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ABSTRACT

The National Weather Service Office in Santa Maria has developed a method of
forecasting minimum temperatures for each of the 14 key agricultural
temperature stations in San Luis Obispo and northern Santa Barbara Counties.
Data were collected from the past 15 winter and spring frost seasons to develop
a PC program called "Analogous Days". For further assistance in forecasting
minimum temperatures, data from the past four seasons were used to develop a
minimum temperature forecasting scheme, using surface pressure differences,
850 mb winds and temperatures, and winds at 1000 and 2000 feet. The purpose
of this project is to develop a better method of accurately forecasting minimum
temperatures for each of the key agricultural temperature stations. Growers in
the Agricultural District need to know the expected minimum temperatures in
order to take precautions for their frost sensitive crops and plan field activities.
This project will also benefit the National Weather Service after Modernization

and Reorganization (MAR) occurs.

I. INTRODUCTION

The Agricultural District of San Luis
Obispo County and northern Santa Barbara
County has extremely complex terrain
consisting of small mountain ranges
traversing both counties in different
directions to form several valleys and
canyons. These mountain ranges may
funnel cold or warm air into a valley or
canyon during the nighttime hours,
dependent on the wind conditions.
Because each mountain range is oriented
in a different direction, each of the valleys
and canyons have a different nighttime
temperature structure based on the
direction and speed of the wind.

The key agricultural temperature stations
are located in different valleys and/or
canyons, and thus, have their own distinct

nighttime temperature structure. There
are two major topographical features in
this Agricultural District influencing this
temperature structure: the Pacific Ocean
and the Santa Lucia Mountains. The
Pacific Ocean, on the west side of the
Agricultural District, affects those nearby
valleys. The Santa Maria Valley and the
Lopez Lake Canyon are examples of coastal
valleys. Temperatures at key agricultural

-temperature - stations (QOceano, Upper

Arroyo Grande, Santa Maria, Bonita
School) in these two valleys are typically
warmer, especially in a westerly wind flow,
because the stations are close to the ocean.
Other key temperature stations such as
Los Alamos, Zaca, Santa Ynez, Sisquoc,
Nipomo Mesa, and Nipomo Foothill are
normally cooler, due to sheltering by
surrounding local mountains. Two other
key temperature stations, Morro Grange




and Price Canyon; are in narrow coastal
valleys, and temperatures are strongly
dependent on wind conditions. The Santa
Lucia Mountains in San Luis Obispo
County, which are oriented northwest to
southeast about 15 miles from the ocean,
isolate the ocean effects to the Salinas and
Cuyama Valleys. If the winds are light, key
temperature stations in these valleys
(Radike Vineyard, Estrella River, Shandon)
will have strong radiational cooling and
generally have the lowest temperatures
among the key temperature stations.
Figure 1 shows the location of the key
agricultural temperature stations.

Vegetables, citrus, and avocados are the -‘

principle crops grown near the key
temperature stations Santa Maria, Bonita
School, Nipomo Mesa, Nipomo Foothill,
Morro Grange, Oceano, and Upper Arroyo
Grande. The other key temperature
stations are located in grape vineyards and
apple orchards. The winter growing season
is confined to the aforementioned key
temperature stations during the period
when the grapes and apples are dormant.
The spring frost season is extended to
include all the other key temperature
stations during the period when buds form
on the grapevines and apple trees.
Accurately forecasting minimum
temperatures on expected cold nights is
extremely important to the growers, as all
of the crops are sensitive to temperatures
below freezing. .

Forecasting minimum temperatures for all
the key temperature stations are
dependent on the predicted minimum

temperature at Santa Maria. A useful tool

to help forecast the minimum temperature
at Santa Maria is the FOUS
POP/Ceiling/Wind Guidance product.
Another useful tool is the Analogous Days
PC program, developed at the National
Weather Service Office in Santa Maria by

Jeff Smith, currently Hydrologist at the
River Forecast Center in Salt Lake City.
This program was improved by Dave
Rosenberg, Met Intern at WSFO San
Francisco, using the Paradox spreadsheet.
The Analogous Days Program has been
developed using data from the past 15
winter and spring frost seasons and will
continue to be updated after every frost
season.

The first part of the program calculates
minimum temperatures for Santa Maria
during the winter and spring seasons, and
for Paso Robles during the spring season
based only on the following hygrometric
equation: . ‘

SMX MIN = Dp - (RH-30)/3) + VD + VH
PRB MIN = Dp - (RH-18)/3) + VD + VH

where Dp is the dew point

VD is the correction constant for dew point
VH is the correction constant for humidity
(correction constants are shown in Table 1)

This hygrometric equation was: originally.
developed by Ellison (1928) and has been
used in the past to forecast minimum
temperatures in other Agricultural
Districts (Fritz, 1970; Tuft, 1975; Hill,
1976; Oard, 1977; Rogers and Rohli, 1991).
The numerical values of the equation and
correction constants were adjusted for
Santa Maria and Paso Robles by Wilbur.
Shigehara, currently Meteorologist in-
Charge at NWS San Diego, using raw data.
The temperature and dew point from 1600
local time on that afternoon are entered
into the program by the forecaster. The:
relative humidity, correction constants, and
minimum temperature forecast are then
calculated by the program.

The second part of the program searches
through an archive file of the past 15 years.
of data to find analogous days based on the



Santa Maria and Paso Robles forecast
minimum temperatures and other
meteorological parameters as described
below.

1. The Santa Mariato Bakersfield surface
pressure difference gives an indication
of the east-west surface pressure
gradient. If the pressure at Santa
Maria is higher than at Bakersfield,
the pressure gradient force is directed
toward lower pressure and suggests a
westerly flow.

2. The Salinas to Santa Barbara surface

pressure difference gives a general
indication of whether strong winds can
be expected. If the surface pressure at
Salinas is about 3.5 mb higher than
surface pressure at Santa Barbara,
then it is suggested that there will be
strong northwest winds. Northwest
winds play a role in modifying
minimum temperatures at some of the
key stations.

3. The closest upper-air sounding is
taken at Vandenberg Air Force Base,
10 miles southeast of Santa Maria,
which provides important data
consisting of the 850 mb and 500 mb

temperatures and winds, as well as the

winds at 1000 and 2000 feet.

The forecaster enters the 850 mb and
500 mb temperatures, winds, and the

‘magnitude of the surface pressure

differences from Santa Maria to
Bakersfield and from Salinas to Santa
Barbara from 0000 UTC into the Analogous
Days Program. The criteria for finding the
analogous days for the minimum
temperature the next morning from the
entered data are:

850 mb temperature: +/- 4°C
Pressure differences: +/- 1.5 mb

Dew point: + /- 2°F
Formula minimum(s): + /- 4°F

The analogous days that meet all the above
requirements are listed, displaying the
minimum temperatures for all the key
temperature stations for that day.
Archived weather maps from those
analogous days can be compared to the
current weather maps. The analogous
day(s), with a weather pattern that most
resembles the current weather pattern, are
selected and the forecast minimum
temperature for Santa Maria is
determined. A sample printout of the
Analogous Days Program is shown in
Fig. 2.

