmmmmm oo oo 2-61
Figure2-79 Space Environment Global Situational Awareness Product --------------------------- 2-66
Figure2-80 lonospheric Conditions Impacting UHF SATCOM Chart ------------=-=-=-=-=-------- 2-68
Figure2-81 lonospheric Conditions Impacting HF Propagation Communications and

other HF Operations Chart --------======mmmm s oo oo e e 2-69
Figure2-82 UHF SATCOM Scintillation Nowcast and Forecast Chart ---------------=--=--=------ 2-70
Figure 2-83 Point-to-Point HF Radio Usable Frequency Forecast Chart ----------------=--=------ 2-70
Figure2-84 HF Illumination Maps Nowcast and Forecast Chart --------------=-==-==msmmmmmummen 2-71
Figure2-85 Estimated Global Positioning Satellite (GPS) Single Frequency Error Map ------- 2-71
Figure2-86 Short Wave Fade Event Warning Example -----------====-= oo s 2-72
Figure2-87 Solar X-Ray Event Warning Example --------=-=-==-m oo 2-73
Figure2-88 Major Solar Flare Event Warning Example -------==-======mm e e oo 2-73
Figure2-89 Geomagnetic Event Warning EXample -------=-==== = m oo 2-74
Figure2-90 Energetic Particle Event Warning Example -------==-======mm s e oo 2-75

viii



Figure 2-91
Figure 2-92
Figure 2-93
Figure 2-94
Figure 2-95
Figure 2-96
Figure 2-97
Figure 2-98
Figure 2-99
Figure 2-100
Figure 2-101
Figure 2-102
Figure 2-103
Figure 2-104
Figure 2-105
Figure 2-106

Figure 3-1
Figure 3-2
Figure 3-3
Figure 3-4
Figure 3-5
Figure 3-6
Figure3-7a
Figure 3-7b
Figure 3-7c
Figure 3-8
Figure 3-9
Figure 3-10
Figure 3-11
Figure 3-12
Figure 3-13
Figure 3-14
Figure 3-15
Figure 3-16a
Figure 3-16b
Figure 3-17
Figure 3-18
Figure 3-19
Figure 3-20
Figure 3-21
Figure 3-22

Radio Event Warning EXampl@ ---------=-==-==mmm s 2-76

Example Solar Radio BUrst AQViS0ory —----=-==-==nmmm e 2-77
An Atmospheric Particle Emits Electromagnetic (EM) Energy ---------------------- 2-78
The ElectromagnetiC SPeCtrUM =-----=--mnm o m oo 2-78
RefleCtiOn -------m o m oo 2-79
VisUal CONIaSt ==-=-===n=mmmmmm e oo e 2-80
Rayleigh Scattering --------------=-=== == 2-81
Mi@ SCaLteriNg -------=-===m === oo - 2-81
GeOMELIiC SCAENiNg -----=-======mm e e e oo e e e e e e e 2-82
LOW ClU @Y —mmmm e m oo oo e 2-83
Medium ClULLEr -=-=-=-=nmmmm e oo e 2-84
High Clutter ---------mmm oo 2-84
Apparent, Inherent, and Threshold Contrast ----------------=-==-=--mmmmsmmm - 2-85
Chemical Downwind MeSSage -------==========m=mmmmmmmm oo 2-89
Effective Downwind MeSSage ----------=--=-mmmmmm s oo oo 2-89
Worldwide Depiction of Active VolCanoes --------=-=-=-=-=-=-m-mmmmm oo 2-90
Single-Cell Storm Hodograph --=-=-=-=======mmm oo 31

Typical Multi-Cell Storm Hodograph --------=-=-=-=-=-==mmm e 3-2

Supercell Hodograph ---=-=-=-=-===nmm e oo e 3-2

ClassiC SUPENCEl | ----=nmnmmm e e e e e oo e e e 3-3

Typical High-Precipitation (HP) Supercell --------------m-mmmmm oo 3-3

Low-Precipitation (LP) Supercell --------=-m-m-mmmm oo 3-4

Typical Dry Microburst Atmospheric Profile ---------=-=-=-m-m-momm e 3-4

Typical Wet Microburst Atmospheric Profile ---------=-=-=-=-=-m-momemm oo 3-5

Typical Hybrid Microburst Atmospheric Profile -------------------mmmmm e 3-5

Type*A” Tornado Producing Synoptic Pattern ----------------------ememememomem oo 3-6

Type*“B” Tornado Producing Synoptic Pattern ---------------------memememememm oo 3-8

Type* C” Tornado Producing Synoptic Pattern ---------------------mememememomom oo 3-9

Type*“D” Tornado Producing Synoptic Pattern--------------=-=-=-=-=-m-mmmmmmmmeo 3-10
BarotropiC LOW =------mmmmmmmem e e 311
Type“E” Tornado Producing Synoptic Pattern ----------------------emememememom oo 3-12
Supercell EXampl @ -----=-=-mmmmme o 3-22
Line Echo Wave Pattern (LEWP)/Bow Echo Evolution -----------------=-------oo---- 3-23
BOW ECHO ------mm oo oo oo 3-23
Bow Echo Reflectivity Exampl@-----------=-mmm oo 3-24
Sea Breeze Front on Reflectivity Product -----------=--=-==-mmmmmmmm oo 3-25
T2 Gust Computation Chart ---==============mmmm e 3-27
Hail Prediction Chart ----------=-=-m oo oo 3-29
SKEW-T Chat === = e e oo eeeeee 3-29
Preliminary Hail Size Nomogram ------=-=======m=mmmmmmm oo 3-30
Final Hail Size Nomogram ----=========mmm e oo 3-30



LIST OF TABLES

Table 1-1 Conditionsfavorable for the generation and advection of dust ----------------------- 1-4
Table1-2  Visihility limits based on precipitation intensity ---------------=====-=--mmmmmmmmmmmeee - 1-5
Table 1-3 Fog threat thresholds indicating the likelihood of radiation formation -------------- 1-11
Table 1-4 Fog stability index thresholds indicating the likelihood of radiation fog

fOrmMati ON ----=-== === 1-12
Table 1-5 MOS visihility (VIS) categoriesfor the continental United States and Alaska ----- 1-13
Table 1-6 MOS Obstruction to Vision (OBV1S) categories for the continental

United States and Alask@ ------=--=-=====-mmmmm oo oo 1-13
Table 1-7 Probability of snowfall asafunction of the height of the freezing level ------------ 1-21
Table1-8a Snowfall Accumulation vs Surface Visibility ----------=-==-mmmmmm oo 1-23
Table1-8b  Values added to compensate for temperature/snowflake composition --------------- 1-24
Table1-9 L ake effect snowstorm checklist --------=-=-===-mmemom oo 1-27
Table1-10  Rulesof thumb for forecasting heavy non-convective snowfal ---------------------- 1-27
Table1-11  Forecast location of heaviest snow relative to various synoptic features ------------ 1-29
Table1-12  SynoptiC SNOWSLOIM tYPES ------==-=mm o m e oo o e e 1-29
Table 1-13af Estimating actual WindsSpeed -----------====-m oo 1-40
Table1-14  Increase of Wind Speed with Height ---------== = oo m oo 1-43
Table1-15  Crosswind Component Tabl@---------=-mmmmmmm oo 1-46
Table 1-16a-g Difference of Dir€CtiOn ------=--mmmm oo oo 1-48
Table1-17 Temperature-Humidity Index (THI) conditions-----------=-==-===smmmmmmmmm oo 1-55
Table1-18 WBGT tahl@ -------m-mmm oo 1-56
Table 1-19 Standard atmospheric pressure and temperatures by altitude -------------------------- 1-61
Table1-20 Standard atmospheric pressure and temperature by level ----------------=-mco oo 1-62
Table1-21  Typesof atimeter Settings ---------=--==mmmmm oo 1-63
Table2-1 Ceiling height fOrecast ---------=-=m o m s 2-7
Table 2-2 Precipitation amount fOreCast --------==-===mmm oo 2-7
Table 2-3 R1, R2, and R3 relative humidity values and cloud amounts -----------------=------- 2-7
Table 2-4 Base of convective clouds using surface dew-point depressions --------------------- 2-11
Table 2-5 Aircraft Category ty[e —-----====mmm oo oo o 2-16
Table2-6  Turbulenceintensitiesfor different categories of aircraft (based on Table 2-5) ---- 2-17
Table 2-7 Low-level mountain wave turbulence-----------=--=-=-=-emsm oo 2-27
Table 2-8 Layers below 9000 feet using temperature differences ---------------=--=---mcueuuoo- 2-34
Table 2-9 Layers above 9000 feet using temperature differences ---------------=--=-momcemumev 2-34
Table2-10  Wind shear critical Values -------=-=-mmmm oo oo 2-34
Table2-11  Unfavorable Atmospheric Conditionsfor [Cing-------------=======-mmmmmmmmmm e 2-49
Table2-12  Favorable Atmospheric Conditionsfor Icing --------=--========mmmmmmmmmm oo 2-49
Table2-13  Engine bypass CaleQOri€S ------==-===n=mmmm oo e e o o e e e 2-60
Table2-14  Probability of contrail formation ---------==-=mmmmm s 2-62
Table2-15 Impacts and the Space Environment Global Situational Awareness Product

Color SCheme -------m-m e 2-67
Table2-16  Weather sensitivities on EO SySteMS ---------=-==mmmmm oo 2-87
Table3-1  Severethunderstorm development potential --------=-=-=-========mmmmmmmmmmmee 3-5



Table3-2  General thunderstorm (instability) indiCators -----=-=-=-=========mmmmmmmm oo eeeem 3-16

Table3-3  Severethunderstorm indiCators ---------=-======mmmmmmmm oo 3-17
Table3-4  Tornado iNdiCAtOrS ~----=-====mmmm oo oo 317
Table3-5  Product analysis matrix and reasoning -------=-=-=-=-========mnmnmmmmmmmmmmmoeoe 3-18
Table3-6  Identifying features of airmass thunderstorm development on upper-air charts---- 3-20
Table3-7  Tornado forecasting tO0IS -----=-=====mmmmmmm oo 3-20
Table3-8  Wet microburst potential table ----------=-=---=mmmmm oo 3-24
Table3-9  T1 convective gust potential -----=-====mmmmmmmmmmm oo 3-27
Table3-10 VIL density versushail Size --------=-=-m=mmmmmmm oo 3-31

Xi



PREFACE

Much has changed since the previous Meteorol ogical Techniques Technical Note, AFWA/TN-98/002,
was published. Air Force Weather’s reengineering isnow reality. Some technology that was available
in 1998 and prior isno longer being used. Newer technol ogy existsin the Operationa Weather Squadron
(OWYS) hubs and the Combat Weather Teams (CWTS) in base weather stations. Asit wasin the last
Meteorological Techniquesiteration, there are smply too many sources of datato keep track of accurately.
Whether at an OWS or aCWT, the weather forecaster must use as many sources avail able when preparing
aforecast.

Thistechnical noteisacompilation of varioustechniquesto assist in theforecasting of Surface Weather
Elements (Chapter 1), Flight Weather Elements (Chapter 2), and Convective Weather (Chapter 3). Each
chapter contains sections with specific forecasting techniques. Attempt to integrate as many of these
techniques as possible into the forecast process. However, keep in mind that though there are many
techniquesfrom which to choose, some may not be applicable at a particul ar location and/or the current
regime. Intime, only certain techniques may be used; others may be ignored.

Every effort has been made to ensure that the techniques in this technical note are current. Many of
these techniques may appear dated, but the validity of the weather information they contain does not
decline with time. To ensure relevancy of the technical note, HQ AFWA/DN will periodically review
thistechnical note.

If you have any questions, comments, or concerns about this document, please remit to:

HQAFWA/DN

106 Peacekeeper Dr, Ste 2N3
Offutt AFB NE 68113-4039
DSN: 271-9650

COMM: 402-294-9650
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Meteorological Techniques
Chapter 1

Surface Weather Elements

I. VISIBILITY. The Glossary of Meteorology
definesvisility as”thegreatest distancein agiven
direction at which it is just possible to see and
identify with the unaided eye, (1) inthedaytime, a
prominent dark object against the sky at the horizon
or (2) at night, a known, preferably unfocused,
moderately intense light source.” Forecasting
visibility is a challenge due to the difficulty in
predicting the complicated behavior of dry and
“moist” (both liquid and solid) airborne particles
that obstruct or reduce visibility. A description of
these obstructions, some rules of thumb, and
several techniques for forecasting visibility are
given below.

A. Dry Obstructions (Lithometeors). A
lithometeor is the general term for particles
suspended in adry atmosphere; these include dry
haze, smoke, dust, and sand.

