NOAA Technical Memorandum
NWS ER-105

DENSE FOG CLIMATOLOGY FOR THE BLUE RIDGE
FOOTHILLS AND PIEDMONT AREAS OF THE BLACKSBURG, VA
COUNTY WARNING AREA FOR THE PERIOD 1973 -2008

JAN JACKSON, KEN KOSTURA AND WILLIAM PERRY

National Weather Service Office
BLACKSBURG, VA

Scientific Services Division
Eastern Region Headquarters
Bohemia, New York
February 2011

U.S. DEPARTMENT OF COMMERCE National Oceanic and National Weather Service
Atmospheric Administration



. NOAA TECHNICAL MEMORANDA |
National Weather Service, Eastern Region Subseries

The National Weather Service Eastern Region (ER) Subseries provides an informal medium for the documentation and quick dissemination of results not appropriate,
or not (}/et ready for formal publications. The series is used to report on work in progress, to describe technical Frocedures and practices, or to relate I:progress toa
limited audience. These Technjcal Memoranda will report on investigations devoted primarily to regional and local problems of interest mainly to ER personnel, and
usually will not be widely distributed.

Papers 1 to 22 are in the former series, ESSA Technical Memoranda, Eastern Region Technical Memoranda (ERTM); papers 23 to 37 are in the former series, ESSA
"I\'I%Pémcal Memoranda, Weather Bureau Technical Memoranda (WBTM). Beginning with 38, the papers are now part of the series, NOAA Technical Memoranda

Papers 1 to 22 are available from the National Weather Service Eastern Region, Scientific Services Division, 630 Johnson Avenue, Bohemia, NY, 11716. Beginni{}g
with 23, the papers are available from the National Technical Information Service, U.S. Department of Commerce, Sills Bldg., 5285 Port Royal Road, Springfield, VA
22161. Prices vary for paper copy and for microfiche. Order by accession number shown in parentheses at end of each entry.

ESSA Technical Memoranda

ERTM 1 Local Uses of Vorticity Prognoses in Weather Prediction. Carlos R. Dunn. April 1965. o

ERTM 2 Application of the Barotropic Vorticity Prognostic Field to the Surface Forecast Problem. Silvio G. Simplicio. July 1965.

ERTM 3 llA%gchnlque for Deriving an Objective Precipitation Forecast Scheme for Columbus, Ohio. Robert Kuessner. September

ERTM 4 ﬁtepwis&a Prlogcggures for Developing Objective Aids for Forecasting the Probability of Precipitation. Carlos R. Dunn.

ovember .

ERTM 5 A Comparative Verification of 300 mb. Winds and Temperatures Based on NMC Computer Products Before and After
Manual Processing. Silvio G, Simplicio. March 1966.

ERTM 6 Evaluation of OFDEV Technical Note No. 17. Richard M. DeAngelis. March 1966.

ERTM 7 \l\ilerlflhcaiggré of Probability of Forecasts at Hartford, Connecticut, for the Period 1963-1965. Robert B. Wassall.

arc .

ERTM 8 Forest-Fire Pollution Episode in West Virginia, November 8-12, 1964. Robert O. Weedfall. April 1966.

ERTM 9 The Utilization of Radar in Meso-Scale Sa/noptl_c Analgsw and Forecasting. Jerry D. Hill. March 1966.

ERTM 10 Preliminary Evaluation of Probability of Precipitation Experiment. Carlos R. Dunn. May 1966.

ERTM 11 Final Report. A Comparative Verification of 300 mb. Winds and Temperatures Based on NMC Computer Products Before
and After Manual Processing. Silvio G.Simplicio. May 1966. . . . .

ERTM 12 Summary of Scientific Services Division Development Work in Sub-Synoptic Scale Analysis and Prediction - Fiscal Year
1966. Fred L. Zuckerberﬂi May 1966. . o ] . . .

ERTM 13 A Survey of the Role of Non-Adiabatic Heating and Cooling in Relation of the Development of Mid-Latitude Synoptic
Systems. Constantine Zois. July 1966. o

ERTM 14 e Forecasting of Extratropical Onshore Gales at the Virginia Capes. Glen V. Sachse. August 1966.

ERTM 15 Solar Radiation and Clover Temperatures. Alex J. Kish. September 1966. .

ERTM 16 The Effects of Dams, Reservoirs and Levees on River Forecasting. Richard M. Greening. September 1966.

ERTM 17 Ugsgeof Reflectivity Measurements and Reflectivity Profiles for Determining Severe Storms. Robert E. Hamilton. October

ERTM 18 Procedure for Developing a Nomograph for Use in Forecasting Phenological Events from Growing Degree Days. John C.
Purvis and Milton Brown, December 1966.

ERTM 19 Snowfall Statistics for Williamsport, Pa. Jack Hummel. January 1967

ERTM 20 Forecasting Maturity Date of Snap Beans in South Carolina. Aléx J. Kish. March 1967.

ERTM 21 New En%land Coastal Fog. Richard Fay. April 1967. ) . .

ERTM 22 Rainfall Probability at Five Stations Near Pickens, South Carolina, 1957-1963. John C. Purvis. April 1967.

WBTM ER 23 A Study of the Effect of Sea Surface Temperature on the Areal Distribution of Radar Detected Precipitation Over the South
Carolina Coastal Waters. Edward Paquet. June 1967. (PB-180-612).

WBTM ER 24 An Example of Radar as a Tool in Forecastm%Tldal Flooding. Edward P. Johnson. August 1967 (PB-180-613).

WBTM ER 25 %\ger% 8 Gllz)l()mg Depths and Transport Wind Speeds over Eastern United States in 1965." Marvin E. Miller. August 1967.

WBTM ER 26 he Sleet Bright Band. Donald Marier. October 1967._(PB-180-61€2. . ) .

WBTM ER 27 A Study of Areas of Maximum Echo Tops in the Washington, D.C. Area During the Spring and Fall Months. Marie D.
Fellechner. April 1968. (PB-179-339). . )

WBTM ER 28 VlglgsT?n t??EO) etropolitan Area Precipitation and Temperature Patterns. C.A. Woollum and N.L. Canfield. June 1968.

WBTM ER 29 g:limatolo ical Regime of Rainfall Associated with Hurricanes after Landfall. Robert W. Schoner. June 1968. (PB-179-341).

WBTM ER 30 Monthly Precipitation - Amount Prababilities for Selected Stations in Virginia. M.H. Balle¥. June 1968. (PB-179-342).

WBTM ER 31 A Study of the Areal Distribution of Radar Detected Precipitation at Charleston, S.C. S.K. Parrish and M.A. Lopez.
October 1968. (PB-180-480). . o

WBTM ER 32 The Meteorological and H rologilcal Asgects of the May 1968 New Jersey Floods. Albert S. Kachic and William Long.
February 1969. g{Rewsed uly 1970). (PB-194-222). . . . .

WBTM ER 33 A Climatology of Weather that Affects Prescribed Burning Operations at Columbia, South Carolina. S.E. Wasserman and
J.D. Kanupp. "December 1968. SCO_M-71-00194). . .

WBTM ER 34 A Review of Use of Radar in Detection of Tornadoes and Hail. R.E. Hamilton. December 1969. (PB-188-315).

WBTM ER 35 Objective Forecasts of Precipitation Using PE Model Output. Stanle¥ E. Wasserman. July 1970. (PB-193-378).

WBTM ER 36 Summary of Radar Echoes in 1967 Near Buffalo, N.Y. Richard K. Sheffield. September 1970. (COM-71-00310).

