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1. INTRODUCTION

The Techniques Development Laboratory (TDL) has developed weather
guidance for 21 agricultural locations in South Carolina (see Fig. 1).
The guidance consists of maximum (max) and minimum (min) air tem-—
perature and max and min 4-in soil temperature forecasts for projections
out to 108 hours. Also included in the package are forecasts of daily
insolation, and probability of precipitation amount (PoPA) out to 84
hours. The complete agricultural forecast package is valid during the
growing season of March through November.

2. METHOD

All the prediction equations were developed with use of the Model
Output Statistics (MOS) technique (Glahn and Lowry, 1972). This tech-
nique consists of determining statistical relationships between local
weather observations (predictands) and the output of numerical models
(predictors). A forward stepwise selection procedure was used to
derive the multiple linear regression equations. The equations were
limited to 10 predictors, with each predictor entering an equation
being required to reduce the variance by at least one tenth of one
percent.

We used 0000 GMT cycle output from the six-layer Primitive Equa-
tion (PE) model (National Weather Service, 1977) to develop all the
prediction equations. Some of the PE forecast fields were spaced-
smoothed over 5, 9, or 25 grid points in order to reduce the effects
of small scale noise inherent in numerical output. The PE forecasts
were then interpolated from the grid points to the location of each
of the stations.

The variables available to the regression program as potential pre-
dictors of air and soil temperature, daily insolation, and PoPA included
1000-, 850-, and 500-mb temperatures; 1000-, 850-, 700-, and 500-mb
heights; boundary layer, 850-, and 500-mb winds; 1000-850 mb and
1000-500 mb thicknesses; several low and middle level mean relative
humidities; 750-mb vertical velocity; surface pressure; boundary layer
potential temperature; precipitation amount; and precipitable water.
In addition to screening all the predictors in continuous form, we
screened several as binary predictors. . We also screened several
trigonometric functions of the day of the year, the maximum possible
number of hours of sunshine per day, and the daily insolation at the
top of the atmosphere.



The max air temperature, and the max and min soil temperature predictands
were for 24-h periods, generally ending at approximately 7 a.m. local
time. For Blackville, the 24-h periods end at 5 p.m. Observations of
min air temperatures were also for the same 24-h periods, although we
tried to eliminate cases where the reported minimum for a particular
day really occurred on the morning of the previous day. We did this
by comparing Clemson's 7 a.m. air temperature observation with its
24-h min reported the following morning. If the two observations
were the same, we did not include Clemson's min, as well as mins at
all other stations for that morning, in the developmental sample. We
used Clemson's temperature comparison for all other stations because
7 a.m. observations were not available at the other stations.

The PoPA predictands were the occurrences of greater than or equal
to .01, .10, .25, .50, and 1.00 inches of precipitation in 24-h periods
ending at 7 a.m. Daily insolation predictands were measurements for
calendar day periods.

We also developed climatic forecast equations for all of the pre-
dictands. In these, trigonometric functions of the day of the year,
daily insolation at the top of the atmosphere, and maximum possible
number of hours of sunshine were used as predictors. We then applied
the equations to produce forecasts of the expected climatic value for
each day of the year.

3. EQUATION CHARACTERISTICS

Initially, we developed the prediction equations for projections of
84 hours and less from observations taken during April-November, 1973,
and March-November, 1974-76. These months correspond to the approx-
imate growing season for South Carolina. We then tested these equations
on a single growing season of independent data (March-November, 1977)
by comparing the MOS forecasts with forecasts from the climatic equa-
tions and also with persistence forecasts. For projections greater than
84 hours, the developmental sample consisted of observations from
October and November, 1975, and March through November of 1976-77. No
independent test data were saved to test these equédtions.

Finally, we rederived the equations for projections of 84 hours and
less and included the test data in the developmental sample. Table 1
lists the reductions of variance and standard errors of estimate for
the air temperature, soil temperature and daily insolation equations.
Reductions of variance and Brier scores--defined to be one half of the
score proposed by Brier (1950)--for the PoPA equations are given in
Table 2.

A. Max/Min Air Temperatures

Single station max and min air temperature equations were developed
for all 21 agricultural locations in South Carolina for projections out
to 108 hours. Most of these equations contain the maximum limit of
10 terms.



The regression program selected the 1000-850 mb thickness as the best
predictor of max air temperature. Other important predictors were the
number of hours of sunshine, cosine of the day of the year, 500-mb geo-
strophic V component of the wind, 1000-mb temperature, and the 850-ub
U component of the wind. For min temperature, the most important pre-
dictor was the 1000-500 mb thickness. The number of hours of sunshine,
precipitable water, the cosine of the day of the year, and the
850-1000 mb thickness were also important predictors.

