Mesoscale Forecasts Generated
from Operational Numerical
Weather-Prediction Model Output
Abstract
A technique called Model Output Enhancement (MOE) has been developed for the generation and display of mesoscale weather forecasts.
The MOE technique derives mesoscale or high-resolution (order of 1
km) weather forecasts from synoptic-scale numerical weather-prediction models by modifying model output with geophysical and landcover data. Mesoscale forecasts generated by the MOE technique are
displayed as color-class maps overlaid on perspective plots of terrain.
The MOE technique has been demonstrated in the generation of mesoscale maximum-temperature and minimum-temperature forecasts for
case-study days of clear-sky conditions over the Commonwealth of
Pennsylvania. The generated forecasts were evaluated using data from
selected climatological stations.

1. Introduction
Weather prediction over short time- and space scales has been
continuously sought by decision makers responsible for weatherdependent operations and industries. This need for high-resolution forecast data is based on the knowledge that micrometeorological events and microclimatic settings directly affect
human activities. Through the years, technological advances,
especially in computers and communication, have blended with
human experience to improve site specific forecasts and largeareal forecasts. The availability of new surface data bases and
the evolution of numerical approaches has made possible the
generation of high-resolution areal surface weather predictions.
The Model Output Enhancement (MOE) technique described
in this paper is the integration of earlier approaches, methods
and ideas for objective single-station forecasts and areal temperature forecasts. To appreciate how the MOE technique is
the culmination of previous work, a brief literature review is
presented with an emphasis on the evolution of the various
approaches used for objective temperature prediction. The approaches are called numerical-statistical, numerical-geophysical, and climatological-geophysical to identify the general
groupings of methods that were forerunners for the MOE technique. Even before any approaches could be delineated clearly,
objective forecasting was already underway. The beginnings
of objective forecasting are alluded to in the next section; they
serve as a start for the description leading up to the MOE
technique.

'The Pennsylvania State University, 1 Land and Water Research
Building, University Park, PA 16802.
2
University of Alberta, Edmonton, Alberta, Canada T6G 2H4.
© 1988 American Meteorological Society

