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EXPERIMENTAL RATE OF PAN EVAPORATION FORECASTS--PHASE II
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1. TINTRODUCTION

During the summer of 1977, the Techniques Development Laboratory (TDL)
produced experimental objective forecasts of the rate of pan evaporation
(RPE) for 24-h periods for 66 stations in the National Weather Service
(NWS) Western Region (Carter and Jensenius, 1977). During this period,
the forecasts were subjectively evaluated by NWS forecasters who rou-
tinely made forecasts related to the RPE. Their major criticism of
the objective RPE guidance was that it was too heavily influenced by
climatology, and therefore, seldom predicted rapid changes in the RPE
or large deviations from climatological normals.

In an attempt to reduce these problems we have developed a new RPE
forecast system. Guidance for 30 stations in the Western Region (see
Figure 1) is being transmitted via teletypewriter during June through
September of 1978. These forecasts should be of interest to those
NWS forecasters who are involved with agricultural forecasts of para-
meters related to pan evaporation, particularly in areas of critical
water shortages.

2. DEVELOPMENTAL METHOD

All the RPE 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
multiple linear regression equations for predicting the RPE. The RPE
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.

Figure 2 shows the periods covered by the evaporation guidance and
the sources of predictors for both the 0000 GMT and 1200 GMT forecast
cycles. For 0000 GMT, forecast fields from the six-layer Primitive
Equation (PE) and Trajectory (TRAJ) models were screened. In con-
trast, we used Limited-area Fine Mesh (LFM) and six-layer PE model
output to develop the prediction equations for the 1200 GMT cycle.
Some forecast fields were space smoothed over five or nine model
grid points in order to reduce the amount of small scale noise
inherent in numerical output. The forecast fields were then inter-
polated to the locations of each of the stations, :



The variables available to the regression program as potential pre-
dictors of the RPE are similar to those used last year (Carter and
Jensenius, 1977). They included 1000-, 850-, 700- and 500-mb tempera-—
tures; 850-, 700- and 500-mb heights; boundary layer, 850- and 500-mb
winds; boundary layer, 850-, 700- and 500-mb vertical velocities; sur-
face, 850-, 700- and 500-mb dewpoints and dewpoint depressions; several
low and middle level mean relative humidities; several stability indicies;
boundary layer wind and moisture divergence; boundary layer vorticity;
surface pressure; boundary layer potential temperature; precipitation
amount; precipitable water; and several climatological predictors.

In an attempt to determine the best way to lessen the dominating role
of climatology in the RPE predictions, we developed three sets of equa-
tions, each differing only in the type and number of climatological
predictors available to the screening program. Each set consisted of
equations for each of the 66 stations we used for last year's opera-
tional forecasts. Four years (1973-76) of data were used to develop
these equations.

The first set of equations (Harmonics) contained trigonometric func-
tions of the day of the year and of twice the day of the year, in
addition to MOS predictors from the PE, TRAJ, and LFM models. In
contrast, the only climatological predictor available to the second
set of equations (Daily Insolation) was the daily insolation at the
top of the atmosphere. The third set (No Climatological Predictors)
contained only MOS predictors. In addition to the standard forecasts
from each set of equations, we also tested forecasts made with use of
an "inflation'" procedure similar to those described by Klein et al.
(1959) and Pusso et al. (1964). All six sets of forecasts were tested
on one summer (Jjune—-September, 1977) of independent data. We compared
mean absolute errors and time-differenced Sl scores (Dallavalle and
Grayson, 1978) for each set of test equations. The time-differenced
S1 scores were used to measure each equation set's ability to forecast
day-to-day trends in pan evaporation.

Tables 1 and 2 show the mean absolute errors and the time—differenced
Sl scores for each set of test equations. Also included are mean absolute
errors and Sl scores for persistence. For Table 2, please note that fore-
casts of persistence always have time-differenced S1 scores of unity.
The overall verification results indicate that the uninflated forecasts
from the set of equations comprised of daily insolation and various MOS
predictors was best for predicting pan evaporation. This set, however,
was only slightly better than several of the other sets of equations,
and also slightly better than forecasts of persistence.

In a further attempt to improve the forecasts, we rederived the
'Daily Insolation' RPE equation set and also included past evapora-
tion observations as predictors. The test verification results for
these equations are also given in Tables 1 and 2. Generally, the
use of past evaporation observations in the RPE equations did not
significantly improve the forecasts.



On the basis of these tests, we decided to limit the climatological
predictors to only daily insolation, and also decided not to inflate
the forecasts. In addition, we limited this year's guidance to the
best 30 of the original 66 stations. These 30 stations were selected
on the basis of both developmental and test sample results. For the
4-year developmental sample, both the reductions of variance and
standard errors of estimate (Table 3) were considered. TFor the
independent sample, we compared improvements over persistence in both
mean absolute errors (Table 4) and time-differenced S1 scores (Table 5).
Again, for Table 5, please note that forecasts of persistence always
have Sl scores of unity.

