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STATISTICAL FORHECASTS OF DEW POINT IN NORTHEAST TEXAS

WITH ONSET CF SQUTHERLY FLOW

1. Introduction

One of the more difficult forecast problems in the local fire
weather program concerns the changes in the dew point temperatures
during the time that an air mass is changing or modifying rapidly.
Specificaily, reference is made to the increase in dew point tem-
peratures in Northeast Texas when the low level winds start blowing
from the south fcllowing a period of north winds and low dew points,
This is a report on a study that was conducted in search of fore-
cast procedures that would provide consistently good dew point fore-
casts for Northeast Texas during periods favorable for the return
of moisture from the Gulf of Mexico, During the course of the study,
regression equations for forecasting dew point increase Qere develop-
ed for four weather observation stations. The stations are Lufkin

(LFK), Tyler (TYR), Shreveport (SHV), and Texarkana (TXK).

2. Typical synoptic pattern

‘The typical synoptic pattern used in the study is one that
usually occurs two or three days after a cold front passes through
Fast Texas, Figs, 1 and 2 iliustrate synoptic patterns associated
with the influx of dry air., PFig, 3 illustrates a synoptic pattern

typical of those that signify the return of moist air to East Texas,



FIG, 1, The passage of a cold
front is the initial event lead-
ing up to the desired synoptic
pattern., ©DUry air is being brought

into Bast Texas by northerly winds.

FIG, 2. On day number two, the
center of the high pressure system
is located to the north of the area
in question. Low level winds con-
tinue to bring dry air into BFast

Texas,

FIG. 3. At 0600 CST on day number
three, the high pressure system has
moved eastward., The flow of air at
Jlow 1e§els is from the Gulf of
Mexico. This is a typical pattern
that exists on the day that dew
point temperatures start to increase

in Bast Texas,




3. Discussion and development

The first nine hour period of the fire weather forecast re-
leased at mid morning is based primarily on surface and upper air
observations taken at 0€00 GST, For this reason, 0600 CST data
were used in this study concerning the increase in the dew point
in Northeast Texas with onset of southerly flow,

A trial study was conducted for LFK. The regression equation
developed in the trial study was based on a small amount of data,
but the results justified an expanded study, For the primary study,
data on selected dates were obtained for the ten year period from
1956 through 1968, There were 102 cases that met the requirsments
set, up for the study. The requirements were as follows:

1. & syncptic pattern similar to that shown in Fig. 3.
2. A 1000-foot wind directicn at Lake Charles (LCH) from 090 to

240 degrees after having been from 250 to 080 degrees at 0600

CST on the previous day.

3. An absence of CGulf moisture in Noriheast Texas as evidenced
by below normal dew roints.

The data were separated into two types. The length of time
that the 1000-foot wind at. LCH had been blowing from the required
direction was the criterion nused in deteormining into which tyre
each case fell, In Type 1, the wind had shifted into the recuired
direction during the 12 hour period prior to 0600 C3T. In Type II,

the wind had shifled inte the required direction between 12 and 24



]_{-

hours prior to 0600 ST, There were 51 cases in each type,

Data proecessing consisted of two main steps for each obser-
valion station for which [lorecast equations were developed, 4
map showing the locition of euch stalion from which data were usad

in the study is shown in Fig. 4.
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FIG. 4. Stetions used in the forecast improvemeni study.

Data pertaining to LFK, Type I were processed {irst, 1In the
first step, a method was developed for combining the 1000-foot wind

direction and speed al o' into a single term to be used as ons of

'later statements in this report concerning wind refer to the
1000-foot LOH wind at 0600 CST,



the variables in the second step. This was accompiished by com-
puting correlation coefficients between the wind velocity component
along each direction being tested, and the dew point change at LFKz.

These correlation coefficients are plotted in Fig. 5.
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FiG, 5. Correlation coefficients between wind velocity
components along each direction tested, and the dew
point change at LFK, Type 1.

As shown by Fig. 5, the wind velocity component along 180 de-

grees was most highly correlated with the dew point change at LFK,

In step two, the wind velocity component along 180 degrees was used

Zihen reference is made to the dew point change at a station,
it refers to the change in the dew point from 0600 CST to that
cbserved at the time of the lowest relative humidity during the

afternoon.



as one of the inderendent variables along with the temperature at
the coasta, the dew noint at the coast, the temperature difference
between the coast and LFK, the dew noint difference hetween the
coast and LFK, the three hour pressure change at LFK, and the pres-
sure difference between LCH and San Antonio (SAT). All of the in-
dependent variables were taken from 06CO CST data. The dependent
variable ﬁas the change in the dew point at LFK from 0600 C5T to
thet observed at the time of the lowest relative humidity during
the e {ternoon.