1. DryHaze. Dry hazeisan accumulation of very
finedust or salt particlesin the atmosphere; it does
not block light, but instead causes light rays to
scatter. Dry haze particles produce a bluish color
when viewed against a dark background, but ook
yellowish when viewed against a lighter
background. This light-scattering phenomenon
(called Miescattering) also causesthevisual ranges
within a uniformly dense layer of haze to vary
depending on whether the observer islooking into
thesun or away fromit. Typicaly, dry haze occurs
under a stable atmospheric layer and significantly
affects visibility. As arule, industrial areas and
coastal areas are most conducive to dry haze
formation.

2. Smoke. Smokeisusually morelocalized than
other visibility restrictions. Accurate visibility
forecasts depend on detailed knowledge of thelocal
terrain, surface wind patterns, and smoke sources
(including schedules of operation of smoke
generating activities).

3. Blowing Dust and Sand. Windblown particles
such as blowing dust and sand can cause serious
local restrictions to visibility, often reducing
visibility to near zero. The critical wind speed for
lifting dust and sand varies according to vegetation,
soil type, and soil moisture. Specific forecasting
rules vary by station and time of year. The Local
Area Forecast Program (LAFP) should document
the wind speeds, directions, and surface moisture
conditionsinwhich visibility restrictions are most
likely to occur.

B. Moist Obstructions (Hydrometeors).
Condensation or sublimation of atmospheric water
vapor produces ahydrometeor. It formsinthefree
atmosphere, or at the earth’s surface, and includes
frozen water lifted by the wind. Hydrometeors
which can cause a surface visibility reduction,
generally fall into one of the following two
categories:

1. Precipitation. Precipitationincludesall forms
of water particles, both liquid and solid, which fall
from the atmosphere and reach the ground; these
include: liquid precipitation (drizzle and rain),
freezing precipitation (freezing drizzle and freezing
rain), and solid (frozen) precipitation (ice pellets,
hail, snow, snow pellets, snow grains, and ice
crystals).

2. Suspended (Liquid or Solid) Water Particles.
Liquid or solid water particlesthat formand remain
suspended in the air (damp haze, cloud, fog, ice
fog, and mist), as well as liquid or solid water
particlesthat arelifted by thewind fromtheearth’s
surface (drifting snow, blowing snow, blowing
spray) cause restrictions to visibility. One of the
more unusual causes of reduced visibility due to
suspended water/ice particlesiswhiteout, whilethe
most common cause is fog.
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Figure 1-1. Whiteout Conditions. Occur when
light reflected back and forth between snow- or ice-
covered ground and low stratus clouds.

a. Whiteout Conditions. Whiteout is a
visibility-restricting phenomenon that occurswhen
a uniformly overcast layer of clouds overlies a
snow- or ice-covered surface. Most whiteouts
occur when the cloud deck is relatively low and
the sun angle is at about 20° above the horizon.
Cloud layersbreak up and diffuse parallel raysfrom
the sun so that they strike the snow surface from
many angles (Figure 1-1). This diffused light
reflects back and forth between the snow and clouds
until theamount of light coming through the clouds
equals the amount reflected off the snow,
completely eliminating shadows. The result is a
loss of depth perception and an inability to
distinguish the boundary between the ground and
thesky (i.e, thereisno horizon). Low-level flights
and landings in these conditions become very
dangerous. Several disastrousaircraft crasheshave
occurred in recent years in which whiteout
conditions may have been afactor.

b. Fog. Fog is often described as a stratus
cloud resting near the ground. Fog forms when
the temperature and dew point of the air approach
the same value (i.e., dew-point spread is less than
5°F) either through cooling of the air (producing
advection, radiation, steam, or upslope fog) or by
adding enough moisture to raise the dew point
(frontal fog). When composed of ice crystals, itis
calledicefog.

(1) Advection Fog. Advectionfogformsdue
to moist air moving over a colder surface, and the
resulting cooling of the near-surface air to below
its dew-point temperature. Advection fog occurs
over both water and land.

(2) Radiation Fog (ground or valley fog).
Radiational cooling produces this type of fog.
Under stable nighttime conditions, long-wave
radiation is emitted by, and cools, the ground,
forming a temperature inversion. In turn, moist
air near the ground cools to its dew point.
Depending on the moisture content of the ground,
moi sture may evaporateinto theair, raising the dew
point of thisstablelayer, accelerating radiation fog
formation.

(3) Upslope Fog (Cheyenne fog). Upslope
fog occurs when sloping terrain liftsair, cooling it
adiabatically to its dew point and saturation.
Upslopefog may beviewed aseither astratus cloud
or fog, depending on the point of reference of the
observer. Updopefog generdly formsat the higher
elevationsand buildsdownward into valleys. This
fog can maintain itself at higher wind speeds
because of increased lift and adiabatic cooling.
Upslope winds more than 10 to 12 knots usually
result in stratus rather than fog. The eastern slope
of the Rocky Mountainsisaprimelocationfor this
type of fog.

(4) Steam Fog (Arctic Sea Smoke). Steam
fog iscommonly seen aswispsof vapor emanating
from the water’s surface in the northern latitudes.
Water vapor condenses and forms steam fog when
water vapor is mixed with much colder air. Inthe
middle latitudes, steam fog is most common near
lakes and rivers during autumn and early winter,
when waters are still warm and colder air masses
prevail. A strong inversion confines the upward
mixing to arelatively shallow layer within which
the fog collects and assumes a uniform density.
Under these conditions, the visibility is often 3/16
mile (300 meters) or less.
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(5) Frontal Fog. Associated with frontal
zones and frontal passages, thistype of fog can be
divided into types: warm-front pre-frontal fog;
cold-front post-frontal fog; and front-passage fog.
Pre- and post-frontal fogs are caused by rainfalling
into cold stable air and raising the dew point.
Frontal-passage fog can occur in a number of
situations. For example, it can occur when warm
and cold air masses, each near saturation, are mixed
by very light windsin thefrontal zone. It can occur
when relatively warm air is suddenly cooled over
moist ground with the passage of a well-marked
precipitation cold front. It can also occur during
low-latitude summer, where evaporation of front-
passage rain water coolsthe surface and overlying
air enough to add sufficient moisture to form fog.

(6) IceFog (Figure1-2). Icefogiscomposed
of icecrystalsrather than water dropletsand forms
in extremely cold, arctic air (—29°C (-20°F) and
colder). Factors contributing to reduced visibility
associated with ice fog are temperature, time of
day, water vapor availability, and pollutants.
Burning hydrocarbon fuels, steam vents, motor
vehicleexhausts, and jet exhausts are major sources
of water vapor and pollutants that help to produce
icefog. A strong low-level inversion contributes
toicefog formation by trapping and concentrating
themoistureinashalow layer. Onceicefogforms
it usualy persistsuntil thetemperaturerisesor there
isan airmass change.

(7) Sublimation Fog. The American
Meteorological Society Glossary of Meteorology
describes sublimation as the transition from solid
directly to vapor. Ice crystals sublime under low
humidity in below-freezing conditions.
Sublimation fog occurswhen ground frost sublimes
at sunrise increasing moisture in the atmosphere.
This can cause a rapid onset of typically short-
lived, shallow, foggy conditionsreducing visibility
to as low as 1/2 mile. This morning event,
sometimes dubbed a “TAF Killer”, can cause
problems with morning sortie generations and
recoveries.

Figure 1-2. Ice Fog (Dissipating).

In summary, the following characteristics are
important to consider when forecasting fog:

 Synoptic situation, time of year, and station
climatology.

e Thermal (static) stability of the air, amount
of air cooling and moistening expected, wind
strength, and dew-point depression.

* Trajectory of theair over typesof underlying
surfaces (i.e., cooler surfaces, bodies of water).

e Terrain, topography, and land surface
characteristics.

C. Visibility Forecasting Rules of Thumb.
1. Dry Obstructions- General

a. DryHaze. Dry hazelayersnormally restrict
visibility to 3 to 6 miles, and occasionaly to less
than 1 mile. It usually dissipates when the
atmosphere becomes thermally unstable or wind
speeds increase. This can occur with heating,
advection, or turbulent mixing.

b. Duststorm Generation. This is a function
of wind speed and direction and soil moisture
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content. Table 1-1 lists the conditions favorable
for generation and advection of dust.

After generating blowing dust upstream (in a
duststorm), wind speed becomes important in
advection of the dust. Dust may be advected by
winds aloft when surface winds are weak or calm.
Duration of the advected dust is a function of the
depth of the dust and the advecting wind speeds.
Synoptic situations, such as cold frontal passages,
may change the wind direction and increase or
decreasethe probability of dust advecting into your
area.

Forecasting dust generation is more difficult than
forecasting the advection of observed dust into the
area. Important factorsto consider includelocation
of favorable source regions, soil dryness, and
agricultural practices. Areas where sound soil
conservation methods are practiced are less prone
to blowing dust. Plant cover protects soil from
wind erosion by slowing and breaking wind flow,
similar to the effects of asnow fence. Conversely,
military or civilian operations may disturb the soil,
destroy vegetation in an area, and increase the
chancefor dust generation. Tailor parametersand

conditionsin Table 1-1 to better help forecast dust
affecting customer’soperations. Also, do not forget
pilot reports (PIREPs); they are helpful in
forecasting dust.

3. Moist Obstructions - General

a. Precipitation. Althoughthereisno onestrict
rule of thumb relating the intensity of rain to
expected visihility, Table 1-2 may be used asaguide
to forecast visibility based on the intensity of
forecast precipitation. When forecasting more than
oneform at atime, or when forecasting fog to occur
with the precipitation, consider forecasting alower
visibility than shown in Table 1-2.

b. Blowing Snow. Blowing snow dueto strong
surface winds can greatly reduce horizontal
visibility. Visibility of less than 1/4 mile is not
unusual in light or moderate snow when the winds
exceed 25 knots. The composition of the snow
and the effects of local terrain are as important as
meteorological factors in forecasting visibility
reductions caused by blowing snow. Thefollowing
forecasting hints may be helpful in forecasting
reduced visibility in blowing snow:

Table 1-1. Conditionsfavorablefor the generation and advection of dust.

Parameter or Condition

Favor able When

L ocation with respect to source region L ocated

downstream and in close proximity

Agricultural practices Soil left

unprotected

Previous dry years

Plant cover reduced

Wind speed

> 30 knots

Wind direction

Southwest through northwest (dust source upstream)

Cold front

Passes though the area

Squall line

Passes though the area

L eeside trough Deepeni

ng and increasing winds

Thunderstorm

Mature storm in local area or generates blowing dust upstream

Whirlwind

Inlocal area

Time of day 1200 to

1900L

Surface dew point depression >10°C

Potential Advection

Blowing dust generated upstream

Wind speed

> 10 knots

Wind direction Along tr

ajectory of the generated dust

Synoptic situation Ensures

the wind trajectory continues to advect dust
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Table 1-2. Visibility limits based on
precipitation intensity.

Visibility Limits

Intensity (statute miles)
Light rain showers Aslow as5 miles
Moderate rain Aslow as2 Y2 miles
showers

Aslow as¥2 mile
> Hmile

Heavy rain showers
Light snow showers

M oderate snow > Yabut < Yamile
showers
Heavy snow showers | <¥imile

* Moderate, dry, and fluffy snowfall with
wind speeds exceeding 15 knots usually reduces
visibility in blowing snow.

e Snow cover that has previously been
subject to wind movement (either blowing or
drifting) usually does not produce as severe a
visibility restriction as new snow.

* Snow cover that fell when temperatures
were near freezing does not blow except in very
strong winds.

* The stronger the wind, the lower the
visibility in blowing snow. The converseis also
true; visibility usually improves with decreasing
wind speed.

*  Loosesnow becomesblowing snow at wind
speeds of 10 to 15 knots or greater. Although any
blowing snow restrictsvisibility, the amount of the
visibility restriction depends on such factors as
terrain, wind speed, snow depth, and composition.

* Blowing snow isagreater hazard to flying
operations in polar regions than in mid-latitudes

becausethe colder snow isdry, fineand easily lifted.
Winds may raise the snow 1,000 feet above the
ground, lowering visibility. A frequent and sudden
increasein surfacewindsin polar regionsmay cause
the visibility to drop from unlimited to near zero
within afew minutes.

»  Fresh snow blowsor driftsat temperatures
of —20°C (—4°F) or less. After 3 or more days of
exposureto direct sunlight, snow formsacrust and
doesnot readily drift or blow. The crust, however,
is seldom uniform across a snowfield. Terrain
undulations, shadows, and vegetation often retard
the formation of the crust.