Once a forecast minimum temperature for

Santa Maria is obtained, forecast minimum

temperatures for the other key stations
can be obtained by using the developed
minimum temperature forecasting
schemes, which use the Analogous Day
Program as guidance.

II. KEY TEMPERATURE STATION
DESCRIPTION/CLIMATOLOGY
AND MINIMUM TEMPERATURE
FORECASTING SCHEME

The climatology of each key agricultural
temperature station is based mainly upon
the Santa Maria-Bakersfield surface
pressure difference, the Salinas-Santa
Barbara surface pressure difference, and
the upper-air data as discussed earlier.
Another meteorological parameter used is
the surface pressure difference between
Santa Maria and Paso Robles, which gives
an indication of the north-south pressure
gradient. If the pressure of Santa Maria is

* higher than at Paso Robles, the pressure

gradient force is positive and the flow is
suggested to have a southerly component.
The minimum temperature forecasting




scheme was developed after the 1990-1991
winter and spring frost seasons using the
key agricultural temperature station
climatology as a guide, and then was fine-
tuned after verification from the last two
frost seasons. This scheme is to be used
along with the Analogous Days Program
and given equal weight. Frequently, the
Analogous Days Program will not have any
days to compare. In this case, the
minimum temperature formulas are used
along with this scheme. The following is a
brief description of the climate of each key
agricultural temperature station and its
minimum temperature forecasting scheme.

SMX = Santa Maria

PRB = Paso Robles

SMX-BFL = Santa Maria - Bakersfield

- surface pressure difference.

SMX-PRB = Santa Maria - Paso Robles
surface pressure difference.

SNS-SBA = Salinas - Santa Barbara
surface pressure difference.

A. WINTER KEY TEMPERATURE
STATIONS

i) SANTA MARIA When the Santa
Maria-Bakersfield -surface pressure
difference is < -2.0 mb and the Santa
Maria-Paso Robles difference is < -1.0 mb,
consideration of northeast or east surface
wind continuing through the night may

moderate minimum temperatures..

However, surface winds are more likely
with a surface pressure difference of -3 or
-4 mb. Likewise, in springtime if the
pressure difference from Salinas-Santa
Barbara is > 6 mb, there is a good chance
of nighttime wind from the north or
northwest. This is especially true if you
have pressure difference > 7 mb and an

850 mb wind of > 35 kts (Note: This.

particular rule holds for most of the key
temperature stations, winter or spring).
However, keep in mind that a very cold

airmass, i.e. an 850 mb temperature of <
-3°C, can stabilize the airmass, diminishing
the wind beneath an inversion and
producing a cold night. This occurs when-
high winds aloft are decoupled from the
surface winds by the temperature
inversion.

Santa Maria can be one of the colder
winter key temperature stations under
clear skies and light wind. A situation
often encountered during mid-winter
occurs when a cold front moves through
the district late in the afternoon or early in
the evening and has a cold airmass behind
it (i.e. 850 mb temp <1°C). During these
situations, the forecast often will call for
showers or partial clearing, but strong
downward vertical velocity behind the front
creates a nearly clear night with light wind.
This leads to an unexpected early morning
frost. Satellite pictures and upper-air data
are the greatest aid in detecting these
potentially troublesome situations. These
situations can take place at any of the
winter key temperature stations, not Just
Santa Maria.

The coldest situations (2/15/90, 1/16/87,
1/6/78) over the entire district occur when:
(1) the 850 mb temperature is < -3°C, (2)
the surface dewpoint is in the lower 20s°F
or 10s°F, and (3) the daytime surface
temperature is generally < 55°F. Surface
pressure differences in these situations are
usually only light to moderate offshore, but
stronger surface winds may . prevent very
cold temperatures.

SANTA MARIA SCHEME (Winter
Season)

1. a) If 850 mb winds are 190° to 280°
and > 20 kts, onshore flow will allow
low- to mid-level clouds to be advected
into the coastal plain: thus, forecast
clouds for SMX.



b) If SMX-PRB > +1.5 mb, and SNS-
SBA < +3.0 mb, with 850 mb winds <
25 kts, a southerly surface flow is more
dominant than northwest flow: thus,
forecast clouds for SMX.

2. If no clouds are forecast, and 500 mb
heights are < 560 dam, with 850 mb
temperature of < 0°C, forecast
temperatures < 32°F. A cold airmass
will produce cold minimum
temperatures regardiess of winds.

3. If no clouds are expected and 850 mb

winds are < 15 kts, forecast closer to .

the predicted formula temperature
from the Analogous Days Program
than the FOUS guidance. Otherwise,
forecast closer to the FOUS guidance.
Verification of comparisons between
FOUS and the formula minimum
temperature has shown that the
formula forecast is better in this
situation. '

In the spring, the combination of longer

days and a greater influence of an ocean

breeze cause Santa Maria and the other

key temperature stations near the coast

and coastal valleys except Morro Grange, to
warm by 1 or 2°F at night.

SANTA MARIA SCHEME (Spring
Season)

1. a) If 850 mb winds are 190° to 280°

and > 20 kts, forecast clouds for SMX.:

b) If SMX-PRB > +1.5 mb, and SNS-
SBA < +3.0 mb with 850 mb winds >
25 kts, forecast clouds.

2. Use the Analogous Days formula from
0 to +2°F, if you are expecting no
clouds and no wind modification.

a) If clouds are expected, add > 4°F to
the Analogous Days formula.

b) If SNS-SBA > +4.0 mb, then wind
will modify temperatures > 4°F.

3. If 500 mb heights are < 543 dam,
~ forecast minimum temperatures near
32°F.

ii) BONITA SCHOOL The same rules
used at Santa Maria apply to Bonita School,
although Bonita School is usually about 1
to 2°F warmer than Santa Maria. Its
proximity to the ocean or a bit more wind
at night causes the difference.

BONITA SCHOOL SCHEME (Winter
and Spring Season)

1. a) If SMX-BFL and SMX-PRB > +0.1
mb, forecast 0 to 1°F warmer than
SMX. If SNS-SBA > +3.5 mb,
forecast > 2°F warmer than SMX.
The combination of an onshore flow
and wind modification (increased
moisture at low levels) causes the
warming.

b) If SMX-BFL and SMX-PRB < -0.1
mb, forecast 0 to 2°F colder than
SMX. If SNS-SBA < +1.5 mb and 850
mb winds are 20° to 160°, forecast 2
to 3°F colder than SMX. A light
offshore flow allows for cool air
drainage and good radiational cooling.