A stepwise multipie regression program was used to process the
data. The varisbles that explained mosl of the variance in the data
were 1) the component of the 1000-foot LCH wind velocity along 180
degrees and 2) the ﬁemperature difference batween the coast and LFK,
The combination of these iLwo variables resulted in a multinle cor-
relation coefficient of Q.757, and a standard evror of estimate of
2,78 F. The repgression ecuation was terrinated aftoer two variablies
because the multiple correlation coefficient increased only 0.007 by
the addition of the next most significant variable., Inclusiasn of
all varlables resultea in & nultiple cerrelation coefficient of
0,761, an increase of oniy 0,00 over that obtained from the two
aest variables,

[

The same vrocedures were vsod In besting LYK Type 11 data,

“lg. 6 shows Lhe correlation coeflflcients halwsen the wind velnoity
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component along each «direction tested, and the dew point change at

LFK,
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FIG. 6. Correlation coefficients betweon wind velocity

component, alony ewnch direction tested, anc the dew point

chenge at LFE, Type I1,

From Fig., 6, we can see that the wind velocity component ulong
150 degrees wus most highly correlated with the LFK dew point chanre
in Type 1I data. 3With the excepiion of the wind velocity component,
all other varisbles used in testing LFK, Type 11 data, were the same
as those used in LFK, Type 1 testing. The variebles that explained
most of the variance in the duts were 1) the conponent of the wind
velocity along 150 depgrecs, 2) the temperature at the coast, 3) the

dew point st the coast, and 4) the dew point difference between the

coast and LFK., Using these four variables, the multiple correlation



coefficient was G,801, and the standard error of the estimate was
2.40 F, The use of all additional variables would only have increas-~
ed the multipie correiation coefticient from C.801 to 0,804,

Similar tests were run on both Type 1 and Type II data for TYR,
SHY, and TYXK. ‘Tlerperature and dew point &t eazch of these stations,
plus the estimate of the dew point change for LFK, were used as add-
itional variables in the testing. Forecast equations and variables
used for each station are listed on pages 1 and 2 of the Appendix.
Multiple correlation coefficients and standard errors of estimate

are listed on page 3 of the anpendix,

he Testing the eqguations

The equations were tested on independent data from November,
1969 through april, 1970, During this time, there were thirteen
zases Lhat met Type 1 requirements, and eleven cases that met Type
1T requirements. Table 1 shows the results of the tests,

Table ., Average dew point change, and average ervor of the
foregast equations.

Type 1 Type II
Station |avg, dew Avg. equa— | Avg., dew AVE. equa-
' point change | tion error | point change | tion error
LFK 11,2 F 2,2 F 119 F 2.1 F
TYR 10,3 F 3.0 F thel F 3.5 F
SHV 7.0 F L.O F .7 F 3.1 F

TXK 7.5 F L8 F 13.4 F i 3.9 F




Fire weather forecasts were issued on ten of the thirteen Type
I days, and on seven of the eleven Type II days., Dew point fore-
casts during that period were made subjectively. Fig. 7 shows the
location of fire danger stations that are bounded by LFK, TYR, TXK
and SHV, These fire danger stations are the verifying polints for

the fire weather forecast in that section of Rast Texas.
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FIG. 7. Fire danger stations located in the area for which

forecast equations were developed.

An attempt was made to compare the subjective dew point fore-
casts that were made for Lufkin, Henderson and Linden on the test
case days, to objective dew point forecasts derived from the LFK,
TYR, TXK and SHV equations. In order to do this, objective dew
peint forecasts for LFK, TYR, TXK and SHV were plotted on a map.

Objective dew point forecasts for Henderson and Linden were ob-
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tained from this map by interpolation, Since the fire danger sta-

tion at Lufkin is located within five miles of LFK, the two were

considered as being the same location,

Dew point observations

for Linden and Henderson at 0600 C3T, and at the time of the low-

est relative humidity during the afterncon were obtained from hy-

grothermograph charts,

The results of the comparison between subjective and objec-

tive dew point forecasts are shown in Table 2,

The average dew

point change and the averuge objective forecast error for LFK are

a little different than those shown in Table 1 because the number

of days used in the average is different.