Bulletin American Meteorological Society

John G. W. Kelley, 1 Joseph M. Russo, 1
J. Ronald Eyton, 2 and
Toby N. Carlson 1

a. Early methods
Before the turn of the twentieth century, weather forecasts were
subjectively made using maps, observations transmitted upstream of a forecast area, and experience based on similar
situations in the past. Of the weather variables for which forecasts were attempted, temperature predictions had early success
due to the "diurnal nature" of temperature as well as to the
climatological "repetition" of temperature values. Early temperature forecasts were, however, almost entirely site specific.
In the early 1900's, objective methods were developed for
forecasting maximum temperature and minimum temperature
from empirically derived formulas or techniques (Ellison, 1928).
During the 1940's, new methods were developed with the advent of upper-level soundings and the generation of national
surface prognostic charts (Dickey, 1960). In most instances,
the temperature forecasts produced by these partially objective
methods were still site specific.
By the late 1940's, the first large-scale, surface-temperatureanomaly forecasts were produced from mean midtropospheric
prognoses using a "synoptic-statistical" approach (Martin and
Leight, 1949). It was now possible for the first time to determine spatially the temperature pattern for the United States as
a whole. The synoptic-statistical approach was replaced with
a dynamical or numerical-statistical approach in the mid-1950's
with the introduction of routine numerical weather prediction.
b. Numerical-statistical approach
The first successful method of the numerical-statistical approach was the Perfect Prog method. The Perfect Prog method
used historical ground-based observations and upper-air observations to derive statistical relationships between a surfaceweather element (predictand) and concurrent values of relevant
circulation parameters, the day of the year, and just-observed
surface data as predictors (Klein and Dallavalle, 1980). Circulation parameters simulated by a numerical weather-prediction model were horizontally interpolated to derive values over
a station's location. These parameter values were then statistically related to surface observations to produce an objective
forecast for a particular station. Choice of circulation parameters as predictors and surface-weather element as predictand
in the Perfect-Prog-method equations depended on the availability of data and the research or operational goals of the
developer. The Perfect Prog method was used initially to predict
five-day-mean surface temperatures (Klein et al., 1959). This
method evolved to produce automated objective predictions for
daily mean temperatures (Klein et al., 1962), daily maximum
and minimum temperatures (Klein et al., 1967), as well as
other meteorological variables.
Sobel (1970) used the Perfect Prog method to forecast summertime mesoscale temperature variations for six stations in
7
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the New York City metropolitan area. He included mesoscale
predictors in addition to the synoptic predictors originally developed for the Perfect Prog method. The mesoscale predictors
included an afternoon sea-breeze factor and a simulated advection term.
McCutchan (1976) also employed the Perfect Prog method
to make mesoscale forecasts of diurnal temperature variation
for the San Bernardino Mountains of California. He included
"weather classes" and elevation as new predictors in the equations. McCutchan produced objective temperature forecasts for
four mountain sites over six forecast periods based on 0000
UTC output and 1200 UTC output from the Limited-Area Fine
Mesh (LFM) model. Each temperature forecast produced by
the Perfect Prog method was locally adjusted for surface aspect
to account for thermal variations due to site exposures on a
mountainside.
From 1 July 1964 to 7 August 1973, the Perfect Prog method
was the numerical-statistical technique used by the National
Meteorological Center (NMC) to produce automated forecasts
of maximum and minimum surface temperatures for 131 cities
in the conterminuous United States (Klein and Hammons, 1975).
Glahn and Lowry (1972) developed the Model Output Statistical (MOS) technique to improve upon objective surface
forecasts derived from numerical models. Rather than using
observed upper-air circulation parameters, the MOS technique
statistically linked historical ground observations (predictands)
with corresponding archived numerical-weather-prediction model
output as well as day of the year and "just-observed" surface
data as predictors (Glahn, 1979). Like the Perfect Prog method,
the MOS technique was considered to be a part of the numericalstatistical approach because it relied on statistics and numerical
prediction to generate objective forecasts. Because numerical
model output was statistically related to surface data, model
bias and inaccuracy as well as local climatology were incorporated in an objective forecast of a desired predictand at a
station (Klein, 1976a). The MOS technique proved to be more
successful at objective forecasting than the Perfect Prog method
because numerical model output was used to derive the forecast
equations (Klein and Glahn, 1974). NMC switched from the
Perfect Prog method to the MOS technique during August 1973
to produce its nationwide temperature guidance (Klein and
Hammons, 1975). As of Spring, 1986, the MOS technique has
been used to produce forecasts of daily maximum temperature
and daily minimum temperature twice a day for 331 cities in
the United States and Canada using forecast equations derived
from LFM model output (Erickson, 1986).
As in the case of the Perfect Prog method, forecasters wished
to extend the MOS technique to other sites in order to make
mesoscale predictions. The National Weather Service Techniques Development Laboratory (NWS TDL) generated daily
forecasts of maximum temperatures and minimum temperatures
for agricultural locations in Michigan and Indiana (Jensenius
et al., 1978), South Carolina (Jensenius and Carter, 1979), and
Kentucky (Jensenius and Dagostaro, 1980) using the MOS
technique. Researchers in the same laboratory are currently
developing the Local Automation of Field Operations and Services (AFOS) MOS Program (LAMP) for generating local MOS
forecasts in National Weather Forecast Offices (WSFO, Glahn,
1984). Walts and Pochop (1977) developed an "extrapolation"
method in the form of second-order polynomial equations in
order to utilize the temperature guidance generated at MOS
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stations for non-MOS-station forecasts. They were able to provide objective, mesoscale maximum temperature and minimum
temperature forecasts for 17 non-MOS stations in Wyoming.
The first attempt at generating true "areal" objective mesoscale temperature forecasts from numerical guidance was conducted by Paul and Clayton (1978) as part of the interactive
Forestry Weather Interpretations System (FWIS). Hourly surface observations, and NWS WSFO forecast data, based on
LFM model output and MOS output, were "localized" using
a convergent, weighted-average (successive-correction) interpolation scheme. The interpolated forecasts were presented on
a 70-mile by 70-mile grid that could be either overlaid on a
multi-state-map background, or further interpolated to a smaller
area located by user-entered latitude and longitude coordinates
(Paul and Clayton, 1978; Paul, 1981).
c. Numerical-geophysical approach
The need for better fire-weather forecasts in the Rocky Mountains led to the development of another approach for making
surface predictions from numerical output. Instead of using
correlations between upper-air prognoses and surface climatology to improve predictions, Mollner and Olsen (1978) utilized dynamical meteorological equations and forecast studies
to derive surface "zone" forecasts from the LFM model output.
This approach is termed numerical-geophysical because it utilizes variables such as elevation, solar radiation, cloud cover,
and the temperature lapse rate to account for the influence of
the lower atmosphere on a surface-temperature prediction.
Mollner and Olsen "inputed" 500 and 700 mb geopotential
heights, vertically averaged 850, 700, and 500 mb relative
humidities and surface pressures from the LFM model into a
regression equation which contained the other variables. With
the dynamical equations, they generated 24-hour maximumtemperature predictions for fire-weather stations in each forecast zone. Based on verification conducted during the 1977
fire-weather season, Mollner and Olsen concluded that the generated temperature predictions used as guidance were comparable to forecasts provided by the Boise, Idaho, WSFO staff.
d. Climatology-geophysical approach
The importance of geophysical features, in their own right, in
influencing microscale and mesoscale temperature patterns at
the surface was documentated in early micro- and mesometeorological studies (Geiger, 1950). In what has been termed, in
this paper, the climatological-geophysical approach, geophysical variables are used as the starting point for generating objective temperature forecasts rather than just correlating them
with numerical model output. The advantage of using geophysical information to improve upon temperature analyses has
been convincingly demonstrated in climatological studies.
Examples of some modern methods include Pielke and Mehring's (1977) demonstration of combining geophysical and climatological data to improve the spatial representation of mean
monthly temperatures in mountainous areas of West Virginia
and Virginia through a method that used mesoscale climatology
and topographic data. In Pielke and Mehring's words, their
method consisted of "plotting mean monthly temperatures as
a function of elevation, fitting the data points with linear regression, and plotting the estimated mean temperatures on topographic maps." They suggested that their method could be
automated using digitized topography and computerized analUnauthenticated | Downloaded 01/09/23 07:19 AM UTC
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ysis routines to display high-spatial-resolution weather data.
Pielke and Mehring envisioned forecast products such as daily
temperatures being displayed with topographic features.
Similar methods to that of Pielke and Mehring were developed by Schumaker et al. (1984) and Eyton (1986) to improve
the spatial representation of temperature. Schumaker et al. derived both seasonal and monthly regression models to determine
mean monthly temperatures for the Upper Green River Valley
of Wyoming using physiographic characteristics. These characteristics included latitude and longitude as well as topographic
features such as spot elevation, average elevation, exposure,
slope, aspect, and distance to the Western Divide. Eyton (1986)
used a multiple-regression model to provide average annual
temperatures as a function of elevation and latitude across Pennsylvania. These previous investigations have demonstrated the
importance and usefulness of physiographic information in obtaining mesoscale climatological data. The generated mesoclimatological data have been recognized by some to be important
for the understanding of how physiographic features affect
mesoscale weather forecasts (Fritsch and Kreitzberg, 1978; Hill
and Browning, 1981; Johnson and Toth, 1982).
In the field of meteorological and air-quality modeling, there
has been a similar appreciation of the importance of physiographic features. Tesche and Bergstrom (1978) state that in
recent years, "an increased understanding of physical and
chemical atmospheric processes that affect air quality, visibility, precipitation, and other weather phenomena has indicated
a need to characterize more explicitly the topographical, geological, and vegetative features of the underlying terrain."
An approach to incorporating physiographic or geophysical
information, and land-cover information with high-resolution
weather data has been suggested by Russo (1985). Russo's
approach brings together many of the different methods used
in the past. The Model Output Enhancement (MOE) technique
(Kelley, 1986) is a demonstration of this approach; it generates
high-resolution, objective temperature forecasts from an operational synoptic-scale numerical-weather-prediction model
and a terrain (topographic) data base. The MOE technique is
described in the next section.

