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Abstract
Analyses and forecasts for the first 2 weeks of the Genesis of At-

lantic Lows Experiment (GALE) are described. These fields were

produced using the National Meteorological Center ( N M C ) Re-

gional Analysis and Forecast System (RAFS). Two sets of analyses
and forecasts were constructed: one using the N M C operational

database only (Level Ilia), and one using the N M C data merged
with high-density observations taken during G A L E (Level 1Mb).

During the first 14 days of G A L E , supplemental data were col-

lected throughout two Intensive Observing Periods (lOPs). Com-

parisons of the Level Ilia and lllb analyses over the G A L E observing
region in the southeastern United States indicated a worsening of

the geopotential height analysis at operational N W S rawinsonde
sites using the supplemental lllb data. This was caused by inconsistencies in the height measurements at the high-density G A L E

rawinsonde sites. Such patterns were not observed in the wind and

temperature analyses.

During I O P No. 1, the Level Ilia and lllb Nested Grid Model

( N G M ) forecasts were nearly identical. For I O P No. 2, one forecast

cycle saw an improvement in the Level lllb forecasts due to offshore G A L E dropwindsonde data, while another was improved by

the inclusion of late-arriving rawinsonde data in the lllb analysis.

The inland, high-density G A L E soundings, however, had a negligible impact on N G M forecasts during the entire 12-day period.

1. Introduction
Ongoing work in regional data assimilation at the
National Meteorological Center (NMC) has resulted
in the production of revised analyses and forecasts
for the first 12 days of the Genesis of Atlantic Lows
Experiment (GALE). Analyses and forecasts, based on
the NMC Regional Analysis and Forecast System
(RAFS), are described in this paper. They were produced to 1) provide a set of benchmark cool-season
cases for future research at NMC, and 2) provide
analyses of record using the current version of the
RAFS, which has undergone numerous changes since
GALE. These analyses and forecasts will be made
available to the GALE Data Center for use by the
general meteorological community.
The development of an improved regional data as-
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similation system at NMC is being driven by a need
to utilize as fully as possible the new observing systems of the 1990s (Wind Profilers, Next Generation
Radar [NEXRAD], etc.). The initial effort at NMC is
focusing on the development of a system to assimilate
data from the demonstration network of Wind Profilers in the central United States, scheduled to be
operational in the early 1990s. Unfortunately, no
datasets covering a broad area are currently available for development and application. The wealth of
asynoptic observations from GALE gives us an opportunity to test assimilation techniques using
high-frequency data prior to the operation of the
new observing systems.
The RAFS analyses and forecasts described in this
paper will serve as controls for evaluating results from
future regional data assimilation tests using the complete set of GALE asynoptic observations. Details of
some of these planned tests at NMC are discussed at
the end of this paper.
The primary purpose of this paper is to describe
the production ofthe revised RAFS analyses and forecasts for the GALE period. Additionally, we intend to
investigate the quality of the high-density GALE data
and assess what impact, if any, these data had on the
RAFS analyses and forecasts using systems currently
in operation.
Section 2 gives a brief overview of GALE, while a
description of the RAFS is given in section 3. The
design of the experiment follows in section 4. Some
results are presented in section 5, and future research
plans with the GALE data at NMC are discussed in
section 6.

2. GALE overview
The basic objectives of GALE (GALE Data Center 1986)
was to increase understanding of the structure and
physical mechanisms controlling cyclogenesis along
the East Coast of the United States. The data-collection phase of GALE ran from 15 January 1986 to 15
March 1986. During Intensive Observing Periods
(lOPs), 44 National Weather Service (NWS) and Ca319
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nadian rawinsonde sites took observations at 3-h intervals. This network was augmented by high-density
sounding sites over the southeastern United States,
two offshore ships, and variably spaced dropwindsondes over the Atlantic Ocean. This sounding network is shown in figure 1. A list of the high-density
GALE upper-air sites and the equipment used at each
GALE site is given in appendix A.
There were 13 lOPs during GALE. In this study,
RAFS analyses and forecasts were produced every 12
h from 1200 UTC January 1986 to 1200 UTC 28
January 1986. This interval contained two lOPs
I O P No. 1 (0000 U T C 18 January-2100 U T C 20 January):

