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1. INTRODUCTION

Each day, at the start of the 0000 and 1200 GMT forecast cycles, personnel
from the Synoptic Analysis Branch of the National Environmental Satellite,
Data, and Information Service (NESDIS) examine current satellite photographs
and specify categories of moisture (code numbers from 1 to 13) for 2 1/2°
latitude/longitude intersections off the East, Gulf, and West Coasts. These
satellite moisture interpretations, which correspond to various types of
relative humidity profiles, are then entered into the initial humidity
analyses accessed by the National Meteorological Center's numerical weather
prediction models. The term "moisture bogus' describes this man/machine mix
procedure which is used to obtain relative humidity estimates in data-sparse
areas over the oceans where conventional observations are nonexistent. The
program has been in operation for about 15 years.

In July 1978, at the suggestion of the Western Region Scientific Services
Division, the Techniques Development Laboratory began archiving satellite
moisture bogus data on a regular basis. We realized that the moisture
forecast fields from the numerical model were already influenced by the
satellite~based relative humidity data's impact on the initial analysis.
However, we thought the more direct application of moisture bogus information
as a potential predictor in the Model Output Statistics (MOS) system (Glahn
and Lowry, 1972) might enhance the objective temperature and precipitation
guidance throughout the western United States. This report describes our
efforts to develop and test a new precipitation index predictor derived from
moisture bogus data.

2. APPROACH

We developed several sets of regression equations by using a linear forward
selection technique to establish relationships among various observed weather
elements (predictands) and forecast fields (predictors) from the Limited-area
Fine Mesh (LFM) model (Newell and Deaven, 1981). Observed weather elements
and climatic terms also were included as potential predictors. Imn addition,
we screened moisture bogus values in the form of precipitation indices at
various locations upstream of the forecast site. In this study, the screening
regression was applied to select the best predictors for each equation as long
as a new term contributed at least 1% to the reduction of variance for any one
of the predictands. Our tests involved about 100 forecast sites throughout
the western United States and moisture bogus values at 100 locations across
the North Pacific Ocean between latitudes 25 and 55°N and longitudes 115 and
170°W. Separate sets of MOS equations were derived to predict probability
of precipitation (PoP), surface temperature, and surface dew point for
projections of 6 to 24 hours from 0000 GMT. We developed PoP equations for 16
geographic regions comprised of the 126 sites denoted by solid circles in
Fig. 1. The temperature and dew point forecast equations were derived for
each of the 74 stations denoted by open circles in Fig. 1.



A. MOS Predictors

The LFM model forecasts which we screened as potential predictors were those
that would be expected to have a physical relationship with temperature, dew
point, and precipitation. These included moisture, temperature, and wind
forecasts at various levels throughout the troposphere. Fields directly
forecast by the LFM, as well as derived variables such as vorticity advection
and moisture divergence, were screened. These data were obtained from the
cool season months of October through March 1978-79, 1979-80, and 1980-81.

All model output predictors were interpolated to the location of the stations
in the developmental sample.

B. Moisture Bogus Predictors

As described by Smigielski and Mace (1970), the moisture bogus analysis
program was begun in 1968. The bogus code numbers range from 1 to 13. These
values are provided for 2 1/2° latitude/longitude intersections off the
East, Gulf, and West Coasts. Fig. 2 shows the region off the West Coast
covered by the moisture bogus program. Each code value corresponds to a
particular type of relative humidity curve that was developed through several
years of subjective experience. Table 1 indicates relative humidity values at
various levels throughout the troposphere that are associated with each of the
13 moisture bogus code values; a description of the corresponding cloud and.
precipitation patterns also is provided. As part of the daily operational
procedure, an automated quality control program is executed to compare some of
the bogus profiles to actual radiosonde reports within a 1 1/2° latitude
circle of the bogus value. A computer generated plot of these two moisture
profiles is examined by the NESDIS analyst prior to the start of the next
forecast cycle.

In order to be treated adequately by a standard linear regression procedure,
each bogus code value was converted to a '"precipitation index" ranging from 21
to 93. The precipitation index for each bogus code was based primarily on the
amount of low- and mid-level moisture associated with its corresponding
humidity profile. We did this by taking the weighted average of humidities at
1000, 850, 700, 500, 400, and 300 mb; the respective weights were L0 3.0
3.0, 2.0, 0.5, and 0.5. In this manner, we felt that most of the
synoptic-scale, precipitation producing cloud patterns would be detected.