1971). The multiquadric method "fits" a quadric surface to a
field of data points. The quadric surface is determined by the
summation of a series of right circular cones in two sheets
located at each data point (X,Y,Z). This surface is represented
mathematically by a multiquadric surface equation with coefficients as unknowns. Coefficients that represent the slope of
the surface at each data point are determined using a Gaussianelimination technique with complete pivoting (Atkinson, 1978;
Golub and Van Loan, 1983).
The next step in the MOE technique is the extrapolation of
the interpolated (30 arc-second) upper-level model predictions
to the surface. The choice of extrapolation methods depends
on the weather variable of interest. In the case of temperature,
the extrapolation is accomplished using selected environmental
lapse rates (ELRs). The ELR selected depends on the time of
day, year, and the prevailing synoptic conditions.
The final step in the MOE technique is the "enhancement"
of the interpolated and extrapolated model output with highresolution topographic information. Topographic information
in the form of digital terrain data is used to define the surface
height for the extrapolation. The digital terrain data were derived from the National Oceanic and Atmospheric Administration (NOAA) National Geophysical Data Center (NGDC) "30Second Point Topography" for the conterminous United States
(NGDC, 1980). The interpolated model output, extrapolated
and enhanced by selected environmental lapse rates and digital
terrain data, represents objective high-resolution (approximate
1 km2 in area) forecasts. Depending on national or international
nomenclature (Orlanski, 1975; Fujita, 1981; Hobbs, 1981; Stull,
1985), forecasts produced at such resolution can be considered
microscale or mesoscale predictions. The forecasts in this research are considered to be mesoscale.
The MOE technique was initially limited to maximum temperature and minimum temperature forecasts for the Commonwealth of Pennsylvania. Each mesoscale temperature forecast
by the MOE technique consisted of 215,207 individual generated predictions. The shear size of these data sets prohibits
the use of traditional display techniques. More-sophisticated
display methods are utilized for the presentation of MOE
mesoscale temperature predictions; they are discussed in the
next sections.

