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1. INTRODUCTION

Accurate forecasting of low cloud cover and
its associated weather depends on the proper
evaluation of many variables. The
prediction of low clouds is a major concern
for aviation weather forecasting. With the
emphasis today on the use of new
technology, the demand for more timely and
accurate forecasts of adverse weather
conditions is expanding.

During the past 5 years, there have been
several changes in the National
Meteorological Center (NMC) forecast
models. A number of advanced diagnostic
and forecast techniques have also been
developed by researchers and forecasters at
NMC. One technique makes use of hourly
gridded data from the Nested Grid Model
(NGM), which is not possible to do with the
conventional operational numerical
guidance. Starting in January 1991,
experimental NGM numerical guidance
output (NGM Gridpoint Data) was
introduced to a few select forecast offices
including WSFO Raleigh-Durham (RDU), to
be used on a trial basis.

The purpose of this study was to evaluate
the performance of the NGM gridpoint data
for the Spring months of April, May, and
June of 1991 at WSFO Raleigh-Durham and
WSO Charlotte (CLT), both located in
North Carolina. This paper will investigate
the reliability of the NGM gridpoint
forecasts of low clouds by comparing the
model forecasts to the observed atmospheric
conditions.

2. NGM GRIDPOINT DATA

The NGM was first used as a research
model in late 1974. It was later
implemented as an operational prediction
model in 1985 (Phillips 1979). Recently,
the archived hourly output from the NMC
dynamical models has provided the basis for
advanced graphic diagnostic and forecast
tools. NMC has established two primary
archive systems. These are the Regional
Profile Archive (RPA) and the Global
Profile Archive. This paper will focus on
the use of the RPA.

The RPA system archives the NGM model
output, including the initialized raw data and



forecast diagnostic quantities at selected
stations across North America. Currently,
the RPA archives this information for more
than 200 North American stations for each
individual hour of the 48-hr model forecast
(Fig. 1). Every 12 hours, the forecasts are
interpolated to a selected station from the
nearest four model grid points. These data
are then saved and used for verification
studies (Plummer 1989).

NGM gridpoint data can be accessed via the
National Advanced Systems (NAS) 9000
computer at NMC. An example of the raw
NGM gridpoint model data are shown in
Figure 2. These gridpoint data supply the
forecaster with more detail on the structure
of the model vertical profile. Although
there is an abundance of information in this
product, one must remember, as with any
form of numerical guidance, the forecasts
might be extremely inaccurate for some
events. An example of each column of the
guidance, starting from the left to right, is
as follows:

P - Model projection hour (0 to 48).
GMT - UTC time of day.

HR PRCP - Hourly precipitation in
thousandths of an inch. '

TOT PRCP - Total precipitation in
hundredths of an inch.

TEMPERATURE - in the Ist (BL), 4th
(L4), 6th (L6), 9th (L9) and 12th (L12)
model layers.

RELATIVE HUMIDITY - (First digit of
nearest 10% for each model layer. * means
> 95%).

LAYER...APPROXIMATE CENTER
OF THE LAYER ABOVE MSL

-1 600 feet
-2 2000 feet
-3 3500 feet
-4 5000 feet (~ 850 mb layer)
-5 7000 feet

-6 9000 feet (~ 700 mb layer )
-7 12000 feet

- 8 15000 feet

-9 18000 feet (~ 500 mb layer)
- A 21000 feet

- B 26000 feet

- C 32000 feet (~ 300 mb layer)
- D 37000 feet

- E 43000 feet

- F 50000+ feet

( Boundary layer )

AV - Average relative humidity; surface to
500 mb (layers 1-9).

SFC PRES - Model surface pressure in
millibars.

K* - K stability index; * denotes use of
nearest layer temperature and dew point to
compute values.

85-70 DDSS - Mean wind direction and
speed; 850 to 700 mb (layers 4,5,6).

BL DDSS - Mean wind direction and speed;
boundary layer (layer 1).

After analyzing the data, you will notice that
discrepancies occasionally exist between the
grid point data and the NGM FRH and
associated graphics. According to Mostek
(1993, personal communication) at NMC'’s
Techniques Development Unit, some of the
reasons for the discrepancies include:



- Different values of precipitation output,
due to the gridpoint values being "true"
values computed by the NGM while the
values on AFOS products result from a
"smoother/desmoother” process.

- The pressure column is sea level pressure
in the NGM FRH, while the pressure
column in the gridpoint data uses the model
elevation which represents the surface in the
NGM.