Strong midtropospheric cyclogenesis occurred over the east-

ern United States, accompanied by modest surface development over land east of the Appalachians. A strong upper-level

NMC global spectral model is made to provide a
background field for the RAFS analysis. This background field is initialized and the increments (observation minus first guess) are computed at each
observing site. A regional analysis of the increments
using optimum interpolation (ROI) (DiMego 1988) is
performed using data received within a window of
- 3 h to +2 h around the RAFS initial time. The
analysis increments are then treated with the Temperton-Parrish implicit normal mode initialization
(Temperton 1988; Parrish 1989). The RAFS cycle is
concluded by a 48-h forecast by the Nested Grid Model
(NGM) (Hoke et. al. 1985). The N G M is a 16-layer
sigma coordinate model with three nested grids, the
innermost grid covers North America with a resolution of about 84 km at 45°N.

front-tropopause fold was observed during this event.

IOP No. 2 (1200 U T C 23 January-0400 U T C 29 January):

A cold-air damming-coastal frontogenesis event was observed
along the Carolina coastline, followed by the formation of a

strong 500-mb cut-off cyclone off the mid-Atlantic states and

two distinct coastal cyclogenesis events.

4. Experimental design
A primary objective of this study was to provide a

During IOP Nos. 1 and 2, 14 high-density GALE
sounding sites were active, along with the operational NWS rawinsonde stations. Seven of these sites
in North and South Carolina, and one ship used the
National Center for Atmospheric Research's Crosschain LORAN-C Atmospheric Sounding System
(CLASS). One inland station and one research vessel
used NOAA VIZ instruments, while four supplemental sites used ground meteorological detector (GMD)
equipment. A discussion of the impact of these data
on RAFS analyses and forecasts follows a summary
of the RAFS and the experimental design.

3. RAFS overview
The version of the RAFS which was used for this experiment was implemented on 14 December 1988.
A complete documentation of the RAFS is presented
in Hoke et al. (1985, 1989). A brief summary of the
changes which have occurred since the RAFS was
implemented operationally in March 1985 is presented in appendix B.
Following is a summary of the basic operation of
the RAFS. The first guess for the RAFS analysis is obtained from the Global Data Assimilation System
(GDAS) (Dey and Morone 1985, Kanamitsu, 1989).
The GDAS begins with a global analysis using the
NMC data valid 6 h prior to the RAFS initial time.
Following global initialization, a 6-h forecast of the

FIG. 1. (a) The G A L E rawinsonde network. Filled circles are
N W S and Canadian sounding stations which took 3-h observations
during lOPs Nos. 1 and 2. The open squares denote the supplemental G A L E sites, (b) The special G A L E observation region. Points
1 and 2 (filled squares) are the analysis grid points referred to in
the text and table 1.
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state-of-the-art standard of operational performance
for the 12-day GALE period. A by-product of this effort was an investigation of the quality of the extra
GALE data and their effect on the RAFS analyses and
forecasts. To achieve these goals, two sets of analyses
and forecasts using the operational RAFS were produced (see figure 2). These two sets of analyses and
forecasts were designated as Level Ilia and 1Mb, using
terminology from the First Global Atmospheric Research Program GARP Global Experiment (FGGE)
(Fleming et al. 1979). It should be noted that for this
study, only rawinsonde data from the conventional
0000 and 1200 UTC synoptic times were used. A
discussion of the impact of the "off-time" upper-air
data on selected analyses and forecasts is presented
in DiMego et al. (1989).
The datasets used to calculate the Level Ilia analyses and forecasts were obtained from the NMC operational database (Level lla) with a time window of
+ 9.5 h after the initial time. This includes all rawinsonde, surface, aircraft, and satellite data received at
NMC prior to the data cutoff time. Further details
about this dataset are contained in Hoke et al. (1989).
The following additional datasets were merged
with the Level lla data to produce the Level lib dataset, providing the most complete set of observations
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possible for the Level lllb numerical experiments and
diagnostic analysis:
1) The G A L E master-sounding file, including all standard

rawinsonde stations in North America, including the special

CLASS, VIZ, and G M D sounding sites deployed especially for
GALE.

2) Hourly data for 303 United States surface land stations.

3) Special standard flight-level data from the N O A A P-3

and the University of Washington's C-131 research aircraft,

flown during lOPs.