Table 3 gives the verification results for the equations when tested
on independent data. The verification results for the climatic equations
and persistence are also presented for comparison. At all projections
the MOS forecast max and min were better than both climatic forecasts
and persistence. The mean absolute errors for the max temperature fore-
casts based on MOS ranged from 3.4°F at 24 hours to 4.2°F at 72 hours.
The corresponding range for the min forecasts was from 3.0°F to 4.2°0F.

B. Max/Min Soil Temperatures

Single station max and min soil temperature equations were developed
for 15 locations. Eight of these had bare soil surfaces, while the
remainder had grass covered surfaces. Most of the equations contain
the maximum limit of 10 terms, although there are fewer terms in some
of the equations for long range projections, especially for those under
grassy soil surfaces.

The regression program selected the cosine of the day of the year as
the best predictor of max soil temperature. The 850-1000 mb and
500-1000 mb thicknesses, daily insolation and 850-mb V component of
the wind were also selected frequently. For min soil temperature,
the best predictor was the 500-1000 mb thickness. Other important
predictors were the cosine of the day of the year, daily insolation,
850-1000 mb thickness and the 500-mb geostrophic wind speed.

Table 3 gives the verification results for the soil temperature fore-
casts when tested on independent data. For max soil temperatures, the
MOS forecasts were better than climatology for the first three days,
but were generally worse than persistence. MOS min soil temperature
forecasts were also better than climatology for all three days but,
again, were worse than forecasts of persistence for the first one to
two days.

Despite the fact that persistence forecasts are superior to the raw
MOS guidance for some projections, a forecaster using this guidance
should be able to significantly improve the guidance by considering
stored soil heat, soil moisture, and past error trends in the raw MOS
guidance. To substantiate this idea, we conducted a test in which we
added the mean error for the past three 12-36 h forecasts to the raw
MOS guidance. TFor example, if the past three 12-36 h max grassy—ground
soil temperature forecasts averaged 5°F too low, we added 5°F to all



the max grassy-ground guidance generated that day. This modification
improved the mean absolute errors for most soil temperature forecasts
out to 84 hours, especially for the 12-36 h projection where the
average improvement ranged from about 0.5°F for the min grassy-ground
soil temperature to 1.5°F for the max bare-ground soil temperature.
The verification statistics for these modified MOS soil temperature
forecasts are given in Table 3.

C. Daily Insolation

Single station daily insolation equations were developed for three
stations in South Carolina for projections out to 72 hours. All of
the equations contain the maximum limit of 10 terms.

The two most important predictors in these equations were the
maximum possible number of hours of sunshine per day and the surface

to 490-mb mean relative humidity. Other frequently selected predictors
were the layer 2 relative humidity, cosine of twice the day of the
year, and the 850-mb U component of the wind. Table 4 gives a sample
daily insolation equation for Clemsom, South Carolina, for the 36-48 h
projection.

Table 3 shows the verification results for the daily insolation pre-
diction equations when tested on independent data. The MOS forecasts were
consistently better than climatic or persistence forecasts. The mean
absolute errors for the MOS forecasts ranged from 63 langleys per day
for the first day to 76 langleys per day for the third day.

D. Probability of Precipitation Amount

Generalized-operator PoPA equations were developed for projections
of 12-36, 36-60, and 60-84 hours. Before deriving the equations, we com-—
bined the data for all the stations to obtain a larger developmental
data base. This technique is often used when the data from one station
will not support the development of a stable equation. Equations were
then developed to predict the probabilities of .01, 10, <25, 50, and
1.00 inches of precipitation. We derived the equations for all pre-
cipitation amount categories of a given projection simultaneously.
Thus, the resulting equations for a particular projection contain the
same predictors; of course, the coefficients of these predictors differ
for each precipitation amount category. By deriving the equations in
this manner, we minimized the chances of inconsistent forecast prob-
abilities between categories.

The most important predictor for forecasting PoPA was the surface
to 490-mb mean relative humidity. The layer 2 relative humidity, pre-
cipitation amount, 500-mb V component of the wind, and sine of the day
of the year were also important.



The verification results for the PoPA forecasts gre given in Table 5.
Brier scores for the MOS forecasts were consistently better than (less
than) those for the climatic forecasts.

We also examined the overall reliability of these forecasts. Reli-
ability diagrams for the 60-84 h probability of greater than or equal
to .10 inches and the 12-36 h probability of greater than or equal to
.50 inches are shown in Fig. 2 and Fig. 3, respectively. In both cases,
the MOS forecasts appear to be quite reliable (i.e., the relative fre-
quency of precipitation associated with each forecast probability nearly
equals that probability).