2. If no clouds are forecast, and 500 mb
heights are < 560 dam, and 850 mb
temperature is < 0°C, forecast
temperatures < 32°F. When the
airmass is cold, the station gets cold.

iii) OCEANO This station is usually 1-
3°F warmer than Santa Maria, but can get
slightly cooler if Santa Maria’s temperature
gets moderated by wind. A light onshore




breeze can help modify minimum
temperatures. if dewpoints are in the
middle 40s°F near the ocean. The coldest
mornings are in light offshore flow
conditions. This station is susceptible to
moderate air drainage down Arroyo Grande
Creek Canyon.

OCEANO SCHEME (Winter and
Spring Season)

1. a) If SMX-BFL and SMX-PRB > +0.1

mb, forecast 0 to 2°F warmer than-

SMX. If SNS-SBA > +3.5 mb, forecast

> 2°F warmer than SMX. See Bonita

School reasoning.

'b) If SMX-BFL and SMX-PRB is
between +0.1 and -1.0 mb, forecast 0
to 2°F colder than SMX. If SNS-SBA
< +3.0 mb and 850 mb winds are 20°
to 160°, forecast 2 to 3°F colder than
SMX. See Bonita School reasoning,

¢) If SMX-BFL and SMX-PRB < -1.0
mb, forecast > 2°F higher than SMX.
A north to northeast drainage and
offshore flow will modify minimum
temperatures.

2. If no clouds expected, and 500 mb
heights are < 560 dam and 850 mb
temperature is < 0°C, forecast

temperatures < 32°F. If the airmass is
cold, the station will be cold.

iv) NTIPOMO FOOTHILL This is the one
of toughest winter key temperature station
for which to forecast. On the coldest
mornings there is a light onshore flow
when the Santa Maria-Bakersfield surface
pressure difference is between 2.0 mb and
-1.0 mb and the Santa Maria-Paso Robles
pressure difference is between 2.0 mb and
-1.5 mb. This seems to weaken the normal
drainage wind and allows good radiational
cooling. In this situation, this station will

be 1 to 3°F «colder than Santa Maria and
about as cold as Nipomo Mesa. This
station is susceptible to moderate air
drainage off the hills making the station 3
to 7°F warmer than Santa Maria. If
surface offshore pressure differences are
moderate to strong (Santa - Maria-
Bakersfield and Santa Maria-Paso Robles
pressure differences < -2.0 mb), there is a
good chance of nighttime wind
modification. If the winds at 1000 or 2000
feet are west, northwest, or northeast and
> 15 knots, then wind modification of the
nighttime temperature can be expected.
Temperature modification is not likely if
the wind direction is north or southeast,
regardless of wind strength due to the
orientation of the surrounding coastal hills.

NIPOMO FOOTHILL SCHEME (Winter
and Spring Season)

1. a) If SMX-BFL < -2.0 mb and SMX-
PRB < -1.5 mb, forecast 0 to 3°F
warmer than SMX. If SNS-SBA >
+3.0 mb, forecast > 3°F warmer than
SMX. North to northeast drainage
and offshore winds will modify
temperatures. . ,

b) If SMX-BFL and SMX-PRB > +2.0
mb, forecast 1 or 2°F warmer than
SMX. A good onshore flow will advect
moisture from the ocean and modify:
temperatures.

¢) If SMX-BFL is between +2.0 and
-2.0 mb; and if SMX-PRB is between
+2.0 and -1.5 mb, forecast 0 to 3°F
colder than SMX. Wind will not be
much of a factor and there will be
good radiational cooling. If SNS-SBA
> +3.0 mb, forecast the about the’
same minimum temperature as SMX.
Northwest winds will also help to
modify temperatures if this criteria is
met.



2. If no clouds are expected, 500 mb
heights are < 560 dam, and the 850 mb
temperature < 0°C, forecast minimum
temperatures < 32°F.

Note: Generally if the winds at 1000 feet
are > 15 knots, minimum temperatures will
be modified. Iflight winds prevail at 1000

feet, then forecast colder minimum
temperatures.

v) NIPOMO MESA NE About the only
time this site is not the coldest of the

stations is with a light onshore flow. When

that happens, Nipomo Foothill and Morro
Grange can get slightly colder than
Nipomo Mesa. Also, when strong offshore
flow is occurring (Santa Maria-Bakersfield
pressure difference < -3.5 mb, plus strong
northeasterly winds at 2000 feet), this
station will be a little warmer than Santa
Maria.

NIPOMO MESA SCHEME (Winter
Season)

1. a) If SMX-BFL < -2.5 mb and SMX-
PRB < -2.0 mb, forecast + 1°F from
the SMX forecast minimum
temperature. A strong north to
northeast flow will modify
temperatures.

b) If no clouds are expected, and if
SMX-BFL is between +2.0 and -2.5
mb, and if SMX-PRB is between +2.0
and -2.0 mb, forecast 1 to 4°F colder
than SMX. If SNS-SBA < +2.0 mb
forecast 3 to 5°F colder than SMX. A
light offshore flow draining in cold air
1s the coldest scenario for Nipomo
Mesa. A light onshore flow starts to
bring in some moisture from the
ocean, modifying temperatures.

c¢) If SMX-BFL and SMX-PRB > +2.0

mb, forecast 0 to 2°F colder than
SMX.

NIPOMO MESA SCHEME (Spring.
Season)

1. a) If no clouds and SMX-BFL and
SMX-PRB > +2.0 mb, forecast 0 to
2°F colder than SMX. See winter
season.

b) If SMX-BFL < -2.5 mb and SMX-
PRB < -2.0 mb, forecast + 1°F from
SMX. See winter season.

c) If SMX-BFL > -2.5 mb and SMX-
PRB > -2.0 mb, forecast 1 to 4°F
colder than SMX. See winter season.

2. If rule 1.c above is true, and the 850
mb temperature is < +1°C, then
forecast > 4°F colder than SMX unless
SNS-SBA > +5.0 mb, modify to 1 to
3°F colder than SMX.

3. Ifno clouds are expected, forecast 1°Fv
colder than SMX Analogous Days
formula.

vi) UPPER ARROYO GRANDE This is

the warmest of the winter key temperature
stations. This station almost always has a
nighttime drainage wind, as it is situated in
an east-west valley that drains from the
mountains to its east. This station will fall
to near or below freezing only in our

-coldest situations, and will seldom drop

below 27-29°F even when Santa Maria has
dropped to 22 or 23°F.

UPPER ARROYO GRANDE SCHEME
(Winter and Spring Season)

If SMX-BFL and SMX-PRB > +0.5 mb and
850 mb temperature is < 0°C, forecast
minimum temperatures 0 to 3°F colder
than SMX. The combination of onshore




flow.and a cold airmass will suppress the
drainage wind from the mountains.
Otherwise forecast > 2°F higher than
SMX.

vii) MORRO GRANGE This station is
also a difficult location to forecast. This
station is typically one of the warmest,
especially with any kind of offshore flow,
but gets cold with a light onshore flow
when the nighttime wind is from a
northwest direction. This can be the
coldest key temperature station during the
winter on the first night after a cold front

has passed with northwest flow (i.e. Santa

Maria-Bakersfield pressure difference is >
-1.5 mb and Santa Maria-Paso  Robles
pressure difference is 2 -1.0 mb). The
reason for this is that the surrounding hills
block a north to northwest flow creating
nearly calm conditions at Morro Grange.