» If additional snow fallsonto snowpack that
has already crusted, only the new snow blows or
drifts.

c. Fog. A general summary of characteristics
important to fog formation and dissipation aregiven
here. This checklist is followed by additional
forecasting guidance specific to advection,
radiation, and frontal fogs.

(1) Formation. Fog forms by increasing
moisture and/or cooling the air. Moistureintheair
isincreased by the following:

* Precipitation.

 Evaporation from wet surfaces.

» Moisture advection.

* Sublimation from afrozen surface.

Cooling of the air results from the following:

* Radiational cooling.
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» Advection over acold surface.
» Upslope flow.
» Evaporation.
(2) Dissipation. Removing moisture and/or
heating the air dissipatesfog and stratus. Moisture
intheair is decreased by:

» Turbulent transfer of moisture downward
to the surface (e.g., to form dew or frost).

» Turbulent mixing of the fog layer with
adjacent drier air.

* Advection of drier air.

» Condensation of the water vapor into
clouds.

 Deposition of water vapor to ground frost.
Heating of the air results from the following:

* Turbulent transport of heat upward fromair
in contact with warm ground.

* Advection of warmer air.

 Transport of the air over a warmer land
surface.

* Adiabatic warming of theair by subsidence
or downslope motion.

» Turbulent mixing of the fog layer with
adjacent warmer air aloft.

* Release of latent heat associated with the
formation of clouds.

(3) General Forecasting Guidance. Ingenerd:

* Fog lifts to stratus when the lapse rate
approachesdry adiabatic.

» Marked downslope flow prevents fog
formation.

» The wetter the ground, the higher the
probability of fog formation.

» Atmospheric moisture tends to sublimate
on snow, making fog formation, and maintenance
lesslikely.

» With sufficient radiational cooling (below
freezing), fog can dissipate rapidly and form ground
frost through the deposition process.

 Rapid formation or clearing of clouds can
be decisive in fog formation. Rapid clearing at
night after precipitation isespecialy favorablefor
the formation of radiation fog.

» The wind speed forecast is important
because decreases may lead to the formation of
radiation fog. Conversely, increases can prevent
fog, dissipateradiation fog, or increase the severity
of advection fog.

» A combination advection-radiation fog is
common at stations near warm water surfaces.

* In areas with high concentrations of
atmospheric pollutants, condensation into fog can
begin before the relative humidity reaches 100
percent.

* Thevisibility in fog depends on the amount
of water vapor available to form droplets and on
the size of the droplets formed. At locations with
large amounts of combustion products in the air,
dense fog can occur with arelatively small water
vapor content.
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» After sunrise, the faster the ground
temperaturerises, the faster fog and stratus clouds
dissipate.

 Solar insolation often liftsradiation fog into
thin, multiple layers of stratus clouds.

* If solar heating persists, and no higher
cloudsblock surface heating, radiation fog usually
dissipates.

« Solar heating may lift advection fog into a
single layer of stratus clouds and eventually
dissipate the fog if the insolation is sufficiently
strong.

(4) Specific Forecasting Guidance. Consider the
following when faced with advection, radiation, or
frontal fog situations.

(&) Advection Fog. Advectionfogisrelatively
shallow and accompanied by a surface-based
inversion. The depth of this fog increases with
increasing wind speed (though at wind speeds
above 9 knots greater turbulent mixing usually
causes advection fog toliftinto alow stratus cloud
deck). Other favorable conditionsinclude:

* Coastal areaswheremoist air isadvected
over water cooled by upwelling. During late
afternoon, such fog banks may be advected inland
by sea breezes or changing synoptic flow. These
fogs usually dissipate over warmer land; if they
persist through late afternoon, they can advect well
inland after evening cooling and last until
convection devel ops the following morning.

* In winter, when warm, moist air flows
over colder land. Thisiscommonly seen over the
southern or central United States and the coastal
areas of Korea and Europe. Because the ground
often cools by radiation cooling, fog in these areas

iscalled advection-radiation fog, acombination of
radiation and advection fogs.

« Warm, moist air that is cooled to
saturation as it moves over cold water forms sea
fog:

o |f theinitial dew point isless than the
coldest water temperature, sea fog formation is
unlikely. In poleward-moving air, or inair that has
previoudly traversed awarm ocean current, the dew
point is usually higher than the cold-water
temperature.

s Seafog dissipatesif achangein wind
direction carriesthe fog over awarmer surface.

*e An increase in the wind speed can
temporarily raise asurface fog into a stratus deck.
Over very cold water, dense sea fog may persist
even with high winds.

s The movement of sea fog onshore to
warmer land leads to rapid dissipation. With
heating from below, the fog lifts, forming astratus
deck. With further heating, this stratus layer
changes into a stratocumulus cloud layer and
eventually changes into convective clouds or
dissipatesentirely.

s Cooling after the heat of the day can
cause sea fog to roll back in and restrict ceilings
and visibility again.

(b) Radiation Fog. Radiation fog occurs in
air with ahigh dew point. Thiscondition ensures
radiation cooling lowersthe air temperature to the
dew point. Thefirst stepinmakingagood radiation
fog forecast is to accurately predict the nighttime
minimum temperature. Additional factorsinclude
the following:
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* Air near the ground becomes saturated.
Whentheground surfaceisdry intheearly evening,
the dew-point temperature of the air may drop
dlightly during the night due to condensation of
some water vapor as dew or frost.

* In calm conditions, this type of fog is
limited to a shallow layer near the ground; wind
speedsof 3-7 knotsbring moremoist air in contact
with the cool surface and cause the fog layer to
thicken. A stronger breeze prevents formation of
radiation fog due to mixing with adryer air aloft.

 Constant or increasing dew points with
height in the lowest 200 to 300 feet, so that slight
mixing increases the humidity.

» Stable air mass with cloud cover during
the day, clear skiesat night, light winds, and moist
air near the surface. These conditions often occur
with a stationary, high-pressure area.

* Relatively long period of radiational
cooling, e.g., long nights and short days associated
with late fall and winter in humid climates of the
middle latitudes.

* In nearly saturated air, light rainfall will
trigger the formation of ground fog.

* In valleys, radiation fog formation is
enhanced due to cooling from cold air drainage.
Thiscooled air can result in very dense fog.

* In hilly or mountainous areas, an upper-
level type of radiation fog—continental high
inversion fog—forms in the winter with moist air
underlying asubsiding anticyclone:

e Often a stratus deck forms at the base
of the subsidence inversion, then lowers. Since
the subsiding air above the inversion isrelatively
clear and dry, air at the top of the cloud deck cools
by long-waveradiational cooling, whichintensifies
the inversion and thickens the stratus layer.

s A persistent form of continental high
inversionfog occursin valleysaffected by maritime
polar air. The moist maritime air may become
trapped in these valleys beneath a subsiding
stagnant high-pressure cell for periods of two weeks
or longer. Nocturnal long-waveradiational cooling
of the maritime air in the valley causes stratus
cloudsto form for afew hoursthefirst night after
the air becomes trapped. These stratus clouds
usually dissipate with surface heating thefollowing
day. On each successive night, the stratus cloud
deck thickens and lasts longer into the next day.
The presence of falen snow adds moisture and
reduces daytime warming, further intensifying the
stratusand fog. Intheabsence of air mass changes,
eventually the stratus clouds lower to the ground.

¢ The first indicator of formation of
persistent continental high inversion fog is the
presence of a well-established, stagnant high-
pressure system at the surface and 700-mb level.
In addition, astrong subsidenceinversion separates
very humid air from adry air mass aloft over the
area of interest. The weakening or movement of
the high-pressure system and the approach of a
surface front dissipates this type of fog.

* Radiation fog sometimesformsabout 100
feet (30 meters) above ground and builds
downward. When this happens, surface
temperaturerisessharply. Similarly, an unexpected
risein surface temperature can indicateimpending
deterioration of visibility and ceiling due to fog.

* Finally, radiation fog dissipatesfrom the
edgestoward the center. Thisareaisnot afavorable
areafor cumulus or thunderstorm devel opment.

(c) Frontal Fog. Frontal fog formsfrom the
evaporation of warm precipitation as it falls into
drier, colder air in afrontal system.

 Pre-Frontal, or warm-frontal fog (Figure
1-3) is the most common and often occurs over
widespread areas ahead of warm fronts,
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 \Whenever the dew-point temperature
of the overrunning warm airmass exceeds the wet-
bulb temperature of the cold airmassit’sreplacing,
fog or stratus form.

ee Fog usually dissipates after frontal
passage dueto increasing temperatures and surface
winds.

» Post-frontal, or cold frontal, fog occurs
less frequently than warm-frontal fog.

e« Slow-moving, shallow-sloped cold
fronts (Figure 1-4), characterized by vertically
decreasing winds through the frontal surface,
produce persistent, widespread areas of fog and
stratus clouds 150 to 250 miles behind the surface
frontal position to at least the intersection of the
frontal boundary with the 850-mb level.

e Strong turbulent mixing behind fast-
moving cold fronts, characterized by vertically
increasing windsthrough thefrontal surface, often
produce stratus clouds but no fog.
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Figure 1-4. Post-Frontal Fog Associated with Slow-Moving Cold Fronts. Persistent

fog may occur with thistype of cold front.
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D. Visibility Forecasting Aids/ Techniques.

1. Using Streamlinesto Forecast Visibility near
the Coast. Fog and stratus form near coastlines
where moist air flows over cooling land. Surface
streamlines can be used to forecast fog and stratus
in those areas. To use streamlines effectively,
follow threerules:

» Look at dl available observationsinthearea

» Consider seasurfacetemperatures. Visit the
Navy’sweather web siteat: www.fnmoc.navy.mil. You
will need alogin and password to enter the secure
site. These can be obtained by requesting them
from the site (scroll down the left side to the
“Contact Us’ areaand request an account be opened
up for your weather station). Check with your OWS
to seeif they aready have an account withthe Navy.
Once inside the secure area, scroll down the left
side to where it says, “ Software and Manuals’.
After installing the appropriate software, you' |l be
ableto view the products on the site.

* Refer to atopographical map. The scale must
be large enough to show detailed terrain features.
Follow the flow over terrain or across land-sea
boundaries to identify the heating, cooling and
lifting processes.

2. Graphical Method for Forecasting Fog. This
method isvalid for short (0 to 4 hours) periodsand
al times of day. The previous 3- and 6-hour
temperature and dew point and graph paper arethe
only tools required. Use the temperature scalein
effect for the period being plotted on the graph.
For example, Figure 1-5 shows a Y-axis scale
gradation from +4 to —2 because the 6-hour
temperature was 4°C and dew point was—2°C. If
the 6-hour temperature and dew point was 20°C
and 15°C respectively, then use aY-axis gradation
from 20 to 15. Apply the following when using
the graph:

* Plot the current temperature (T) and dew
point (Tqg) on the vertical line labeled N.

* Plot the 3-hour old temperature and dew point
onthevertica linelabeled N-3, the 6-hour old data
on the N6 line.

» Connect the plotted temperature values
with aline, extending the line to the right edge of
thegraph. Similarly, connect the plotted dew-point
values and extend thislineto the edge of the graph.

* If the lines do not intersect—stop; do not
forecast fog for the following 4 hours. If thelines
dointersect, from the point of intersection you can
find the forecast time by proceeding vertically
downward to thetimescale. Add N to theforecast

Time in 30 Minute Increments
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Figure1-5. Graphical M ethod of Forecasting Fog. Method uses previous 3-
and 6-hour temperatures and dew points.
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time to arrive at an onset time for the fog. For
example, in Figure 1-5, if the current time was
0900 UTC, then forecast fog at 1200 UTC (0900 +
3 hours).

3. Determining Fog Height. An upper-air
sounding taken when fog is present usually shows
a surface inversion. If the temperature and dew
point remain equal from the base to the top of the
inversion, assume fog extends to the top of the
inversion. If they arenot equal, averagethemixing
ratio at thetop of theinversion and themixingratio
at the surface. The intersection of this average
mixing ratio with the temperature curve is agood
estimate of the top of the fog layer.

4. Determining Surface Temperature Needed to:

a. Form Radiation Fog (Fog Point). This
value indicates the temperature (°C) at which
radiation fog forms. To determine the fog point,
find the pressure level of the lifted condensation
level (LCL). From the dew point at this pressure
level, follow the saturation mixing ratio lineto the
surface. Theisotherm valueat thispoint isthefog
point, or the temperature at which radiation fog
forms.

