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ABSTRACT

During the 1985 PRE-STORM project, a set of three 50 MHz wind
profilers was installed and operated in Kansas and Oklahoma. 3‘An
experiment has been devised which tests the utility of,these profiler
data as a complement to the twice-daily rawinsonde observation network.
The goal of this researep was to determine if, by use of the profiler
data in an advection model, we can "ﬁredict"'the thermodynamic sounding
during the twelve-~hour period between standard rawinsonde observations.
A Cressman-type objective analysis scheme is used to obtain inijtial
fields of u, v, 9, q and z on a fifteen level, 1530 km square grid
around the profiler triangle. . Using the thermodynamic, moisture and
continuity equations, local tendencies 0£L£L4Hu¥ﬂ§ are obtained at each
gridpoint. Each hour, the u‘end i,fields are reanalyzed using the new
profiler winds. Thermodynamic and wind ‘soundings‘ extracted from the
gridded data are verified against the supplemental soundings taken
during PRE-STORM. ” Results indicate that despite being limited by the
availability of profiler winds, the simple advection model design and
the effects of deep convection, the model-produced soundings are an
improvement over both persistence and initial soundings modified with
surface data. Many enhancements are identified which can upgrade the
quality and quantity of the profiler data as well as the advection model

results.
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ABSTRACT

During the 1985 PRE-STORM project, a set of three 50 MHz wind
profilers was installed and operated in Kansas and Oklahoma. An
experiment has been devised which tests the utility of these profiler
data as a complement to the twice-daily rawinsonde observation network.
The goal of this research was to determine if, by use of the profiler
data in an advection model, we can "predict"™ the thermodynamic sounding
during the twelve~hour period between standard rawinsonde observations.
A Cressman-type objective analysis scheme is used to obtain initial
fields of u, v, ©, q and z on a fifteen level, 1530 km square grid
around the profiler triangle. Using the thermodynamic, moisture and
continuity equations, local tendencies of © and q are obtained at each
gridpoint. Each hour, the u and v fields are reanalyzed using the new
profiler winds. Thermodynamic and wind "soundings" extracted from the
gridded data are verified against the supplemental soundings taken
during PRE-STORM. Results indicate that despite being limited by the
avajlability of profiler winds, the simple advection model design and
the effects of deep convection, the model-produced soundings are an
improvement over both persistence and initial soundings modified with
surface data. Many enhancements are identified which can upgrade the
quality and quantity of the profiler data as well as the advection model

results.

-xiii-



NOWCASTING THERMODYNAMIC PROFILES USING
A TRIANGLE OF WIND PROFILERS IN

AN ADVECTION MODEL

CHAPTER I

INTRODUCTION

The present operational upper-air network is not designed to sample
the atmosphere with the necessary time and space resolution required for
mesoscale modeling. Ecklund et al. (1979) indicate that much of the
variability in the wind field is missed by the twice daily synoptic
soundings. Similarly, the thermodynamic variables in a sounding may
change significantly between the standard rawinsonde observations. For
example, a shift in the wind may allow the return of low-level moisture
and create a potentially unstable air mass. Or possibly, a subsiding
air mass in the mid-levels moves over and effectively caps a region
where the 1200 GMT sounding indicated a strong potential for severe
convection. Whatever the case, having reliable soundings between
standard observing times would greatly benefit forecasters during
periods when rapid changes in the wind, temperature and moisture fields
are occurring.

As part of the Preliminary Regional Experiment for STORM-Central
(PRE-STORM) program in May-June 1985, a triangle of three 50 MHz wind
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profilers was assembled and operated in Oklahoma and Kansas. With the
availability of hourly wind data from these profilers, we can assess the
value of more frequent upper-ajr data and test, for the first time, the
utility of a network of wind profilers in the Central Plains. Given an
initial state of wind, temperature and moisture provided by the standard
rawinsonde network, one approach to obtain thermodynamic profiles
between standard rawinsonde observations is to use the hourly wind data
from the three PRE-STORM profilers and a simple advection model to
compute changes in the temperature and moisture fields. This method
produces gridded nowcasts of the wind and thermodynamic variables for
essentially any desired time between the standard rawinsonde launch
times. From this grid, soundings can be reconstructed for locations of
interest and compared to actual soundings which were launched from
fourteen sites in Kansas and Oklahoma during PRE-STORM (Fig. 1.1)
(Topeka, KS did not participate). The model-produced soundings can also
be compared with persistence or modified soundings (i.e., using the
original sounding for the next twelve hours or modifying the original
sounding with new surface data). The goal of this research, therefore,
is to determine if, through using profiler winds in an advection model,
we can improve our knowledge of the thermodynamic sounding during the
twelve-hour period between standard rawinsonde observatijons.

Gage and Balsley (1978) provide an excellent history of clear-air
radar technology. Beginning with the investigation of over-the-horizon
radio propagation in the early 1940's, radar technology advanced into
the Doppler era by the 1960's with the introduction of new radar

techniques and subsequent understanding of the causes of clear-air
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echoes. The early Doppler radars operated at microwave frequencies;
however, within the last decade, several VHF systems have been
constructed, These radars, because of their longer wavelengths, are
capable of observing tropospheric and low to mid-stratospheric winds
using current, doppler radar techniques.

