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INTRODUCTION

My soaring experience started at retirement, offering the
enviable situation of being free to soar any day of the week.
However, myhomeislocated 90 miles from the nearest gliderport
and the problem developed early on as to how to optimize my
soaring fun, my four-hour round trip drives and soaring tows.
The objective then became to develop a “go” or “no go” daily
soaring decision at breakfast.
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I became a student of Lhe literature of Wallington, Lindsay,
Armstrong, Higgins and Gibbs and my initial thermal forecast-
ing utilized their suggestions with limited success, albeit, im-
proving my soaring day selections and flight durations. My
problems occurred with the use of ultra-conservative historical
empirical data and the lack of availability and accuracy of local
weather forecasts.

The resolution of these problems and the “do-it-yourself”
soaring thermal forecasting system as presented in this paper,
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were developed from my data-base of thermal forecasts and
flight results on 320 flying days over a seven year period. The
tirst five flight years I flew a Blanik 1.-13, and the last two flight
yearsaSchweizer 5GS51-35 primarily outof Hemet-Ryanairport
in Southern California. Since the objective was to develop a
forecasting method for dry thermal activity, the flight records
were screened to obtain 260 results for analysis of only dry
thermal flights over relatively flat areas.

AMBIENT LAPSERATE

The first step in thermal prediction is to identify the local
ambient lapserate or vertical temperature profile indicating the
stability or instability of the ambient air. My early references
Lindsay and Lacy (1), Higgins (2) and FAA (3) recommended
obtaining the upper air temperatures either by local tow plane
soundingsor readily available 700 and 850 mb readings from the
National Weather Service (NWS). Since my gliderport did not
provide this as a free service, the approach of paying for five
equivalent tows a week to obtain soundings for one flying day
was prohibitive. My further attempts to obtain 700 and 850 mb
soundings from the Los Angeles and San Diego NWS were
rebuffed.

Undaunted, [remembered that windsand temperatures aloft
were available during my pre-flight briefings from the FAA
FlightService Station (FSS). During 1984, Irequested windsand
temperatures aloft up through 18,000 feet mean sea level (MSI)
from the three nearest locations for every flight made. By
triangulation and comparison with temperatures aloftrecorded
during my flights, one Rawinsonde location (Ontario, 40 miles
distant) was established as representative of the atmosphere in
my local area. However, [ found that only the current report
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FIGURE 1. Typical Soaring Forecast/Flight Record Shect
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given for flights before 11 a.m. was reliable for local thermal
forecasting.

A one page forecasting sheet was then developed with only
the dry adiabatic lapse rates (5.4 degrees F/ 1,000 ft.) shown for
clarity to record data, plot the ambicnt lapse rate and forecast
trigger temperature and thermal heights as shown in Figure 1.
It is noted that no forecast temperatures are available below
6,000 feetand the method for constructing the ambientlapserate
is to connect the 12,000 and 9,000 foot temperature points with
astraightline. A straight linebetween 9,000 and 6,000 feet is then
extrapolated to the gliderport elevation as shown in the sample
of Figure 1.

TRIGGERTEMPERATURE

Trigger temperatureis generally recognized as the minimum
surface temperature inducing thermals sufficient to sustain
soaring flight. The historic trigger temperature utilized “..is
obtained by locating a paint 4,000 feetabove ground level (AGL)
on the sounding and lowering it adiabatically to surface; then
add twodegrees Fahrenheit.” (Lindsay and Lacy (1}.) Itisnoted
that Armstrong and Hill (4) and Gibbs (5) also recommend this
method.

However, problems occurred with the use of this historic
4,000 foot AGL determination. My observations showed that
this conservatism, if adhered to, resulted consistently in launch
delays of up to three hours and caused me to abort soaring trips
that were later reported by friends to be good soaring days.
Observationsduring my firstyearof flying (1984) resulted in the
determination that the 2,500 feet AGL — ambient lapse rate
intersect, without the two degree Fahrenheit (I') offset, in itself
was more than adequate to sustain flight. Subsequent yearly
tlightrecordshave indicated that flight was sustained 97% of the
Hme with triggers based ona 2,500 foot AGL determination and
52% of the time based on a 2,000 foot AGL determination. These
observations were based on dry sailplane launches with no
water ballast.