Table 2, Compmariscn of subjective and obiective forecasts,

Type I
Station Average dew MWvg. subject- Avg. objective
point change five fest, error | fest. error

LFK 11.3 F L3 F 2,3 F

Henderson 9.5 F L.3 F 2.7 F
_linden | 8.2F |  k3F 3.8 F

L ‘ Type II

LFK 9.6 F ‘ 29F | 1.9F
___Henderson 13.3 F | 5.7 F 1.7 F

Linden 4.0 F Le6 T 2,7 F

5. Conclusion

Results of independent testing indicate that the objective
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forecast equations developed in this study will provide better

dew point forecasts on the average than will subjective forecast
techniques. However, since the amount of data used in developing

the eguations was rather small, and the number of test cases were
few, the forecast equations will be used mainly as guidelines.
Through the use of the forecast enuations, and through the subjective
use of additional variables not considered in this study, such as

the slope of the dew point trace in the boundary layer of area raobs,
and the presence or absence of stratus along the coast, the accuracy
of dew point forecasts in Hortheast Texas during initial periods of

moisture return should improve significantly.
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AFPPENDIX

Forecast equations and expianation of the variszbles in each equation.

LFK, Type 1

where Xy is the component of the 1000-foot wind velocity along 180
degrees at LCH (kts), and

(1)

X2 is the temperature difference between the coast and LFK (F).

LFK, Type II

Y = 10,08 + .22%7 - .L3X, + J34Xs + 52X

where X3 is the component of the 1000-foot wind velocity along 150
" degrees at LCH (kts),
X;, is the temperature at the coast (F),
X5 is the dew point at the coast (F), and
X¢ is the dew point difference between the coast and LFK (F).

IY¥R, Type I
Y = 327 -+ 013}{? + 039X7 + 057X8

where X1 is the component of the 1000-foot wind velocity along 180
degrees at LCH {(kts),
X7 is the dew point difference between LFK and TYR (F), and
Xg is the predicted dew point change for LFK (F).

TYR, Type Il

Y = 12,23 - .15X3 = J6hX;, + JL9X5 + .58Kg + .12Xq

where X3 is the component of the f000~foot wind velocity aleong 150
degrees at LCH (kts),
X), is the temperature al the coast (F),
X5 is the dew point at the coast (F),

(2)

()

Xg 1is the dew point difference between the coast and TYR (F), and
X1o is the pressure difference between LCH and SAT (mb times 10).
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APPENDIX

Forecast equations and explanation of the variables in each equation.

SHV, Type I
Y = -6,42 + J76X5 - 1290 + J45X11 + J45Kg0 - L6213 (5)

where X5 is the dew point at the coast {(F),
X710 is the pressure difference between LCH and SAT {(mb times 10),
%11 1is the component of the 1000-foot wind veleccity along 200
degrees at LCH (kts),
X1z is the dew point difference between LFK and SHV (F), and
X123 is the temperature at SHV (F).

SHV, Type Ii

Y = 2.56 - 3,500, + 39Ky, - 3.11%y5 + 3.73K1 (6)

where Xo is the temperature dilference between the coast and LFK (F),
%1}, is the component. of the 1000~foot wind velecity along 190
degrees at LCH (kts),
X715 is the temperature difference between LFK and SHV (F), and
%16 is the temperature difference between the coast and SHV (F),

TXK, Type 1
Y==10.11 + .16}{5 + J6LhXg + .61X}7 (7}
where X5 is the dew poini at the coast (F),

Xg is the predicted dew point change for LFK (F), and
X147 is the dew point difference between LFK and TXK (F).

TXK , Type 11

Y = 8,94 - .26X6 + '67X1h - 15%4g (8)

where X¢4 is the dew point difference between the coast and LFK (F),
X1y is the component of the 1000-foot wind velocity along 160
degrees at LCH (kts), and
X;g is the dew point at TXK (r),
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APPENDIX

Multiple correlation coefficients and standard errors of estimate,

] Multiple correlation | Standard errors of
Station Type ccefficients estimate (F)
I 0,757 2,78
LFK ” '
iI 0,801 2.40 )
———
I 0,555 L.18
TYR
iI 0.707 3.97
I Oo?l}.é’ 1{.69
SHV
1I 0,596 Lol e
Il 0. 615 .86
TXK :
P 11 0.581 5,00