Of interest in this study are the performance and characteristics
of VHF radars similar to those used in the PRE-STORM program.
Typically, a 50 MHz wind profiler uses a large (100 x 100 m), but low
cost array of phased antennas. The horizontal wind components are
measured using two fixed antenna beams which point 15° from vertical,
usually to the north and east. Often, a third, fixed, zenith-pointing
antenna is added to measure the vertical velocities and tropopause
height. Without this third antenna, data averaging periods of
sufficient length, usually an hour, are required to minimize the effects
of vertical air motion on the horizontal wind measurements (Strauch et
al., 1984). The height resolution of the radar, typically 300 meters,
is dependent upon the range resolution and the antenna beam width (Hogg
et al., 1983). The minimum attainable height is often large (1 to 2 km
AGL) because of bandwidth limitations imposed by frequency
authorizations (Strauch, Decker and Hogg, 1983). Chapter III provides
more detail on the performance characteristics of the three PRE-STORM
wind profilers.

Recent studjes indicate that although some discrepancies between
winds from 50 MHz wind profilers and comparison rawinsondes can be
attributed to jdentifiable causes, other variations cannot be completely

explained. In a study during August and September 1985, Kessler, Eilts
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and Thomas (1985) compare data from one of the PRE-STORM wind profilers
with rawinsonde data from the Oklahoma City Weather Service Forecast
Office (WSFQ), 46 km north of the profiler site. They found that the
average profiler winds were approximately 2 ms=-1 less than the mean
rawinsonde winds. Also, most comparisons yielded at least one layer
with large deviations in either the wind speed or direction. In another
study of 50 MHz wind profiler accuracy, Ecklund, et al. (1979) show
differences between sounding and profiler winds to be generally less
than 5 ms-1 but had one discrepancy of over 20 ms-1. Earlier, Ecklund
et al. (1977) found agreement to within 2 ms=-1 but wind speeds were
light (1-14 ms-1),

Research into the operational use of wind profilers has increased
in the past five years. Strauch, et al. (1983) describe the five wind
profilers which compose the Colorado wind-profiling network. These
profilers were developed by the Wave Propagration Laboratory (WPL) and
provide wind data automatically and continuously with unattended
operation. Data from this network are being used for real-time testing
of improved forecast methods and for mesoscale research. The Denver
WSFO uses the wind profilers to track short waves, determine the
strength of mountaintop winds and the potential for lee waves
(Schlatter, 1985). Gage and Nastrom (1985) demonstrate positive
correlation between vertical velocities obtained directly from the
Platteville, Colorado wind profiler and the rainfall rate during an
intense Colorado spring upslope storm. Zamora and Shapiro (1984) show
the advantages of the high temporal resolution that wind profilers

provide in a comparison of vorticity and divergence calculations with
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those using conventional rawinsonde data.

On a broader scale, there is a great deal of interest in using
profiler data to improve the initialization of numerical weather
prediction models (Browning, 1982). In addition, they would be ideal
for updating a model during a four dimensional data assimulation period.
To accomplish either would require a national or at least regional
network of profilers. In late August 1985, authorization for the
procurement of such a network was granted by the National Oceanic and
Atmospheric Administration (NOAA) (Profiler Forum, Sep, 1685). The
network of thirty wind profilers across the central United States should
be completed in 1989. Until then, much can be done with existing wind
profiler data to investigate many of its potential applications. This

thesis is a consideration of one of these applications.




CHAPTER 1II

METHODS

It is important to understand that the models and methods for data
processing used in this research could not be developed in a complete
operatjonal or real-time sense. Ideally, the advection model would be
run in hourly increments as new profiler data becomes available.
However, as will be dicussed in Chapter III, much of the profiler data
is incomplete and could not be handled on an hour-by-hour basis. As a
result, the procedures developed here are quite modular. The concept of
reading outputted data from previously executed programs into another
progran, processing, and writing the newly processed data to another
output file is used extensively in this research.

Chapter II describes the series of procedures used in this modular
approach. The following is a general overview. First, a 1530 km
sSquare, pressure coordinate grid is developed using fifteen equally
spaced (50 mb) layers from 900 mb to 200 mb. Next, an objective
analysis program is used to put the potential temperature, specific
humidity, geopotential height and horizontal wind information from the
initial rawinsonde and profiler data into gridded arrays. The initial
vertical velocity fields are then computed from the gridded horizontal
wind data. In a separate computer program, the hourly-updated wind

fields are calculated using a combination of gridded wind data and new

-7-
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profiler data in another objective analysis scheme. Finally, an
additional program is formulated to update the potential temperature and

specific humidity fields using a simple advection model.

Developing the Grid

The cornerstone of the grid is the selected verification site,
hereafter referred to as the station of interest (S0I). Here, the SOI
is either one of the twelve PRE-STORM supplemental rawinsonde sites or
one of the NWS rawinsonde stations which participated in PRE-STORM by
launching additional soundings. Preferably, the SOI is located near or
within the triangle of wind profilers. This limits the possible
Oklahoma verijfication sites to Oklahoma City, Woodward and Enid, and
possible Kansas sites to Pratt, Dodge City and McConnell AFB. However,
the model could be set up to produce a sounding for any desired
location. The selection of the SOI is based upon the availability of
sounding data for verification and the synoptic and mesoscale weather
events. Once the SOI is selected, the general wind pattern is evaluated
to determine the upstream direction and how far the grid should be
skewed upstream to minimize the boundary effects on the nowcast
soundings. For example, in northwest flow, the grid might be offset
such that the distance between the SOI and the grids' northern and
western borders is nearly 1000 km, leaving approximately 500 km from the
SOI to the grid's eastern and southern borders. The grid is placed on a
polar stereographic projection and is true at the SOI latitude. This

minimizes the distortion of the projection. In order to have several
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gridpoints within the profiler triangle, a grid spacing of 90 km
(approximately one-fourth the distance between any two profilers) is
used. This mesoscale spatial resolution is allowable despite using
synoptic scale rawinsonde data because the wind profiler data is

available every hour.