2. MOE Technique
3. Two-dimensional displays
The MOE technique is the process of interpolating numericalweather-prediction model output, extrapolating the interpolated
results to the surface, and "enhancing" the extrapolated values
with high-resolution topographic data. It begins with model
output from the NMC LFM model. The model output is obtained from NMC's Early Domestic Product Set at a 1.25° by
2.50° latitude-longitude resolution (Automation Division Staff,
1983). The MOE technique selects upper-level model predictions from the output for a specified geographic area. The
selected predictions are then interpolated to a 30 arc-second
resolution using the Simple Multiquadric Equation (SMQE)
algorithm developed by Eyton (1974).
The SMQE algorithm is an analytical surfacing method coupled with a matrix computation technique (Eyton, 1974). The
surfacing method used in the algorithm is "multiquadric;" it
is applicable to topography and other irregular surfaces (Hardy,

Cartographic displays are used in the MOE technique to aid in
the interpretation of MOE high-resolution temperature forecasts. Cartographic presentations permit a user to quickly recognize synoptic and mesoscale influences as patterns in the
predictions. Cartographic presentation of data has been used in
other operations and studies in meteorology. Planar, or twodimensional displays as overlays are routinely available on the
Automated Field Operations and Services (AFOS) System (Klein,
1976b). Sophisticated, "three-dimensional" display of data has
been used to view weather systems as described by Grotjahn
and Chervin (1984) and Hasler et al. (1985). Research is in
progress on the development of stereo-display terminals for the
viewing of weather systems (Hibbard, 1986). The use of coloring schemes to enhance pattern recognition of data displays
have been discussed by MacDonald (1984).
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For the display of MOE technique predictions, two cartographic displays were selected: color-class planar maps and
"three-dimensional" perspective views obtained by overlaying
color maps on perspective plots of terrain. The planar maps
were generated by the use of the graphic algorithm VCOLORPA
(Eyton, 1983 and 1984) in conjunction with The Pennsylvania
State University (PSU) Computation Center Versatec Model
8222A electrostatic printer-plotter and a color-proofing system
(3M Color-Key) available at the PSU Deasy GeoGraphics Laboratory. An example of a color-class planar map of a maximum
temperature prediction for the Commonwealth of Pennsylvania
is depicted in Fig. 1.