4) The G A L E surface-marine dataset, consisting of all avail-

able oceanic data between 25° and 60° N and 30° to 90° W .

This dataset includes the special buoys and ships deployed
during G A L E .

5. Results
This section presents a comparison of the Level Ilia
and Level lllb analyses and forecasts, with emphasis
on any impact the high-density GALE rawinsondes
may have had on the analysis. We do not expect, a
priori, the extra inland rawinsondes to produce major
differences between the Ilia and lllb forecasts, although the extra observations over the data-sparse
ocean (dropsondes, ship-based rawinsondes) might
have a positive impact.

FIG. 2. Schematic view of the construction of the RAFS Level Ilia and lllb analyses.
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a. Analysis

The reanalysis of the GALE data serves two purposes:
1) provide analyses of record for verification of numerical products and for diagnostic studies, and 2)
serve as a tool for investigating the consistency and
quality of the high-density GALE soundings.
It is not our intention at this time to present a full
synoptic and numerical description ofthe period under study. Such work will be included in future papers. However, prior to discussing the RAFS Ilia and
lllb analyses, a short description of the ROI analysis
is necessary. The ROI analysis of geopotential and
wind is multivariate (DiMego 1988). At upper levels,
up to 30 geopotential and wind observations within
a three-dimensional (3D) volume surrounding an
analysis grid point can be chosen to compute the
correction to the first guess. The analysis equation
can be written as
Aa

= Ai%

+

2

W

'

B

i

(1)

where A , A refer to the analysis and first-guess gridpoint values, respectively, of wind (u or v) or geopotential (z); B, represents the difference between the
observed u, v, or z and the first guess; and W, is the
computed weight assigned to each observed correction, computed by solving a system of linear equations obtained by minimizing an expression for the
mean square error of the analysis. (For details, see
DiMego 1988.) The analyzed value of u, v, or z is
the sum of the first-guess value and a summation of
weighted corrections to the first guess based on observations.
As stated earlier, the primary distinction of the lllb
analysis is the inclusion of the high-density GALE rawinsondes over the southeast United States and the
extra upper-air data offshore. The inclusion of this
high-density rawinsonde data into the database guarantees that at some analysis grid points (such as those
in figure 1b) the observations chosen to compute the
lllb analysis increments will differ from those chosen
by the Ilia analysis. Any bias or inconsistencies in
this extra data, when compared to the NWS soundings, will affect the analysis corrections in a systematic manner. Such a problem is evident from figure
3, which shows the average difference of the 500-mb
RAFS lllb-llla geopotential height analysis during lOPs
NO. 1 and 2. For both lOPs a pattern representing
lower 500-mb heights in the lllb analysis is located
over the southeastern United States and offshore.
Similar patterns were observed at 850, 700, and 250
mb (not shown). The offshore feature reflects the influence of GALE dropwindsonde data on the lllb analysis in a previously data-sparse region. However, the
persistence ofthe inland feature, located directly over
a

the CLASS sounding sites deployed for GALE, suggests that some of supplemental GALE soundings may
have a systematic height bias with respect to the operational NWS soundings.
Further evidence of the influence the special GALE
rawinsondes had on the analysis is shown in table 1.
This table gives the first guess of geopotential height
at the 16 analysis levels and the correction to the
guess computed by the RAFS Ilia and lllb analysis.
These values, taken from one example from each IOP,
are located at an analysis grid-point within the GALE
observation region (point " 1 " or "2"
in figure 1b)
where the analysis was changed by the additional
data. The difference in corrections between the Ilia
and lllb analyses is especially large for the IOP No.
2 example, approaching - 3 0 m at many of the tro-