Objective Analysis of the Initial Data

Cressman (1959) introduced a method of objective analysis which uses
reported data to make successive corrections to an initial guess field.
The technique uses bilinear interpolation from the gridded first guess
field to obtain an estimate of the value at each observation site. The
difference between the estimate and the actual observation is calculated
for each station, then a new value is computed for each gridpoint using

the following distance-weighted correction formula.

where S is the new gridpoint value

Sest is the station estimate from guess field

Sk is the station observatjon value

N is the number of stations within influence radius R

Wk is the weight applied to the difference between Sest and Sk

_R“ -4
e = =5 5 (2.2)
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where R is the radius of influence and d is the distance from the
gridpoint to the station. The influence radius is decreased with each
successjve scan to allow the analysis of data over a spectrum of
horizontal scales.

A four-pass Cressman analysis scheme is used to obtain the initial
analysis of potential temperature (8) and specific humidity (q) for the
advection model. An approximate mean value for each parameter is used
as the first guess field on each constant pressure surface. Potential
temperature ranges linearly from 295 K at 900 mb to 332.5 K at 200 mb,
and specific humidity decreases from 13 gkg=1 at 900 mb to 0.175 gkg’1
at 200 mb. The same Cressman scheme is used on the geopotential heights
(z) which are derived from the temperature data using the hypsometric
equation. First guess values of z range from 1 km at 900 mb to almost
12.2 km at 200 mb. A 1200 km influence radius is used for the first
scan to incorporate all temperature and moisture data that may be
advected into the profiler triangle during the model run. For each
subsequent. scan, R is decreased by 300 km to a minimum R of 300 km for
the fourth scan. The fact that many of the rawinsonde stations in the
western half of the domain are located at altitudes above the lowest
model levels induces a large region with very little low-level data. To
accommodate this and missing data from a few other stations, an
adjustable R is used to ensure that at least two reporting stations
influence each gridpoint for each scan. This is done by temporarily
increasing R until more than one reporting station is reached. The
result, after four passes of the analysis scheme, is initial fields of

©, q and z which are ready for use in the advection model.
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Tne purpose for obtaining geopotential height values at each
gridpoint is toallow the use of profiler data into the model. Since
the advection model is run on pressure levels and profiler winds are
archived on height levels, there is a need to know the height (in km) of
each pressure level over each profiler site. Bilinear interpolation is
used to obtain these heights from the four gridpoints around each
profiler. It is assumed that 8z/ 3t = 0 during the twelve-hour model
run. This assumption is acceptable because a typical change in the
geopotential height of a constant pressure surface during a twelve-=hour
model run (£100 m) is small compared to the height resolution of
profiler data (2300 m). With this height data, the profiler winds are
interpolated to the model pressure surfaces and are ready for use in the
initial wind analysis and the wind-updating model. The four-pass
Cressman analysis scheme descibed above is used to obtain the uand v
wind fields on the grid. However, the wind fields are composed using
both the data from the 51 rawinsonde statjons and the initial hour winds
from the three profilers, The first guess field for u and v is zero.
The supplemental rawinsonde data from PRE-STORM were not used in the
analyses because these data would not normally be available for real-

time operations.

Obtaining Vertical Velocities

After completing the objective analysis, the initial vertical
velocity field ((v) is computed kinematically from the u and v fields

using the mass continuity equation in pressure coordinates.
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By integrating 2.5 fromp to p + Ap and applying the trapezoidal rule

to the right-hand side yields

o =y * 38 (Div, |+ Divy), k =2,3,...,8 (@)
where N is the number of model levels. Ideally, the model should
incorporate surface and boundary layer wind data so that the model
extends down to the surface, or say, 1000 mb. In this ideal model,
is assumed to be zero at the lowest level, or if terrain is included, w
at the bottom level is proportional to 7-_V‘h, where h is topography.
Therefore, applying 2.4 successively yields the vertical velocity at
each level for a particular location (gridpoint).

A significant problem with the kinematic technique is that it is
very sensitive to errors in the horizontal wind field. A 10% error in
wind measurement can result in a 100% error in the divergence. These
errors accumulate in the vertical integration and become quite evident
in the lower stratosphere where w should be small, but the computed
values are usually large. By adjusting the divergence such that
Wiop= 0, the effect of these errors is reduced (0'Brien, 1970). From

the original data

ptop

[~ Divdp = u, _ = Residual
P, P

To correct each level by the same amount, a correction factor (CF) is

subtracted from the divergence at each level to obtain an adjusted
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divergence (Div').

Div, = Div, - CF (2.5)

Residual

where CF =
PoPtop

The vertical velocities to be used in the model are obtained by applying
2.5 in 2.4 and vertically integrating. Note that the original uand v
fields are no longer consistent with the adjusted divergence. This
inconsistency can be removed by techniques such as presented by Sasaki
(1979). Since Rusk (1985) shows that the root mean square vector error
between the observed and the adjusted winds is only 1-2 ms-1, a
corrective procedure was not applied. 1In addition, because divergence
is not computed on the boundarjes, it is assumed that the vertical
velocity on a border point is equal to the vertical velocity at one
gridpoint toward the interior of the grid.