Note: TheBritish Quick Fog Point (BQFP), picked
up by UK forecasterswhile deployed in the former
Yugoslavia areas, may also prove useful. This
parameter isvalid aslong as there is moisture on
the ground:

BQFP = Dew-point temper ature (at max
heating) — 2

b. Dissipate Radiation Fog.
Sep 1. Determine the average mixing

ratio on your local upper air sounding isthe lowest
50 to 100 mb of the sounding.

Sep 2. Find wherethe mixing ratio line
intersects the temperature curve.

Sep 3. Descend from this intersection,
dry adiabatically, to the surface pressure. The
temperature of the dry adiabat at the surfaceisthe
temperature necessary.

Note: The temperature is approximate, since the
method assumes no changes take place in the
sounding from the time of observation to the time
of dissipation.

Step 4. Modify the fog dissipation
temperatureto reflect changesinlocal and synoptic
scale patterns and local effects.

5. Fog Threat. Thisvalueindicatesthe potential
for radiation fog formation. It is calculated by
subtracting the fog point from the 850-mb wet-bulb
potential temperature (WBPTgs0). Refer to Table
1-3 to determine the likelihood of radiation fog
formation.

Table 1-3. Fogthreat thresholdsindicating the
likelihood of radiation formation.

Fog Threat Likelihood of Radiation
Fog
>3 Low
>0and <3 Moderate
<0 High

Fog Threat = WBPT g5g — Fog Point

6. Fog Stability Index (FSI). The Fog Stability
Index (FSI) was originally developed and tested
by Herr Harald Strauss and 2nd Weather Wing for
usein Germany inthelate 1970s. Forecastersthere
agreed that focusing in on the 1000- to 850-mb
layer waskey to making agood fog forecast. Using
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the representative 1200Z sounding, the FSI is
designed to give you the likelihood of radiation
fog formation (see Table 1-4), and is defined as:

FSI = 4T grc- 2(Tgsp + Tdsfe) + Wgsg
where,

T gfc = Surface temperaturein °C.
Tg50 = 850-mb temperature in °C.
Tdgfc = Surface dew point in °C.

W g5 = 850-mb wind speed in knots.

Table 1-4. Fog stability index thresholds
indicating the likelihood of radiation fog
formation.

FSI Likelihood of Radiation
Fog
>55 Low
>31land <55 Moderate
<31 High

» Stability from the surface to 850 mb isthe
main factor, and it is denoted by the temperature
difference between pressure surfaces.

» Moistureavailability isgiven by the spread
between surface temperature and dew point.

» The 850-mb wind speed indicates the
amount of atmospheric turbulence in the near-
sufacelayer.

Note: Thresholds may require some adjustment.
Test results showed that this should not be used as
the sole predictor.

8. Forecasting Visibility Using Climatology.
Climatology provides trends and averages of a
variety of weather occurrences over a period of
years. Consultitfirsttoidentify prevailing ceiling
and visibility for the location and time of interest.
Climatology can also be used to estimate diurnal
variations of temperature and dew point at your
station asafunction of thetime of year, and genera

synoptic conditions. There are several sources of
climatological data available from the Air Force
Combat Climatology Center (AFCCC) (http://
www.afcce.mil.)

a. Modeled Ceiling and Visibility (MODCYV).
MODCYV is a software program that provides
climatologically based forecasts for ceiling and
visibility. (MODCYV isgradually replacing theolder
Wind-Stratified Conditional Climatology (WSCC)
tables.) Use this program as a guide to what is
likely to happen based on current conditions. Itis
best to useMODCYV after fog hasformed and when
conditionswill improve. Adjust thedisplay to meet
current or expected weather conditions that affect
visibility forecasts. These data can prevent over-
forecasting an unfamiliar situation or, for the more
experienced forecaster, help refine a best-guess
forecast.

* MODCV output can beavery valuabletoal,
but do not use it blindly or indiscriminately. Itis
based on the month, time of day, wind direction,
and theinitial ceiling and the visibility category at
your station—it only indirectly considers the
synoptic situation. It is generally not useful in
forecasting low ceilingsand visibility dueto smoke
or duststorms.

* While the numbers in the data are
important, the trends they represent are more
important. Consider these trends in the light of
the normal diurnal changesthat take place at your
station. Look at the values above and below your
category—do they follow the sametrends? If your
wind sector is near the border of another, look at
both sectors and the “all” wind category. If winds
arelight, look at the“calm” category. Remember
to look for trends as well as numbers.

* When there are very few observations in
the category (lessthan 10), there may beinsufficient
examples to make a good forecast. When six or
seven cases al follow the same pattern, use this
data with afair degree of confidence. When five
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cases or the fewer show no set pattern, confidence
islow.

b. Modeled Diurnal Curves(MODCURVEYS).
This product provides summarized parameters
including temperature, dew point, and relative
humidity by hour for stations from which surface
observations are available. The product provides
datain monthly increments, and includesfour wind
sectors and two sky cover categories. Values are
displayed in graphic and tabular form. These
summaries resembl e older temperature/dew point
summaries, but are menu driven in a Windows
environment.

c. SurfaceObservation Climatic Summaries
(SOCS). SOCS contain the percentage frequency
of occurrence of ceiling and visibility based on
month, time, wind direction, and wind speed. The
SOCS replaced the Revised Uniform Summary of
Surface Weather Observations (RUSSWO) in July
1988. Each SOCS summarizeshourly observations
(and summary of day data) for a given weather
station in eight categories: atmospheric
phenomena; precipitation, snowfall, and snow
depth; surface wind; ceiling, visibility, and sky
cover; temperature and relative humidity; pressure;
crosswind summaries; and degree days. Each
SOCS includesaClimatic Brief, described bel ow.

d. Operational Climatic Data Summary
(OCDS). This product is a summary of monthly
and annual climatic data prepared manually when

Table 1-5. MOS visibility (VIS) categories for
the continental United Sates and Alaska.

the creation of a standard computerized climatic
brief isimpractical dueto lack of data. The most
recent 10-year period of record isused unlessmore
dataisavailable. Dataare supplemented from other
sourcessuch asearlier periodsof record, datafrom
contemporary and/or earlier stations, and published
data from other sources.

e. International Station Meteorological
Climate Summary (ISMCS). ISMCS is a joint
USN/NOAA/USAF-produced CD-ROM that
contains station climatic summaries.

9. Forecasting Visibility Using Model Output
Satistics (MOS) Guidance. MOS is an excellent
tool to help forecast visibility and vision
obstructions. Asalways, it'simportant toinitialize
and verify the model before using MOS.

a. Vishbility (VIS). Vishility forecasts are
valid every 3 hoursfrom 6 to 36 hours, then every
6 hours from 42 to 60 hours after 0000 and 1200
UTC. Inthe CONUS and Alaska, MOS visibility
forecasts are grouped by categories as shown in
Table 1-5.

b. Obstruction toVision (OBVIYS). Visibility
forecastsarevaid every 3 hoursfrom 6to 36 hours,
then every 6 hours from 42 to 60 hours after 0000
and 1200 UTC. Inthe CONUS, MOS obstruction-
to-vision forecasts are for one of the categories
shown in Table 1-6 for the CONUS and Alaska.

Table1-6. MOSObstructiontoVision (OBVI1YS)
categoriesfor thecontinental United Statesand
Alaska.

MOSVIS Obstruction to

MOSVIS Visibility (Miles) Category Vision
Category = Fog

1 <1 H Haze

2 <l B Blowing phenomena

3 1<3 N Neither fog, haze,

4 3<5 nor blowing

5 >5 phenomena

X missing data
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10. Some Final Thoughts on Visibility
Forecasting. Experience plays an important role
in forecasting visibility. Note the following:

a. Actual Prevailing Visibility. A drop in
visibility (i.e., from 25 miles to 15 miles) could
indicate asignificant increasein low-level moisture
that could go unnoticed in a 7+ mile report.

b. Sector Visibility. If sector visibility is
significantly different from prevailing, it could
mean something significant is occurring. For
example, the lowering of sector visibility could
mean a fog bank is forming or that dust is rising
due to an increase in winds from a thunderstorm.

c. Obstructions to Visibility. Reports should
includewnhat isobstructing vision (i.e., fog, smoke,
haze, etc.) aswell asan estimated layer height top
and/or base. For example, visibility 10 miles in
haze, top of haze layer approximately 1,500 feet,
includes haze asbeing the obstructionto vision and
identifiesthe layer of haze.

d. Tops and Bases of Haze Layers. These
are important because they may mark the bases of
inversions. Tops and bases of haze layers are
usually difficult to estimate, but adefinitetop and/
or base is sometimes detectable when looking
towards the horizon. Determine the height by
noting the orientation to higher terrain, trees, or
buildings, if available. Pilot reports of haze tops
and/or bases are also useful.

II. PRECIPITATION. For precipitation to occur,
two basic ingredients are necessary: moisture and
a mechanism for lifting the air sufficiently to
promote condensation. Lifting mechanisms
include convection, orographic lifting, and frontal
lifting. There are many techniques and methods
available for forecasting precipitation.

A. Precipitation General Guidance

1. Extrapolation. Extrapolation works best in
short-period forecasting, especially when
precipitation is occurring upstream of the station.
First, outline areas of continuous, intermittent and
showery precipitation on an hourly or 3-hourly
surface product. Use radar and satellite data to
refine the surface chart depiction. Use different
types of lines, shading, or symbols to distinguish
the various types of precipitation. Next, compare
the present areato several hourly (or 3-hourly) past
positions. If the past motion is reasonably
continuous, make extrapolationsfor several hours.
(Note: Consider local effects that may block or
slow the movement of the extrapolated area.)

2. Cloud-top Temperatures. The thickness of
the cloud layer aoft and the temperatures in the
upper-levels of clouds are usually closely related
to the type and intensity of precipitation observed
at the surface, particularly in the mid-latitudes.
Monitor METSAT imagery loops to determine if
cooling cloud topsare occurring (indicating upward
vertical motion). Climatology reveals the
following:

* In 87 percent of the cases where drizzle was
reported at the surface, the cloud-top temperatures
were colder than —-5°C.

* In 95 percent of the cases during continuous
rain or snow, the cloud-top temperatures were
colder than —12°C.

* In 81 percent of the cases, intermittent rain or
snow fell from the clouds with cloud-top
temperatures colder than —12°C; in 63 percent of
the cases, with cloud-top temperatures colder than
—20°C.

3. Dew-point Depression. An upper level dew-
point depression lessthan or equal to 2°Cisagood
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predictor of both overcast skies and precipitation.
Dew-point spreads|essthan or equal to 2°C onthe
850- and 700-mb forecast products are a good
indication of potential precipitation, assuming there
is potential for upward vertical motion.

4. Frontal Placement

a. Cold Fronts. A cold front moving
southeastward into the central and eastern United
States may produce widespread, prolonged poor
weather. After passage of the cold front, aband of
stratiform ceilingswith fog, drizzle, rain or frequent
snow 200 to 500 miles wide often forms behind
the front, bringing several days of bad weather.

(1) Synoptic Pattern. With the following
sequence of events, expect widespread post-frontal
weather.

« A cold front moves into the area east of
the Rockies, followed by arather shallow dome of
cold, continental air.

* Figure 1-7 showsathermal ribbon at 500
mb. Do not consider an area that is part of the
ribbon when theisotherm spacing becomes greater
than 150 miles.

» The 24-hour forecast position of the 500-
mb trough remains west of the affected area. Any
northerly flow below 500-mb tends to disrupt the
necessary thermal field.

* The pre-trough air at 850 mb has a dew-
point depression of 5°C or less.

* The 500-mb system must lag behind the
shortwave 850-mb trough. Weather in this post-
cold frontal pattern normally includesthe usual low
ceilings and gusty surface winds associated with
the cold front. Expect the worst conditions 25 to
75 milesbehind thefront where ceilingsare 200 to
600 feet and visibility of 1/2 to 2 miles can occur

in rain, snow, and/or fog. From 75 to 150 miles
behind thefront, ceilingsaverage 500 to 1,000 feet
with rain or snow and possibly freezing rain.
Beyond the 150-mile range, ceilings are above
1,000 feet with rain or snow showers. In most
cases, a band of freezing rain is present in areas
between the 850-mb 0°C and surface 0°C
isotherms.

» The orientation of the front is also an
important indicator of the nature of the post-frontal
weather. Weather associated with east-west
oriented cold fronts usually extends 500 miles to
therear of thefront; weather associated with more
northerly oriented fronts (050° to 230°) usually
extendsonly 200 milesbehind thefront. Ingeneral,
the more east-west the frontal system, the slower
the weather pattern movement. Note the extent of
precipitation with the east-west orientation of the
surface front in Figure 1-8.