Also, because excessive amounts of precipitation were fairly rare in
the developmental sample, the PoPA equations did not forecast high prob-
abilities for the large amount categories, especially at the longer range
projections. During the test period, our PoPA equations for the 1.00
inch category did not forecast a probability greater than 50 percent for
the 12-36 h projection, and never greater than 30 percent for the 60-84 h
projection.

4. MESSAGES AND SCHEDULES

Agricultural weather guidance for South Carolina is transmitted daily
to the Eastern Region at approximately 0900 GMT on the overlay circuit.
A sample portion of the teletype bulletin, AXUS52, containing the guid-
ance is shown in Fig. 4. Table 6 lists the station abbreviations that
appear in the bulletin.

Values of the air and soil temperature guidance in these messages are
rounded to the nearest whole degree Fahrenheit. Values of daily inso-
lation are in langleys per day. The PoPA guidance is in tens of percent,
with the numbers from left to right in the teletype bulletin being the
probabilities of greater than or equal to .01, .10, .25, .50, and 1.00
inches of precipitation.

The max air temperature, max/min soil temperature, and PoPA fore-
casts are for 24-h periods ending at approximately 7 a.m. local time.
The min air temperature forecasts are also valid for 24-h periods,
although we tried to eliminate from the developmental sample minima
occurring at the start of the 24-h period. At Blackville, the air and
soil temperature forecasts are valid from 5 p.m. to 5 p.m. Forecasts
of daily insolation are for the calendar day periods.

Dates and times given at the beginning of each bulletin should be
used to identify the valid time period for each forecast. Min air and
soil temperature, daily insolation, and PoPA forecasts are listed under
the date and time approximately corresponding to the end of the period
for which they are valid. Max air and soil temperature are listed at
midpoint of their valid periods. Blackville's forecasts are .listed so
that they correspond to those of the other stations.



5. OPERATIONAL CONSIDERATIONS

All the agricultural forecast equations have been developed from
output of the six-layer PE model and its barotropic extension. The
equations, however, are being applied to output of the seven-layer
PE model and the barotropic mesh extension. As a result, the equa-
tions do not account for the characteristic differences between old
and new versions of these models.

Based on our verification results for soil temperature, the field
forecaster should consider stored soil heat, soil moisture, and past
errors of the MOS guidance when issuing soil temperature forecasts.
This is especially important for early projections, where a forecast
of persistence is often better than the raw MOS guidance.

Also, because excessive amounts of precipitation are rare, it is
unlikely that the PoPA equations will forecast high probabilities
for the large amount categories, especially at the longer range
projections.
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Figure 2. Reliability of the 60-84 h PoPA forecast for greater than or equal to
.10 inches of precipitation for the 21 stations in South Carolina. The numbers
plotted on the diagram are the number of forecasts of each probability during
the independent test period (March-November, 1977).



100

90

80

70

60

50

40

FREQUENCY OBSERVED (%)

30

20

10

0 10 20 30 40 50 60 70 80 90 100

FORECAST PROBABILITY (%)

Figure 3. Same as Fig. 2 except for the 12-36 h PoPA forecast for greater than
or equal to .50 inches of precipitation.



AXUSS52 KWBC 220000
AG WEATHER GUIDANCE /MOS/ 7/22/77 0000 GMT SOUTH CAROLINA
DATE 23 23 24 24 25 25 26 26
GMT 00 12 00 12 00 12 00 12

ALIN AIR 98 72 92 67 90 68 92 70
GRASS 90 - 82 89 81 87 81 8 80
POPA/24 HR/ 32211 10000 21100

BLAK AIR 98. 69 92 62 88 63 91 70
BARE 90 81 90 79 87 79 89 79
INSOL 405 418 438
POPA 32211 00000 11100

CADE AIR 95 70 89 63 87 60 90 67
BARE 90 77 8 73 8 73 82 72
POPA/24 HR/ 32210 00000 11100

YORK AIR 93 66 86 67 8 65 88 66
GRASS 89 78 87 75 8 75 84 75
POPA/24 HR/ 32110 10000 21110

Figure 4. Sample portion of the AXUS52 bulletin.
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Table 6. The four-letter abbreviations used for agri-
cultural stations in South Carolina.

ALLN Allendale
BLAK Blackville
CADE Cades

CEDR Cedar Creek
CHES Chesterfield
CLEM Clemson

CLIN Clinton

UTAW Eutawville
FLRN Florence
GRML Gramling
HART Hartsville
JONS Johnston
LONG Long Creek
MULL Mullins

MYRT Myrtle Beach
ORAN Orangeburg
PEND Pendleton
RUFF Ruffin

SHIL Sandhill
SSPR Sandy Springs
YORK York
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