For this research, however, data constraints which are discussed in
Chapter III led to developing the model without a boundary layer. This
produces a significant problem since forcing () at 900 mb to zero
reduces the magnitude of () throughout the model, particularly in the
lower levels. To improve the estimates of ¢y, it is assumed that the
wind field, and therefore the divergence field, is constant between 900
mb and 950 mb. This allows the computation of @ at the lowest level of
the model, (i.e., 900 mb), through the assumption that @ at 950 mb is

zero.
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Wind-Updating Model

The wind-updating model is a ey link to achieving successful
results from the advection model. Because the PRE-STORM profilier
triangle covers only a small portion of the grid, a single-pass Cressman
objective analysis is used. This analysis scheme employs a combination
of the hour's new profiler winds and the preceeding hour's gridded u and
v fields to obtain the new "updated" gridded wind fields. Since, after
initialization, the only new information in the model is the profiler
data, the goal is to maximize the effect of the profiler winds within
the triangle and allow the winds away from the triangle to gradually be
modified by the profilers. This is accomplished by conducting two
consecutive objective analyses at each gridpoint using a U400 km radius
of influence (R) for the profiler data and a 100 km R for the gridpoint
data. First, all gridpoints within 100 km of the evaluated gridpoint
are considered as data in an analysis using the first term in both the

numerator and the denominator on the right-hand side of equation 2.6.

i+1 j*1 N
z z w S + ¢ W a
gr o l=izl m=j-1 oM .m0 o, KK
i,J i+l j+1 N (2.6)
L b W + ¥ W
l1=i-1 m=j-1 1,m k=1 k

where § 4 55 the new value of u and v at the gridpoint being evaluated

S1,m is the previous hour's gridpoint value of u and v, and

wl,m is the weight applied to the gridpoint data using equation
2.2 with R being 100 km and d the distance from the gridpoint to a

neighboring gridpoint. Second, the remaining two terms on the right-
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hand side of 2.6 are computed where

N is the number of profilers within influence radjus R

3y is the u or v profiler observation, and

wk is the weight applied to the profiler data using equation 2.2
with R being 400 km and d the distance between the i,j gridpoint and the
profiler. This combination of analysis schemes allows the profiler data
to dominate the new wind value of a gridpoint near the profiler
triangle. Concurrently, the gridpoint data analysis functions as a mild
smoother, particularly at gridpoints which are just within the 400 km
influence radius of the profiler data. After the updated u and v wind
fields are computed for each level, the new vertical wind fields are

computed kinematically as discussed earlier.

Advection Model

Due to the introductory nature of this investigation, the advection
model was designed using a simple format. During the model development,
it was hoped that the value of the profiler winds could be determined
using an uncomplicated approach before attempting more complex
techniques. For input data, the advection model requires the new wind
fields from the wind-updating model along with the thermodynamic and
Wwind information from the objective analysis of the initial rawinsonde
and profiler data. The advection model runs for a twelve-hour period
using twenty minute time steps. Each hour, a newly-updated wind field
is introduced to the model to advect temperature and moisture for the
next three time intervals. Upstream differencing is used because it is

natural to look upstream when forecasting temperature and moisture
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changes by advection. In addition, upstream differencing will not
produce negative values of moisture. The predicted variables in the
model are potential temperature, 8, given by the First Law of

Thermodynamics in the form

30 - _¢¥ , _
3T Vh §h6 i

38 8 &
99 4 2_H
» Col (2.7)

and specific humidity, q, given by

%% = —Vho$hq - w %%.+ E - P (2.8)
where ﬁ is the diabatic heating rate, E evaporation, P precipitation and
the other variables have their standard meteoroclogical meanings. 1In
principle, ﬁ would be the sum of all diabatic effects, but it is used
here to represent only the latent heat of condensation.
Correspondingly, E is just the evaporation of falling rain.

For each i,j location on the grid, the new values of € and q are
calculated starting at the top of the model and continuing downwaru to
the lowest level. First, the advection terms in 2.7 and 2.8 are
conputed for a twenty minute time step (At) and are added to the
previous values of © and q, respectively. Then, the gridpoint is
checked for supersaturation by determihing the saturation specific
humidity (45) through the use of Poisson's equation and a polynomial

approximation for computing the saturation vapor pressure (Lowe, 1977).

If a3 is less than the updated value of q, then the difference (Aq) is

assumed to be condensed, added to any precipitation falling into the
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gridpoint from above and precipitated out of the level. Thus, P in 2.8
is now known. The third term on the right-hand side of 2.7 can be

written as

R/C

8 r_L 49, = zL agq 1000 P
C,T [-L 3¢) C, at (5] (2.9)

where L is the latent heat of condensation (2.5 x 106 Jkg=1) and Aq is
negative for condensation. The total change in potential temperature on

the level due to latent heat (A©) during the time step is then

R/C
A8 = -L é_‘l [.1_@2] / p (2.10)
p p

The updated values of © and q for the time step at the gridpoint are
obtained by adding Aq and A®to the q and © values computed from the
advection terms. The amount of moisture condensed is stored for use in
the levels below.