WBTM ER 37 Objective Mesoscale Temperature Forecasts. Joseph P. Sobel. September 1970. (COM-71-0074).

NOAA Technical Memoranda NWS

NWS ER 38 Use of Primitive Ewation Model Output to Forecast Winter Precipitation in the Northeast Coastal Sections of the United
States. Stanley E. Wasserman and Harvey Rosenblum. December 1970. (COM-71-00138).

NWS ER 39 A Preliminar Cllmatology of Air Quality in Ohio. Marvin E. Miller. Januar 1971._(tCO -71-00204).

NWS ER 40 Use of Detailed Radar Inténsity Data in Mesoscale Surface Analysis. Robert E. Hamilton. March 1971. (COM-71-00573).

NWS ER 41 A Relationship Between Snow Accumulation and Snow Intensity as Determined from Visibility. Stanley E. Wasserman and
Daniel J. Monte. (COM-71-00763). January 1971. . .

NWS ER 42 'A(\Zg?\ile?Sltu(()j 8gf7Radar Determined Rainfall’as Compared to Rain Gage Measurements. Martin Ross. July 1971.

NWS ER 43 now Squalls in Ehe Lee of Lake Erie and Lake Ontario. Jerry D. Hill. August 1971. (COM-72-00959).

NWS ER 44 Forecasting Precipitation Type at Greer, South Carolina. John C. Purvis. December 1971. (COM-72-10332).

NWS ER 45 Forecasting Type of Precipitation. Stanley E. Wasserman. January 1972. (COM-72-10316).

(CONTINUED ON INSIDE REAR COVER)




NOAA Technical Memorandum NWS ER-105

DENSE FOG CLIMATOLOGY FOR THE BLUE RIDGE FOOTHILLS AND
PIEDMONT AREAS OF THE BLACKSBURG, VA COUNTY WARNING
AREA FOR THE PERIOD 1973 -2008

JAN JACKSON, KEN KOSTURA AND WILLIAM PERRY
National Weather Service Office
BLACKSBURG, VA

Scientific Services Division
Eastern Region Headquarters
Bohemia, New York

February 2011
United States National Oceanicand National Weather Service
Department of Commerce Atmospheric Administration John L. Hayes

Gary Locke Jane Lubchenco o Assistant Administrator
Secretary Under Secretary and Administrator




Table of Contents

J AN o (- o ST
L IOUCTION. e

A DL\ - N DI

3. MEtNOAOIOQY . ...t
O | (=0 (o] =) TSP

o e Y=ol (o A oo PP

4.2 Frontal/PreCiD. FOQ. ..ttt e

4.3 RAAIALION FOQ. ..ttt e e e e

4.4 Radiation FOU/NO FrONt. . ..o e

4.5 Radiation FOQ/POSE Cold FroNt. ...ttt e,

4.6 Radiation FOQ/POSE Warm FrONt. . .....oooee e e

B DS CUSSION . . - ettt ettt e,

ACKNOW OO OIS . ettt

R O NGRS . . et



ABSTRACT

WFO Blacksburg issues Terminal Aerodrome Forecasts (TAFs) for five airports. Dense
fog with visibilities of a half mile or less producing VLIFR conditions is a frequent
forecast problem at individual airports. In addition, dense fog occasionally becomes
widespread enough to necessitate a Dense Fog Advisory. Historical dense fog data is
available for each of the five airports. The locations of three of the airports, Roanoke,
Lynchburg, and Danville, represent a climatological region with similar geographical
characteristics on the east side of the Appalachian Mountains. Thirty six years of fog
data (1973 through 2008) from these airports were studied to produce a climatology of
dense fog events. Although a quarter of a mile or less visibility is the threshold for a
dense fog advisory, we found that we needed to use visibilities of a half mile or less in
order to get a large enough sample for the study. A dense fog event was then defined as
one in which 2 of the 3 airports recorded dense fog of a half mile or less for at least 2
hours during the same period. A period of two hours or longer would have a major
impact on aviation and ground travel, and with the similar topography and relative close
proximity of the three airports, the dense fog was then probably extensive enough to
warrant a dense fog advisory. 176 separate events were identified in the 36 year period.

1. INTRODUCTION

The purpose of this study is to
develop a climatology of dense fog for
the foothills and piedmont region of
Blacksburg’s County Warning Area
(CWA), and use it to help recognize
synoptic patterns that are conducive to
the formation of dense fog. The foothill
and piedmont region was separated from
the remainder of the CWA because the
topography of the CWA is characterized
by two separate regions. There is mainly
mountainous terrain over the
northwestern half of the CWA along and
west of the Blue Ridge mountain range,
with some elevated valleys. The mean
annual number of days with dense fog in
the Blacksburg CWA is highest west of
the Blue Ridge Mountains, at greater
than 50 days, but an axis of greater than
40 days extends into the foothills and
piedmont of southwest Virginia and

northwest North Carolina (Peace Jr.
1968).  The southeastern CWA is
comprised of the foothills and piedmont,
east of the Blue Ridge Mountains. There
is a gradual increase in elevation from
southeast to northwest from the
piedmont to the Blue Ridge foothills,
and then a rapid increase in elevation
further northwest into the mountains.
Elevations start at around 500 feet in the
Piedmont, rise to around 1000 feet in the
foothills, and then increase rapidly to
mountainous terrain of 2500 to 5000 feet
in the Blue Ridge and Appalachian
Mountains of southwestern Virginia
(VA), southeastern West Virginia (WV),
and northwestern North Carolina (NC).
In addition, the availability of historical
fog data across the CWA was limited to
first order airports as defined by the
National Climatic Data Center. There
are three airports that were judged to be
in close enough proximity and elevation



to be representative of the area;
Roanoke, Lynchburg and Danville (Fig.
1).

The total economic losses associated
with the impact of the presence of fog on
aviation, marine and land transportation
can be comparable to that of other severe
weather like tornadoes, winter storms
and hurricanes. (NOAA Economics
2008) This local dense fog
climatological study will provide
forecasters an improved understanding
of the frequency and type of dense fog
events in the piedmonts of southwest
Virginia and northwest North Carolina.
(Croft et al. 1997) This is expected to
help forecasters in two areas. The first is
for Terminal Aerodrome Forecasts
(TAFs) at Roanoke, Lynchburg and
Danville. Dense fog would bring either
Low Instrument Flight Rules (LIFR) of
visibilities less than a mile, or Very Low
Instrument Flight Rules (VLIFR) of
visibilities less than a half mile (NWSI
10-813 November 19, 2007). The second
area this study is expected to help
forecasters with is the issuance of dense
fog advisories for widespread fog with
visibilities of a quarter of a mile or less
(NWSI 10-515 NOVEMBER 1, 2005).

2. DATA

Data were gathered for all dense fog
events for the airports of Roanoke,
Lynchburg and Danville during the
period of January 1973 through
December 2008. The climate database
in the TAF monitor program, Aviation
Forecast Preparation System (AvnFPS),
was used to find the periods of dense fog
at each site. For the purposes of this
study, one half mile visibility or less was
used to define dense fog. There were
two reasons for this. First, a half mile or

less corresponds closely to VLIFR
conditions. Second, although a quarter
of a mile or less visibility is the
threshold for a dense fog advisory, we
found that we needed to use visibilities
of a half mile or less in order to get a
large enough sample for the study. A
dense fog event was then defined as one
in which 2 of the 3 sites recorded dense
fog of a 1/2 mile or less for at least 2
hours during the same period. A period
of two hours or longer would have a
major impact on aviation and ground
travel, and with the similar topography
and relative close proximity of the three
airports, the dense fog was then probably
extensive enough to warrant a dense fog
advisory. 176 separate events were
identified in the 36 year period.