f g

FIG. 3. Average 500-mb geopotential height difference between the RAFS Ilia and lllb analyses for (a) IOP No. 1 (0000 U T C
18 January 1986-1200 U T C 20 January 1986) and (b) IOP No. 2
(0000 U T C 24 January 1986-0000 U T C 27 January 1986). Contour interval is 2 m.
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FIG. 4. (a) Average statistics for I O P No. 1 for 500-mb geopotential heights. Station model: upper left, average observation-first guess
(xg); upper right, standard deviation (sg); lower left, number of reports/station (N) during I O P No. 1. (b) As in page a, but for observation
vs RAFS Ilia analysis (xa, s a ). (c) As in a, but for observation vs RAFS lllb analysis. Period is 0000 U T C 18 January 1986-1200 U T C 20
January 1986; xg/3 and s g a in meters. The ensemble statistics for N W S stations ( N W S ) and non-NWS stations ( N O N W S ) are included at
the bottom of each figure.
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pospheric analysis levels.
Although the special GALE rawinsondes had a significant local impact on the RAFS analysis, it is not
yet clear that their effect was detrimental. One measure of this effect can be obtained by determining the
fit of the data to the analysis and its "first-guess"
background field. If the data fits at an operational
NWS sounding site within the GALE observing reigon
are worse in the lllb analysis, we would suspect that
either the special GALE rawinsondes were degrading
the analysis, or a coherent mesoscale structure was
depicted by these data which could not be captured
by either the ROI analysis or the NWS sounding data
alone. The coherence of the mesoscale structure can
be estimated by the temporal consistency of the data
as measured by the standard deviation of the fits.
Plots of the mean 500-mb height data fit statistics,
averaged over IOP Nos. 1 and 2, are presented in
figure 4 (IOP No. 1) and figure 5 (IOP No. 2). At each
sounding location the difference and standard deviation between the observation and the grid-point value
(either analysis background or analysis) interpolated
to the sounding position was computed. The differences at each station were averaged over the entire
IOP (xg for observation - guess, xa for observation
- analysis) and the standard deviation (sg, sg) of these
differences was calculated. The ensemble means of
these statistics, computed separately for the NWS and
non-NWS (NONWS) soundings, were also computed
to determine if any systematic biases could be detected in the non-NWS soundings.
The results for IOP No. 1 (figure 4) indicate great
variability between the special GALE and operational
NWS soundings. The composite values (NWS vs.
NONWS) show that the high-density GALE soundings
tend to have higher values of both xga and sga than
neighboring NWS soundings. These inconsistencies
are evident when examining the data at some of the
adjacent CLASS sites in North Carolina. Between
Wilmington, North Carolina (ILM) and Beauford, North
Carolina (MRH), xa varied from 13.3 to -27.8 m. If
this height gradient was real the induced geotrophic wind would be over 70 m s" 1 . The contrast
in xa and sa between Cape Hatteras, North Carolina
(HAT) and MRH, stations less than 100 km apart, is
also striking. These results suggest that there is spatial
and temporal noise in the 500-mb height values at
some of the high-density GALE sites.
Comparing the Level Ilia and lllb analysis-to-data
fits, we see that the average 500-mb height difference
and standard deviation at the operational NWS sites
is lower in the Ilia charts. Apparently, the large negative values of xa at the CLASS and VIZ sites acted to
lower the 500-mb heights more in the lllb analysis
than in the Ilia analysis, while the greater variability
between individual GALE sites increased the standard

deviations.
During IOP No. 2 (figure 5) similar worsening of
the fit of RAFS lllb analysis to the observations was
detected at the NWS sounding sites. The composite
lllb analysis-data fit at the NWS sites is ten times higher
than the Ilia analysis-data fit, along with a doubling
of the ensemble standard deviation.
Again, there are great variations in xa and sa over
short distances in North and South Carolina during
IOP No. 2. Comparisons between the high-density
sounding sites show some significant fluctuations in
the locations where xa and sa was excessive between
IOP Nos.1 and 2. Only Petersburg, Virginia (PTB) has
a consistently high value of xa during both periods.
The 500-mb height difference patterns in figures 4
and 5 were repeated in the geopotential fields at other
levels. However, such large variability was not observed in the wind and temperature analyses (not
TABLE 1.

First-guess and analysis corrections of
geopotential height.
I O P # 1 : 0000 U T C 19 January 1986
35.1°N 7 6 . 0 ° W (point 1)

Level

Z guess (m)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

126.4
473.1
899.3
1407.3
2001.6
2691.4
3487.0
4395.5
5429.0
6608.0
7957.4
9515.9
11378.7
13793.4
17326.8
25441.0

Z correction (m)
Ilia
lllb
8.8
6.3
3.9
0.7
-0.3
1.4
3.7
0.0
-2.3
-2.0
1.3
7.1
16.4
-11.4
-36.4
-46.3