If the gridpoint is not saturated and there is precipitation
falling into the level, then evaporative cooling is assumed to occur.
The extent of evaporation into the unsaturated level is based upon the
assumption that "the big drops get through". To simulate this, a limit
on the amount of moisture which can be evaporated into the layer is set.
The new gridpoint value of relative humidity (rhnew) is limited to
approximately the current relative humidity (rh) plus 25 percent of the
difference between saturation (rh = 1.0) and rh before evaporatijve

cooling. For example, given rh = 0.60,

rhnew = 0,60 + 0.25(1.00 - 0.60) = 0.70
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Tae new value of q for the gridpoint (quey) would then be increased

according to

q
new = 0.70qs

and A©is cooled in accordance with 2.10, where Aq is positive. Any
excess precipitation after applying this evaporation technique is
precipitated to the level below. Of course, if originally there is only
a little precipitation (not enough to raise rh to rhnew), then all the
precipitation is absorbed by the gridpoint and none falls through to the
level below. All precipitation falling below 900 mb is accumulated as

rainfall,




CHAPTER III
DATA PREPARATION

As discussed in Chapter II, the advection model uses two sets of
data as input. The initial fields of potential temperature (8),
specific humidity (q), geopotential height (z), and horizontal wind (u
and v) are comprised from thermodynamic and wind data from 51 standard
rawinsonde stations in the central and western United States and
northern Mexico. In addition, the wind data from the three PRE-STORM
profilers are used in computing the initial fields of u and v. The
subsequent wind profiler data are the backbone of this research;
providing hourly information on the changing wind fields, it is the only
data inputted into the advection model after initializing the model run.
This chapter discusses how these data are prepared for use in the model
from the raw rawinsonde and profiler data collected during two PRE-STORM

cases.,

Case Studies

Since the goal of this research is to determine the usefulness of
hourly profiler winds in an advection model, there are several preferred
synoptic conditions within the profiler triangle when selecting a case

to study. Having a significant change in wind direction and/or speed at
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several of the model levels is of primary importance., If the wind field
is relatively constant in time, the advection model would not have the
opportunity to test the usefulness of the profiler data. A change in
temperature and/or dewpoint temperature at one or more model pressure
levels over a twelve~-hour period will provide a case in which the
advection model can improve upon the current method of updating a
sounding using only surface observations. A third preferred condition
is to use a daytime case because additional soundings are often desired
prior to afternoon convection. A daytime case will also provide an
excellent opportunity to compare soundings produced from the model with
soundings produced using the common technique of modifying the lowest
levels of the 1200 GMT sounding with new surface data. Finally,
although precipitation physics are included in the model, thunderstorm
updrafts and downdrafts and, therefore, their effects on temperature and
moisture profiles are very difficult to simulate without making the
model much more complex. For this reason, it is best if the
thunderstorms develop late in the twelve-hour period.

The first case study is the twelve-hour period from 0000 GMT to
1200 GMT on June 11th, 198%. Figure 3.1 indicates a 500 mb short wave
trough extending from the central Dakotas to southeastern Colorado at
the start of the period. The associated 850 mb cold front extends from
a low pressure center in south central Nebraska across northwestern
Kansas into southern Colorado (Fig. 3.2). During the afternoon of the
10th, a large area of thunderstorms developed ahead of both the cold
front and the upper level trough. By 0300 GMT on the 11th, the

thunderstorm complex developed into a mesoscale convective system (MCS)
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covering the western one-half of Kansas and northwestern and north
central Qklahoma. During the next four hours, the MCS weakened and the
resultant squall line moved rapidly southeastward through Oklahoma with
the passage of the short wave., This case was selected for study
primarily because it was the first available set of PRE-STORM profiler
data. The case also features frontal/trough passage at all levels and
strong horizontal gradients of temperature and moisture. The primary
disadvantages are that it is a nighttime case, and the MCS moved into
the profiler triangle only an hour after model initializatijon.

The second case study is from 1200 GMT on May 12th, 1985 to 0000
GMT on May 13th, 1985. This case was selected because it is a daytime
event in which thunderstorms developed nine to twelve hours after model
initialization. Figures 3.3 and 3.4 indicate the moisture return ahead
of a developing 900 mb low over the Texas panhandle during the twelve-
hour period. The abundant low-level moisture combined with daytime
heating to initiate deep convection over north central Texas. The
activity developed northward into southwestern Oklahoma where a warm
front extending northeastward into southeastern Kansas triggered rapid
thunderstorm development and intensification from Wichita Falls, Texas
to Oklahoma City. The principal disadvantage with this case is that
there is little change in the wind field above 600 mb during the twelve-

hour period.

Rawinsondes

Two sources of rawinsonde data are used in this research. The

first is the standard rawinsonde stations which launch soundings twice
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dajly. The second, which is discussed in detail later in this chapter,
is additional soundings launched as part of the PRE-STORM program. The
standard rawinsonde data is used to initialize the gridded arrays of O,
9y 2, u and v. The 51 standard rawinsonde stations are selected because
they provide upper-air data over an area which extends approximately 500
kKm beyond the grid domain in each direction. This ensures that the
objective analysis near the grid borders uses data from both outside and
inside the grid domain.

For each rawinsonde launch site, the TTBB significant level data
and the PPBB wind data are used to obtain the thermodynamic and wind
data at each pressure level of the model. If avajlable, standard level
data (TTAA) are used to supplement missing or incomplete TTBB or PPBB
data. Temperature and dewpoint depression are converted to potential
temperature and specific humidity using Poisson's equation and a
polynomial approximation for computing saturation vapor pressure (Lowe,
1977). Since the data are already on pressure surfaces, they are
interpolated logarithmically to the model pressure levels. As this is
done, the virtual temperature (Ty) 3% each model pressure level is
calculated from the temperature (7T) and specific humidity {(q) at the

same level using

Ty = T(1.0 + 0.6073q).

Since the rawinsonde wind data is provided in thousands of feet MSL, the
geopotential height (z) of the model pressure levels is determined using
the hypsometric equation. The wind data are then converted into u and v

components and linearly interpolated to the model pressure levels. When
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interpolation to a model pressure level is not possible because of
missing data or high terrain, unrealistic values are put into the
corresponding level of the thermodynamic and/or wind arrays for flagging

during the objective analysis.