There are many ways to analyze the NGM
gridpoint data. One of the quickest and
easiest ways to view the forecasted vertical
distribution of moisture and potential cloud
layers, is to take a copy of the raw gridpoint
data, rotate it 90° to the left and read the
relative humidity output with time being
projected from left to right and altitude
increasing upward. To stress model layers
that are at or near saturation, the forecaster
should contour the layers that have relative
humidities of 80% (8 on printout) or higher.
An example of an analyzed gridpoint data
model run is illustrated in Figure 3.

Analyzing other NGM gridpoint data
variables has forecasting advantages as well.
The BL, L4 and T3 (from the NGM FRH)
temperatures can aid in the forecasting of
precipitation type. Forecasters at WSFO
Washington, D.C. have developed a
software package (Nierow and Kane 1993)
that uses the NGM gridpoint data to produce
NGM forecast soundings available for
analysis using the SHARP program (Hart
and Korotky 1991). These soundings can be
useful for determining thermodynamic and
dynamic indices for a specific forecast
period.

3. METHODOLOGY

For purposes of this study, model data was
only examined if low clouds were predicted.
During the 3 month period of this study, a
total of 40 NGM model runs were analyzed.
Twenty cases were taken from 1200 UTC,
and 20 were from 0000 UTC. Sixteen cases
came from April, 14 were from May, and

.10 were from June. After obtaining the data

and observations for each case, the
following method was used to determine the
low cloud layers lists as follows:

- Low clouds were defined as layers 1
through 4 on the NGM gridpoint data, the
lowest 5,000 feet of the model atmosphere.

- Forecasted relative humidities in the model
lower layers had to be 80% or higher in
order for a cloud layer to be indicated. A
layer prediction verified if it was either
broken (6/10 to 9/10), or overcast (10/10) in
coverage. A layer did not verify if the
observation indicated scattered (5/10
coverage or less) or if less than 80% relative
humidity was forecasted.

4. RESULTS

Tables 1 and 2 summarize the monthly
cloud verification results in 12-hr periods
for RDU and CLT. Table 3 combines the 3
months of data into a seasonal value for the
Spring of 1991. The predicted NGM model
gridpoint cloud layers (relative humidity
greater than 80%), indicated a relatively
high percentage of correct forecasts when
the model indicated low clouds. The overall
verification statistics for the observed low
cloud layers, with respect to the model
forecast low clouds, are listed in Table 4.



A closer examination of the combined 48-hr
forecast results for both cities revealed that:

- 74% of all model forecasted low cloud
layers verified.

- 1% of model low cloud layers that were
not forecasted occurred.

- 14% of model low cloud layers that were
forecasted did not occur.

- 11% of model low cloud layers that were
not forecasted did not occur.

5. CONCLUSION

Overall, the NGM gridpoint data provided
useful low cloud forecasting guidance for
the Spring of 1991. However, it should be
noted that this study only used 3 months of
data with model runs that only forecasted
cloud layers 5,000 feet or lower. With this
is mind the following observations can be
made:

- The forecast verified more than 70% of
the time when a low cloud layer was
predicted by the model.

- The percentage of low clouds forecasted
and verified by the NGM gridpoint data,
either increased or varied slightly as the
projection increased to 48-hrs.

If this study is an indication of the reliability
of the NGM gridpoint data in predicting the
occurrence of low cloud layers, this type of
information could become a valuable
aviation and public forecasting tool.

The difficulty of forecasting low cloud cover
can be reduced by applying objective

forecast techniques that relate important
weather processes to observed surface
conditions. Some of these techniques
include:

- NGM gridpoint data.
- Satellite imagery interpretation.

- Numerical guidance from different forecast
models.

- Evaluation of low level wind fields.

In the time since this study was completed,
additional computer programs have been
developed by forecasters at WSFO Buffalo,
which display the hourly gridpoint data on a
personal computer. Some of the software
produces:

- A time vs. height color display of relative
humidity and precipitation profiles, wind
speed and direction profiles, and a freezing
level profile.

- The NGM time series of temperature vs.
height can be displayed by use of either a
linear or logarithmic scale. This is quite
helpful in the forecasting of freezing and/or
frozen precipitation.