MORRO GRANGE SCHEME (Winter
Season)

1. If SMX-BFL and SMX-PRB > -1.0 mb,

forecast 3 to 5°F colder than SMX. If
SNS-SBA < +2.5 mb, forecast 6°F
colder than SMX. The flow is onshore
and blocked by the surrounding hills.

2. If SMX-BFL and SMX-PRB is between
-1.0 and -2.0 mb, and SNS-SBA < +2.0

- mb, forecast between 2°F colder and
1°F warmer than SMX. If SNS-SBA >
+3.0 mb, forecast > 2°F warmer. A
drainage and offshore flow becomes a
factor to begin modifying

temperatures. A strong northwest flow -

will also help modify temperatures.

3. If SMX-BFL and SMX-PRB < -2.0 mb,
forecast > 2°F warmer than SMX. A
moderate to strong offshore flow will
modify temperatures considerably.

4. Ifhigh temperature from the previous
day > 70°F and the high temperature
on the next day is expected to be the
same, forecast minimum temperatures
of > 30°F on expected cold nights.
Verification has shown that the
diurnal variation on warm days ‘does.:
not exceed 40°F. Therefore, enough
warm air from the day should prevent

- very cold temperatures from
occurring. .

In the spring, the surrounding hills
prevent the ocean breeze from modifying
minimums at this station like the other
winter key temperature stations. As a
result, the temperature departure from
Santa Maria is larger in the spring season
than in the winter season.

MORROC GRANGE SCHEME (Sprmg
Season)

1. If no clouds are expected, 500 mb
heights are < 570 dam, and 850 mb".
temperature is < +3°C, forecast-
minimum temperatures < 32°F. A
cool airmass along with the typical:
spring onshore flow brings cold nights.

2. If no clouds are expected, forecast 3°F
- colder than SMX Analogous Days
formula.

3. If SMX-BFL and SMX-PRB > -1.0 mb,
forecast 4 to 6°F colder than SMX.
Otherwise, forecast at or above SMX
Analogous Days formula. If SNS-SBA
> +2.5 mb, add 2 to 3°F.. A strong
onshore flow will help to modify
temperatures a few degrees.

B. SPRING KEY TEMPERATURE
STATIONS

i) SHANDON This station, at 1100 feet
elevation, is the coldest key temperature



station in the district. At times, the newer
Radike Vineyard station can be just as cold.
This station’s minimum temperatures are
significantly lower than all other stations
when the 850 mb wind is northwesterly
and greater than 40 knots, because all
other stations will remain above 32°F due
to wind. Shandon is protected from the
northwest wind, especially at night, even if
there is a northwest wind during the day.
This station has dropped to 27°F when all
other key temperature stations were in the
upper 30s°F and 40s°F. Generally,
Shandon will be around 7°F colder than

Santa Maria and 3°F or so colder than .

Paso Robles. Occasionally irrigation in the
alfalfa field across the road can be a source
of modification, but it has not been
quantified.

When the surface pressure difference
between Paso Robles and Fresno becomes
< -1 mb, the possibility exists for nighttime
wind at Shandon from the east as the site
opens out into the Central Valley through
a series of canyons. Under these
conditions the Radike Vineyard station will
usually be colder than Shandon.

SHANDON SCHEME

1. If there are clouds and it rained, use
#2 only.

2. Add 2 to 3°F to the PRB Analogous
Days formula, if one of the following is
‘truer ' ' :

a) there are clouds and/or it has
rained,

b) the SNS-SBA > +6.0 mb,

c¢) 850 mb winds are N to NE greater
than 40 kts.

3. If no clouds/rain are forecast, and

a) If SMX-BFL and SMX-PRB is
between -0.5 and -2.6 mb, forecast 10
to 14°F colder than SMX. Light to
moderate offshore flow is the coldest
scenario.

b) If SMX-BFL and SMX-PRB is
between +0.5 and +2.0 mb, forecast 5
to 9°F colder than SMX. An onshore
flow begins to modify temperatures
because there is more moisture in the
air.

c) If SMX-BFL and SMX-PRB > +2.0
mb, forecast < 4°F colder than SMX.
The onshore flow is stronger.

ii) RADIKE VINEYARD This station is
located at 1000 feet elevation and is
surrounded by small hills. Any winds > 25
kts at 850 mb will cause minimum
temperatures to be moderated. (Note: The
winds at 1000 ‘and 2000 feet from the
Vandenberg upper-air sounding are not
applicable to Shandon and Radike Vineyard
because of the Santa Lucia Mountains.)
Normally, this station will be about 1 or
2°F higher than Shandon. On nights when

- you do not suspect wind to be a major

factor, forecast about the same minimum
temperature or a degree higher than
Shandon.

RADIKE VINEYARD SCHEME

1. Ifno clouds/rain are forecast, forecast
0 to 3°F colder than PRB Analogous
Days formula.

2. Forecast 2 to 3°F warmer than the
PRB Analogous Days formula if either,

a) the 850 mb winds are > 30 kts, or

b) if you expect clouds or rain.




3. Ifno clouds/rain are forecast and

a) If SMX-BFL and SMX-PRB is
between -2.0 and -1.0 mb, forecast 2 to
6°F. colder than SMX. A light to
- moderate offshore flow begins to
modify temperatures.

b) If SMX-BFL and SMX-PRB is
between -1.0 and -0.5 mb, forecast 8°F
colder than SMX,

' If SMX-BFL and SMXPRB is
between -0.5 and +1.5 mb, forecast 9

to 12°F colder than SMX. A light

onshore flow is the coldest scenario as
- the  surrounding mountains block
north to northwest winds.

d) If SMX-BFL and SMX-PRB > +1.5
mb, forecast 4 to 7°F colder than
SMX. A stronger onshore flow begins
to modify temperatures.

iii) ESTRELLA RIVER The minimum
temperatures at Estrella River averages
1°F lower than Paso Robles and 2 to 3°F
higher than Shandon. Both Paso Robles
and Estrella River are susceptible to
northwest nighttime wind after a frontal
passage. -

This station can be moderated by morning
fog after a precipitation event.

ESTRELLA RIVER SCHEME

1. If there are clouds and it has rained,
use #2 only.

2. Add 2 to 3°F to the PRB formula if
one of the following is true:

a) there are clouds, it has rained,

b) if SNS-SBA > +6.0 mb,

If calm conditions exist, the
Analogous Days Program works fairly well. .
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¢) if 850 mb winds are N to NE, > 40-
kts.