Wind Profilers

As introduced in Chapter I, the PRE-STORM wind profilers provide an
opportunity to assess the value of more frequent wind data. However,
one of the major obstacles during this research was processing the
profiler data into the form required for the wind-updating model
discussed in Chapter II. This, although not difficult, is quite
cumnbersome because the format for the wind data is different for each of
the three profilers.

The profiler-unique data formats are a result of each profiler
being designed and operated by a different organization. The National
Severe Storms Laboratory (NSSL), in conjunction with the University of
Oklahoma, operated a WPL wind profiler near Norman, Oklahoma. Because
of its two-beam design, wind data are only available on an hourly basis
and are derived from a composite of up to twelve data samples through
the use of a sliding consensus window (Fischler and Bolles, 1981),
(Chadwich, Frisch and Strauch, 1984), At each height, the largest set
of measurements within 4 ms=1 of each other is used to calculate the
average wind (Hogg et al., 1983). If the largest "grouping" contains
less than four samples, the wind value for that particular altitude and
t.ime is recorded as missing. Because the radar operates in a dual

pulse-width mode, the vertical resolution of the wind data varies with
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height. The 3.7 Js pulse provides 24 levels of data from 1.37 km MSL

to 8,61 MSL with a height interval of 290 meters. Eighteen levels of
data with an 870 meter vertical interval, from 2.98 km MSL to 17.71 km
MSL, are attainable using the 9.7 ps pulse mode. The data from the

Norman profiler is formatted in two sections, one for the 3.7 ps pulse

data and one for the 9.7 ps pulse data, and therefore has a data

overlap of nearly 6 km.

The second profiler was operated near Liberal, Kansas by the
Aeronomy Laboratory. This radar is a three-beam system and thus can
provide wind data every thirty minutes. Like the Norman profiler, the
Liberal system operates in a dual-pulse mode and uses a consensus window
to derive the wind data. However, the data are provided in only one
section (i.e., no vertical overlap). From 2.3 km MSL to 10.4 km MSL the
vertical resolution is 290 meters and from 10.4 km MSL to 17.9 km MSL
the vertical resolution is 580 meters.

The Radian Corporation installed and operated the third wind
profiler near McPherson, Kansas. Using Yagi-type antennas, this West
German-made prototype SOUSY 50 MHz system has an average power on the
order of ten times greater than the Norman profiler. Its greater power
allows coverage from 2.6 km MSL to 13.9 km MSL with 150 meter vertical
resolution. As with the Liberal profiler, the three-beam design of the
McPherson profiler allows for a new wind composite every thirty minutes.
Unlike the other profilers, however, the McPherson profiler requires an
attendant and therefore could not operate continuously during PRE-STORM

(Kaimal, Dec., 1985).
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The following procedures are used to obtain hourly wind data on the
model pressure levels from the raw wind profiler data. Although the
approach is generally the same, the data processing techniques used for
each profiler are described separately. Before continuing, however, the
first step in processing the raw data from all three profilers is to
convert the wind data from direction and speed to u and v components.
If a data point is missing, it is awarded u and v values which are
flagged for future identification.

For the two cases studied here, the McPherson, KS profiler data are
the most cumbersome to process, primarily because the data sets are not
continuous in time. Figure 3.5 shows how the McPherson data in the June
11th case contains several gaps in time when observations were not
collected. Since the half-hourly data are averaged to hourly dat%ta
anyway (explained below), the missing data at 0130 GMT, 0200 GMT, 0630
GMT and 0700 GMT are replaced by extrapolating the data with which they
would have been averaged (j.e., 0100 GMT, 0230 GMT, 0600 GMT and 0730
GMT respectively). The lack of data during the last three hours is
remedied by assuming the wind field is constant from 0900 GMT to 1200
GMT. In addition to the extrapolation, 43 egregiously bad observations
are discarded from the McPherson data set. Figure 3.6 demonstrates the
result of this scheme. Linear interpolation in the vertical is then
used to obtain winds at each reporting level (Fig. 3.7). Where
necessary, the observation from the highest level of reported data is
extrapolated upward to replace missing data at the top level or levels
of the wind profile. Because the Norman profiler data is only available

on an hourly basis, the next step is to average the half-hourly
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McPherson data into hourly data (Fig. 3.8). The final step in preparing
the profiler winds is to linearly interpolate the data from the reported
heights (km MSL) to the model levels using the model pressure level
heights (km MSL) obtained from the rawinsonde data as described in
Chapter II (Fig. 3.9). Here it is assumed that the height field is
constant during the twelve-hour model period because a typical twelve-
hour height tendency is much less than the vertical resolution of the
profilers. However, before the interpolation can be completed, another
problem inherent to the profiler data must be addressed. Since the
lowest level of the model is 900 mb (approximately 1 km MSL) and the
lowest reported profiler winds are generally 1-2 km AGL, a method to
fill the data void must be developed. Because June 11th is a nighttime
case, not enough surface data isavailable to deduce the surface wind
field at the profiler sites. Therefore, the method used is simple
extrapolation of the lowest reported profiler wind downward to the 900
mb level. Although crude, this is a reasonable alternative,
particularly when a radiational inversion sets up. The constant wind
with height from 900 to 800 mb in Figure 3.9 illustrates that the
McPherson profiler does not sense the wind velocities below about 750
mb. With the completion of the interpolation to the model pressure
levels, the profiler data is ready for use in both the initial Cressman
analysis of the wind field and the wind-updating model as described in
Chapter II,