Most of the NGM gridpoint data graphics
are displayed with time advancing to the
left, which assists with the visualization of
west-to-east moving weather systems. By
using the combination of the NGM gridpoint
numerical guidance and the new PC based
graphics, the NGM gridpoint guidance could
become an extremely useful tool in
forecasting the occurrence of low cloud
layers.
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Figure 1. Regional Profile Archive station availability over

Siebers et al. (1988).
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Figure 2. Example of raw NGM gridpoint data for Raleigh-Durham, NC. (1200 UTC cycle,
January 23, 1991).
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Figure 3. Example of analyzed NGM gridpoint data for Raleigh-Durham, NC. (1200 UTC

cycle, January 23, 1991).



r STATICN: RDU STATION: RDU STATION: ROU
MONTH: APRIL MONTH: MAY MONTH: JUNE
NUMBER OF MODEL RUNS: 16 NUMBER OF MODEL RUNS: 14 | NUMBER OF MODEL RUNS: 10
% OF LOW CLOUDS % OF LOW CLOUDS % OF LOW CLOUDS
FOST NOT FCST | NOT NOT FCST | NOT NOT FCST |NOT
op  |FCST FCST | AND | FCST | FCST (FCST |AND FCST | FCST |FCST | AND |FCST
AND AND NOT NOT AND [AND | NOT 4ND NOT| AND |AND NOT AND NOT
be | 0BS OBS 0BS | OBS 0BS |OBS OBS OBS | OBS |OBS OBS |OBS
HRS ‘
12 64.7 s.8 | 17.6 | 11.7 | 7.4 0 7.1 | 21.4 | 70.0 | © 10.0 | 20.0
24 70.5 0 17.6 | 11.7 | 71.4 0 14.3 | 14.3 | 0.0 © 10.0 | a
36 70.5 ) 5.8} 23.5 | 71.4 0 14.3 | 14.3 | 80.0]| © 200 | ©
48 70.5 5.8 s.8| 17.6 | 100.0f O 0 0 0.0| 0 20.0 | 10.0
Table 1. Monthly NGM gridpoint data verification for Raleigh-Durham, NC.
STATION: CLT STATION: CLT STATION: CLT
MONTH: APRIL MONTH: MAY MONTH: JUNE
NUMBER OF MODEL RUNS: 16 NUMBER OF MODEL RUNS: 14 NIMBER OF MODEL RUNS: 10
* OF LOW CLOUDS % OF LOW CLOUDS % OF LOW CLOUDS
pesT NOT {FCST NOT NOT |FCST | NOT NOT | FCST | NOT
PRD FCST | FCST |AND |FCST [FCST | FCST |AND FCST |FCST | FCST | AND: FCST
™ AND AND |NOT AND NOJ AND | AND |[NOT |AND NOT AND | AND [ NOT 4ND NOT]
o OBS 0BS |OBS |OBS OBS | OBS |OBS 0BS OBS | OBS | OBS | OBS
12 8.8 ) 12.5 |18.7 | 78.6 0 7.1 | 14.3 | 50.0 0 40.0 | 0.0
24 75.0 | 6.2 6.3 |12.5 | 64.3 | 7.1 | 14.3 | 14.3 | 90.0 0 10.0 0
36 75.0 o] 18.7 6.3 78.6 0 7.1 14.3 | 50.0 0 50.0 0
48 75.0 | 6.3 6.3 | 12.5 | 78.6 0 7.1 | 14.3| 80.0 0 20.0 0

Table 2. Monthly NGM gridpoint data verification for Charlotte, NC.
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STATION: RDU STATION: CLT

TIME: SPRING 1991 TIME: SFRING 1991
NUMBER OF MODEL RUNS: 40 NUMBER OF MODEL RUNS: 40

% OF LOW CL/XDS % OF LOW CLOUDS
FCST NOT FCST | NOT NOT FCST NOT

PRD FCST |FCST | AND FCST |FCST |.FCST [AND FCST
AND | AND NOT AND NOT }AND AND NOT AND NOT
OBS |OBS OBS OBS 0BS OBS JOBS OBS

12 68.7 1.9 11.6 |17.7 €5.8 o 19.9 14.3

24 77.3 o] 13.9 8.7 76.4 4.5 | 10.2 8.9

36 73.9 o] 13.4 {12.§ 67.9 e] 25.3 6.8

48 g0.2 | 1.9 8.6 | 9.2 -78 | 2.1 | iL.1 8.9

Table 3. Seasonal NGM gridpoint data verification for Raleigh-Durham and Charlotte, NC.

i L]
!x OF LOW CLOUDS AT ROU{X OF LOW CLOUDS AT CLT
: .
FCST AND OBSERVED : 75.0 3 72.0
NOT FCST AND OBSERVED 1 © 0.9 : S
FCST AND NOT OBSERVED ! s E 5
NOT FCST AND NOT OBSERVED }________——oZlloccomam- o mmmmmee
ToTAL ! ~100.0 : 100.0

Table 4. Overall verification statistics (low cloud cover) for the combined 48-hr NGM model
forecast periods for Raleigh-Durham and Charlotte, NC.
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