3. Ifno clouds/ram are forecast and

a) If SMX-BFL and SMX-PRB is .
between +0.5 and -2.6 mb, forecast 7
to 12°F colder than SMX. .See
Shandon reasomng :

b) If SMX-BFL and SMX-PRB i8
- between +0.5 and +2.0 mb, forecast 3 -

to 7°F colder than SMX. See':

Shandon reasoning. '

c¢) If SMX-BFL and SMX-PRB > +2.0
mb, forecast < 2°F colder than SMX :
See Shandon reasoning.

iv) PRICE CANYON This station is
usually about 2 or 3°F colder than Santa
Maria except when you expect it to be
windy at San Luis Obispo Airport. Strong
north to northwest wind can be expected at -
this station all night, as well as at San Luis
Obispo Airport when the surface pressure
difference between Paso Robles and San -
Luis Obispo exceeds 2 or 3 mb and when
the 850 mb wind is in excess of 25 kts.

PRICE CANYON SCHEME

1. If winds up to 850 mb are N to NE at
> 25 kts and/or SMX-PRB < -3.0 mb,
do not forecast freezing temperatures.
and go to #3.: A strong N to NE W1nd
modifies temperatures. o

2. a) If SMX-BFL and SMX-PRB is
between -1.5 and +2.5 mb, and if SNS-
SBA < +4.0 mb, forecast 2 to 5°F
colder than SMX. - A light offshore
flow or a light to moderate onshore
flow are the coldest scenarios as the
coastal hills protect the station.



b) If SMX-BFL and SMX-PRB < -2.0
mb, forecast > 2°F warmer than SMX.
A moderate to strong offshore flow
moderates temperatures.

c¢) If SMX-BFL and SMX-PRB > +2.5
mb, forecast 0 to 2°F warmer than
SMX. Strong onshore flow will modify
temperatures.

3. If no clouds are forecast, use SMX
Analogous Days formula.

v) SISQUOC This station runs about 2 to

3°F colder than Santa Maria but can be

affected by both drainage and strong
nighttime offshore wind.

SISQUOC SCHEME

1. If clouds are forecast and/or SNS-SBA
> +6.0 mb, use #2 only.

2. a) If SMX-BFL and SMX-PRB > +2.0
mb, forecast 3 to 4°F colder than
SMX. The station is protected from an
onshore flow by hills to the west,
which is the coldest scenario.

b) If SMX-BFL and SMX-PRB is
between +1.5 to -1.5 mb, forecast <
2°F colder than SMX. A weak flow
will allow some drainage wind from the
east.

3. a) If 850 mb temperature is < +1°C,
forecast 3 to 4°F colder than SMX.
When the airmass is cold, this station
will be cold regardless of pressure
differences.

b) If 850 mb temperature is > +2°C,
forecast < 2°F colder than SMX.

4. If no clouds and wind are forecast,
then use SMX Analogous Days
formula.
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vi) LOS ALAMOS This station runs 2 to
3°F colder than Santa Maria, but can
occasionally run 4 or 5°F colder early in
the spring during still nights when little
wind is expected. This station has always
been a bit confusing since it’s closer to the
ocean than the other nearby stations and
yet it is colder. Perhaps the drainage of
cold air from the surrounding hills
combined with pooling of the cold air in
this area of the valley is responsible for
this. Nighttime northwest wind can be a
moderating factor but nighttime drainage
wind is not.

LOS ALAMOS SCHEME

1. Ifclouds are expected and SNS-SBA >
+6.0 mb, forecast above freezing. A
strong onshore flow will modify
temperatures.

2. Ifno clouds and wind as #1 above, and
850 mb temperature is:

a) < -1°C, forecast 6°F colder than
SMX. : .,

b) 0 to +1°C, forecast 3 to 5°F colder
than SMX.

c) > +2°C, forecast < 2°F colder than
SMX.

Like Sisquoc, with a cold airmass, the
station will be cold. The warmer the
airmass, the warmer the station.

3. Ifno clouds and SNS-SBA > +6.0 mb,
forecast 1 degree colder than SMX. If
SNS-SBA < +6.0 mb, forecast 2 to 3°F

- colder.

vii) ZACA This is about the warmest of
the ‘"southern four" key temperature
stations (Sisquoc, Zaca, Santa Ynez and Los
Alamos). It regularly gets a drainage wind




from the east or gets mixing from
nighttime northwesterly winds. When
wind is not a factor, this station will be just
slightly warmer than the other three
stations and about 1 to 2°F colder than
Santa Maria.

ZACA SCHEME

1. Ifcloudsare expected and/or SNS-SBA

> +7.0 mb, forecast above freezing. A

strong - onshore flow will modify
temperatures.

2. Ifno clouds are forecast and wind asin

#1, then:

a)' If SMX-BFL and SMX-PRB is
. between + 1.5 to +2.5 mb, forecast 5 to
7°F colder than SMX." A light to
moderate onshore flow is the coldest
scenario for minimum temperatures.

b) If SMX-BFL and SMX-PRB is
between +1.5 and -1.5 mb, forecast 2
to 5°F colder than SMX. A weak flow
will allow for some drainage wind. .

¢) If SMX-BFL and SMX-PRB < -1.5
mb, forecast 1°F colder to 2°F warmer
than SMX. With an offshore flow, a
drainage wind will modify
temperatures.

3. If no clouds and wind - are forecast,
then wuse SMX. Analogous Days
formula.

viii) SANTA YNEZ This station is

interesting since it is one of the coldest of
the "southern four" late in the winter
through about mid-March (due to cold air
draining into the area around it). As the
days warm up, it becomes one of the
warmest of the "southern four" late in
spring, as nighttime cold air is offset by
daytime warming. Therefore, in - late
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winter minimum temperatures at this
station can be as much as 6°F lower than
Santa Maria, then only 1 or 2°F lower by
late spring. Temperatures at this station
can be moderated by fog after rain.

SANTA YNEZ SCHEME

1. Use the Santa Maria ‘Analogous Days
formula and forecast 0 to 2°F colder if
no clouds and wind.

a) If clouds are expected, add 3°F or
more to the Analogous Days formula.

. b) If SNS-SBA. > +5.0 mb, wind will
modify minimum temperatures . up
about 5°F.

2. a) If SMX-BFL and SMX-PRB are
between -2.5 and +0.5 mb, forecast 6
to 9°F colder than SMX. A light
onshore and a light to moderate
offshore flow are the coldest scenarios'
for minimum temperatures.

b) If SMX-BFL and SMX-PRB:are
between +0.5 to +2.0 mb, forecast 2
to 5°F colder.

¢) If SMX-BFL and SMX-PRB are +2.0
mb or higher, forecast > 2°F warmer.
An onshore flow brings in ‘moisture
from the west to modify temperatures.