-0.3
-0.2
0.3
0.7
2.0
0.4
-1.2
-2.7
-4.2
-4.8
5.7
16.6
27.4
-2.4
-14.7
-36.2

I O P # 2 : 1200 U T C 26 January 1986
35.1°N 7 8 . 0 ° W (point 2)
Z correction (m)
lllb

Level

Z guess (m)

Ilia

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

202.7
546.2
968.7
1472.5
2060.8
2741.3
3526.2
4424.4
5449.4
6618.7
7954.7
9500.2
11341.5
13734.0
17312.2
25570.5

8.1
-2.1
-10.9
-16.2
-17.5
-13.1
-12.4
-9.6
-6.6
-9.6
-5.8
-16.9
-17.8
-37.1
-41.0
-88.7

1.2
-10.2
-19.5
-27.7
-32.6
-33.5
-30.0
-31.0
-33.6
-37.0
-35.4
-34.6
-38.0
-35.1
-55.4
-66.7
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FIG. 5. As in figure 4, but for I O P No. 2 (0000 U T C 24 January 1986-0000 U T C 27 January 1986).
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shown). Since the ROI system (DiMego 1988) does
not explicitly use temperature data, we could not rerun the lllb analyses assimilating only the high-density temperature data. A reanalysis using only the
GALE high-density wind data was not done. It is possible that the lllb analyses could have been improved
if a wind-only assimilation was done at the extra GALE
sites or if the analysis system could bring in the temperatures directly.
The large variability in data fits to the analysis at
NWS and non-NWS sites suggests that a flaw existed
in the height computation at the supplemental sites,
the causes of which are not yet clear. The cause may
be a baseline problem, some bias in the CLASS and
VIZ instruments, or a postprocessing problem. We
have not yet determined if this problem was prevalent
during later lOPs. Until these questions are answered
the height information from these soundings will remain ill suited for use in numerical or diagnostic studies.

b. Forecasts

N G M forecasts to 48 h were made from the Ilia initialized analyses to provide forecasts of record using
the most current version ofthe forecast model, which
has undergone extensive changes since GALE (see
appendix B). Forecasts from the lllb initialized analyses were done to assess the impact, if any, of the
extra GALE rawinsondes and other late-arriving data
on the N G M forecasts.
The inclusion of the high-density rawinsonde data
in the lllb analysis had little effect on the subsequent
N G M forecasts at either 24 h or 48 h during IOP
No.1. Figure 6 shows the N G M Ilia and lllb 500-mb
height 24-h and 48-h forecasts and forecast errors
starting from 0000 UTC 19 January. The verifying RAFS
Ilia initialized analyses are also depicted. Both 24-h
forecasts failed to predict either the formation of the
500-mb cut-off cyclone over western North Carolina
or the short wave east of Cape Cod, resulting in a
dual pattern of positive 500-mb height errors over the