There was a wide range in the annual
distribution of dense fog events. In four
of the 36 years of the study there were
no dense fog events at all, and nearly
half (17) of the years had three events or
less. In comparison, eight of the years
had 10 or more dense fog events, with a
maximum of 18 events identified in
1982. Dense fog events were found in
every month. The distribution by month
is characterized by a minimum in the
spring and summer months (just 25
events in the April through August
period), then a sharp increase in the
number of events to a peak in
November, with high numbers through
the winter months (December, January,
February) when there is a minimum of
solar radiation. (Slemmer 2004; Fig. 2a).

3. METHODOLOGY

There are three types of fog that
were identified from the dense fog
events. The fog types were determined



using the characteristics comparison
table from the COMET® Distance
Learning Aviation Course (DLAC) on
fog, (Bol 2001), and reviewing the
surface and upper air data, including
soundings at Greensboro and Blacksburg
(available at Blacksburg only after
1995).

Synoptic and upper air patterns,
along with the presence and timing of
any precipitation, were utilized to help
classify the categories of dense fog
events. Details of the start and end times
of the fog events and whether there was
precipitation with the fog can be found

in the Appendix.

The types of fog identified in this
study are radiation (or ground) fog,
advection fog, and frontal/precipitation
fog. Further, for radiation fog, three
distinct ~ synoptic  patterns  were
determined based on review of surface
data and upper air patterns, and the
timing of synoptic frontal features with
any associated precipitation.  Dense
radiation fog events that developed
within 24 hours of a warm frontal
passage were categorized as Post Warm
Front, and events that developed within
12 hours of a cold frontal passage were
categorized as Post Cold Front. Dense
radiation fog events under synoptic high
pressure (and no frontal passage within
24 hours) were labeled as No Front
events.

Therefore, for the purpose of this
study, we have five categories of dense
fog events. The categories are:
Advection Fog (23 events),
Frontal/Precipitation Fog (41 events),
Radiation Fog/No Front (39 events),
Radiation Fog/Post Cold Front (34
events), and Radiation Fog/Post Warm

Front (39 events) (Fig. 2b). The
distribution of fog type by month shows
that Advection, Frontal/Precipitation,
and Radiation/Post Warm Front fog all
occurred only in the cooler months,
(September  through  April), while
Radiation/Post  Cold  Front and
Radiation/No Front occurred in the
warm season, (May through August), as
well as the cooler months (Fig. 2¢).

In an effort to show the synoptic
pattern of each category, composite
maps of various meteorological fields
were generated using the Earth System
Research Laboratory (ESRL) 6-Hourly
Composites web page which uses the
National Centers for Environmental
Prediction/National Center for
Atmospheric Research (NCEP/NCAR)
reanalysis data. This was accomplished
by assigning an actual start, middle and
ending time of the dense fog in each of
the cases in a category to the nearest 6-
hour synoptic time, (00, 06, 12, 18
UTC). The maps generated then
represented a composite for a particular
field around the start, middle and end
times of the dense fog for each category.

4. CATEGORIES
4.1. ADVECTION FOG (23 events)

Advection fog develops when warm,
moist air moves over a colder underlying
surface. The surface could be cold
ground, snow cover, water or ice. The
fog forms primarily by boundary layer
dynamic and adiabatic  processes
including advection of moisture and
temperature. It often occurs with light or
moderate low-level winds (up through
850 mb) that are less than 10 ms™, but
can also occur with winds stronger than
10 ms™. Rapid development can occur



as the preconditioned air mass moves
over a cooler surface.

Low-level factors to look for with
advection fog include: air parcel
trajectories originating over a moisture
source sufficient to establish a moist
boundary layer condition, the depth of
the surface-based moist layer increases
as a result of mechanical turbulence and
convective mixing of buoyant moist air,
and cold air damming with large-scale
anticyclonic winds and subsidence
providing a capping inversion so the
boundary layer can saturate.

In identifying the 23 advection fog
events, Greensboro NC (GSO)
soundings were utilized to determine the
low level temperature and dewpoint
profiles, and the presence of cold air
damming. The low-level winds in the
soundings  helped identify warm
advection.  Historical daily weather
maps provided by the NOAA Central
Library Data Imaging Project were
utilized to determine the presence and
location of any high or low pressure
centers, and synoptic scale fronts. The
surface observations at all three of the
sites were used to determine if there was
precipitation during the event. Many of
the advection fog cases had drizzle
reported during the event. Five of the
advection fog events had light rain
reported at one or more of the sites, but
the daily weather maps indicated there
was no warm front near the region.

Advection fog can last several days
and may be advected over large areas
and across great distances. The average
length of the 23 advection fog events
was 13.6 hours, the longest of all the fog
categories. It tends to be deeper than
radiation fog since it is often driven by

synoptic scale factors, and it can form
and advect into a region almost any time
of day, although it has some tendency to
develop in the evening hours as the
boundary layer cools.

a) Synoptic Overview

Composite maps of mean sea level
pressure were generated for the start,
middle and end of the advection fog
events (Fig. 3a). A start time was
determined for each event by assigning
the nearest 6 hour synoptic time (00, 06,
12, 18 UTC), in which one or more of
the airports first reported dense fog. The
ending time for each event was
determined by assigning the nearest
6 hour synoptic time to the last
observation of dense fog at any of the
three airports. The middle point of each
event was then assigned to the nearest
6 hour synoptic time to the average
between the start and end times. The
surface map at the start shows a high
pressure centered off the mid-Atlantic
coast, with low pressure over the
western Great Lakes, a warm front
across the Ohio Valley and into the
southern Appalachians, and a cold front
in the Mississippi Valley. By the middle
of the advection fog events, the center of
the high pressure was further east into
the Atlantic, while the low pressure
center and trailing cold front were
moving slowly eastward. The warm
front was north of the study area. By the
end of the advection fog events, the high
pressure was well east of the region and
the cold front had progressed into the
Tennessee Valley.

Composite maps of 925 mb relative
humidity, 850 mb relative humidity, and
surface winds for the day of the event
(Figs. 3b, 3c and 3d) indicate shallow



low-level moisture over the study area,
with near saturation to 850 mb, and very
little change in the low-level moisture
profile through the event. There were
east to southeast surface winds of less
than 4 msPinto the study area, with
trajectories off the Atlantic.  Winds
above the boundary layer at 850 mb (not
shown) were 8 to 12 ms’from the
southwest, indicating warm advection.
The upper pattern in the advection fog
cases (not shown) had a progressive, full
latitude Midwest trough, and a southeast
U.S. upper ridge.

Representative GSO soundings for
advection fog from November 30, 1977
(Fig. 4) show uniform southwest flow
(warm advection) above a shallow
saturated layer through the event. In this
case, dense fog developed at Roanoke
and Lynchburg around 30/00 UTC,
developed at Danville at 29/14 UTC, and
lasted until 29/18 UTC for all sites. The
only precipitation reported was light
drizzle.

There were 23 events identified as
advection fog. This represents just 13%
of the total, making advection fog the
rarest form of widespread dense fog.
Indeed, over half (19) of the years in the
study period had no cases of dense
advection fog. Advection fog occurred
only in the cooler months (September
through March), with a peak from
November through January.