3. ' If clouds are expected, use rule l.a
only. : ,

4. After March, add 2 to 3°F to all of the
above conditions.

Table 2 shows the average departure of the
minimum temperatures of all the key
agrlcultural temperature stations from the
average minimum temperature at Santa
Maria. -Nights with high temperature
ceilings are those preceded by a day with a



maximum temperature of < 60°F, implying
cold air advection with weak or no
inversion, resulting in widespread freezing
temperatures. Conversely, nights with low
temperature ceilings are those preceded by
- a day with a maximum temperature of
60°F or higher, implying radiational
cooling and a moderate to strong inversion,
resulting in only isolated areas of freezing
temperatures.

III. CONCLUSION AND
RECOMMENDATIONS

Map
different weather situations that cause cold
temperatures to occur over the
Agricultural District (Hamilton and Lussky,
1985; Crossan, 1981). A few examples are
at 500 mb: (1) a ridge just off the coast of
California, (2) a ridge directly over
California, and (3) a cutoff low east of
California. Using map types and examining
the 36 to 60 hour prognostic charts from
the NGM and AVN models, potentially cold
periods within the district can be
anticipated. Within 12 hours, the
Analogous Days Program is used to predict
the minimum temperature for Santa Maria
and Paso Robles. Then, the minimum
temperatures for each key agricultural
temperature station are determined using
the forecasting schemes, with guidance
from the Analogous Days Program.

This method of forecasting is not only
useful now, but will be even more useful
after MAR comes into place. Under the
current plan of MAR, the National
Weather Service Office in Santa Maria is
scheduled to be closed in the late 1990s.
The forecasting for this Agricultural
District may have to be handled by the
Weather Forecast Offices (WFOs) in
Oxnard and/or Monterey with guidance
from the National Weather Service Office

types have been developed for |
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in Riverside. This project will give the
WFOs a good idea of the climatology of
each key agricultural temperature station
and help them with their agriculture
forecasting responsibilities for this district.

The National Weather Service Office in
Santa Maria will continue the development
of the Analogous Days Program and the
forecasting scheme as more data becomes
available in the coming frost seasons and
possibly combine the two into one PC
forecasting program.
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MINIMUM TEMPERATURE / ANALAGOUS DAYS PROGRAM‘

04/13/93

INITIAL DATA SET

SMX 00Z TEMP 61 DEG F
SMX 00Z DWPNT 48 DEG F :
SMX 00Z RH 63 % ‘ PRB 00Z RH 24 %

PRB 00Z TEMP 75 DEG F
PRB 00Z DWPNT 36 DEG F

CORRESPONDING NEXT MORNING’S FORMULAE MINIMUMS

SMX FCST MIN 39 DEG F WD.. 3 VH..-
SMX NAPA MIN' 30 DEG F VD. .4 ~ VH.. 1
PRB FCST MIN 31 DEG F WD.. 0 VH. .-5

~ ADDITIONAL ANALAGOUS DAYS DATA

SNS-SBA PRES DIFF 004.2 MB

VBG 00Z 850 TEMP 10 DEG C VBG 00Z 850 MB WIND 33015
VBG 00Z 500 MB TEMP -18 DEG C VBG 00Z 500 MB WIND 34030
SMX~BFL. PRES DIFF 000.4 MB

1 .
' ——
1

| SPRING SEASON

1 1
1 ! 1
: MORNING MINIMUMS \ ANALAGOUS DATA
1 i L . 1
1 L} L}
: i {GRADIENTS | VBG 00Z | VBG 00Z
P ' , o ysns  smx | 850 mb ; 500 mb
i DATE | SM NM MG SH ER RD PC SQ LA ZA SY PR;sba bfl | t wind | t wind
| - | - ;
] 1 L . 1 ' 1
13/26/77) 37 34 XX 31 XX XX XX 36 33 XX 35 34} 2.8 -.6 | 6 50 21|-15 10 60
1 1 : . . , 1 w .
' ] ! ] t
13/28/84, 42 34 XX 31 37 XX XX 39 34 XX 35 43; 5.6 -.2 | 11
20 21,-18 350 28
I 3 1 I I
1 t 1 1 1
15/09/79] 38 37 XX 32 38 XX XX 35 35 XX 35 37 XXXX 1.8 { 6 10 19;-12 340 87
i ! 1 | i
1 I '

Figure 2 - Printout of Analogous Days Program
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- FORMALAE

Paso Robles Formula for
Minimum Temperature (QQZ )

Santa Maria Airport Formula for
Minimum Temperature Using @@Z Data

Formulas Min= Min=

DEW POINT — HUMIDITY=-3@ + Vg + Vn DEW POINT-HUMIDITY-25 + Vg + Vn

?9-108.... 12

3 ' 3
Constants !
DEW POINT Vg HUMIDITY Vi~ + DEW POINT Va HUMIDITY Vn.
Viagh t= TR 20 13-14..... -12 | 10~12. ... 9 10ieeannes -8
16ccevennna 19 19 e =11 | 13~16.ccunne 8 11-16..... ~7
17 cecnnanne 18 16-17..... -186 | 17-1%9...¢... 7 17-19..... -6
18 cecunnns 17 18 incecass —Q | 20-22. .00 6 20-24. ... -3
19 ceinnan 14 12 e ienan -8 | 23-24....... S 2529 .. =4
20 ciccncns 11 7/ ~7 1 2527 ciiune.b I0-34sanee =3
21-22. ... 1@ 23 -5 | 2829 ccaccn I 35-3Feu... 2
% S Q 22-23 0. -5 1§ 30-33.ciennn 2 40-44..... -1
P 8 24 . e iacnnasn =4 1 3iiiiacans 1 45-4% ... @
e TR & e P =3 1 3537 s )] b 74 a1 2
] Y S 250 c0nnnan -2 1 3B-3F9 . -1 55-5%.c... 3
27 cioennuaas 4 27 ianeannen -1 | 4D-42......72 LEB-64. ... 4
s = 3 28-32ccncans @ | 43.c.cicinnns -3 EFEF e S
29-32cacenus 2 3347 eunne- -1 | 44-48...... -4 7074 .. cnn 6
IZ3~37 esacans 1 48~63 s enns A < -5 797 enens 7
38—45.censen 2 E4-78Becanns ~3 0 S0ieienanas -5 80-84.v... 8
46-48. v e us 3 BB.ccnsnans -4 B5-8%vaeas Q
L 4 : P0-%4..... 10
' P5-98..... 11

Table 1 - Correction constants for dew point and humidity
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KEY STATION STATISTICS

Departure from average minimum temperature at Santa Maria through
11 winter and spring seasons. (Winter, 1982 ~ Spring, 1993)

WINTER

LOW CEILING HIGH CEILING ALL COLD NIGHTS.