FIG. 6. (a) RAFS Ilia verifying initialized analysis and 24-h N G M Ilia and lllb forecasts of 500-mb geopotential height valid at 0000
U T C 20 January 1986. Forecast error (forecast minus verification) plotted on N G M forecast fields. Heights contoured every 6 dam,
height errors every 20 m. (b, following page) As in part a, but for 48-h N G M forecasts valid at 0000 U T C 21 January 1986.
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northeastern United States. Both the Ilia and lllb 500mb forecasts had correctly predicted a cut-off low
over the northeastern United States by 48 h, but in
both forecasts the 500-mb low was placed southwest
of the verifying position and was 40-50 m too weak.
Sea-level pressure forecasts (not shown) are virtually
identical.
During IOP No. 2, two forecast cycles had more
noticeable differences between the N G M Ilia and lllb
analysis and forecast fields. The N G M 24-h and 36h 500-mb height forecasts, forecast errors, and verifying initialized analyses from the 1200 UTC 26 January cycle are shown in figure 7. Although both
forecasts were nearly identical in terms ofthe position
and strength of the 500-mb cut-off cyclone over the
southern United States, larger differences between the
two forecasts in the area northeast of the cutoff low
are present at both 24 h and 36 h.
To trace the origin of these height differences, the
temporal evolution ofthe differences between the lllb
and Ilia 500-mb height forecasts initialized at 1200
UTC 26 January is presented in figure 8. At the initial
time a region of lower 500-mb heights is aligned along
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the southern and eastern flanks of the trough. The
minimum height difference centered near Greenville,
North Carolina, is indicative of the modification of
the 500-mb height analysis by the high-density GALE
soundings. The southern minimum is located directly
over Boothville, Louisiana (BVE), whose report at 1200
UTC 26 January was not included in the lla data collection. The effect of this one observation in defining
the strength of the short wave at the base of the 500mb trough was dramatic. By 36 h, the 500-mb lllb
minus Ilia height difference increased to over 50 m.
Conversely, the initial North Carolina height minimum lost most of its separate identity 12 h into the
forecast, discernible only as a bulge of lower height
difference to the east of the primary center.
The redefinition of the initial short-wave structure
also influenced the sea-level pressure forecast. A plot
of the analyzed and N G M forecasts of the cyclone's
central pressure and track for the 1200 UTC 26 January cycle is given in figure 9. Although both forecasts overdeepened the storm and moved it too far
west, the errors in the lllb forecast of the cyclone
track were noticeably reduced.
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The RAFS cycle starting at 0000 UTC 28 January
also showed some improvement in the lllb forecast,
in this case due to offshore GALE dropwindsondes.
Figure 10 shows a 40-m decrease in the maximum
height error over eastern Maine in the 12-h lllb forecast. As noted in figure 11, which shows the Ilia and
lllb 500-mb height analysis difference and 12-h forecast height difference for the 0000 UTC 28 January
N G M cycle, the maximum forecast change is noted
to the southeast of Cape Cod. This is downstream of
a broad area of 500-mb height difference present in
the analysis off the East Coast of the United States.
The region of maximum 500-mb height analysis differences corresponds to the location of GALE dropwindsonde data taken within + / -1.5 h of 0000 UTC
28 January.

6. Conclusions and plans for
future research

Vol. 71, No. 3, March 1990
It appears that the high-density GALE rawinsondes
did little to improve the RAFS analysis during IOP
Nos. 1 and 2. Inconsistencies in the geopotential height
data at some of the special GALE sounding sites actually made the fit of the RAFS lllb analysis to the
observations at operational NWS sites worse. Such
patterns were not observed in the Ilia and lllb wind
and temperature analyses. Until the problems with
the GALE high-density height observations are discovered and alleviated, they will be of limited use
for future data-assimilation tests which rely on the
height data.
During IOP No. 1, the N G M Ilia and lllb forecasts
of sea-level pressure and 500-mb heights were nearly
identical. For IOP No. 2, two N G M forecast cycles
of 500-mb heights were improved by extra observations in the GALE dataset, though not as a result of
the high-density rawinsonde data. In one case (1200
UTC 26 January), an additional 500-mb height report
at an operational NWS site gave better definition to
a migrating short-wave trough, decreasing the height

FIG. 7. As in Figure 6, but for (a) N G M 24-h forecasts valid at 1200 U T C 27 January 1986, and (b, following page) N G M 36-h
forecasts valid at 0000 U T C 28 January 1986.

Unauthenticated | Downloaded 01/09/23 02:19 PM UTC

Bulletin American Meteorological Society
error associated with this feature. Similar improvement in N G M 500-mb height forecasts was seen during a second cycle (0000 UTC 28 January) with the
inclusion of offshore GALE dropwindsonde data in
the lllb analysis. This suggests that the extra observations over the previously data-sparse ocean had a
positive impact on the RAFS analyses and forecasts.
The inland supplemental soundings, however, had
no discernible impact on the N G M forecasts. Clearly,
the results of this experiment indicate that a small
area of higher spatial data resolution alone will not
necessarily lead to better forecasts without similar improvements in the resolution of the analysis system
and the forecast model.
Real-time Wind Profiler data will become available to the meteorological community by the early
1990s. In anticipation of this event, additional experiments in regional data assimilation using the GALE
datasets are planned at NMC. This work involves testing ofthe Regional Data Assimilation System (RDAS)
(Collins et al. 1988, DiMego et al. 1989). The RDAS
is a modification of the RAFS in which the N G M
provides the first guess for the initial analysis. This
system is designed to provide a 12-h spinup period
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for the NGM, with analysis updates every 3 or 6 h
using all available data. By assimilating asynoptic observations during the preforecast period, the RDAS
provides initial conditions whose structure and resolution are consistent with those of the forecast model.
Planned experiments with the RDAS using the GALE
Level lib include
(1) Assimilation of full rawinsonde data using the off-hour

Level lib observations.