4. Three-dimensional displays
"Three-dimensional" perspective views were produced using
the graphic algorithm PLOTC8 (Eyton, 1984) along with the
Versatec printer-plotter and the color-proofing system. PLOTC8
is a modified version of PLOT3D, a conventional hidden-line
perspective-plotting algorithm, written by Masters and Contino
(1983) of the PSU Computation Center. The modified algorithm
was originally developed by Eyton (1986) for overlaying thematic data on "wireframe" perspective plots of terrain. PLOTC8
creates a perspective view of the terrain from different azimuths
or "eye-points," altitudes or elevation angles, and vertical
terrain exaggerations. For the MOE technique, a standard perspective view was chosen with an azimuth of 157 degrees
(SSE), an elevation angle of 60°, and a vertical exaggeration
of 45:1. An example of MOE mesoscale maximum temperature
forecast overlaid on a perspective view of Pennsylvania terrain
is depicted in Fig. 2.
Perspective views, when used to display MOE temperature
predictions, provide a user with a "spatial feeling" of the
mesoscale temperature field. A "three-dimensional" perspective view minimizes the misinterpretation of large data sets; it
was chosen as the principal display method for the MOE temperature predictions. Applications of the MOE technique using
the three-dimensional perspective output were made for maximum temperature and minimum temperature predictions for a
particular case-study period.

5. Maximum-temperature and minimum
temperature case study

Objective mesoscale maximum-temperature and minimumtemperature forecasts were generated by the MOE technique
for a clear-sky episode during the summer of 1984. Forecasts
were produced for 20 and 21 August 1984 using 850 mb output
from the 0000 UTC and 1200 UTC forecast cycles of the NMC
LFM model (Gerrity, 1977; Newell and Deaven, 1981) and the
30 arc-second digital terrain data. Using the 0000 UTC cycle,
predictions were made for today's maximum, tomorrow's minimum, and tomorrow's maximum temperature. Similarly, from
the 1200 UTC cycle, forecasts were made for tomorrow's minimum, tomorrow's maximum, day-after-tomorrow's minimum,
and day-after-tomorrow's maximum. Three-dimensional per-
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spective views of MOE mesoscale maximum temperature forecasts for 21 August 1984 were based on the 48-hr projection
(20 August, 0 UTC cycle), the 30-hr projection (20 August,
12 UTC cycle), and 18-hr projection (21 August, 0 UTC cycle);
they are depicted in Fig. 3. Minimum temperature forecasts
for August 21st were based on the 48-hr projection (19 August,
12 UTC cycle), the 36-hr projection (20 August, 0 UTC cycle),
and the 24-hr projection (20 August, 12 UTC cycle); they are
shown in Fig. 4. These perspective plots vividly depict the
small-scale variations of the state-wide temperature-pattern prediction due to terrain variations. The general influence of individual topographic areas in Pennsylvania is clearly evident
over the Lake Erie Plain in the northwest, and Allegheny Plateau in the West and North, the Ridge and Valley Region in
the center, and the Piedmont Plateau and Coastal Plain in the
southeast.