(2) Forecasting Procedures for Widespread
Post-Frontal Weather.

Sep 1. Determinewhether a packed thermal
gradient on the 850-mb chart is present.

[ ] L ]
g s o 830 Diew-poitt
+15 TDepression = 390 T, N

Figure1-6. Thermal Ribbon Spacing. A thermal
ribbonisthreeor more nearly paralel isothermsin
5°C increments with spacing between isotherms
about 50-150 miles.
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Sep 2. Forecast the 24-hour movement of
the 500-mb trough. If theforecast callsfor eastward
movement or the retrogression of the 500-mb
trough, the flow at 850 mb behind the trough
weakens and leavestheisotherm ribbonin an area
of weak flow. Thisdecay generally proceedsfrom
south to north. If the 500-mb trough progresses
normally with the 850-mb trough, the thermal
ribbon moveswith the surface front and widespread
post-frontal weather does not form.

Sep 3. Determineif the 850-mb pre-trough
air has dew-point depressions of 5°C or less. See
Figure 1-7.

Note: If al three of the above are present, then
conditionsare potentially good for widespread post-
frontal weather and proceed with Steps 4 and 5.

Sep 4. Forecast the 24- and 30-hour position
of the surface cold front.

Sep 5. Forecast the area of bad weather by
using the cold front astheleading edge. If thefront

is oriented more north-south than a 050° to 230°
axisexpect bad weather to stretch 200 milesbehind
thefront. If thefront ismore east-west that a050°
to 230° axis, expand the area to 500 miles behind
the front (see Figure 1-8).

Weather persistsuntil one of thefollowing occurs:

* The 500-mb trough axis passes east of the
area.

» Cyclogenesis takes place and associated
temperature advection disturbs the pattern.

* A new cold front moves in, breaking the
pattern.

b. Warm Front—Overrunning. Overrunning
precipitation occursin association with activewarm
fronts, surface cyclones passing south of your
station, stationary fronts and, to a lesser degree,
with slow-moving cold fronts. Stratus is a by-
product and generally resultsfrom the evaporation
of relatively warm precipitation into cooler air.
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Figure 1-7. The 500-mb Product. The 500-mb
trough retrogrades slightly on the northern end and
moves slowly east to the southern end. Within 24
hours, the 850-mb winds over the ribbon south of
the Great Lakes had fallen to almost calm.

Figure1-8. Widespread Precipitation Scenario.
Theresulting spread of precipitation 24 hours after
the system shown in Figure 1-7.
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Use the 925-mb or 850-mb (whichever is more
applicablefor your location) and 700-mb products
to determine whether sufficient moisture and
sufficient vertical motion are present to produce
overrunning precipitation:

* The 925-mb or 850-mb product reveals if
the available moisture to the south and the wind
flow arefavorablefor the advection of thismoisture
into the area.

* The700-mb product reveasif the thermal
structure is adequate to produce overrunning
precipitation. In general, overrunning requires
warm-air advection and cyclonic curvature at 700
mb to produce significant precipitation. Therefore,
the outer limits of overrunning precipitation are
usually the 700-mb ridge line in advance of the
system (beginning of precipitation) and behind the
system where the wind changes from veering with
height (warm-air advection) to backing with height
(cold-air advection and the ending of precipitation).

Figure 1-9isanidealized model of an overrunning
precipitation pattern that occurs with an active
warm front to the north of a surface cyclone.

i50mb Flow ——

Veering Reglen m

[Crvermunning]

Figure 1-9. Overrunning Associated with a
Typical Cyclone. This pattern occurs with an
activewarm front to the north of asurface cyclone.

Forecasting the onset of overrunning precipitation
associated with astationary front isadifficult task
near the surface front. The primary concern is
moisture advection over the top of the cold air
(consider the 925-mb or 850-mb product first).
During the long time span between 850-mb
products, monitor other data, especially from sites
closeto amoisture source. A good indicator isthe
increase of low-level cloudinessat thewarm-sector
stations upstream. Advect thismoisture at the speed
of thelow-level winds. Dissipation of thistype of
overrunning takes place with one of the following
two occurrences:

*  When an upper-level short wave (watch
upper-level analysisand vorticity forecasts) forms
alow on the stationary front and the low moves
through.

e When the 700-mb flow changes from
cyclonic curvature to anticyclonic curvature.

5. Drizzle Formation. The basic requirements
for significant drizzle are:

A cloud layer or fog at least 2,000 feet deep.

* Cloudlayer or fog must persist several hours
to alow dropletstimeto form.

« Sufficient upward vertical motionto maintain
the cloud layer or fog.

* A source of moisture to maintain the cloud
or fog. (Light drizzle can fall from radiation and
sea fog without the help of upward vertical
motions).

Except for the upward motion, the requirements
for drizzle can be determined by inspecting
products. Vertical motion at 700 mb generally is
not relevant to fog and stratus. The 850-mb Q-
vectorsmay beuseful at stationsat elevationsclose
to the 850-mb level.
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Note: T-TWOS#1 hasdetailed information on Q-
vectors and their applications.

Thevertical motion of concernis near the ground;
identify it by drawing streamlines on surface charts
to locate and track local axes of confluence. Make
areasonabl e estimate of whether surface confluence
is stronger or weaker than usual. Drizzle onsetis
faster and more likely with stronger confluence.

Sometimes upds opeflow and seabreeze confluence
producesthe gentle vertical motion needed without
observations that indicate local confluence.
Similarly, persistent large-scale southerly flow
naturally convergesasit movesnorthward and can
provide the needed low-level gentle upward
motion. Finally, the lift associated with the front
supplies the needed upward motion to generate
large areas of fog and stratus. In many of these
instances, it is possible to observe the onset of
drizzle at stations upstream and to extrapolate.
Extrapolation may serve only to improve timing
on arrival of conditions.

When extrapolating, remember the nature of the
drizzle process. Thedrizzleareaislikely to move
or expand discontinuously since it is strongly
dependent upon the lifetime of the cloud.

This has been limited to warm (above 0°C) and
supercooled water clouds between—10°C and 0°C.
At colder temperatures, the cloudsarelikely to have
increasingly larger numbers of ice crystals and
different physical cloud processes are occurring.
Of course, when surface temperatures are equal or
lessthan 0°C (32°F), forecast freezing drizzle.

B. Model Guidance

Model Output Satistics(MOS). MOS guidance
isusualy areliabletool for forecasting precipitation
since it considers climatology for your station.
MOS bulletins provide probability of precipitation

(POP), quantitative precipitation (QPF), probability
of precipitation type (POPT), and probability of
snow accumulation (POSA) forecasts. Use MOS
guidance carefully during extreme weather events
since climatology tends to steer MOS guidance
away from forecasting rare or extreme events.

C. Determining Precipitation Type

1. Thickness. Thickness is the most common
predictor for precipitation type. Thicknessis the
vertical distance between two constant-pressure
surfaces. Itisafunction of temperature: thewarmer
theair, thethicker thelayer. If thethicknessof the
layer isknown, then something is known about its
mean temperature. The most used 1000-500-mb
thickness value for forecasting precipitation type
is the 540 (5,400 meter) threshold. Another
predictor is the 0°C 850-mb isotherm. A third
predictor isthe 850-700-mb, 1,530-meter thickness
line. Studies have shown that snow is rare when
the 850-700-mb thickness is greater than 1,550
meter, or the 1000-500-mb thicknessisgreater than
5,440 meters.

a. Analyzing/Extrapolating Patterns.

(1) Method 1. Figure 1-10 shows the 1000-
500-mb thickness associated with an equal
probability of precipitation being liquid or frozen
(wherethe number in parenthesesisthe number of
cases used to determine the equal probability value
at that station. Figure 1-11 shows the probability
of precipitation being liquid or frozen as the
thicknessincreases or decreasesfrom the thickness
values given in Figure 1-10. For example, if the
expected thickness for Fort Campbell, Kentucky,
is 60 meters less than the thickness value of 5,425
meters shown on Figure 1-10, then Figure 1-11
indicates the probability of precipitation being
frozen is greater than 80 percent. These figures
are agood starting place for determining whether
precipitation is liquid or frozen. Modify these
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Figure 1-11. Probability of Precipitation Being Frozen VersusLiquid.
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whenever these thickness values are not
representative; for example, for lake effect and
relatively thin layers of warm or cold air.

(2) Method 2. This method requires that both
thelow- and mid-level thicknessbe cal culated and
plotted, but the precipitation analysisis rapid and
straightforward. Useforecast charts by looking at
theisotherms, isodrosotherms, and thicknesslines.
Plot the following parameters, manually or by
computer, on one map.

* The mid-level thickness (700-mb height
minus the 850-mb height).

» The low-level thickness (850-mb height
minus the 1000-mb height), specifically the
thicknessridgeline.

» The 700-mb height contours.

» The 700-mb dew points.

» The 850-mb dew points.

» The surface 0°C (32°F) isotherm.
* The 850-mb 0°C (32°F) isotherm.

Analyze the mid-level thickness for the 1,520
and 1,540 meters contours and analyze for these
dew points. —-5°C (850 mb) and —10°C (700 mb).
Forecast two or more inches of snow to occur in
the area within these lines where precipitation is
expected (seeFigure 1-12). Analyzethemid-level
thickness for the 1,555-meter line. Forecast
freezing precipitation to occur in the area between
this line and the 1,540-meter line and within the
above dew-point lines, provided the surface
temperature is below freezing. Find any areas of
appropriate thickness but lacking sufficient
moisture at either 850 mb or 700 mb. Beadert for
any changes in the moisture pattern by advection
or vertical motion. Expect only liquid precipitation
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Figure 1-12. Method 2. Plot shows where to
expect different precipitation types.

on the warm side of the 850-mb 0°C (32°F)
isotherm.

(3).Method 3. Youwill need to moveanayzed
thickness contoursto their position at thevalidtime
of your precipitation forecast. The following are
general rulesfor extrapolating thickness patterns:

(@) Low-Level Thickness. Choose several
1000- to 850-mb thickness lines that give a good
estimate of the thickness pattern; e.g., the 1,300-,
1,340-, or 1,380-meter lines. Move each linein
the direction of the wind at 3,000 feet with 100
percent of that wind speed. The thickness ridge
moves at the speed of the associated short wave.
Inastrongly baroclinic situation, it moves slightly
to the left of the 500-mb flow at 50 percent of the
wind speed. Sincethickness patternsmerely depict
thelarge-scale massdistribution, take careto adjust
for rapid changes at 500 mb. Compare the
thickness analysis with the surface analysis to
ensure areasonable forecast product.

(b) Mid-Level Thickness. Move the 1,520-
to 1,540-meter band at 100 percent of the 8,000-
foot wind field. Consider continuity, the latest
surface analysis, and other chartswhen devel oping
anew thickness forecast chart.
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Snowfall begins with the approach of alow-level
thickness ridge after the passage of the 700-mb
ridge line or the line of no 12-hour temperature
change (the zeroisallotherm) and with the approach
of thelow-level thicknessridge. Snowfall usually
ends after the passage of the low-level thickness
ridge and the 700-mb trough. Snowfall isheaviest
1to 2 hoursbeforehand, and ends after the passage
of the low-level thickness ridge and the 700-mb
trough.

2. Freezing precipitation indicators

a. Height of Freezing Level. Forecastersoften
use the freezing level to determine the type of
precipitation (see Table 1-7). Theforecast isbased
on the assumption that the freezing level must be
lower than 1,200 feet above the surface for most
of the precipitation reaching the ground to be snow.
However, forecasters must understand the complex
thermodynamic changes occurringinthelow-levels
to correctly forecast tricky winter precipitation
situations. For example, the freezing level often
lowers500to 1,000 feet during first 1.5 hours after
precipitation begins, due to evaporation or
sublimation. When saturation occurs, these
processes cease and freezing levels rise to their
origina heightswithin 3 hours. With strong warm-
air advection, thefreezing level risssasmuch asa
few thousand feet in a 6- to 8-hour period.

Thefollowing methods use the number of freezing
levelsto forecast thetype of precipitation expected
at the surface. Each one considers the change of
state of precipitation from liquid-to-solid or solid-
to-liquid asit falls through the atmosphere.

(1) SngleFreezing Levdl. If thefreezing level
equals or exceeds 1,200 feet above ground level
(AGL), forecast liquid precipitation. If thefreezing
level islessthan or equal to 600 feet AGL, forecast
solid precipitation. If thefreezinglevel isbetween
600 and 1,200 feet AGL, forecast mixed
precipitation.

Table 1-7. Probability of snowfall asafunction
of the height of the freezing level.