The forecastand flightrecords for September 5,1990 asshown
in Figure 2 are a good example of the foregoing start delay
findings. The trigger and time forecast using historic methods
(Figure 2a) indicate a surface trigger temperature of 96 deg. Fat
3:45p.m., asopposed to the 92 deg. F forecastat 12:30 p.m. using
the “do-it-yourself” method (Figure 2b). The actual trigger
temperature (2deg. F)occurred at 12:45p.m., within 15 minutes
of the “do-it-yourself” prediction.

Another example is shown in the forecast and flight records
forMay 23,1990in Figure 3. The trigger and time forecasts using
historic methods (Figure 3a) indicate a surface trigger tempera-
ture of 81 deg. F which is higher than the NWS forecast surface
temperature of 75deg. F. In other words, Iwould nothave made
a trip to the gliderport with this forecast at breakfast time.
However, the actual trigger of 76 deg. F as forecastand realized
by the methods proposed in this paper (Figure 3b) resulted in a
trip to the gliderportand a fun flight overover 4 hours duration.
Itisnoted thatthe “do-it-yourself” trigger forecast was within 15
minutes of actual and the maximum surface temperature was
off by only one degree F.

A final observation of interest is that the initial thermal
activity is manifested by a slight breeze, sometimes coupled
with dust devils. T have noted that the tree leaves start rustling,
outside the pilot’s lounge area at Hemet as trigger temperature
is realized. An unanswered question is: does the slight breeze
initiate the thermals or do the popping runway thermals cause
the breeze to start?

ALTITUDE OF THERMALS

Thermal height predictions were initially made comparing
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the-3deg.Cand -5deg. C Thermal Index (TI) methods proposed
by Higgins (2) and Gibbs (3) with actual flight results. These
methods suggest drawing a line paralleling the dry adiabatic
lapse rate up from the maximum surface temperature to the
ambient lapse rate intersection and backing down to a -3 or -5
deg. F difference between the ambient and the drawn dry
adiabat Iapse rate lines. These methods propose that this is the
altitude limit for minimal searing conditions and that indices
more positive than -2 deg. F are barely capable of sustaining
soaring flight. It is noted that Lindsay and Lacy (1), FAA (3),
Armstrong and Hill (4) and SSA (6) also recommend this Ther-
mal Index method.

Early flights using the TImethod of thermal altitude determi-
natonappeared to be higher than forecast. In 1985, I decided to
compare the results of my first 58 flight records with those of
Piccagli as analyzed by Lindsay and Lacy (1) using the method
whereineach line of best fiton the graphis determined by a least-
squares linear regression that minimizes the sum of the squares
of the deviations of the actual data points from the straight line
of best fit. The line of best fit for my flights indicate altitudes
much higher than T1 forecast and also those of Piccagli’s 58
flights as shown in Figure 4. Since my “do-it-yourself” method
showed astrong correlation coefficient of 0.873 and was correct
more of the time, I decided the TT method of thermal altitude
forecasting was too conservative formy practical use. The flight
records for September 5, 1990 as shown in Figure 2a demon-
strated this conservatismin thatthe forecast using the TImethod
indicated a maximum of 4,700 feet whereas the flight altitude
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actually attained was 10,000 feet. The subsequent line of best fit
for 260 flightresults as shownin Figure 4 substantiates my early
conclusions with a good correlation coefficient of 0.816.