The McPherson, KS data from the May 12-13 case required only
slightly less effort to process. Since the McPherson profiler was not

automated, profiler data was not collected between 0900 GMT and 2100 GMT
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on 12 May 85 because the attendant was not available for duty. 1In
addition, the quality of the data from 2100 GMT through 2300 GMT on 12
May 85 is very poor (not shown) and therefore, is not used (Fig. 3.10).
As a result, wind data was manufactured for the 1200 GMT 12 May 85 to
0000 GMT 13 May 85 period by first vertically interpol-
ating/extrapolating the 0900 GMT and 2330 GMT data as previously
discussed and then interpolating in time between the two observatjons.
This scheme provides reasonable results (Fig. 3.11) because surface and
upper-air data indicate that the wind field did not change very much.
As with the June case, before the profiler winds can be interpolated to
the model pressure levels, the data void from 900 mb to approximately
750 mb must be filled. However, a different method than described
earlier is used to accomplish this for the daytime case. The technique
for May 12-13 uses surface wind observations to supplement the profiler
winds and provide a lower bound for the vertical linear interpolation to
the model pressure levels, The surface wind for the profiler sites is
estimated using available information from nearby surface reporting
stations (Table 3.1). Figure 3.12 shows the results of this procedure
on the daytime case for McPherson.

Of the three PRE-STORM profilers, the one at Liberal, KS provided
the most continuous and manageable data. Figure 3.13 shows the raw
Liberal data for June 11th. In a few instances, interpolation was
completed by hand to fill small gaps in the data. After averaging in
time to obtain hourly data (Fig. 3.14), the data is vertically inter-
polated to the model pressure levels employing the same technique used

on the McPherson data. The final result is depicted in Figure 3.15,
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Table 3.1

Estimated Surface Wind Observations 12-13 May 85

McPherson, KS Liberal, KS Norman, OK'
GMT deg  kts deg  kts deg  ms-!
1200 360 5 020 10 139 0.5
1300 010 5 070 5 126 0.7
1400 020 5 080 15 165 0.9
1500 020 5 110 10 094 0.7
1600 040 6 080 15 286 2.8
1700 360 6 090 15 083 3.4
1800 360 6 090 15 093 2.5
1900 040 12 120 15 128 2.9
2000 040 8 120 10 152 3.1
2100 070 12 120 15 161 4,2
2200 050 10 110 6 136 3.9
2300 100 10 110 15 130 4.9
0000 090 8 100 15 142 3.9

s
data obtained from an automated observation site near Goldsby, OK.
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A very similar set of procedures is used to process the May 12-13
Liberal profiler data (Fig. 3.16). Interpolation in the vertical is
first completed to fill the holes in the data then the winds are
averaged to nourly intervals (not shown). Finally, the profiler winds
are linearly interpolated to the model pressure levels (Fig. 3.17) using
estimated surface wind observations and the procedure outlined for the
McPherson daytime data.

The Norman profiling system differs from the McPherson and Liberal
profilers. As discussed earlier, its two-beam design forces the hourly
averaging of the winds. Also, both the short (3'7.P5) and the long
(9.7 pys) pulse data are outputted for use. These differences alter some
of the data processing procedures discussed above. In addition, before
any Norman profiler data from PRE-STORM can be processed, a correction
must be applied to the raw data which accounts for an error induced by
sloping terrain at the antenna site. The Appendix details this problem
and the method used to correct it. Figures 3.18 and 3.19 depict the
corrected June 11th short and long pulse width profiler winds,
respectively. Merging these two data sets is the next step to
processing the Norman data (Fig. 3.20). Figure 3.21 shows the final
results after the data are vertically interpolated to the model pressure
levels in the same manner as the Liberal and McPherson June 11th
profiler winds.

For the May 12-13 case, the Norman profiler data are first
corrected for the antenna-beam pointing error according to the
procedures outlined in the Appendix. As with the June 11th case, the

short and long pulse width data (not shown) are merged into one data set

e
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(Fig. 3.22). Note that only the long pulse width data are available at
1500 GMT on 12 May 85. Again, the final step in preparing the Norman
profiler winds is to linearly interpolate the data to the model pressure
levels (Fig. 3.23) using the estimated surface winds from Table 3.1 as

a lower bound.

PRE-STORM Rawinsonde Data

The final source of data for this research is the PRE-STORM
rawinsonde data. When requested by the PRE-STORM directors, all or part
of a network of rawinsonde stations were activated and soundings were
recorded. The network consisted of fourteen standard rawinsonde
stations and twelve supplemental rawinsonde stations (Fig. 1.1). During
periods of convective activity, soundings were frequently launched at
90-minute intervals. As with the McPherson, KS profiler, manpower
restrictions prevented the rawinsonde network from operating on a 24
hour-per-day basis. Often, thunderstorm events were missed because the
operators were not available for duty.

The PRE-STORM rawinsonde data is vital to this research because it
is the verification data for the advection model soundings. However,
the availability of the PRE-STORM soundings restricts which cases can be
studied because of the operational limitations discussed above. In each
of the two cases considered here, the verification point (or station of
interest (SOI) as defined in Chapter II), are selected based upon the
frequency of PRE-STORM rawinsonde data and the observed weather at the
site. For the nighttime case, the supplemental rawinsonde station at

Enid, OK is used because sounding data is available approximately every
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90 minutes during the twelve-hour period in which a mesoscale convective
system (MCS) traversed the site. Oklahoma City is the verification
point for the daytime case because it is the only station which
collected sounding data at both the start of the twelve-hour perijod
(1200 GMT 12 May 85) and during the late afternoon on May 12th when the
thunderstorms were developing. In both cases, the PRE-STORM rawinsonde
data and the model-produced soundings are plotted on skew-T, log p

diagrams for comparison.