6. Forecast verification
The maximum-temperature forecasts and minimum-temperature forecasts generated by the MOE technique were evaluated
for the case study dates of 20 and 21 August 1984. The MOE
forecasts were compared to surface observations made at 23
stations that are part of the climatological-station network existing in Pennsylvania. The stations were selected on the basis
of their location, site exposure, instrumentation condition, and
observational protocol. Temperature data from these point-source
stations were assumed to be representative of the 1-km-resolution areas in a MOE forecast.
The MOE forecasts were evaluated using several measures
suggested by investigators to evaluate overall forecast or model
performance. They include mean difference, also referred to
as average (or bias) difference (Fox, 1981), mean bias error
(Willmott, 1982), mean algebraic error (Maglaras et al., 1984),
or mean error (Murphy and Daan, 1985); mean absolute difference, also called average absolute error (Panofsky and Brier,
1968), or mean absolute error (Fox, 1981; Maglaras et al.,
1984); mean square difference, usually referred to as mean
square error (Murphy and Daan, 1985); and root mean square
difference, usually termed root mean square error (Panofsky
and Brier, 1968; Murphy and Daan, 1985). These measures
were computed for each projection hour and are presented in
Table 1. The measures have been renamed as differences to
emphasize their role as measures of model performance and
not of "error" in any of the data. The means, standard deviations, and variances for both forecasted and observed data are
also listed in Table 1.
A comparison of the performance measures listed in Table
1 indicates good agreement between the generated and observed
temperatures. Mean absolute differences for all case-study dates
were no greater than 2°C with individual differences close to
0°C. The small sample size in the case-study period did not
justify any general judgements about the performance of the
MOE technique as compared to other operational techniques.
However, the performance results of the sample are positive
and indicate that the MOE technique may be competitive.
In addition to the difference measures, there is a measurable
risk in using high-resolution forecasts in decision making. This
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FIG. 1. An example of a color-class map with county borders displaying a MOE mesoscale maximum-temperature forecast for Pennsylvania.

FIG. 2. An example of a color-class map overlaid on a perspective plot of terrain (azimuth: 157°, elevation angle: 60°, and vertical exaggeration
45:1) with county borders displaying a MOE mesoscale maximum-temperature forecast for Pennsylvania.
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FIG. 3. Sequence of color-class maps overlaid on a perspective plot
of terrain (azimuth: 157°, elevation angle 60°, and vertical exaggeration
45:1) displaying MOE maximum temperature forecasts for 21 August
1984, using the: a) 48-hr LFM projection of the 0 UTC, 20 August
cycle; b) 30-hr LFM projection of the 12 UTC, 20 August cycle; and
c) 18-hr LFM projection of the 0 UTC, 21 August cycle.
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FIG. 4. Sequence of color-class maps overlaid on a perspective plot
of terrain (azimuth: 157°, elevation angle 60°, and vertical exaggeration
45:1) displaying MOE minimum-temperature forecasts for 21 August
1984, using the: a) 48-hr LFM projection of the 12 UTC, 19 August
cycle; b) 36-hr LFM projection of the 0 UTC, 20 August cycle; and
c) 24-hr LFM projection of the 12 UTC, 20 August cycle.
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The MOE technique belongs to a generation of new approaches and display methods for the presentation and interpretation of meteorological data. Imaging techniques, such as
perspective views, provide a user with a spatial presentation
that minimizes the misinterpretation of numbers while at the
same time increases the value of a large data set. The MOE
technique, while demonstrated with maximum and minimum
temperatures over Pennsylvania, can be applied to other meteorological or environmentally related variables and to other
geographic areas.

risk is the result of inherent uncertainties and errors associated
with inputed model data and in the design of the MOE technique
itself. Through continued research, this risk could be defined
in terms of probabilistic limits and could be displayed through
the judicious choice and careful selection of the size of class
interval. Once the MOE technique is verified in terms of probabilistic limits, a user could confidently interpret the spatial
patterns of a planar map or a perspective view of a meteorological parameter.