BONITA .SCHOOL +0.7 : +1.3 +0.9

NIPOMO MESA -3.8 -2.3 -3.4

NIPOMO FOOTHILL +0.3 +1.8 +0.7

UPPER ARROYO :GRANDE +5.1 +3.0 +4.3

OCEANO +0.6 . +1.8 +0.9

MORRO GRANGE +1.9 $0.2 1.3 (4‘YR§)
SPRING

LOW CEILING HIGH CEILING ALL COLD NIGHTS

NIPOMO FOOTHILL -0.3 -0.6 -0.3

&IPoMo MESA 4.4 4.0 -4.3 (9 YRS)
UPPER ARROYO GRANDE  +1.5 +1.0 1.4
OCEANO | +1.1 | +1.0 BRI

BONITA SCHOOL S 40,7 +0.1 +0.6
SHANDON -7.3 -7.6 7.4
ESTRELLA RIVER -3.3 -2.4 -3.1

RADIKE VINEYARD -6.6 -5.7 -6.4 (8 YRS)
PRICE CANYON -2.2 -2.6 -2.3 (9 YRS)
SISQUOC -2.4 -1.5 ~2.2

LOS ALAMOS -2.4 ~2.2 ~2.3

ZACA -0.7 ~0.9 -0.7

SANTA YNEZ -2.2 -1.5 -2.1

MORRO GRANGE -3.4 -4.0 -3.6 (4 YRS)
PASO ROBLES -4.0 -2.5 ~3.7
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The Usefulness of Data from Mountaintop Fire Lookout Stations in Determining
Atmospheric Stability. Jonathan W. Corey, April 1979. (PB298893/AS)
The Depth of the Marine Layer at San Diego as Related to Subsequent Cool Season
Precipitation Episodes in Arizona. Ira S, Brenner, May 1979, (PB298817/AS)
Arizona Cool Season Climatological Surface Wind and Pressure Gradient Study. Ira S.
Brenner, May 1979. (PB298900/AS)
The BART Experiment. Morris S, Webb, October 1979, (PB80 155112)
Occurrence and Distribution of Flash Floods in the Western Region. Thomas L. Dietrich,
December 1979, (PB80 160344)
Misinterpretati of Precipitation Probability Forecasts. Allan H. Murphy, Sersh
Lichtenstein, Baruch Fischhoff, and Robert L. Winkler, February 1980. (PB80 174576)
Annual Data and Verification Tabulation - Eastern and Central North Pacific Tropical
Storms and Hurricanes 1979, Emil B. Gunther and Staff, EPHC, April 1980. (PB80 220486)
NMC Model Performance in the Northeast Pacific. James E. Overland, PMEL-ERL, April
1980. (PB80 196033)
Climate of Salt Lake City, Utah. Wilbur E. Figgins (Retired) and Alexander R. Smith.
Fifth Revision, July 1992. (PB92 220177)
Automatic Lightning Detection Sy

E. Fontana, June 1980. (PB80 225592)
Regression Equation for the Peak Wind Gust 6 to 12 Hours in Advance at Great Falls
During Strong Downslope Wind Storms, Michael J. Oard, July 1980, (PB91 108367)
A R.amimeas Index for the Arizona Mongoon. John H. Ten Harkel, July 1980. (PBS1
106494
The Effects of Terrain Distribution on Summer Thunderstorm Activity at Reno, Nevada.
Christopher Dean Hill, July 1980. (PB81 102501)
An Operational Evaluation of the Scofteld/Oliver Tecbnique for Estimating Pr
Rates from Satellite Imagery. Richard Ochoa, August 1980. (PB81 108227)
Hydrology Practicum. Thomas Dietrich, September 1980. (PB81 134033)
Tropical Cyclone Effects on California. Arnold Court, October 1980. (PB81 133779)
Eastern North Pacific Tropical Cyclone Occurrences During Intrasensonal Periods. Preston
W. Leftwich and Gail M. Brown, February 1981. (PB81 205494)
Solar Radiation as a Sole Source of Energy for Photovoltaics in Las Vegas, Nevads, for July
and D ber. Darryl Rand , April 19081, (PB81 224503)
A Systems Approach to Real-Time Runoff Analysis with a Deterministic Rainfall-Runoff
Model. Robert J.C. Burnash and R. Larry Ferral, April 1981. (PBS] 224495)

Comparison of Two Methods for For ing Thund ms at Luke Air Force Base,
Arizona. LTC Keith R. Cooley, April 1981. (PB81 225393)
An Objective Aid for Forecasting Afternoon Relative Humidity Along the Washington
Cascade East Slopes, Robert S. Robinson, April 1981. (PB81 23078)
Annual Data and Verification Tabulation, Eastern North Pacific Tropical Storms and
Hurricanes 1980. Emil B. Gunther and Staff, May 1981. (PB82 230336)
Preliminary Estimates of Wind Power Potential at the Nevada Test Site. Howard G. Booth,
June 1981. (PB82 127036)
ARAP User’s Guide. Mark Mathewson, July 1981, Revised September 1981. (PB82 196783)
Forecasting the Onset of Coastal Gales Off Washington-Oregon. John R. Zimmerman and
William D. Burton, August 1981. (PB82 127051)
A Statistical-Dynamical Model for Prediction of Tropical Cyclone Motion in the Eastern
North Pacific Ocean. Preston W. Leftwich, Jr., October 1981. (PB82195298)
An Enhanced Plotter for Surface Airways Observations. Andrew J. Spry and Jeffrey L.
Anderson, Octcber 1981, (PB82 153883)
Verification of 72-Hour 500-MB Map-Type Predictions. R.F. Quiring, November 1981
(PB82 158098)

in Northern California. James E. Rea and Chris

ion

Forecasting Heavy Snow at Wenatchee, Washi Ji W. Hols .
plasae o . ee, Washington. James olcomb, December 1981
ICentml) San Joaquin Valley Type Maps. Thomas R. Crosssn, December 1981. (PB82
ARAP Test Results. Mark A. Math D ber 1981. (PB82 198103)

Approximations to the Peak Surface Wind Gusts from Desert Thunderstorms. Darryl

Randerson, June 1982. (PB82 253089)
Climate of Phoenix, Arizona. Robert J. Schmidli, April 1969 (Revised December 1986).