Based on application of this weighting procedure, precipitation indices
ranging from 21 to 93 were calculated for 100 latitude/longitude intersectioms
off the West Coast of the United States for each day during the cool seasons
of 1978-79 through 1980-81. These locations are denoted on Fig. 2 by the
large solid dots. For our purposes, the value of the index at each location
was screened as a separate potential predictor for each station in the
developmental sample.

3. REGRESSION RESULTS
A. Probability of Precipitation

Sets of PoP forecast equations were developed for the 16 regions shown in
Fig. 1 for projections of 12-18, 18-24, and 12-24 hours from 0000 GMT. The



developmental sample consisted of the cool seasons of 1978-79 and 1979-80. We
derived the equations for the 12-h period simultaneously with those for the
corresponding 6-h periods. This procedure, which is analogous to the
operational developmental technique, tends to provide for a degree of
consistency among the resulting forecasts.

Table 2 shows the PoP equations for Region 5. Since all three equations
were derived simultaneously, they are comprised of the same predictors but, of
course, the individual regression coefficients differ. In general, these
equations are representative of those for the other regions in the sense that
precipitation indices were selected only after several model output moisture
variables had entered the equations.

The reductions of variance for each of the 16 regions for the 12-24 h
forecast equations are presented in Table 3. The results are classified
according to type of predictor information used in each of three different
types of prediction equations: moisture bogus only, LFM model output and
climate, and all three types of data combined. As these results indicate, the
LFM fields contribute significantly more to the reduction of variance than the
moisture bogus information.

To further assess the impact of the moisture bogus information, we computed
correlation coefficients among 12-h (1200 to 0000 GMT) occurrences of
precipitation and precipitation indices associated with the previous cycle's
(0000 GMT) satellite data. These analyses are presented in Figs. 3, 4, and 5
for regions 3, 5, and 11, respectively. Locations of the precipitation
indices that comprise moisture bogus only prediction equations of 5- to
9-terms are also denoted. On all three analyses, there is a maximum of
positive correlation just off-shore and upstream of the forecast region, with
a relative minimum located farther to the west. These relative positions vary
according to region. The correlation centers appear to be well related to the
mean 500-mb flow patterns. For example, in Region 11 (Fig. 5), precipitation
frequently occurs in association with stromger than normal southwesterly flow
over the California Coast. Hence, the first moisture bogus predictor selected
was located at 35.0°N and 122.5°W. The patterns also are consistent with
various descriptive schematic precipitation models (Klein et al., 1965; Klein,
1967).

B. Surface Temperature and Dew Point

By making use of data from the cool seasons of 1978-79 through 1980-81, we
developed equations to forecast surface temperature and dew point for
projections of 6, 9, 12, 15, 18, and 21 hours from 0000 GMT for each of 74
stations shown in Fig. 1. As with the PoP equatioms, several sets of
equations were derived simultaneously in order to promote consistency among
the resulting forecasts. Hence, for any given station, the temperature and
dew point equations for projections of 6, 9, and 12 hours were comprised of
the same predictors, as were the 15-, 18-, and 21-h forecast equatioms.

Table 4 shows the 15-, 18-, and 21-h projection dew point equations for
North Bend, Oregon. Here, as with PoP, a precipitation index upstream just
off the coast enters the equation only after several temperature and moisture
forecasts from the LFM model contributed substantially to the overall



reduction of variance. This is similar to the pattern for other stations and
for the other sets of prediction equations.

Average reductions of variance and standard errors of estimate for each
projection for all 74 stations combined are presented in Table 5. The results
are separated according to the predictors in the equations: moisture bogus
precipitation indices only; LFM model output, climate, and moisture bogus
information; and the combination of LFM, climate, 0300 GMT observed surface
weather elements. These results indicate that the observed surface weather
elements were far more effective than the moisture bogus information in terms
of increasing the reductions of variance and lowering the standard errors of
estimate.

4, TEST FORECAST RESULTS

For the 12-24 h PoP equations, we performed a comparative verification on
independent data combined from 126 stations for the period of October 1980
through March 1981. Two types of equations were evaluated: the set which
contained LFM variables only and the set which was comprised of both the LFM
and moisture bogus predictors. The test involved generating forecasts from

both types of equations and computing the respective Brier scores (Brier,
1950).

For a sample of 165 days and 15494 cases, the overall Brier scores for the
LFM only and LFM plus moisture bogus forecasts were 0.1414 and 0.1400,
respectively. Hence, the use of satellite-derived moisture information
improved the scores by slightly less than 1%. The average relative frequency
of precipitation during the test period was approximately 0.15. Based on
these results, and since contributions to the overall reductions of variance
by moisture bogus predictors were quite small (see Table 5), we did not
conduct similar verifications for the temperature and dew point equations.