4.2. FRONTAL/PRECIPITATION FOG
(41 events)

Frontal/precipitation fog is formed
by precipitation falling into a cold stable
layer and raising the dewpoint. The fog
is formed primarily by diabatic
processes - evaporational

cooling/condensation. The
evaporation/condensation process
extends the cloud to the surface. The
fog may develop during the
precipitation, or after the precipitation
ends. It is most common with cold air
damming in the vicinity of warm or
stationary fronts.

In identifying the 41
frontal/precipitation fog events, the
surface observations at all three of the
sites were used to identify the events
with prolonged rainfall.  All of the
events identified as frontal/precipitation
had rain or drizzle reported at each site
that had dense fog. Historical daily
weather maps were utilized to determine
the presence and location of any high or
low pressure centers, and synoptic scale
fronts. In all of the frontal/precipitation
events, a warm front was in the vicinity
of the study area during the event.
Greensboro NC (GSO) soundings were
utilized to look for a deep saturated layer
with a veering wind profile indicating
warm advection and overrunning. The
main factors in differentiating between
frontal/precipitation fog and advection
fog were whether or not there was
precipitation, and how long it lasted,
along with the presence of a warm front.

Frontal/precipitation fog may
develop over large areas and across great
distances, and can last a day or two. The
average length of the
41 Frontal/Precipitation Fog events was
10.1 hours, the second longest of all the
fog categories. The depth of the fog is
normally greater than any other type. It
can form any time of the day or night.



a) Synoptic Overview

Composite maps of mean sea level
pressure were generated for the start,
middle and end of the
frontal/precipitation fog events (Fig. 5a).
The surface map at the start shows a
warm front extending eastward from a
low pressure in the Ohio Valley, and
across the area of study. A trailing cold
front extends southward through the
Tennessee Valley. By the middle of the
frontal/precipitation fog events, the
warm front had moved north of the area
of study into northern Virginia, while the
cold front had progressed eastward but
remained west of the Appalachians. All
of the area of study is in the warm
sector. At the end of the
frontal/precipitation fog events, the cold
front had moved into the mountains just
west of the study area.

Composite maps of 925 mb relative
humidity, 850 mb relative humidity, and
surface winds for the day of the event
(Figs. 5b, 5¢ and 5d) indicate near
saturation to 850 mb over the study area,
with very little change through the event.
Surface winds are light, generally less
than 3 ms™, while 850 mb winds (not
shown) are from the west-southwest at
11 to 14 ms™. The upper level pattern
associated with frontal/precipitation fog
(not shown) features a progressive, full
latitude Midwest trough, with a strong
Great Lakes short wave, and a weak
southeast U.S. upper ridge.

Representative GSO soundings for
frontal/precipitation fog from December
2, 1991 (Fig. 6) show a strong, slightly
veering, south to southwest flow (warm
advection) and a deep nearly saturated
layer from the surface to 750 mb at the
beginning of the event (02/00 UTC). By

the middle of the event (02/12 UTC), the
saturated layer extends from the surface
to 600 mb. In this case, rain began
before 01/12 UTC at Roanoke and
Lynchburg, and the ceilings and
visibility lowered to 0.5 mile or less and
100 feet after 02/00 UTC, then rose
some during the day (after 02/12 UTC),
before dropping back again after 03/00
UTC with more rain.

Frontal/precipitation  events  with
widespread dense fog were more
common than advection fog in the area
of study. Forty one of the 176 events
(22%) were from frontal/precipitation
fog. Even though it was more common
than advection fog, there were still
13 years in the study period with no
frontal/precipitation fog events
identified. The monthly distribution of
frontal/precipitation fog was similar to
advection fog, only occurring in the
cooler months, (September through
April), with a peak from November
through February.

4.3. RADIATION FOG (112 events)

Radiative cooling is the most
common process by which dense fog is
formed over the study area. Radiation
fog is produced over a land area when
radiational cooling reduces the air
temperature to its dewpoint. There were
three types of radiation fog that affected
the study area, based upon their distinct
synoptic pattern.

One of the types, Radiation Fog/No
Front, (RF/No), occurred under the
influence of high pressure, with no
frontal passage and no rainfall within
24 hours of the event. A ridge of high
pressure was located over the
southeastern U.S., and low level winds



were light and from the southeast to
south.

A second type, Radiation Fog/Post
Cold Front, (RF/Cold), occurred within
12 hours after a weak cold front or
surface trough passage. In these events,
dense fog occurred with surface high
pressure building into the region from
the west with low level winds veering
from the south before the event, to the
southwest or west near the beginning of
the event. GSO soundings indicated a
moist layer below 700 mb rapidly dried
out and radiative cooling left a very
shallow saturated layer at the surface.

A third type, Radiation Fog/Post
Warm Front, (RF/Warm), occurred
within 24 hours after a warm frontal
passage. Most of the RF/Warm events
had rainfall reported before the dense
fog developed, but no rainfall reported
during the dense fog. GSO soundings
were utilized to determine the
progression and depth of the saturated
layer, and all of the events identified as
RF/Warm indicated a nearly saturated
layer up to 700 — 500 mb, drying in the
mid-levels before dense fog developed.
Although the rainfall moistened and pre-
conditioned the lower levels of the
atmosphere, radiative cooling was
determined to be the process by which
dense fog developed.

All three types of radiation fog occur
in the presence of a weak low-level anti
cyclone with moist surface conditions
under a capping inversion, and moderate
vertical shear near the capping inversion.
There is rapid nocturnal radiational
cooling of the lower boundary layer.

Radiation fog tends to be short
duration, less than 24 hours. The

average length of the 112 radiation fog
events was 8 hours. RF/No and
RF/Warm both averaged around 8.5
hours, while RF/Cold had the shortest
average length of all dense fog
categories at 7.2 hours. Radiation fog
tends to be confined to a shallow layer
that mainly forms late at night or early in
the morning. Surface winds are generally
5 ms™or less.

When considering all three types,
this general category is by far the most
common producer of widespread dense
fog in the study area. There were 112
radiation fog events, representing 64%
of the total. The three types of radiation
fog and a description of their synoptic
patterns follows.

4.4 RADIATION FOG/NO FRONT (39
events)

a) Synoptic Overview

Composite maps of mean sea level
pressure were generated for the start,
middle, and end of the RF/No events
(Fig. 7a). The surface map at the start
the RF/No events shows a large high
pressure centered off the New England
coast, and strong ridging into the
southeastern U.S. A cold front extends
from the western Great Lakes,
southwestward into Texas. A warm
front extends eastward into Pennsylvania
from the low pressure. By the middle of
the event, surface high pressure remains
ridged strongly into the southeast U.S.,
while the surface low pressure and
associated cold front has progressed
slowly eastward. The RF/No events end
as the low pressure and cold front move
into the Ohio and Tennessee Valleys,
and the surface high pressure over the
southeast U.S. weakens.



Composite maps of 925 mb relative
humidity, 850 mb relative humidity, and
surface winds for the day of the event
(Figs_7b, 7c, and 7d) indicate very
shallow low level moisture, with greater
than 80 percent saturation at 925 mb and
greater than 70 percent saturation at
850 mb through the event. The 850 and
925 mb levels became increasingly
saturated west of the Appalachians
during the event. Surface winds are less
than 4 ms™ from the southwest, and 850
mb winds (not shown) are 8 to 12 ms™
from the west-southwest. The upper
pattern in RF/No events features a
weakening Midwest trough, with a short
wave lifting through the Great Lakes
region.