Height of freezing Probability precipitation
level above will all 25 snow

ground

12 mb 90%

25 mb 70%

35 mb 50%

45 mb 30%

61 mb 10%

(2) Multiple Freezing Levels. When there are
multiple freezing levels, warm layers exist where
the temperature is above freezing. The thickness
of thewarm and cold layersaffectsthe precipitation
type at the surface. If the warm layer is greater
than 1,200 feet thick and the cold layer closest to
the surfaceislessthan or equal to 1,500 feet thick,
forecast ice pellets. Finaly, if the warm layer is
between 600 and 1,200 feet thick, forecast ice
pelletsregardless of the height of thelower freezing
level.

b. Checklist for Snow vs. Freezing Drizzle.
Therearetwo typesof atmospheric situationswhere
freezing precipitation occurs. The most common
case occurs when ice crystals melt as they fall
through asufficiently deep warm layer (temperature
greater than 0°C). The water droplets hit a cold
surfacethat hasatemperature at or below freezing,
and freeze on contact. The other technique is
effective when the forecast decision involves the
choice between snow vs. freezing drizzle. This
technique is based on the precipitation nucleation
process. It appliesto the continental United States,
Europe, and the Pacific regions. However, freezing
precipitation is relatively rare in Korea. The
checklist below assumes the atmosphere is below
freezing through its entire depth, and the water
droplets remain supercooled until surface contact.

* Does a lower-level moist layer (below 700
mb) extend upward to where temperatures are
—15°C? If not, then freezing drizzle is possible.
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* Is a mid-level dry layer (800 to 500-mb)
present or forecast? If yes, freezing drizzle or a
mixture of snow and freezing drizzle is possible.

* Is the mid-level dry layer (dew-point
depression greater than or equal to 10°C) deeper
than 5,000 feet? If yes, the precipitation may
change to freezing drizzle, or a prolonged period
of mixed snow and freezing drizzleis possible.

* Ismid-level moistureincreasing? If freezing
drizzle is occurring and mid-level moisture is
increasing, precipitation may change to all snow.

* Is elevated convection occurring or forecast
to occur? If yes, the mid-level dry layer may be
eroded, causing snow instead of freezing drizzle.
D. Forecasting Rainfall Amounts.

1. Radar Signatures Associated with Flash
Floods. Monitoring weather radar isthe best way
to detect the potential for heavy rainsand localized
flooding. Pay particular attention to the signatures
below:

 Rapidly growing echoes.

» Slow moving echoes.

* Persistency (long lasting).

* Train echoes (echoes that move repeatedly
over the same area).

 Hurricanes and tropical storms.
* Lines.
* Line Echo Wave Patterns (LEWPS).

 Converging echoes and lines.

2. Satellite Signatures. Satellite imagery is a
valuable tool to use in evaluating heavy rainfall
potential. Consider forecasting heavy rains with
any of the signatures below:

* Quasi-stationary thunderstorm systems,
those that regenerate and those that move over the
same areaagain.

* Rapid horizontal expansion of the anvils.
Infrared (IR) imagery picksthisup best.

* Rapid vertical growth.
* IR tops colder than —62°C.
« Overshooting tops.

* Merging of convective cloud lines and
thunderstorms.

* Mesoscale Convective Complexes
(MCCs).

* Rapid clearing to therear of thunderstorms
associated with sinking air. Thisisan indicator of
strong vertical circulation and suggests heavy
convective precipitation.

* Thunderstorm anvilsthat stretch out in a
thin narrow band parallel to the upper-level wind
flow, new thunderstorms often devel op upwind.

Utilize NOAA's“SAB Areal Tropica Rainfall
Potential” webpage. Thisisaprogram that takes
the latest microwave Rain Rate data from the
Defense Meteorological Satellite Program’s Specia
Sensor Microwave Imager (SSM/I), the NOAA-
15 Advanced Microwave Sounder Unit (AMSU),
or theNASA Tropical Rainfall Measuring Mission
(TRMM) and performsan extrapol ation of therain
rate values based on the forecast track and speed.
This forecast is taken from the official forecast
bulletins issue by the NOAA National Hurricane
Center and Central Pacific Hurricane Center. This
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can be done for tropical depressions, storms, and
hurricanes. The website is located at:
www.ssd.noaa.gov/PS/TROP/trap-img.html.

E. Snowfall.

1. General Guidance. Thefollowing rules are
empirical in nature:

» The average relative humidity for the
layer from the surface to 500 mb must be at least
70 to 80 percent in order to have significant
synoptic-scale precipitation.

» Snowfalls greater than 2 inches are
associated with warm advection and positive
vorticity advection, assuming adequate moisture
isavailable (except for lake effect and orographic
effects).

» Most precipitation occurs within the 65
percent (or higher) relative humidity areason model
forecast charts. Similarly, most heavy precipitation
occurswithin the 80 percent relative humidity area.

* The 850-mb -5°C isotherm usually
bisects the area that receives heavy snow
accumul ation during the subsequent 12 hours.

Table 1-8a. Snowfall Accumulation vs Surface
Visibility.

Visibility (miles) and Accumulation (inches/hour
Intensity

>3 -SN <01

2-3 -SN <0.2

Y -SN <0.3
114 -SN 01-04
1 -SN 0.2-0.6
3/4 -SN 0.3-0.9
Yo SN 06-14
14 +SN 1.0-22
1/8 +SN 15-34
<116 +SN 25-5.0+

» Heavy snow occurs in the area north of
the 850-mb 0°C isotherm and south of the 850-mb
—5°C dew-point line and the 700-mb —10°C dew-
point line.

* Beginning and ending times. Snow
begins as the 700-mb ridge line passes overhead.
Snow ends at the 700-mb trough line (and in some
cases, at the 500-mb trough line). Heavy
precipitation tends to begin as the 500-mb ridge
line passes overhead and ends as the contour
inflection point passes overhead.

2. Estimating Rates/Accumulation

a. Using Weather and Visibility. Estimates of
snowfall rates can be determined from visibility
measurements (see Table 1-8aand 1-8b).

» Snowfall rateisinversely proportional to
prevailing visibility assuming falling snow is the
predominate horizontal obscuration. Snow
accumulation is dependent upon snowfall rate and
storm duration. Snow falling at lower temperatures
tends to compact and melt much less than snow
falling near freezing. Keeping thesefactorsinmind,
therainfall intensity and associated hourly rainfall
can beroughly converted into an estimated snowfall
intensity/hourly snowfall ratetable. Table 1-8awas
derived in part from combining rainfall intensity/
rate and snowfall intensity data located in the
National Weather Service (NWS) Observing
Handbook No. 7.

Under most circumstances when temperatures are
bel ow freezing throughout the entire sounding, the
atmosphere will not have enough moisture or
instability to generate exact equivalent rain-snow
rates. Table 1-8aassumesthat the greater reduction
of visibility is by falling snow rather than other
precipitation types, fog, or blowing snow.
Accumulationsfor each visibility category areover
a temperature range from +1°C (>34°F) for low
end ratesto < -8°C (<10°F) for high end rates.
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The use of Tables 1-8aand 1-8b can beillustrated
with an example. If moderate snow (1/2 mile
visibility) occurred for one hour at -2°C (28°F),
one would first use Table 1A to obtain the
accumulation range of 0.6 to 1.4 inches per hour.
Thenusing Table 1B, moderate snow falling at 28°F
would correspond to adding 1/4 to 0.6 inches per
hour (low end value for 1/2 mile visibility),
resulting in 0.85 inches per hour.

b. Snow Index Using 200-mb Warm
Advection. This method is effective when used
between 10 October and 10 March. It useswarm-
air advection at 200 mb moving into an area of
cold air to forecast the amount of snowfall for the
next 24 hours. Warm-air advection at 200 mb is
thekey indicator because the 200-mb warm pocket
usually coincides with the 500-mb vorticity
maximum, particularly in well-devel oped systems.
Thus, warm-air advection at 200 mb isanother way
to measure the strength of aweather system.

Warm air normally occurs in 200-mb troughs and
cold air in the ridges. Temperatures are usually
—40° to —45°C in strong troughs and are -65°C or
colder in strong ridges. Generally at 200 mb, the
direction of movement of the 500-mb vorticity

Table 1-8b. Values added to compensate for
temper atur e/snowflake composition.

Temperature (deg F) Re values
>31 0-
26-30 14
19-25 %
13-18 3/4
<12 1+

maximum is parallel to aline connecting the 200-
mb warm and cold pockets—except in the case of
large scale cyclonic flow over North America
associated with rapidly moving short waves, or
cutoff lowsin the southwest United Statesthat have
remained nearly stationary for the previous 24
hours. If thestormisnot well developed vertically
(i.e., weak 200-mb temperature contrasts), heavy
snow usually does not occur. If the dynamics are
strong, the moisture usually advectsinto the storm.

* When there is warm-air advection at 700
mb into asnow threat area, the total average snow
accumulation for the next 24 hours (providing the
column of air iscold enough for snow) isgiven, in
inches, by the following: determine the amount of
warm-air advection at 200 mb by taking the
difference (°C) between thewarm coreinthetrough

and the cold core in the ridge area; then

divide by 2, ignoring the units. If the
indicated warm—air advection extends less
than 6° latitude (360 NM) upstream from
theforecast area, the precipitationisusually
of short duration. See Figure 1-13 for an
example.

* If thereiscold-air advection at 700 mb
into the snow threat area (or it is observed
within 8° of latitude (480 nm) of the
forecast area at 700 mb), the total snow

Figure1-13. Snow Index (200-mb) Example. Determine
amount of warm-air advection (difference between K and
W) 64 -42=22°C. Divideby 2 for estimated snow amount

(11 inches, in this case).
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accumulation is estimated by dividing the amount
of warm-air advection at 200 mb by 4.

* The maximum snowfall occurs near the
coldest 200-mb temperature found downstream
from the warmest 200-mb temperature.

c. Using Precipitable Water | ndex (PWI, PPW
on N-TFS Skew-T). The PWI is the total
atmospheric water vapor contained in a vertica
column. The PWI is expressed in terms of height
(inches of water) to which water would stand if
completely condensed out (inches of water) and
collected in avessel (rain gauge).

* Estimate 12-hour snow amounts from the
PWI by using the formula: snowfall in 12 hours
equals PWI multiplied by 10.

* However, if the ground is wet and
temperatures around are near freezing, use the
formula: snowfall in 12 hours equals PWI
multiplied by 5.

* |f thereisastrong influx of moisture, these
techniques underestimate the snowfall.

* The highest accumul ation amounts usually
follow the 1,520- to 1,540-meter diffluent thickness
band when it is packed between 2 degrees of
latitude (approximately 120 NM).

Example: If the PWI is 0.75, the ground is wet,
and the surface temperature is 0°C (32°F), the
snowfall in 12 hoursis3.75inches (0.75 multiplied
by 5).

3. Forecasting Snow Showers. The technique
and information discussed applies to stations that
experience snow showersand have alarge moisture
source within 250 NM. Stationslocated 100 NM
or morefrom water sources must include additional
parameters (such as upslope or terrain-induced
cyclonic curvature) in order for the technique to

work as well as it does for stations closer to the
water source. Thismethod may also be applicable
to rain shower and thunderstorm forecasting.

The proper use of the following radar procedures
requirestwo aids. First, streamlinethe Local Area
Work Chart (LAWC) to depict the areas of
confluence and diffluence. Next, streamline the
925- or 850-mb winds and highlight the areas of
cold and warm advection. The 12-hour period
between the 0000Z and 1200Z products need not
be a problem if continuity of significant troughs
and cold pockets is maintained. Continuity of
diffluent and confluent areashelpintheforecasting
of clouds and icing; but alone do not indicate the
onset, intensity, accumulation, or duration of the
snow. For snowfall forecast, the period during
which the 925- or 850-mb cold pocket begins to
overrun the surface area of confluence identifies
the probable period in which snow showers or
squalls become identifiable on the radar.

Identify aband of snow upstream of the station on
the radar; extrapolate its movement to determine
whether it affectstheforecast area. Synoptic-scale
rain, snow, or thunderstorm bands normally move
perpendicul ar to the band’s orientation (i.e., north-
south lines move east); however, snow showers or
snow squall bands usually move parallel along the
bands. The LAWC streamline explainsthereason
for the unique movement of the snow shower
bands. Snow showers are a direct result of
confluence at the surface, cold-air advection above,
and sufficient moisture. Snow showersform, along
and move with, the axis of the surface confluence.
If either the band of snow showersor the confluent
axis moves towards the station, forecast snow
showersto begin.