In 1985, I discovered that most of my flights were attaining
heights as forecast by projecting the dry adiabatic lapse rate up
from the maximum surface temperature to the ambient lapse
rate intersection as shown in Figures 2b and 3b. The subsequent
line of best fit for 260 flights as shown in Figure 5 produces a
correlation coefficient of 0.966, which is unusually high, and
substantiates this method of forecasting attainable thermal
heights. The fewer 58 flights of Piccagli, reference Lindsay and
Lacy (1) did not demonstrate this approach as shown in Figure
5

A question posed during this analysis was the impact of pilot
skill level (experience) and sailplane performance on the flight
height results recorded. As noted in the Figure 4 similar lines of
best fit for first year flights in a Blanik versus seven years of
combined experience in Blanik (medium performance) and
Schweizer 1-35 (high performance)sailplanes, neither skill level
or sailplane performance appear to affect the results.

STRENGTHOFTHERMALS

A literature review revealed approximately ten methods of
forecasting dry thermalstrength, each of which wasdifferent, as
represented by the seven displayed in Figure 6. In other words,
you pay your money and you take your choice. Early on I was
attracted to the “Soaring Index” method proposed by Armstrong

Pearson (First 58 flights)
Hg = 1476.89 + 1.13 Hf
T = 0,873

Pearson (260 flights)
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and Hill (4). This method was appealing to anengineer because
of the implied precise life predictions; e.g. 264 feet per minutes
(fpm)in Figure 1.1, therefore,added a columnentitled “CALC”
tomy datasheetfor calculating lift by this method. However, the
implied accuracy did not match actual results. As shown in
Figure 1, liftof 225 fpm was caleulated vs 300 fpmactual. Figure
2720 fpm was calculated vs 600 fpm actual.

Based on my analysis of 260 dry thermal flight results, as
shown in Figure 6, 1did find that the linear regression equation
of Figure 22 in Lindsay and Lacy (1) and the predictionsof Gibbs
(5) were more accurate through the range of flight from 2,000 to
10,000 feet AGL. The high correlation coefficient of 0.90 pro-
duced by my 260 flights line of best fit confirmed the accuracy of
my findings. Itis observed that the slope of my dry thermal best
fit is almost identical with Figure 22 of Lindsay and Lacy (1)
which is based on an even mix of convective and dry thermal
flight days. The correlation of these three plots in Figure 6
appearstoestablish my regression equationasacredible method
of forecasting dry thermal lift.

The lowest maximum altitude of the dry-adiabatic lapse rate
giving lift of 150 fpm or greater was 2,400 feet, as opposed to the
3,000 feet indicated in Lindsay and Lacy (1). This further sub-
stantiates my 2,500 foot AGL trigger determination. A nomo-
graphis provided in Figure 10 for lift forecasts.

MAXIMUM SURFACETEMPERATURE

Finally, the mostdifficult predictions were maximumsurface
temperature and time of occurrence. It is generally recognized
that a two degree or greater miss in maximum temperature
prediction can make a significant difference in thermal height
forecasts (Armstrong and Hill (4)). Examination of the 24-hour
forecasts for my soaring area from the morning paper over a
period of a year, with a wide daily temperature range, revealed

that the error between predictions and actual temperatures
exceeded five degreesapproximately 40% of the time. In fact, the
error exceeded ten degrees 10% of the time.

The historic references Armstrong and Hill (4), Gibbs (5) and
Lindsay (7) all recommend relying on the NWS forecasts (see
above) or using local objective aids for forecasting maximum
surface temperatures. I talked to many farmers in the area
(objective aid?) and found that they are not interested in actual
temperatures, only the possibility of freezing. I also contacted
the air pollution control district and found they were less
interested in forecast temperatures than monitoring events as
they occurred. Therefore, lacking the apparent privileged near-
term NWS forecasts or objective aids available to meteorolo-
gists, it became necessary to develop some other method of
forecasting maximum surface temperature.

Lindsay (7) suggests “The temperaturecurve for the previous
day in the same air mass will have about the same shape, only
the magnitude will vary.” This observation coupled with
Wallington (8) comments about diurmnal temperature changes
based onsolarinsolation led me to purchase a thermographand
install it near the gliderport to record continuous surface tem-
peratures.