Representative ~ soundings  from
December 29, 1974 for RF/No (Fig. 8)
show a shallow saturated layer near the
beginning of the event at 29/00UTC, that
transitions to a saturated layer from the
surface to 850 mb by 29/12 UTC. There
were light northeast surface winds near
the beginning of the event at 29/00 UTC.
Surface winds by 29/12 UTC were light
despite a strengthening west flow above
the boundary layer. In this case, dense
fog began around 29/02 UTC, ended at
29/1930 UTC. Dense fog was reported
at all three sites.  There was no
precipitation during the period.

Thirty nine of the 176 dense fog
events were identified as RF/No. RF/No
occurred in every month, except for
February, with the peak months (27
events) extending from August through
December. Similar to all radiation fog
types, nearly half (17) of the years in the
study had no widespread dense fog
events identified as RF/No.

4.5 RADIATION FOG/POST COLD
FRONT (34 events)

a) Synoptic Overview

Composite maps of mean sea level
pressure were generated for the start,
middle and end of the radiation fog/post
cold front events (Fig. 9a). The surface
map at the start of the RF/Cold events
shows a weak low pressure over the
Maryland/Delaware region, with a
trailing cold front off of the mid-Atlantic
coast. Weak high pressure is over the
Gulf Coast region. In the middle of the
event, the low pressure and cold front
move further off shore, while the high
pressure builds northward into the
Tennessee valley. The RF/Cold events
end when the high pressure is centered
over the southern Appalachians.

Composite maps of 925 mb relative
humidity, 850 mb relative humidity, and
surface winds for the day of the event
(Figs_9b, 9c, and 9d) indicate near
saturated low levels at the start of the
event, (greater than 90 percent at 925 mb
and 80 percent at 850 mb), gradually
drying out from the top down through
the middle and into the end of the event
with the relative humidity dropping to 60
percent at 850 mb near the end of the
event. There is a light southwest surface
wind of less than 3 ms®, and west-
southwest 850 mb winds (not shown) of
7 to 8 ms™®. The upper level pattern
associated with RF/Cold events (not
shown) features a weak short wave
passing across the region in southwest
flow aloft.

Representative soundings for
RF/Cold from November 7, 1989 (Fig.
10) show a moist layer below 850 mb
near the beginning of the event (07/00



UTC). There was drying above 950 mb,
a shallow saturated layer under a steep
inversion near the surface, and lighter
surface winds near the peak of the event
(07/12 UTC). The main change in
airmass behind the front was drier air. In
this case, dense fog began shortly after
07/00 UTC at Roanoke and Lynchburg,
and after 07/03 UTC at Danville. The
dense fog ended around 07/14 UTC at
Roanoke, and 07/16 UTC at Lynchburg
and Danville. Precipitation preceded the
frontal passage at Lynchburg and
Danville, but not Roanoke.

Thirty four of the 176 dense fog
events were identified as radiation/post
cold frontal passage. Radiation fog/post
cold frontal passage fog occurred in
every month, with minimums in the
spring and summer months, (March
through August), and a peak in the
winter months (December through
February). Similar to all radiation fog
types, nearly half (16) of the years in the
study had no widespread dense fog
events identified as RF/Cold type fog.

4.6 RADIATION FOG/POST WARM
FRONT (39 events)

a) Synoptic Overview

Composite maps of mean sea level
pressure were generated for the start,
middle and end of the RF/Warm events
(Fig. 11a). At the start of the RF/Warm
events, a warm front extends across
northern Virginia just north of the area
of study, and extends westward to a low
pressure over Wisconsin. A cold front
extends  southward  through  the
Mississippi valley. By the middle of the
event, the low pressure has progressed
eastward into northwest Michigan, with
the trailing cold front into western

sections of the Ohio and Tennessee
Valleys. The warm front moved further
north of the area of study. The
RF/Warm events end when the cold
front moves into the mountains of
southwest Virginia.

Composite maps of 925 mb relative
humidity, 850 mb relative humidity, and
surface winds for the day of the event
(Figs 11b, 11c and 11d) indicate near-
saturated low levels at the start of the
event, (greater than 80 percent at 925and
850 mb, gradually drying out from the
top down through the middle and into
the end of the event, with the relative
humidity dropping to 65 percent at 850
mb near the end of the event. There are
light south surface winds less than 4 ms
! “and west-southwest 850 mb winds (not
shown) of 7 to 8 ms™. The upper level
pattern associated with RF/Warm events
(not shown) features a full latitude
Midwest trough, with southwest flow
aloft over the mid-Atlantic region.

Representative soundings for
RF/Warm from December 2, 1982 (Fig.
12) show drying levels above 900 mb
near the beginning of the event, (02/00
UTC), and light winds with a steep
saturated surface inversion at the peak of
the event (02/12 UTC). There was rain
at Roanoke and Lynchburg before the
dense fog developed at all three sites in
this event. Dense fog began as early as
02/00 UTC at Roanoke, and ended as
late as 02/1730 UTC at Lynchburg.

Thirty nine of the 176 dense fog
events were identified as the RF/Warm
fog type. The monthly distribution of
RF/Warm was similar to advection fog
and frontal/precipitation fog: only
occurring in the cooler months, with a
peak from October through December.



Similar to all radiation fog types, nearly
half (16) of the years in the study had no
widespread dense fog events identified
as RF/Warm type fog.

5. DISCUSSION

Although there were 176 dense fog
events identified in a 36 year period,
there was a wide variability in the annual
occurrence, with no widespread dense
fog events at all in four of the 36 years,
(1985, 1987, 1988, 1992). In the four
null years, three of them had moderate
drought conditions on the annual Palmer
Drought Severity Index, (PDSI) and one
was neutral (NCDC 2008). Since soil
moisture can change rapidly from month
to month, a look at the monthly
historical PDSI showed a range from one
to three months in each of the null years
with moderate to severe drought (NCDC
2010). More importantly, there were no
months during the null years with moist
conditions. In comparison, of the eight
years with ten or more events, six (1973,
1974, 1975, 1978 and 1979) had several
months with moist conditions and no
drought. One, (1982 with 18 events), had
no drought but only one moist month,
and one (2006) had 4 months with
moderate drought, but also 4 moist
months (NCDC 2010). Further study of
soil moisture and other environmental
variables, such as percent of normal
precipitation, may provide more
indicators for widespread dense fog
development. There were an average of
about five events per year, and a median
of four events, indicating that
widespread dense fog events in the
foothills and piedmont of southwest
Virginia and northwest North Carolina
are relatively rare. Widespread dense
fog is also mostly a cool season
phenomena. There were only twenty

10

three (13%) widespread dense fog events
identified in the spring and summer,
(April through August time frame). All
but one of the dense fog events from
April through August were radiation fog.
Nearly two thirds of all dense fog events,
(115 of 176 or 65%), occurred during
November through February, and over
half of the events, (92 of 176 or 52%),
occurred in the three month November
through January period.