7. Summary and conclusion
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A technique named Model Output Enhancement (MOE) was
developed for the generation and display of high-resolution
weather data. It was borne of earlier methods for deriving
objective temperature forecasts. The MOE technique sequentially interpolates model output, extrapolates the interpolated
results to the surface, and enhances the extrapolated values
with topographic data to create objective, high-resolution (approximate 1-km2 area) predictions. An application of the technique was the generation of mesoscale maximum temperature
and minimum temperature predictions at selected LFM projection hours for a clear-sky episode during 20 and 21 August
1984, beginning 48 hours in advance of actual observations.
These forecasts were displayed as color-class planar maps and
color-class maps overlaid on perspective plots of Pennsylvania
terrain.
The performance of the MOE technique was evaluated over
a limited study period by quantitatively comparing generated
forecasts to surface observations made at selected climatological stations across Pennsylvania. Traditional measures of accuracy such as mean difference, mean absolute difference, mean
square difference, and root mean square difference, indicated
that the MOE technique results were comparable to publicly
available forecast products.
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announcements1
Doppler Sodar Intercomparison in 1988
An experiment to evaluate recent advances in Doppler sodar
technology will be conducted in September 1988 at the Boulder
Atmospheric Observatory operated by the National Oceanic
and Atmospheric Administration (NOAA). This International
Sodar Intercomparison Experiment (ISIE) has two specific
objectives: (1) to compare parameters such as means and
standard deviations of wind components and temperature
structure parameters that fall within the claimed capability
of commercial Doppler sodars, and (2) to test new concepts
and experimental devices: phased arrays, microsodars, RASS,
techniques to estimate the mixing depth, and other parameters
that can be derived from sodar measurements.
More than six three-axis Doppler systems from both commercial vendors and individual researchers in the United
States, Europe, and Australia are expected to participate. ISIE
is sponsored jointly by NOAA and the Environmental Protection Agency. The organizers welcome inquiries from readers
who might wish to participate with their own sensors, or
serve as co-sponsors and/or observers of the experiment.
For more information contact John E. Gaynor, R/E/WP7,
Department of Commerce/NOAA, 325 Broadway, Boulder,
CO 80302, telephone (303) 497-6436, or Bruce Baker, US
Environmental Protection Agency, EMSL MD-80, Research
Triangle Park, NC 27711, telephone (919) 541-1326.

Graduate Research Assistantships Available
from NCAR
"1988 Graduate Research Assistantships at the National Center for Atmospheric Research. A Program for Graduate Student
Support in the Atmospheric Sciences" is available from the
Advanced Study Program (ASP) at NCAR. The poster-sized
brochure describes the goals of the program, requirements for
proposals, eligibility, stipends and benefits, length of tenure,
and required application materials.
1
Notice of registration deadlines for meetings, workshops,
and seminars, deadlines for submission of abstracts or papers
to be presented at meetings, and deadlines for grants, proposals,
awards, nominations, and fellowships must be received at
least three months before deadline dates.—News Ed.

The ASP currently supports about 12 graduate research
assistants, and new appointments are available when current
assistants complete their work. There are no specific deadlines
for receipt of proposals, but proposals are competitively evaluated quarterly (in January, April, July, and October), after
which any new appointments will be formally announced.
For more information contact Barbara McDonald, coordinator, Advanced Study Program, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307-3000.

Lyndon State College 13th Annual Northeast
Storm Conference
Lyndon State College announces plans for its 13th annual
Northeast Storm Conference, to be held 18-20 March 1988 at
the Holiday Inn in Windsor Locks, Connecticut. The conference will include the presentation of papers and a banquet
dinner with a guest speaker.
If you wish to have the opportunity to present a paper, send
a copy of the abstract or a full paper using a typewriter or
letter-quality printer as soon as possible.
Registration deadline is 5 February 1988. For further information please contact Lyndon State College AMS, c/o Scott
Rochette, Box 338, Lyndonville, Vermont, 05851.

SAR Reports on National Programs in
Atmospheric Science
A report on the National Atmospheric Sciences Program
during fiscal years 1981-84 was recently issued by the Subcommittee on Atmospheric Research (SAR). Operating under
the Committee on Atmosphere and Oceans of the Federal
Coordinating Council for Science, Engineering, and Technology, SAR is chaired by Eugene W. Bierly, director of the
Atmospheric Sciences Division at the National Science Foundation.
SAR membership includes representatives from the Departments of Agriculture, Commerce, Defense, Energy, Health
announcements (<continued on page 48)
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