The average recorded diurnal temperatures are compared
with solar insolation for Latitude 35 degrees North on Figure 7
for the Summer Solstice, Figure 8 for the Winter Solstice, and
Figure 9 for the Equinoxes corrected for standard time and
daylight savings time. Although the seasonal insolation rates
vary, thediurnal plotsare normalized to facilitate extrapolation
of different daily temperature range estimates. It is noted that
the temperatures lag the solar insolation by approximately one
hour in the morning, prior to peak, and two to three hours in the
afternoon after peak. This is a completely different approach
from forecasting surface temperature time of occurrence than
the straight line method utilized by Armstrong and Hill (4),
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T e P T oA AP A S e =] 40 [0 [2v
5 — ]'I_Jl t_i_{__;:-lillJ *l l:__l_gf_'fé;*ﬂ*ﬂiﬁim":i.; L B
B A LD £ 7Y 0 2 1= M N ) S WRRA V=7 T {5 VA B L
i P [ Eil L " I Lo . I% T 8 [ B O i . .
L 1I ="JI E"l 1};' WE: _LI;I=[- = £ \\fl_l = W 35 = L
u I ' ] ]I-: R : [ ' ra | i | ¢— -\: 18 l\; I. o 5 S VT _25
O L o LT O e B : PR . T . W iz o —
— i LN T B RN T y A _"'7‘LJ_ s LY [ T LN 30 - |
A __;_I.' 1 L s I i oLk £ i LT 4 WA i L] - [0S T T ) TR s j = 15
= ___|: III% :nt( .!]. |LI; ,.,,_‘ . 3 [ l‘:t :\_‘! B i R ha -
= _{; (8L ".- "i. . . ') - . ". : .... ..,I ST 1=
R S e e e e e s e LM e R
¥ e 16 e A TR DR EYEIL I (77 il T S e . 57 e 50T M - —
E i T 1t T i rima Ty I‘&'__h_'“ R | B B S 20 _-5 -5
1 Cor B, 7 SR ht : T ) S L 1 1
V i i i S LB s GEPTIEEOR LR W RS RS E
= ‘-"'!‘f‘,'['?' ‘*;ﬂ—if uﬁr-. ‘. k‘f\;' - i
= HH Al —— Hoddagqet |- - i Nt 15 B —
3 e/ ARmud Eates cnbak g cueas kans vanees [N IV o
- G £ I i--'-."._—,*r__l_ﬁ-. WS A -'\;‘“'—f-r [ —
— 5 . ko - [ LR i PR o 10 [ ___5
o o ot P B (e B A -‘I‘. EETE A
2 /— oy TR I RS % W .%\‘ N
= N o B B I Y G O = =
oy Eome s et o g g oo Y S
3 s e T bl i L.
¥ . | EThE P . v T )
1 :_l', 1~ T . 1 F .1I‘|1| L t L
10 12 2 [ 6 8 10 12
DAYLIGHT SAVINGS TIME PM -
- = 350N e

Forecast Use - May 1 thfough July 31

FIGURE 7. Summer Soltice-Diurnal Temperatures

VOLUME XV NO. 4

115




T

A Daily Temp Ranme(99)
. e S0 —20
EER (R -
: el —-f- T L ~
eratiife . =
(T N
P L s e
g - —15
<~
o 4 v B
E — 2L s
D’ al -
(5 =
g\ n
& — 15 0
= = L
3 -
- ]U -
o C L
—
-
2 A
[=4 — -
Rt :
A 2 L
At L R - : I _I:X‘— - I i g | b=
12 2 T G 0 12 P I 6 g 1 Te - -
AM STANDARD TIME PM
Winter Solstice ~ December 21 = 559N Latitude
Forecast Use - November 1 through January 31
FIGURE 8. Winter Solstice-Diurnal Temperatures
. AM DAYLIGHT SAVINGS TIME PM A\ DALLY EMP RAHNGE(SF)
; 7 g 1 1 3 5 7 9 1 1 30 56
; =y i frw i ] O N ORI (3 o [ [
SEL A S Dl et . -
BT TR L Tamperailllx - &
Ton = ¥ ; 25 L
- B I——15
i 12 Jic
b =20 |
s - _
Tz |
o i L
z2 - 15 10
| :':' = -
0
m %
=] |- 10
o —
o =
_:_é = -
- - 2
@ - 5 [
5] » -
= |5
AM STANDARD TIME PH
Equinox = March 21 end September 21 - 150N Latitude
Forecast Use - February 1 through March 31 (Standard Time)
- April 1 through April 30 (Daylight Savings Time)
August 1 through October 31 (Daylight Savings Time)
FIGURE9. Equinox-Diumnal Temperatures
116 TECHNICAL SOARING