All-category composite maps (Figs
categories at the middle of the events.
These all-category composites showed
that a key feature to look for in the
surface synoptic pattern is a surface high
pressure centered along or off the east
coast (Fig. 13). This is the case in all but
the RF/Cold type. However, the location
of any warm frontal boundaries becomes

less distinct in the all category
composite. In a majority of the dense
fog cases, (frontal/precipitation and

RF/Warm combined), a surface warm
front will be in close proximity to the
study area. The composite maps from
all categories also show a warm
advection pattern, with veering winds
from the surface to 850 mb (Figs. 14 and
15). This veering wind pattern, from
southeast to south at the surface, to
southwest at 850 mb, can be found in all
of the individual category composites
except for RF/Cold. Even though with
the RF/Cold type there is weak cold
advection, the relatively small number of
this type means that signal is averaged
out in the composites.  Other key
features to note at the surface from the
all-category composites are that surface
winds are light, 4 ms™ or less (Fig. 14),
but not necessarily calm. All-category
composite surface winds are from a
southerly direction. 850 mb winds are



from the southwest, with the core of the
strongest winds in either the Tennessee
or Ohio Valleys, extending across the
central Appalachians (Fig. 15). Wind
speeds at 850 mb over the study area are
around 10 ms™.

The synoptic pattern in the upper
levels is similar in all of the dense fog
categories, with a central U.S. trough
and weak southeast U.S. ridge at 500 mb

(Fig. 16). Otherwise, there are only
subtle  differences  between  the
categories.

As for low level moisture, the

composite of all categories at the middle
of the event shows relative humidity of
90 percent at 925 mb across the study
area (Fig. 17). The 850 mb relative
humidity is greater than 70 percent (Fig.
18). The frontal/precipitation and
advection fog categories both contribute
greater than 80 percent relative humidity
at 850 mb, while the radiation fog types
are less than 70 percent. The all-
category composite 700 mb relative
humidity indicates drier air aloft, with
only 40 to 45 percent relative humidity

over the study area (Fig. 19). This drier
air applies to all categories except for the
frontal/precipitation fog (not shown).

In conclusion, sensitivity to the time
of year and composites of the patterns
that produce the different categories of
dense fog events in the Blue Ridge
foothills and piedmont areas of
Blacksburg, Virginia CWA will result in
a better anticipation of dense fog
development.
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FIGURES

Airport Elevations
and Relative Distances
From Each Other

Roanoke (1175 ft)
Lynchburg (938 ft)
Danville (671 ft)

Roanoke <------> Lynchbur:
47 miles

Roanoke <------> Danville
71 miles

Lynchburg <------> Danville
61 miles

Figure 1. TAF sites KROA, KLYH and KDAN. White lines indicate the Blue Ridge Mountains.
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Number of Events of Dense Fog Per Month
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Figure 2a. Number of dense fog events per month over the study period.
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Figure 2b. Number of dense fog events by category for the period of study.
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Monthly Distribution of Fog Types
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Figure 2c. Monthly distribution of fog type for the period of study.
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Figure 3a. Composite surface map of mean sea level pressure (mb) and overview of advection fog
cases. From left to right: Start, middle, and end of event.



wp Divlafan

ME2aA/ESRL Physkal Schng 100

160 MO ESFL Phrskeal Scleness Chvlabon
e

o o

a0 aa

70 70
= ] o n
g™ o H
i 30 N 30 1 ' —
i 20 i 20 ) ! ( =

<
]
L

10

Figure 3b. Composite 925 mb relative humidity (%) overview of advection fog. From left to right:
Start, middle and end of the event.
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Figure 3c. Composite 850 mb relative humidity (%) of advection fog. From left to right: Start, middle
and end of the event.
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Figure 3d. Composite surface winds (ms™) of advection fog. From left to right: Start, middle
and end of the event.

(a) GSO Sounding 00UTC 30 Nov 77 (b) GSO Sounding 12UTC 30 Nov 77

M\/\/\ X’ VAN VY \/M,\/\%{_

T TR
. mvmv Ty o
DIUIH i ‘ \I/& %I\/r’\\'i‘f ff.* !
ol W\ SR
ARTRVA S GV
iAWY EY

e
AV AWAWANT N ARy VI
A AW Y -
AR CRV AW LN

) e

00 a8 AA A NGO L AL NN g Tl
‘-:r‘;n : L f\\ f\w \r’ AN/ Vil L .'\(FI \?\j il
| LA, SR W AV PR
¥

St g
USVATRYSIAVIRRVINLTS o IR/ i /\
nrelg' Ty )N-'H b /?lh’l.‘/JNﬁ /Mﬁ % /!}U‘).' A3 ﬂr?g "?"HAW W-‘H i |

i i a’s "o et el oy ™ i Tniolen Tog g P ol

Figure 4. Advection Fog representative soundings at the (a) beginning and (b) during the peak, of the event.
Images courtesy of Plymouth State Weather: (http://vortex.plymouth.edu/)
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Figure 5a. Composite surface map of mean sea level pressure (mb) and overview of frontal/precipitation fog
cases. From left to right: Start, middle, and end of event.
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Figure 5b. Composite 925 mb relative humidity (%) overview of frontal/precipitation fog. From left to right:
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(a) GSO Sounding 00UTC 2 Dec 91 (b) GSO Sounding 12UTC 2 Dec 91
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Figure 6. Frontal/precipitation Fog representative soundings at the (a) beginning, and (b) during the
peak, of the event. Images courtesy of Plymouth State Weather: (http://vortex.plymouth.edu/)
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Figure 7a. Composite surface map of mean sea level pressure (mb) and overview of fog/no front cases.
From left to right: Start, middle, and end of event.
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Figure 7b. Composite 925 mb relative humidity (%) overview of radiation fog/no front. From left to right:

Start, middle and end of the event.
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Figure 7c. Composite 850 mb relative humidity (%) overview of radiation fog/no front. From left to right:

Start, middle and end of the event.
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Figure 8. Radiation fog/no front representative soundings at the (a) beginning, and (b) during the peak,
of the event. Images courtesy of Plymouth State Weather: (http://vortex.plymouth.edu/)
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Figure 9a. Composite surface map of mean sea level pressure (mb) and overview of radiation fog/post cold front
cases. From left to right: Start, middle, and end of event.
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Figure 9b. Composite 925 mb relative humidity (%) overview of radiation fog/post cold front. From left to
right: Start, middle and end of the event.
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(a) GSO Sounding 00UTC 7 Nov 89 (b) GSO Sounding 12UTC 7 Nov 89
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Figure 10. Radiation fog/post cold front representative soundings at the (a) beginning, and (b) during the
peak of the event. Images courtesy of Plymouth State Weather: (http://vortex.plymouth.edu/)
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Figure 11a. Composite surface map of mean sea level pressure (mb) and overview of radiation fog/post warm
front cases. From left to right: Start, middle, and end of event.
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Figure 11d. Composite surface wind (ms™) map overview of radiation fog/post warm front. From left to right:
Start, middle and end of the event.
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Figure 12. Radiation fog/post warm front representative soundings at the (a) beginning, and (b) during the

peak, of the event. Images courtesy of Plymouth State Weather: (http://vortex.plymouth.edu/)
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Figure 15. 850mb wind speed (ms™) composite for all categories.
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Figure 17. 925 mb relative humidity (%) composite for all categories.
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APPENDIX

Dense Fog Events by Category
With Beginning and Ending Times UTC
And Precipitation Other Than Drizzle