(PB87 142063/AS)
Annual Data gnd Verti ion Tabulati E; North Pacific Tropical Storms and
Hurricanes 1982, E.B. Gunther, June 1983. (PB85 106078)
Stratified Maxi. Temp e Relationships B Sixteen Zone Stations in Arizona
;n;n ;R::m }(e).' Séaxtégns. Ix; S. Bregn};é. June 1983, (PB83 249904)

ydrologic ange Format ( F) Version L Phillip A Pasteris, Vernon C.
Bissel, David G. Bennett, Auggust 1983. (PB85 106052) e
Quantitative and Spacial Distribution of Winter Precipitation along Utah’s Wasatch Front.
Lawrence B. Dunn, August 1983. (PB85 106912)
500 Millibar Sign Frequency Teleconnection Charts - Winter. Lawrence B. Dunn, December
1983m(11:&8551062;6)
500 Miili i requency Teleconnection Charts - Spring. Lawrence B. Dunn, Jani
1984. (PB85 ﬁt]].367) v Prn =
Collection and Use of Lightning Strike Data in the Western U.S. During Summer 1983,
Glenn Rasch and Mark Mathewson, February 1984. (PB85 110534)

Tei ction Charts - S L B. Dunn, March

600 Millibar Sign Freq;
1984. (PB85 111359)

Annual Data and Verification Tabulation eastern North Pacific Tropical Storms and
Hurricenes 1983. E.B. Gunther, March 1984. (PB85 109635)

500 Millibar Sign Frequency Teleconnection Charts - Fall. Lawrence B. Dunn, May 1984.
(PB85 110930)

The Use and Interpretation of Isentropic Analyses. Jeffrey L. Anderson, October 1984.
(PB85 132694)

Annual Data & Verification Tabulation Eastern North Pacific Tropical Storms and
Hurricanes 1984. E.B. Gunther and R.L. Cross, April 1985. (PB85 1878887AS)

Great Salt Lake Effect Snowfall: Some Notes and An Example. David M. Carpenter,
October 1985. (PB86 119153/AS)

Large Scale Patterns Associated with Major Freeze Episodes in the Agricultural Southwest.
Ronald S. Hamilton and Glenn R. Lussky, December 1985. (PB86 144474AS)

NWR Voice Synthesis Project: Phase I. Glen W. Sampson, J 1986. B86
145604/AS) - ’ peos, Samiay ®
The MCC - An Overview and Case Study on Its Impact in the Western United States.

Glenn R. Lussky, March 1986. (PB86 170651/AS)

Annual Data and Verification Tabulation Eastern North Pacific Tropical Storms and
Hurricanes 1985. E.B. Gunther and R.L. Cross, March 1986, (PB86 170941/AS)

Radid Interpretation Guidelines. Roger G. Pappas, March 1986. (PB86 177680/AS)

AM le C Compl Storm over the Desert Southwest. Darryl Randerson,
April 1986. (PB86 190998/AS)
The Effects of Eastern North Pacific Tropical Cycl
Walter Smith, August 1986. (PB87 106258AS)
Preliminary Lightning Climatology Studies for Idzho, Christopher D, Hill, Carl J. Gorski,
and Michael C. Conger, April 1987. (PB87 180196/AS)

Heavy Rains and Flooding in Montana: A Case for Slantwise Convection. Glenn R. Lussky,
April 1987. (PB87 185229/AS)

on the South 1 United States.
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Annual Data and Verification Tabulstion Eastern North Pacific Tropical Storms and
Hurricanes 1986, Roger L. Cross and Kenneth B. Mielke, September 1987. (PB88 110895/AS)
An Inexpensive Solution for the Mass Distribution of Satellite Images. Glen W. Sampson and
George Clark, September 1987. (PB88 114038/AS)

Annual Data and Verification Tabulation Eastern North Pacific Tropical Storms and
Hurricanes 1987, Roger L. Cross end Kenneth B. Mielke, September 1988.

(PB88 101935/AS) i

An Investigation of the 24 September 1986 "Cold Sector" Tornado Qutbreak in Northern
California. John P. Monteverdi and Scott A. Braun, October 1988. (PB89 121297/AS)
Preliminary Analysis of Cloud-To-Ground Lightning in the Vicinity of the Nevada Test Site.
Carven Scott, November 1988, (PB89 128649/AS)

Forecast Guidelines For Fire Weather and F ters -~ How Nigh
Wildland Fuels. David W. Goens, February 1989. (PB89 162549/AS)
A Collection of Papers Related to Heavy Precipitation Forecasting. Western Region

Humidity Affects

- Headquarters, Scientific Services Div'isiop, August 1989. (PB89 230833/AS)
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of August 8, 1989. Carven A. Scott,

The Las Vegas McCarran Inter 1 Airport Microt
June 1990. (PBS0-240268)
Meteorological Factors Contributing to the Canyon Creek Fire Blowup, September 6 and 7,
1988. David W, Goens, June 1990, (PB90-245085)
Stratus Surge Prediction Along the Central California Coast. Peter Felsch and Woodrow
Whitlatch, December 1990. (PB91-129239)
Hydrotools. Tom Egger. January 1991, (PB91-151787/AS)
A Northern Utsh Sosker. Mark E. Struthwolf, February 1991. (PB91-168716)
Preliminary Analysis of the San Francisco Rainfall Record: 1849-1990. Jan Null, May 1991
(PB91-208439)
Idaho Zone Preformat, Tempersture Guidance, and Verification. Mark A. Mollner, July 1991.
(PB91-227405/AS) .
Emergency Operational Meteorclogical Considerations During an Accidental Release of
Hazardous Chemicals, Peter Mueller and Jerry Galt, August 1991. (PB91-235424)
WeatherTools. Tom Egger, October 1991. (PB93-184950)
Creating MOS Equations for RAWS Stations Using Digital Model Date. Dennie D. Gettman,
December 1991. (PB92-131473/AS) Mike Rich

e

1a M,

Forecasting Heavy Snow Events in Mi d, May 1992, (PB92-
196104)

NWS Winter Weather Workshop in Portland, Oregon. Various Authors, December 1992.
(PB93-146785)

A Case Study of the Operational Usefulness of the Sharp Workstation in Forecasting a
Mesocyclone-Induced Cold Sector Tornado Event in California. John P. Monteverdi, March
1993. (PB93-178697)

Climate of Pendleton, Oregon. Claudia Bell, August 1993. (PB93-227536)

Utilization of the Bulk Richardson Number, Helicity and Sounding Modification in the
Assessment of the Severe Convective Storms of 3 August 1992. Eric C. Evenson, September
1993. (PB94-131943)
C ive and Rotational P; ers A d with Three Tornado Episodes in Northern
and Central California. Jobn P. Monteverdi and John Quadros, September 1993
(PB94-131943)

Climate of San Luis Obispo, Celifornia. Gary Ryan, February 1994. (PB94-162062)

Climate of Wenatchee, Washington. Michael W. McFarland, Roger G. Buckman, and Gregory
E. Matzen, March 1994. (PB94-164308)

Climate of Santa Barbara, California. Gary Ryan, December 1994,

Climate of Yakima, Washington. Greg DeVoir, David Hogan, and Jay Neher, December 1984.
Climate of Kalispell, Montana. Chris Maier, December 1994.




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.

PROFESSIOCNAL PAPERS--Important  definitive
research results, major technigues, 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, jonospheric conditions, etc.

ATIONA,

W

TECHNICAL  SERVICE  PUBLICATIONS--Reports
containing data, observations, instructions, etc. A
partial listing includes data serials; prediction and
outlook periodicals; technical manuals, training pa-
pers, 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.
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Information on availability of NOAA publications can be obtained from:

NATIONAL TECHNICAL INFORMATION SERVICE

U. S. DEPARTMENT OF COMMERCE

5285 PORT ROYAL ROAD

SPRINGFIELD, VA 22161