Use 90 to 100 percent of the 2,000- or 3,000-foot
winds to forecast snow shower movement. The
reason for using such a high percentage of the low-
level wind speed isthat snow can precedethelow-
level clouds by as much as 5 minutes, depending
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upon the actual strength of the winds just below
the cloud bases. The next step isto determine the
snow shower intensity and duration, and snow
amount.

It is often difficult to forecast the movement of
snow shower lines and bands because they shift
directionsfrequently. Although the directional shift
usually isnot greater than 15 degrees, it can make
the difference between snow and no snow at a
specific location. This shifting is most common
when the wind core at 3,000 feet is less than 25
knots. When the wind speed core at 3,000 feet is
greater than 25 knots, directional shifts are less
frequent, and if they occur, they are usually less
than 15 degrees.

By using the techniques and information provided
above, forecast lead times can improve for snow
showers. Once snows begin, use the radar to look
for openings or shiftsin the orientation of the bands
to forecast when the snow tapersoff or ends. These
openingsand shiftsmay indicate temporary breaks.
If they are upstream, determine whether thereisa
solid band or aseries of snow shower cells. A solid
band does not change the observed condition, but
acellular patternindicates an intermittent condition
with periods of heavier snow and reduced visihility.

Use the LAWC to forecast when the snow ends.
When a surface diffluent wind pattern arrives at
the station, clearingislikely. Examinethe surface
wind pattern upstream for adiffluent wind pattern,
and advect the pattern at the same rate the snow
moved.

4. Lake Effect Snow. The most significant lake
effect snowstorms occur during the late fall and
winter when cyclonically curving cold air crosses
warmer lake waters and creates localized areas of
instability. Lakeeffect snowstormsareexperienced
a few hundred miles down stream in persistent
weather systems. The following checklist (Table
1-9) provides a list of weighted parameters that

determine one of three possible forecast choices:
snow, snow alert, or no snow.

Total the score. Greater than 40 points, forecast
snow. If the scoreisgreater than zero but lessthan
40, snow is possible. This indicates there is a
potential for lake effect snow but conditions are
marginal. Do not forecast any snow with a score
of less than zero.

5. Heavy Snow. Generally, forecast heavy snow
if all of the following conditions are met:

» 850-mb dew point in range —5° to 0°C.
 700-mb dew point warmer than—10° to—-5°C.

* 500-mb temperature north of 40°N lessthan
or equal to—35°C; south of 40°N lessthan or equal
to —25°C.

Additionally, the following more specialized
guidance may help in forecasting heavy snow
OCCUrrences.

a. Non-Convective Snowfall. Table 1-10lists
rules of thumb for forecasting snowfall during non-
convective situations.

b. Locating Areas of Maximum 12-hour
Snowfall. Perform the following analysis to
pinpoint the areas of heavy snowfal. Maximum
snowfall occurs where these areas intersect the
most.

e OQOutline the surface 0°C (32°F) isotherm
and 0°C (32°F) dew points.

* At 850 mb, outline areas having dew points
< 4°C and moisture.

e At 700 mb, outline areas having dew points
< 10°C and moisture. Also, locate areas showing
the greatest 12-hour cold advection.
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Table 1-9. Lake effect snowstor m checklist. If thetotal islessthan 0, don’t forecast snow;
between 0 to 40 and snow is possible; greater than 40 forecast snow.

L ake effect snow checklist/Scor e sheet Score
Step 1. Vorticity > 18 crossing the lake (+20)
Step 2. If no, vorticity 12 to 18 crossing the lake (+10)
Step 3. Vorticity maximum crosses the lake directly (+10)
Step 4. Cyclonic curvature (surface to 500-mb) (+5)
Step 5. If anticyclonic curvature at surface and cyclonic
curvature aloft, go to Step 8.
Step 6. Anticyclonic curvature aloft (-10)
Step 7. Anticyclonic curvature at the surface (-10)
Step 8. Inversions. NGM temperatures.
T5 (830 mb-760 mb) — T3 (910 mb —870 mb) (-10)
greater than 3°
T5— T3 greater than 1° (-5)
Step 9. Temperature (water) minus temperature (850-mb) (-35)
less than 10°C
Temperature (water) minus temperature (850-mb) (0)
greater than 10° and less than 13°
Step 10. Instability
Conditional (+10)
Moderate (+20)
Extreme (+30)
Step 11. 850-mb/boundary layer wind: 0° to 210° (-35)
850-mb/boundary layer wind: 340° to 020° or 220° to (0)
230°
850-mb/boundary layer wind: 240° to 0° (+20)
Total

Table 1-10. Rules of thumb for forecasting heavy non-convective snowfall.

850-mb and surface analysis

The 0° isotherm at the surface moves little when
steady precipitation is occurring and the 850-mb
level is saturated. Heaviest snowfall occursin
moist air, with dew points between -4° and 0°C,
northwest of the surface low.

700 mb

The heaviest snow occurs along the track of a
closed low at 700 mb. Snow ends with 700-mb
trough passage. Heaviest snow aso occursin
moist air with the 700-mb dew point in the range
of -10° to -5°C. Heavy snow isaso possible
where warm anticyclonic wind flow converges
with colder northwest flow. It isimportant to
locate the center of the strongest 12-hour cooling
and it's movement. The areainto which this
center movesis also alikely areafor heavy
precipitation.

500 mb

When trough temperatures are -20°C or colder,
heavy snow occurs approximately 400 to 800
NM downstream from the trough axis.

Precipitable Water Index (PWI)

A simple conversion for potential 12-hour
snowfall isto multiply the PWI by 10.

Average relative humidity

Average relative humidity from the surface to
500-mb should be 80% or greater.

Low-level thickness

1000- to 850-mb thickness, 1300 meters or less.
850- to 700mb thickness, 1555 meters or less.
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» At 500 mb, locate the jet (—20°C isotherm)
and cold thermal troughs.

* Outlineareasof 80 percent relative humidity
(RH) from surface to 500-mb.

* Outline areas of positive vorticity advection
(PVA) and 12-hour forecast position.

» Performalow-level thicknessanalysis (850-
700-mb thickness). A 1,520 to 1,540 meter band
about 120 mileswideisagood first approximation
of the heavy snowfall zone. Widthisseldom greater
than 200 miles and the axis of heaviest fall is2 to
4 degrees of |latitude on the cold side of the surface
low.

c. Satellite Techniques. Two satelliteimagery
interpretation techniques are useful for pinpointing
heavy snow areas. The first technique uses the
southern edge of the coldest cloud topsin satellite
imagery to approximate the southern boundary of
the heavy snow band. A line drawn through the
center of the coldest tops approximatesthe northern
boundary of the most significant snowfall. The
second technique focuses on the midpoint of the
enhanced cloud band. Extrapolate the cloud
midpoints downstream.

Note: The heaviest snow usually does not occur
where the infrared (IR) temperatures are the
coldest.)

(1) Shear Zone Heavy Snow Events. A
common feature of snow events occurring with
weaker stormsisajpronounced cyclonic speed shear
zone aloft. Thistype of situation also exhibitstwo
other important characteristics.

* Cloud and precipitation development are
usually very rapid and forecast lead-time is
minimal.

» The weather associated with the shear
zone often turns out to be the main event, although

most tend to focus most on the developing storm
lifting out with the upper trough.

» The heaviest snow of the event generally
occurs where the PVA and warm-air advection act
together or in succession.

(2) The Shear ZoneInterpretation Technique.
The southern edge of the coldest cloud tops, often
the location of the heaviest snowfall, typically
developsjust to theleft of, and parallel to, cyclonic
shear zones.

» To forecast the shear zone location,
visualizealinefrom the vorticity maximum to just
left of the downstream bulgeinthedry slot. Aline
extended eastward or downstream through the cold
cloud tops approximates the cyclonic shear zone.

* The leading edge of maximum wind speeds
associated with the jet is near the furthest
downstream extension of the dry slot.

* A vorticity maximum is located in the
areaof the greatest speed shear. Locatethevorticity
maximum near the upstream edge of the enhanced
clouds.

 The southern edge of the clouds and the
southern edge of the attendant heavy snow band
should devel op about 1 degree of latitude (60 NM)
left looking downstream of the shear zone.

This second method is most reliable when thereis
along and narrow dry slot, which may betheresult
of a sharper shear zone in this area. Significant
snowfall is still possible until the vorticity
maximum passes. Use extrapolation of arrival of
the back edge of clouds to approximate the time
when the snow tapers off.

d. Favorable Synoptic Patterns. Anayzingthe
synoptic situation can help identify areas most
likely to receive heavy snow. SeeTables1-11 and
1-12.
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Table 1-11. Forecast location of heaviest snow relative to various

synoptic features.

Feature

Downstream distance

Area lateral distance

500-mb vorticity maximum

700 km

250 km to the left of path

Surface low-pressure center | 500 km 250 km to the left of path
500-mb low center 100 km downstream from Along track
inflection point associated
trough
1000- to 500-mb thickness | Along thickness ridge Between 5310 and 5370
meters
700-mb low center Along track
500-mb 12-hr height fall Left of track
Intersection of 850- and Along track

500-mb maximum wind
axis
850-mb low center

300 to 1200 km 100 to 400 km to the left of

the track

Table 1-12. Synoptic snowstorm types
Deep occluding low

The track of the low is to the north-northeast and its
speed slows from aninitial 25 knotsto only 5to 10
knots during the occluding process. In practically
all casesaclosed low exists at 500-mb and captures
the surface low. The area of maximum snowfall lies
from the north to west of the center with rates of %2
to 1 inch per hour. The western edge of the
maximum area s at the 700-mb trough or low
center and all snow ends with the passage of the
500-mb trough or low center.

The track of the low is to the northeast or east-
northeast at 25 knots or more. It isassociated with a
fast moving open trough (occasionally with a minor
closed center) at 500 mb. The maximum areais
located parallel to the warm front from north to
northeast of the storm center. Duration is short (4 to
8 hours).

A sharp cold front oriented nearly north-south in a
deep trough. A minor wave may form on the front
and travel rapidly north dlong it. The troughs at 700
and 500 mb are sharp and displaced to the west of
the front by 200 to 300 NM. Ample maistureis
available at 850 and 700 mb. the area of maximum
snowfall islocated between the 850- and 700-mb
troughs. The snowfall duration is 2 to 4 hours.
Occursinfrequently. The lack of an active low near
the maximum snowfall area makes it different from
the others. A high-pressure ridge or wedgeis
situated north of a nearly stationary warm front.
The area of maximum snowfall isin aband parallel
to the front.

This consists of an inverted trough extending
northward from a closed low-pressure system to the
south. It may be just an inverted trough at the
surface. The available moisture determines the
extent of the snowfall area. Snowfall ends with the
passage of the 700-mb trough. Heavy snow may
occur when the flow at 500 mb is nearly parallel to
the surface trough. The surface and 700-mb troughs
move very slowly when this occurs.

Non-occluding low

Post-cold frontal type

Warm advection type

Inverted trough snowstorm
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6. Miscellaneous General Rules of Thumb
(ROTSs). The rules that follow are not meant to be
used by themselves. One should always use other
tools before finalizing aforecast.

a. Drizze.

* Cloud layer or fog layer must be between
2,000-6,000 feet thick (drizzle is rare when
thicknessis greater than 10,000 feet).

* Cloud layer or fog layer must persist for
several hours (allows dropletstime to build).

* Cloud bases must be less than 4,000 feet
(under 1,000 feet best).

* Must be sufficient upward motion to
maintain cloud layer or fog.

* If drizzle occurs, there must be source of
moisture to maintain the cloud or fog.

* Drizzleismost common with disorganized
weather systems.

* Drizzle most often occurs on cool side
(overrunning) of stationary fronts.

* Drizzleoften occurswithinversion present.

 Air often saturated up through 850 mb or
800 mb.

» Temperaturesat cloud top should be-4° C
or warmer.

b. Thickness and Precipitation.
 Freezing Precipitation.

+¢1000-500-mb thickness associated with
freezing drizzle, 5330- to 5520-meter band.

*¢ 1000-500-mb thickness associated with
freezing drizzle, 5330- to 5440-meter band.

* Rain and Show.

+¢ 1000-500-mb thicknessthresholdfor rain
vSs. snow, 5400-meter band.

*¢ 1000-500-mb thickness associated with
snow, 5360- to 5400-meter band.

c. Temperature.
* Rain \ersus Show Rules.

*s Surface Temperature: >40° F- Rain, 35°
to 40° F - Mixed, <35° F — Snow.