I. Advection Fog (23 events)

Beginning Ending Locations with Fog Precipitation
03/06/73 0700 03/06/73 1400 ROA and DAN No
10/13/73 0900 10/13/73 1400 ROA and LYH No
12/25/73 1100 12/25/73 1700 ROA and LYH No
01/03/74 1700 01/04/74 0300 ROA and LYH No
01/26/74 1800 01/27/74 0600 ROA and LYH No
11/19/74 0100 11/19/74 1700 ROA, LYH and DAN No
11/09/75 0900 11/09/75 1500 LYH and DAN No
01/25/76 1800 01/26/76 2000 ROA, LYH and DAN Yes
11/30/77 0000 11/30/77 1900 ROA, LYH and DAN No
02/17/78 0400 02/17/78 1800 LYH and DAN No
09/28/79 1200 09/29/79 1300 ROA, LYH and DAN Yes
02/04/82 0200 02/04/82 1500 ROA, LYH and DAN No
12/03/82 0400 12/03/82 1800 ROA, LYH and DAN No
10/12/83 1000 10/12/83 1500 LYH and DAN No
12/16/84 0900 12/16/84 1200 ROA, LYH and DAN No
12/29/90 0600 12/30/90 1300 ROA, LYH and DAN No
01/17/96 0700 01/18/96 1100 ROA, LYH and DAN No
01/06/98 1200 01/07/98 0600 ROA and LYH Yes
12/19/02 2300 12/20/02 08 LYH and DAN Yes
03/01/03 0100 03/01/03 1600 ROA and LYH No
11/18/03 1800 11/18/03 2300 ROA and LYH Yes
11/28/05 1600 11/28/05 2300 ROA and DAN No
12/18/08 0500 12/18/08 2300 ROA, LYH and DAN No
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I1. Frontal/Precipitation Fog (41 events)

Beginning Ending Locations with Fog Precipitation
12/14/03 0000 12/14/03 1000 LYH and DAN Yes
12/20/73 2100 12/21/73 1000 LYH and DAN Yes
01/01/74 0400 01/01/74 1100 ROA and LYH Yes
01/07/76 2100 01/08/76 1300 ROA and LYH Yes
12/12/76 0000 12/12/76 1500 ROA, LYH and DAN Yes
09/17/77 0300 09/17/77 1300 ROA and LYH Yes
01/08/78 1700 01/09/78 0000 LYH and DAN Yes
01/25/78 2000 01/26/78 0300 LYH and DAN Yes
04/19/78 1400 04/20/78 0200 LYH and DAN Yes
11/15/78 2300 11/16/78 2000 ROA, LYH and DAN Yes
11/17/78 1800 11/18/78 0200 LYH and DAN Yes
01/07/79 0300 01/07/79 1900 ROA, LYH and DAN Yes
01/13/79 1500 01/14/79 1400 ROA, LYH and DAN Yes
01/21/79 0400 01/21/79 1500 LYH and DAN Yes
02/23/79 2200 02/24/79 1800 ROA and LYH Yes
01/11/80 0900 01/12/80 0300 ROA, LYH and DAN Yes
02/20/81 0200 02/20/81 0800 ROA and LYH Yes
12/27/81 0800 12/27/81 1500 LYH and DAN Yes
01/03/82 1900 01/04/82 0300 ROA, LYH and DAN Yes
01/23/82 2100 01/24/82 0100 ROA and LYH Yes
03/17/82 0000 03/17/82 1100 ROA and LYH Yes
03/20/82 2330 03/21/82 1600 ROA, LYH and DAN Yes
12/15/82 2200 12/16/82 0500 ROA, LYH and DAN Yes
01/23/83 1200 01/23/83 1900 LYH and DAN Yes
02/06/83 0800 02/06/83 1500 ROA and DAN Yes
02/04/84 0300 02/04/84 1200 ROA, LYH and DAN Yes
02/04/86 0600 02/05/86 1100 ROA, LYH and DAN Yes
12/02/91 0400 12/02/91 1100 ROA, LYH and DAN Yes
01/13/93 1000 01/13/93 1500 ROA, LYH and DAN Yes
02/22/93 0500 02/22/93 1300 ROA, LYH and DAN Yes
02/12/94 2100 02/13/94 1300 ROA, LYH and DAN Yes
11/28/94 0400 11/28/94 1600 LYH and DAN Yes
11/02/95 0200 11/02/95 1300 ROA, LYH and DAN Yes
09/17/96 0200 09/17/96 1000 ROA, LYH and DAN Yes
12/17/96 0400 12/17/96 1200 ROA, LYH and DAN Yes
12/04/97 0900 12/04/97 1400 ROA, LYH and DAN Yes
12/13/99 2300 12/14/99 0600 ROA, LYH and DAN Yes
01/10/00 0200 01/10/00 1100 ROA, LYH and DAN Yes
02/04/06 1300 02/04/06 2100 ROA, LYH and DAN Yes
02/11/06 1800 02/11/06 2200 ROA and LYH Yes
01/05/07 1300 01/05/07 1800 ROA and LYH Yes
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I11. Radiation No Front Fog (39 cases)

Beginning Ending Locations with Fog Precipitation
03/04/73 0100 | 03/04/73 1430 | ROA and DAN No
09/11/73 0900 | 09/11/731330 |ROAand LYH No
01/10/74 0800 | 01/10/74 1500 | ROA and DAN No
08/16/74 0800 | 08/16/74 1330 | LYH and DAN No
08/27/740900 | 08/27/74 1300 | ROAand LYH No
09/09/74 0500 | 09/09/74 1400 | ROA, LYH and DAN No
12/29/74 0200 12/29/74 1930 ROA, LYH and DAN No
10/01/75 1000 | 10/01/75 1500 | ROA and DAN No
07/29/76 0700 | 07/29/76 1200 | ROA and LYH No
11/09/77 1000 | 11/09/77 1600 | LYH and DAN No
11/14/78 1000 | 11/14/78 1500 | LYH and DAN No
08/26/79 0900 | 08/26/79 1300 | ROA and LYH No
08/28/79 0500 | 08/28/79 1300 | ROA and LYH No
09/04/79 0900 | 09/04/79 1400 | LYH and DAN No
10/02/79 0900 | 10/02/79 1400 | ROA and LYH No
10/02/80 0800 | 10/02/80 1330 | LYH and DAN No
06/03/82 0900 | 06/03/82 1530 | LYH and DAN No
09/15/82 1000 | 09/15/82 1300 | LYH and DAN No
10/06/82 1000 | 10/06/82 1500 | LYH and DAN No
11/02/82 1000 | 11/02/82 1530 | LYH and DAN No
11/03/82 0900 | 11/03/82 1830 | ROA, LYH and DAN No
11/23/82 0330 | 11/23/82 1600 | ROA, LYH and DAN No
04/08/83 1100 | 04/08/83 1500 | ROA and LYH No
06/30/83 0400 | 06/30/83 1300 | ROA and LYH No
07/01/83 0400 | 07/01/83 1300 | ROA and LYH No
11/02/83 1100 | 11/02/83 1500 | ROA and DAN No
11/03/95 0600 | 11/03/951300 | ROA and LYH No
11/07/96 0800 | 11/07/96 1200 | LYH and DAN No
11/27/01 0600 11/27/01 1600 ROA, LYH and DAN No
09/03/02 0800 | 09/03/02 1330 | LYH and DAN No
10/23/02 0200 | 10/23/02 1600 | LYH and DAN No
11/21/02 2300 | 11/22/02 1400 | LYH and DAN No
08/21/03 1000 | 08/21/03 1300 | ROA and LYH No
05/18/04 0300 | 05/18/04 1230 | LYH and DAN No
09/12/04 1000 | 09/12/04 1400 | LYH and DAN No
06/30/05 0600 | 06/30/05 1100 | LYH and DAN No
01/13/06 0730 | 01/13/06 1930 | LYH and DAN No
07/26/06 1000 | 07/26/06 1400 | LYH and DAN No
11/14/08 0200 | 11/14/08 1230 | ROA and LYH No
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V. Radiation Post Cold Front Fog (34 cases)