5. SUMMARY

This report describes a study of the feasibility of using satellite-based
relative humidity data to improve the MOS precipitation and temperature
guidance in the western United States. Our tests involved about 100 MOS
forecast sites throughout the western United States and moisture bogus values
at 100 locations across the North Pacific Ocean between latitudes 25 and
550N and longitudes 115 and 170°W. In order to be treated adequately by
the standard linear regression procedure, each bogus code value was converted
to a "precipitation index" that ranged from 21 to 93 and was based primarily
on the amount of low- and mid-level moisture associated with its corresponding
humidity profile. The main predictors used in the developmental sample
consisted of precipitation indices at various of f-shore locations and LFM
model forecast fields of moisture, temperature, and wind. We derived separate
sets of cool season equations to predict probability of precipitation,
temperature, and dew point for projections of 6 to 24 hours after 0000 GMT.
For each weather element, two types of MOS equations were developed, one with
and one without the moisture bogus predictors. A third set of equations
comprised only of moisture bogus predictors also was derived for purposes of
comparison. For the PoP equations, forecasts were produced and verified on
independent data.



The overall results of these tests indicate that, although the precipitation
indices at various locations upstream of the forecast site often were selected
as predictors, inclusion of this information increased the overall reductions
of variance by only a small amount. In addition, examination of the
verification measures we obtained on independent data indicated no substantial
improvement in the MOS PoP forecasts when moisture bogus data were used as
predictors. Hence, it does not appear that direct inclusion of this kind of
satellite-based precipitation information in the MOS guidance would yield
enough improvement over the current operational system to be worth considering
in future developmental efforts. While these results are somewhat
disappointing from the MOS perspective, the study has confirmed the fact that
satellite-based relative humidity fields are reasonably well-correlated in the
mean with precipitation occurrences throughout the western United States. It
also appears this information is being adequately accounted for within the LFM
model's initial analysis system.
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Table 3. Reductions of variance (%) for the 12-24 h PoP forecast equations
(0000 GMT cycle) for each of the 16 regions shown in Fig. 1. The develop-
mental sample was comprised of the cool seasons of 1978-79 and 1979-80.

Type of Predictors

Region Moisture LFM and Moisture Bogus,
Bogus Only Climate LFM, and Climate
1 30.8 55.6 5546
2 36.8 50.9 52.5
3 28.0 54.7 54.8
4 24.8 47.0 46.9
5 27.6 43.6 45.6
6 17.4 47.6 47.8
7 11.8 28.9 29.17
8 13.7 26.3 2545
9 125 28.8 30.1
10 9.8 32:1 32.4
11 12.5 38.7 40.2
12 12.0 41.7 42.7
13 17.6 41.9 42.1
14 1.6 25.9 26.4
15 10.7 40.0 40.1
16 3.2 28.9 27.6

O

Overall Average 16. 39.5 40.0
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Table 5. Overall average reductions of variance (%) and standard errors of
estimate (OF) for the 74 statioms shown in Fig. 1 for 6- to 21-h
temperature and dew point forecast (0000 GMT cycle) equations. The
developmental sample was comprised of the cool seasons of 1978-79, 1978-80,
and 1980-81. (Note: RV = reduction of variance; SE = standard error of
estimate.)

Forecast Type of Predictors
Pro%ﬁitlon | Moisture LFM, Climate, LFM, Climate,
Bogus Only and Moisture Bogus and 0300 GMT Sfc Obs.
| RV SE RV SE RV SE

a. Surface Temperature

6 152 9.4 78.9 4.4 91.7 2.7
9 16.4 9.2 77.4 4.6 86.7 3.5
12 17.3 9.1 75.8 4.7 82.9 4.0
15 16.7 9.7 75..:3 5.0 82.3 4.3
18 16.8 10.6 79.6 4.8 84.7 4.2
21 18.1 1i.2 80.2 5 § 83.6 4.7
b. Surface Dew Point
6 16.7 9.2 69.5 5.4 91.9 2o d
9 17.8 9.2 70.9 5.4 87.2 3.6
12 18.8 9.3 71.6 5.4 84.4 4.0
15 18.9 9.4 70.2 5.6 82.6 4.3
18 16.7 9.0 67.5 5.5 78.7 4.5
21 15.9 9.0 64.6 5l 73.2 5.0

10



Tesit Stations

e 126 PoP
O 74 Temp/
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Figure 1. Locations of the 126 PoP forecast stations, the 16 PoP forecast
regions, and the 74 surface temperature and dew point forecast stations used
to test the moisture bogus precipitation index predictors.
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