Gibbs (5) and others as shown in Figure 7. This illustrates why
the swaight-line trigger time forecasts are off by one to three
hours as discussed under Trigger Temperature and shown in
Figures2and 3. 'l'hmediumalp]otwvere utilized todevelop the
NCHTIOY *mpn sshownin Fi igure lUfore%tunalmgf,uI face tempera-
ture versus time of day based on a surface temperature reading
atthe gliderport bctwu.‘n daybreak and 8 a.m. and the previous
day’sdaily temperaturerange. Thisapproachhasdemonstrated
acapability of providing maximumsurface temperature predic-
tons withintwodegreesand the trigger ime is also predictable.

[ am currently pursuing an investigation to check out this
method of forecasting surface femperatures atother latitudesin
the United States.

“DO-1T-YOURSELF” FORECASTING

Make a copy of Figure 11 or apply a coating or transparent
cover to permit multiple use. Reference Figure 1 for the follow-
ing instructions.

Step 1 — Obtain a local sounding, use Direct User Access
Terminal (DUAT) or call your closest Flight Service Station and
ask for the winds and temperatures aloft for the area in which
you intend to fly. (Remember to ask for the current reading —
not the forecast.) Fill in the form at the top of the page as shown
in Figure 1.

Step 2 —TPlot your field elevation as shown with a horizontal
line. (Example—Hemet, Californiais 1,512 feetabove sealevel.)
Plot the forecastliftestimatesalong the vertical line provided, on
the left side of the form, from the field elevation up using the
template shown in Figure 10.

Step 3—Plot the local ambientlapse rate as shown, using the
data obtained in Step 1, and extend with dotted line down to
field elevation.

Step 4 — Draw a line parallel to the adiabat from the intersec-
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FIGURE 11. "Do-1t-Yourself" Forecasting Form

tionof the plotted orextended lapse rate of 2,500 feet above field
elevation down to the field elevation. Extend the line vertically
down from the field elevation and read off the ground tempera-
ture in degrees F. This is the forecast trigger temperature. Fill in
the form at the bottom of page.

Step 5— Fillin the “synoptic Conditions” portion of the form
with all of the data available from the local paper or other
sources. synoptic conditions include forecasts of clouds, cold
fronts, haze, maximum surface temperatures, daily tempera-
ture ranges (yesterday and today) and any other weather data
pertinent to the forecast.

Step 6 — Utilize the current dated temperature forecasting
template of Figure 10, based on the previous day’s daily tem-
peraturerange, to plotforecasttemperature coordinated time of
occurrence on the “time of day” line below the temperature
scales as shown in Figure 1.

When available, set the right hand template temperature
marking directly under the reliable forecast maximum surface
temperature and plot to the left to determine trigger time
associated with forecast trigger temperature.

If a reliable maximum surface temperature forecast is not
available, setthe early morning time/template marking directly
below the morning gliderportobserved temperatureand plotto
the right to determine forecast trigger and maximum surface
temperature /time relationships.

Step 7 — Draw a line vertically from the forecast maximum
surface temperature for the day up to the field elevation. Draw
another line from that intersection parallel with the adiabat up
until it intersects the piotted ambient lapse rate and read pre-
dicted maximum flight altitude to the right and left to the left.
The trigger time is forecast by projecting a line vertically down
from the trigger temperature, determined in Step 4, to the time
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of day forecasts of Step 6. Fillin the form atthe bottom of the page
and go have a predictably happy soaring day.