Beginning Ending Locations with Fog Precipitation
08/04/73 0800 | 08/04/73 1230 | LYH and DAN No
02/03/74 0800 | 02/03/74 1500 | ROA, LYH and DAN Yes
09/18/74 0100 | 09/18/74 1300 | LYH and DAN No
02/16/75 2200 | 02/17/751500 | ROA, LYH and DAN Yes
08/20/75 1000 | 08/20/751300 | LYH and DAN No
11/28/76 0800 | 11/28/76 2000 | ROA, LYH and DAN No
06/15/77 0700 | 06/15/77 1230 | ROAand LYH No
07/04/78 1000 | 07/04/78 1500 | LYH and DAN No
02/21/79 2300 | 02/22/79 1500 | LYH and DAN No
05/15/79 0800 | 05/15/79 1400 | ROA, LYH and DAN No
11/24/80 2300 | 11/25/80 0300 | LYH and DAN No
01/22/81 0000 | 01/22/81 1230 | LYH and DAN No
11/11/81 0700 | 11/11/811330 | ROA and LYH No
10/12/82 1030 | 10/12/82 1500 | ROA and LYH No
01/24/83 0000 | 01/24/83 0500 | LYH and DAN No
12/29/83 0000 | 12/29/83 0600 | ROA and LYH No
10/26/84 0300 | 10/26/84 1200 | ROA, LYH and DAN No
11/07/89 0200 | 11/07/89 1500 | ROA, LYH and DAN No
12/01/97 0100 12/01/97 1000 ROA, LYH and DAN No
09/21/01 0400 | 09/21/01 0900 | ROA and LYH No
12/01/01 0700 | 12/01/01 0900 | ROA, LYH and DAN No
03/14/02 0230 | 03/14/02 1230 | LYH and DAN No
12/12/02 0200 | 12/12/02 1700 | LYH and DAN No
01/02/03 1200 | 01/02/03 2200 | LYH and DAN No
02/15/05 0100 | 02/15/05 1400 | ROA, LYH and DAN No
02/22/05 0600 | 02/22/05 1330 | LYH and DAN No
03/24/05 0330 | 03/24/05 0800 | LYH and DAN No
01/12/06 0000 | 01/12/06 1600 | ROA, LYH and DAN No
01/30/06 0700 | 01/30/06 1500 | LYH and DAN No
04/23/06 0200 | 04/23/06 1200 | LYH and DAN No
09/09/06 0630 | 09/09/06 1400 | LYH and DAN No
12/11/07 1130 | 12/11/07 1500 | ROA and LYH No
08/14/08 0300 | 08/14/08 1130 | LYH and DAN No
09/28/08 0500 | 09/28/08 1200 | LYH and DAN No
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V. Radiation Post Warm Front Fog (39 cases)

Beginning Ending Locations with Fog Measurable Precipitation
10/03/73 0900 | 10/03/73 1400 | LYH and DAN No
11/21/73 2330 11/22/73 1400 ROA, LYH and DAN No
02/07/74 0500 | 02/07/74 1400 | ROAand LYH No
03/07/74 0700 | 03/07/74 1230 | ROAand LYH No
11/20/74 0830 | 11/20/74 1300 | ROA and LYH No
12/31/74 2330 | 01/01/750700 | ROA and LYH No
02/05/75 2300 | 02/06/75 1400 | ROA and LYH No
02/18/75 0230 | 02/18/75 1500 | ROA, LYH and DAN No
03/11/750000 | 03/11/75 1400 | LYH and DAN No
04/29/75 1000 | 04/29/75 1200 | ROA, LYH and DAN No
10/09/75 0500 | 10/09/751330 | ROA and LYH No
11/27/76 0800 11/27/76 1500 ROA and LYH No
11/08/77 1100 | 11/08/77 1600 | LYH and DAN No
11/24/77 1100 11/24/77 1600 ROA, LYH and DAN No
12/01/77 1100 | 12/01/77 1600 | LYH and DAN No
01/07/78 0000 | 01/07/78 1530 | ROA and DAN No
12/20/78 1600 | 12/21/78 0300 | LYH and DAN No
10/11/80 0530 | 10/11/80 1200 | ROA and LYH No
01/19/82 2200 | 01/20/82 1000 | ROA, LYH and DAN No
02/16/82 0530 | 02/16/82 1430 | ROAand LYH No
11/29/82 1000 | 11/29/82 1400 | ROA and LYH No
12/02/82 0000 | 12/02/82 1730 | ROA, LYH and DAN No
01/11/83 0030 | 01/11/83 0500 | LYH and DAN No
03/07/83 0130 | 03/07/83 1600 | ROA, LYH and DAN No
04/09/83 0900 | 04/09/83 1630 | ROA and LYH No
10/19/84 0900 | 10/19/84 1300 | ROA, LYH and DAN No
02/08/86 0400 | 02/08/86 1400 | LYH and DAN No
02/20/86 0200 | 02/20/86 1500 | ROA, LYH and DAN No
03/02/97 0000 | 03/02/97 0900 | ROA, LYH and DAN No
11/23/99 0300 | 11/23/99 1400 | ROA and DAN No
11/08/00 0600 | 11/08/00 1300 | LYH and DAN No
11/22/02 0030 | 11/22/02 1400 | LYH and DAN No
02/23/03 0000 | 02/23/03 0600 | ROA and LYH No
10/30/04 0400 | 10/30/04 1200 | ROA and LYH No
12/07/04 1100 | 12/07/04 1600 | ROA, LYH and DAN No
12/10/04 1400 12/10/04 1800 LYH and DAN No
10/18/06 0630 | 10/18/06 1400 | ROA, LYH and DAN No
12/23/06 0600 | 12/23/06 1330 | ROA and LYH No
12/26/06 0500 | 12/26/06 1130 | ROA and DAN No
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

The National Oceanic and Atmospheric Administration was established as part of the
Department of Commerce on October 3, 1970. The mission responsibilities of NOAA are to
assess the socioeconomic impact of natural and technological changes in the environment and to
monitor and predict the state of the solid Earth, the oceans and their living resources, the
atmosphere, and the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and technical

information in the following kinds of publications:

PROFESSIONAL  PAPERS--Important
definitive research results, major techniques,
and special investigations.
CONTRACT AND GRANT REPORTS--
Reports prepared by contractors or grantees
under NOAA sponsorship.

ATLAS--Presentation of analyzed data
generally in the form of maps showing
distribution of rainfall, chemical and
physical conditions of oceans and
atmosphere, distribution of fishes and
marine mammals, ionospheric conditions,
etc.
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TECHNICAL SERVICE
PUBLICATIONS--Reports containing
data, observations, instructions, etc. A
partial listing includes data serials;
prediction and outlook periodicals; technical
manuals, training papers, planning reports,
and information serials; and miscellaneous
technical publications.

TECHNICAL REPORTS--Journal quality
with  extensive  details, mathematical
developments, or data listings.

TECHNICAL MEMORANDUMS--
Reports of preliminary, partial, or negative
research or technology results, interim
instructions, and the like.

Information on availability of NOAA publications can be obtained

NATIONAL TECHNICAL INFORMATION SERVICE
U.S. DEPARTMENT OF COMMERCE
5285 PORT ROYAL ROAD
SPRINGFIELD, VA 22161