(2) Emulated profiler test: Assimilation of the off-hour Level

lib data converted into "profiler" data by removing mass,

moisture, and boundary-level information.

Current plans also include repeating steps 1 and 2
using a four-dimensional dynamic initialization technique based on Newtonian relaxation or "nudging"
(Hoke and Anthes 1976, Rogers et al. 1989).
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Appendix 1: Supplemental GALE rawinsonde data
Site I.D.

Lat (°N)

Long. ( ° W )

Type

Station Name

DUK
FAY
ILM
MRH
MYR
PGV
RVC
SSC
PTB
RVE
AVL
LHW
LSF
VPS

36.14
35.03
34.27
34.71
33.72
35.63
variable
33.85
37.18
variable
35.35
31.90
32.35
30.48

75.73
78.72
77.91
76.67
78.89
77.37
variable
80.32
77.52
variable
82.47
81.55
85.00
86.52

CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
VIZ
VIZ
GMD
GMD
GMD
SRRS

Duck, North Carolina
Fayetteville, North Carolina
Wilmington, North Carolina
Beauford, North Carolina
Myrtle Beach, South Carolina
Greenville, North Carolina
RV Hatteras
Sumter, South Carolina
Petersburg, Virginia
RV Endeavor
Asheville, North Carolina
Ft. Stewart/Wright Georgia
Lawson Field, Georgia
Valapariso/Elgin, Florida

FIG. 8. RAFS Ilia 500-mb geopotential height analysis (m) and difference between the RAFS Ilia and lllb 500-mb height analysis and
forecasts (m) to 36-h for the 1200 U T C 26 January 1986 N G M forecast cycle. Heights contoured every 60 m, height differences every
10 m. Solid circles denote the locations of Boothville, Louisiana, and Greenville, North Carolina.
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Appendix 2: Changes to the RAFS since March 1985
1) First guess-Changes to the N M C global spectral model
• March 1985: Rhomboidal-30 truncation, 12 vertical layers.
• May 1986: Rhomboidal-40 horizontal truncation with 18
vertical layers.
• August 1988: Triangular truncation at wavenumber 80
(T80) with 18 vertical layers (Sela 1988).
2) Analysis system
• February 1987: Improved quality control of satellite
observations was included in the analysis (DiMego 1987).
• December 1988: The treatment of surface data was
changed to alleviate the extrapolation of large
surface-height analysis corrections into the lower
troposphere (Kann et al. 1989).
3)

Initialization
• March 1985: Baer-Tribbia (1977) nonlinear normal mode
initialization was then in use. The normal modes were
obtained from the N M C global spectral model, with the
first eight vertical modes initialized.
• August 1988: The initialization of the first two vertical
modes only was implemented (Carr et al. 1989).
• December 1988: Implementation o f t h e implicit normal
mode initialization scheme (Temperton 1988). The normal
modes are obtained from the N G M , initializing the analysis
increments only (Parrish 1989).

4) Nested Grid Model
• March 1986: The evaporation of falling grid-scale
precipitation was added (Hoke 1986a).
• April 1986: Improved vertical mixing in model bottom
layers and a new drag coefficient over water was
introduced (Hoke 1986b).
• July 1986: A new physics package (Tuccillo 1988) was
implemented. This package included longwave and
shortwave radiation, interactive clouds, a mixed-layer
model, surface-energy budget, new planetary boundarylayer parameterization, and improved
surface characteristics.
• April 1987: The innermost grid of the N G M was expanded
to improve horizontal resolution over oceanic areas
adjacent to the United States (Hoke 1987).
• October 1987: The removal of a cold bias in the N G M
forecast hemispheric mean temperature (Phillips 1987) was
implemented.
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FIG. 10. As in figure 6, but analyses and 12-h N G M forecasts valid at 1200 U T C 28 January 1986.

FIG. 11. As in figure 8, but for the 0000 U T C 28 January 1986 RAFS analyses and subsequent 12-h N G M forecast. Filled circles
denote the position of G A L E dropwindsonde data at analysis time; circle with slash (plus) denotes dropwindsondes at 1.5 h after (before)
the analysis time.
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