Step 8 — After flying, note day’s results for future improve-
mients or subjective modifications to this method of forecasting
and perhaps calibration to your particular flying area.

SUBJECTIVEFORECASTMODIFICATIONS

This forecasting system is applicable to dry thermals. The
system, however, issubjectto the following subjective modifica-
tions which may or may not be peculiar to flying conditions at
Hemet, California.

Clouds — My records indicate that cloud cover up to 4 oktas
haslittle or no affecton forecasting resulis. However, with cloud
covers of 4 to 5 oktas anapproximate reduction of 15% in thermal
height must be applied to account for reduced solar insolation
effects. Thincirrus haslittle influence. However, altostratusand
cirrostratus are bad news and forecasts are no longer valid.

Winds — Winds up to 15 knots apparently have no affect.
However, winds of 20 to 30 knots require an approximate 12%
reductionin thermalheight predictionsaccording tomy records.

Shear-Line Lift— We have the benefit of the Elsinore conver-
gence at Hemet, California providing frequent shear-line lift
during summer afterncons as described by Lindsay (7) and
Wallington (8).

My records indicate that with forecastdry thermal altitudes of
4,500 feet AGL or below, we can expect increases in height of
approximately 16% and with heights above 4,500 feet AGL
increases of up to 31%. I make the observation with no attempt
atexplanation.

Mountains— Lindsay (7) makes the observation “Asarough
estimate, one might tryadding the altitude of anearby mountain
to the results from the graph and arrive at an estimate of how
high he could fly over a nearby smaller type mountain.” As
noted in Figure 1, my data sheet included a flight record of
“Mountain” heights achieved as separate from the “Valley” or
gliderport heights which were utilized in developing thermal
heights and strengths. The Hemet gliderport is located 20 miles
west or Mt. San Jacinto (10,800 feet MSL) and this is the “Moun-
tain” referred to. Obviously, the mountain is a target of oppor-
tunity for soaring fights by working up the surrounding ridges
and smaller mountains. Anaverage of 61 flights in dry thermal
weather (no restricting cloud bases) reveal that if you could
reach 5,500 feet AGL (7,000 feet MSL) over the Hemet valley
floor, you could gain an additional 3,600 feet working up the
mountain for a realized height of 10,600 feet MSL. This appears
to me to be an exceptional correlation with, or substantiation of
Lindsay’s rough estimate.

Cold Front Passage — If a cold front has passed through the
area in the last 24 hours or is anticipated on the day of forecast,
the daily temperature range willhave tobe decreased by 10 deg,
Fin Step 6 of the detailed procedure. Tt has been observed that
the unstable atmosphere following a cold frontusually provides
good soaring conditions.

Differential Temperature Advection—I have observed insta-
bility (turbulence) indications with cold-air advection; i.e. wind
direction changing counterclockwise with altitude increase.
Theseinstabilitieshave generally resulted in higheractual flight
altitudes than predicted in Step 7.

Others—Thereaderisreferred to Lindsay (7) and Wallington
(8) asexcellent references to other weather phenomena affecting
or occurring in conjunction with dry thermals such as wind
shear,smoke, haze, recentrainfall, thermal streets, low-pressure
areas, orographic lows, ridge lift and wave.

CONCLUSION

The “Do-it-Yourself” forecasting system as developed, isnot
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intended tosupplanta formal soaring meteorological forecastif
available. However, a tool is provided for the pragmatic recre-
ational soaring enthusiast toreacha “go” or "no go” decisionin
less than 10 minutes at breakfast time before driving to the
gliderport. In fact, the systemwas developed for the recreational
flier who seldom flies more than 50 miles from his gliderport,
and is not privileged to receive soundings and other meteoro-
logical support from the NWS or his gliderport operation. The
system has a time proven correctness in dry thermal lrigger
temperature /time and thermal height/strength }'?I'(‘L‘“fl"l()l-‘t.‘ﬁ in
the southwestern United States.
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