We redeveloped the RPE equations for the 30 stations using all 5 years
(1973-77) of data with daily insolation being the only climatological
predictor allowed to enter the equations. The overall mean reduction
of variance for all stations and projections combined was 49%. Standard
errors of estimate for all stations and projections averaged .076 inches.
Table 6 gives reductions of variance and standard errors of estimate for
each of the 30 stations.

3. EQUATION CHARACTERISTICS

Almost all of the RPE equations contain the maximum limit of 10 pre-
dictors. The daily insolation was overwhelmingly the best singular
predictor of the RPE. It was selected first by the regression program
more than 75% of the time and first or second more than 95% of the time.
The daily insolation also accounted for a large percentage of the total
variance explained by the regression equations. Other important pre-
dictors of the RPE were low and middle level mean relative humidities;
850- and 700-mb temperatures; and boundary layer, 850- and 700-mb winds.

A sample RPE equation for the 0000 GMT 36-60 h projection at Brannan
Island, California is given in Table 7. The equation reduced the total
variance by 56% and had a standard error of .07 inches. The first pre-
dictor entering this equation was the daily insolation which explained
30% of the variance. It was followed by the 36-h PE mean relative
humidity, the 36-h PE 700-mb temperature, and the 60-h PE boundary
layer V component of the wind which explained an additional 147, 4Z,
and 3% of the variance, respectively. The remaining predictors in
the equation each contributed less than 2% to the explained variance.

4. MESSAGES AND SCHEDULES

RPE forecasts are transmitted to the Western Region twice daily via
RAWARC in three teletype bulletins (FXUS40/41/42). Sample FXUS40,
FXUS41 and FXUS42 teletype bulletins are shown in Figure 3. Forecast
values in these messages are in hundredths of an inch.



5. OPERATIONAL CONSIDERATIONS

All of the RPE equations were developed on output from the six-layer
PE model, six-layer PE based TRAJ model, and the LFM model. Operationally,
the equations are being applied to the seven-layer PE model, seven-layer
PE based TRAJ model, and the LFM-II model. As a result, the statistical
prediction equations may not fully account for characteristic differences
between old and new versions of the various numerical models.

In addition, forecasters using the RPE guidance should be aware that
the forecast values are rates of pan evaporation, not evapotranspiration.
Also, because daily insolation is such an important predictor in most of
the RPE equations, extreme fluctuations from climatological normals may
not often be predicted.
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Figure 1. The 30 stations for which rate of pan evaporation guidance is
available during the summer of 1978. Also shown are the bulletins in
which these forecasts appear as well as the individual station iden-
tification numbers.
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NNNNJ: A
ZCZC WBCT796
FXUS40 KWBC 080000
FOLLOWING FOR INTERNAL NWS USE--NOT FOR PUBLIC DISSEMINATION
EXPERIMENTAL RATLE OF PAN EVAPORATION FCSTS 6/ 8/78
PERIOD- 1200GMT TO 1200GMT
09/12 10/12 11/12 09/12 10/12 11/12
0010 32 32 32 9303 a3 29 26

1470 25 22 22 3110 25 20 20

4345 31 29 27 5338 26 24 22

8501 27 22 22 1862 19 14 19
3847 36 36 32 573 35 32 32
6151 18 14 11 0564 16 15 15
6768 32 33 27 9079 27 29 24

NNNN#4 A
ZCZC WBC797
FXUS41 KWEC 080000
FOLLOWING FOR INTERNAL NWS USE--NOT FOR PUBLIC DISSEMINATION
EXPERIMENTAL RATE OF PAN EVAPORATION FCSTS 6/ B/78
PERIOD- 1200GMT TO 1200GMT
09/12 10/12 11/12 09/12 10/12 11/12
0385 38 36 35 1043 42 42 39

1715 44 40 37 4259 58 57 52
5120 66 67 58 6962 26 26 24
9001 56 59 50 9053 31 27 28

9652 50 49 46

NNNN& A
ZCZC WBC798
FXUS42 KWBC 080000
FOLLOWING FOR INTERNAL NWS USE--NOT FOR PUBLIC DISSEMINATION
EXPERIMENTAL RATE OF PAN EVAPORATION FCSTS 6/ 8/78
PERIOD- 1200GMT TO 1200GMT
09/12 10/12 11/12 09/12 10/12 11/12
7281 49 52 52 8499 41 40 40

8815 57 59 53 1071 48 57 48
7192 31 36 26 0506 34 34 33

8973 29 34 31

Figure 3. Sample FXUS40, FXUS41 and FXUS42 teletype bulletins.
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