*s Surface Dew Point: >35° F- Rain, 25t0
35° F - Mixed, <25° F — Snow.

s 850-mb temperature: >5° C- Rain, 1to
5° C- Mixed, <1° C — Snow.

s 700-mb temperature: >-5° C - Rain, -5
t0-9° C - Mixed, <-9° C — Snow.

¢ 500-mb temperature north of 40° N and
Mountians: >-25° C- Rain, -25t0-29° C - Mixed,
<-29° C — Snow.

ee 500-mb temperature south of 40° N:
>-15°C- Rain, -15 to -19° C - Mixed, <-19° C —
Snow.

s Low levels (Surface and 850 mb) very
important—if below freezing—precipitation will
be:

(1) Snow if upper levels read snow.
(2) Freezingrainif upper levelsread rain.

* Freezing Precipitation.

s Temperature range of 0° C to -5° C best
for freezing rain.
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s Greater than half of freezing rain cases
occur with temperatures within 1.5° C of 0° C.

»s Mgjority of freezing drizzle cases occur
between -3° Cand -5° C.

*s Freezing drizzle has occurred in
tempatures between -5° C and -10° C.

d. Heavy Snow.
* 500 mb.

*¢ Beginswith passage of 500-mb ridge and
ends at 500-mb trough line.

e« Under a 500-mb closed low, and/or
dightly downstream of inflection point fromwhere
500-mb flow changes from cyclonic to
anticyclonic.

¢ 500-mb temperature north of 40° N <-
35° C.

¢ 500-mb temperature south of 40° N <-
25° C.

s Along and left of associated vorticity
center track.

s Snowfall generally 100-200 miles wide.

es \orticity value should be +14 or more,
with largest snowstorms having values of +19 or
more.

* 700 mb.

s 700-mb dew point warmer than -10° C
to-5°C

o¢ \Western edge of heavy snow isno farther
west than 700-mb trough line.

* 850 mb

*s Heavy snow occurs to left of 850-mb
track.

*s Snow startsat zone of low-level (850 mb)
convergence.

¢ 850-mb -5° C isotherm bisects the area
in which heavy snow occurs in subsequent 6-12
hrs.

s 850-mb dew point in range -5° C to 0°

*¢ |nareanorth of the 850-mb 0 °C isotherm
and south of the 850-mb -5° C dew-point line and
700-mb -10° C dew-point line.

» Surface.

*s 60-180 nm left of the track of surface
low.

*s Associated with strong WA A and positive
vorticity advection with adequate moisture.

¢ |n increased low-level warm advection
in overrunning situations.

» Miscellaneous.

e+ 850-700-mb thicknessbetween 1,540 and
1,520 m.

ee Under 1000-500-mb thickness ridge,
between 5,310 and 5,370 m thickness lines.

7. Snowfall and the PhysicsInvolved. Needless
to say, forecasting snow amounts during the winter
isoneof themost difficult tasksface by forecasters.
All forecasters know that snow amount forecasting
isaccomplished by solving thefollowing equation:

snow intensity X snow duration = snow amount
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When both terms on the left side of the equation
are fully understood, the process of determining
potential snowfall amounts becomes easier.
However, even though models give us good hints
regarding both terms, they do not give us the
complete answer, and therein lies the job of the
operational forecaster; to go beyond model
guidance and further define these terms.

The goal of this section isto aid the forecaster in
further defining the first term: Snow intensity. By
creating additional tools to aid in forecasting this
term, forecasters will be able to more accurately
forecast snow amounts.

Much of this module will discuss the role of
microphysicsintheintensity of snowfall, based on
snow crystal growth. By understanding those
processes, which lead to maximized growth of
snowflakes, we can better define the first termin
the equation. Theimportance of melting layerswill
then be discussed, along with therole they play in
determining snow versus rain forecasts.

a. Microphysics of Snow. The microphysics of
snow plays an important role in the amount of
snowfall that ispossible under aparticular synoptic
environment. More emphasis needs to be placed
on easily diagnosed microphysical processes, to
differentiate those soundings where large growth
of snowflakes is maximized. Classic winter
precipitation events start with ice crystalsforming
by heterogeneous nucleation and growth through
deposition. Theseice crystals then may continue
to grow into snowflakes by aggregation and riming.
These processes will be discussed below.

(1) HeterogeneousNucleation. Although most
water that we see around us does not supercool
appreciably, cloud droplets commonly exist inthe
supercooled liquid state down to temperatures as
low as-20°C and on occasion, down to -35°C, while
droplets of very pure water, only afew micronsin
diameter, may be supercooled down to -40°C in
the laboratory (Mason, 1962). Spontaneous

freezing occursat -40°C, but at higher temperatures,
they can freeze if they are infected with foreign
particles. Outside the laboratory, the freezing of
liquid dropletsis strongly dependent on a process
known as heterogeneous nucleation.
Heterogeneous nucleation of ice occurs in a
supersaturated atmosphere when water molecules
collect and freeze onto the surface of a foreign
particle, such as dust and clay particles, or even a
pre-existing ice crystal. For certain types of
particles, heterogeneous nucl eation of ice can occur
at temperaturesaswarm as-5°C, however itismore
likely at temperatures less than -10°C. Larger
dropletstendto freezefastest asthey aremorelikely
than smaller dropsto have afreezing nuclei or ice
embryo.

(2) Growth by Deposition. Snow crystal
growth through deposition is the first process by
which ice nuclei grow in size. The basic premise
is that because of a gradient of saturation vapor
pressures between ice nuclei and super-cooled
water droplets, growth will occur as water from
thewater dropletsisevaporated and then deposited
on theice nuclei. This process causes growth of
ice nuclel at the expense of water droplets. This
growth ismaximized at -15°C, wherethe saturation
vapor pressure gradient between water and ice is
greatest. Although thisprocess playsanimportant
role in allowing ice nuclei to grow in size, the
second process, aggregation, is more important in
creating large snowflakes.

(3) Growth by Aggregation. Snow crystal
growth through aggregation is the second process
that allows the larger crystals produced by
deposition to continue to grow in size. The basic
premise of this process is that different types of
snow crystals are produced depending on the
temperature of the atmosphere. Laboratory tests
and observational studieshave shown that thebasic
shape of ice crystals is highly dependent on the
temperature in which it grows. Ice needles and
columnstend to form at temperatures colder than
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-22°C, where dendrites and plates form at warmer
temperaturesof -10°C to -22°C. Both typesof snow
crystals have significantly different terminal fall
speeds, with columnsand needlesfalling faster than
dendritesand plates. Thisallowsthe columnsand
needles to fall into the area where dendrites and
plates are residing, and through collision,
aggregation of snow crystalsoccurs. Thisleadsto
larger and larger flakes as they continue to fall to
the ground.

(4) Growth by Riming. Growth by riming
occurswhen ice crystals collide and collect liquid
water dropsthat then freezetotheicecrystal. This
processismost efficient whenicecrystalsfall into
a saturated layer of supercooled water droplets,
typically in cloudswith temperatures of 0to-10°C.
Minor riming may not result in much modification
to the shape of ice crystals, but excessive riming
can produce snow graupel and sleet. The riming
processmay play arolein orographic regionswhere
warmer upslope clouds are seeded from above by
ice crystals falling from higher clouds, including
wave clouds, leading to higher precipitation rates
than would commonly be expected from only
upsope clouds (Staudenmaier, 1999).

The “stickiness” of snow crystals increases as
temperatures warm above -10°C in the sounding.
Deep low-level isothermal layers near -3°C to 0°C
leads to the largest flakes, due to the fact that
“stickiness’ is maximized at these temperatures.

(5) Mélting Layers. Sometimes the sounding
consists of amelting layer somewherein the lower
portion of the sounding. At thispoint, the question
may be: Will the snow melt before it reaches the
ground becoming rain, and/or will it refreeze close
the ground and become sleet? The ultimate answer
lies in the depth of the melting layer(s) and the
surface conditions. Typically, the depth of warm
air needed to melt snow as it falls is from about
750 feet to 1500 feet depending on the mass of
flakes falling through this layer and the lapse rate
(a measure of the strength of the melting layer).

When lapseratesare small, themelting layer tends
to be weak, and a deeper melting layer will be
required to melt the snow. When lapse rates are
large, the melting layer is strong, and snow will
melt within ashallower melting layer. On average,
the 50% probability where flakes will reach the
ground is with amelting depth of around 920 feet
AGL. If the depth is greater than this, the
probability is less than 50 percent that snow will
continue to exist as it reaches the surface, and if
the depth is less than 920 feet, the chances are
greater than 50 percent that snow will reach the
surface. Remember to take into consideration any
wet bulb effects that may occur, especidly if that
melting layer isalso adry layer.

Another aspect to themelting layer isthe maximum
temperature found in this layer. According to
research done by Stewart and King (1986), if the
maximum temperature in the melting layer isonly
around +1°C, then snow is much more likely to
reach the ground, no matter what the depth. If the
maximum temperature lies between +1°C and
+4°C, then sleet is most likely (depending on the
size of the snowflakes), especialy if temperatures
cool below freezing at/very near the surface. For
smaller size particles (melted drop size of lessthan
2mm), freezing drizzleismorelikely if the surface
conditions are below freezing. If the maximum
temperature in the melting layer is greater than
+4°C, then flakes with amelted drop size of 4 mm
and less will melt completely as they pass though
this layer, with the result of rain or freezing rain,
depending on the surface conditions. If flakesare
greater than 4 mm in size (melted), then amix of
precipitation can be expected. Both the depth of
the melting layer and the maximum temperature
should be used to try to decideif snow will become
dleet or rain before reaching the ground.

b. Conclusions. The effects of microphysical
processeson snowfall production havetypically not
had a place in the operational forecast office.
However, these processes are important in
understanding not only how snow actually occurs,
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but also, how much of it may occur. Numerical
models tend to do a decent job with forecasting
the“snowfall duration” portion of the equation, but
they still do not do a good job with the “snowfall
amount” portion. Part of this reason may be due
to the oversimplification of the operational
numerical models that do not take into
consideration most microphysical processes. As
forecasters, we need to understand these physical
processes more and then apply them in our
forecasts. By understanding how ice crystalsform
from heterogeneous nucleation, then grow through
deposition, aggregation, and riming to becomelarge
enoughtofall to theground, wethen can determine
those dayswhere conditionsare optimal for heavier
snow. Then by examining melting layersmorein

depth, amore accurate forecast of precipitation type
can be made.

The bottom line is to look for soundings that are
nearly saturated through a deep portion of the
atmosphere, consisting of saturated conditionsfrom
near 0°C at the surfaceto colder than -22°C, which
typically isnear or above 500-mb. The deeper the
saturated near-freezing conditions near the surface,
thelarger the snowflakeswill bedueto” stickiness’,
and if the saturated conditions continue above the
-22 degreeisotherm, then different typesof crystals
will be produced allowing aggregation to occur
throughout the lower atmosphere. Finally, examine
the character of the melting layer (if any) to
determine if rain, seet, or freezing rain is more
likely than snow.
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I1l. SURFACE WINDS. Accurate surface wind
forecasting is an important task for a forecaster.
Winds important for safe launch and recovery of
aircraft, and arevital for successful low-level flight,
ground combat operations, and base resource
protection activities. An accurate wind forecast is
avital pre-requisitefor accurately forecasting most
other weather elements.

A. Wind Basics.

This section reviews the basic atmospheric forces
responsible for atmospheric winds and describes
how these forces combine. It then describes how
thesewind typesarerelated to flow patternsaround
pressure systems.

1. Atmospheric Forces.

a. Pressure Gradient Force. This force is
responsible for winds in the atmosphere. It arises
from spatial differences in pressure in the
atmosphereand actsto moveair parcelsfrom higher
to lower pressure. The difference in the pressure
between two points (over agiven distance) in the
atmosphere is referred to as the pressure gradient
(PG). The magnitude of the PG force is directly
proportional to the strength of the PG. Tightly
packed isobars indicate a strong PG and are
associated with strong winds. In contrast, loosely
packed isobars indicate a weak PG and are
associated with weak winds.

b. Coriolis Force. The Coriolis force is the
“apparent” force that makes any mass, moving free
of the Earth’s surface, to be deflected from its
intended path. Thisforcedeflectswindsto theright
in the Northern Hemisphere and to the left in the
Southern Hemisphere, due to the Earth’s rotating
beneath them. Theforceisinversely proportional
tothelatitude; itiszero at the equator and increases
to amaximum at the poles.

c. Centrifugal and Centripetal Forces
(Figure 1-14). Centrifugal force throws an air

parcel outward from the center of rotation. Its
strength is directionally proportional to the speed
and radius of rotation. Centripetal force, equal in
magnitude and opposite in direction to the
centrifuga