CHAPTER IV

RESULTS AND DISCUSSION

Chapter IV presents results from the wind-updating and advection
models. Using hourly profiler winds to update the wind analysis,
changes are computed in the temperature and moisture fields. Recall
that the goal of this research is to produce thermodynamic¢ soundings
which are more accurate than using the original sounding which has been
modified at the lowest levels with surface data. To determine the
degree of success of this research, the model results are presented from
two perspectives. The first is to look at how well the models handled
synoptic scale features such as frontal passages and gulf moisture
return. The second is a direct comparison between model-produced
soundings and rawinsonde data obtained from the PRE-STORM upper-air
network. This chapter is divided into two main sections, one for each

of the two cases studied.

Cagse I: 11 Jun 85 0000 GMT - 11 Jun 85 1200 GMT

As discussed in Chapter III, the June 11th case is noted for the
large mesoscale convective system (MCS) which transited the profiler
triangle (Figs. 4.1a and 4.1b). Although these thunderstorms dominated
the region, the passage of a cold front and an upper-level short wave

45a
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through the triangle makes June 11th a very good case to test the wind-
updating and advection models. The model-produced 500 mb and 850 mb
horizontal and vertical wind fields and the 850 mb specific humidity
fields are examined for continuity and compared to the verification
analyses. In addition, the model-produced soundings for Enid, OK are

contrasted with the Enid PRE-STORM soundings.

Wind-Updating Model Results

Recall how the wind-updating model works. A four-pass Cressman
objective analysis scheme is used to obtain the initial fields of u and
v from rawinsonde and profiler data. The updating of the wind field is
performed every hour. The profiler data, after interpolation to model
levels, is combined with the modeled gridpoint data via a one-pass
Cre .man scheme. The influence radius is 100 km for the gridpoint data
and 400 km for the profiler information. This allows the profiler winds
to have more weight near the triangle and prevent excessive smoothing
due to the use of too many gridpoint values, It is important to
remember that an upstream feature cannot be reflected in the updated
wind fields until it reaches the profiler triangle.

Figure L4.2 shows the 0000 GMT analysis of the 500 mb short wave
over western Kansas and the weak northwesterly flow over Oklahoma. By
0300 GMT (Fig. 4.3), the trough appears to have weakened as the winds
across central and western Kansas have shifted to the northwest, but the
southerly winds ahead of the trough are no longer visible. This

apparent problem is in fact, an excellent example of the model's
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dependency upon the wind profiler observations. As Figures 3.7, 3.10
and 3.15 point out, by 0300 GMT, the 500 mb trough has passed the
Liberal and McPherson profiler sites, but the Norman site is still
experiencing weak northwesterly flow. This indicates that the short
wave has a very small downstream horizontal scale, much smaller than the
profiler triangle. By 0600 GMT, however, the 500 mb winds over Norman
have backed and the short wave is once again appérent (Fig. 4.4).
Although it is suspected that the modeled upward velocities in northern
Oklahoma and southern Kansas are somewhat weak at 0300 GMT due to the
absence of the short wave in the modeled wind field, the vertical motion
field through the first six hours is reasonable. A large area of ascent
has traversed southeastward with the frontal system, and the vertjcal
velocities are typical for subsynoptic scale motions (™10 pbs-‘).
However, they are 1-2 orders of magnitude smaller than the vertical
velocities typically measured in thunderstorms (Peterson, 1984). This
weakness in the vertical motion fields becomes more apparent in later
discussions of the advection model results. Continuing to 0900 GMT and
Figure 4.5, the base of the trough has moved into central Oklahoma with
the area of subsidence dropping into western Oklahoma. The vigorous
ascent over the Texas panhandle is due to the heightened convergence in
the vicinity of the surface cold front. Finally, by 1200 GMT, the
entire profiler region is under strong northwesterly flow at 500 mb
(Fig. 4.6). This final nowcast compares extremely well with the 500 mb
verification wind analysis at 1200 GMT (Fig. 4.7). The wind direction
and speed in and around the profiler triangle are nearly the same in

both figures.
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The wind-updating model indicates the complete reversal of the 850
mb wind field as the front passes through the profiler triangle during
the twelve-hour period. Figure 4.8 shows the strong southerly winds
over Kansas and Oklahoma and the frontal boundary over northwestern
Kansas at 0000 GMT. Along with the analyzed regions of subsidence in
central Kansas and the Nebraska panhandle, the areas of ascent in
western Kansas, eastern Kansas and Nebraska agree with the satellite
view of the respective areas of clear air and convective activity (Fig.
4.1a). After updating the wind field for three hours with new profiler
winds, Figure 4.9 demonstrates how the winds across Kansas, northwestern
Oklahoma and the Texas panhandle have reversed direction as the cold
front, with help from the MCS outflow, has moved rapidly southeast. By
0600 GMT the wind at the Norman site has shifted to the northwest, and
its influence on the gridpoints to the south is quite apparent as the
model has moved the front into northern Texas (Fig. 4.10). This
excessive frontal movement is the result of not having a profiler site
to the south of Norman for use in the objective analysis. Note that tne
modeled position of the front is near the 400 km influence radius of the
Norman and Liberal profilers. This is supported further by the fact
that the modeled front has moved very little during the three-hour
period leading to 0900 GMT (Fig. 4.11). Finally, the 1200 GMT nowcast
wind direction (Fig. 4.12) within the profiler triangle compares very
well with the 1200 GMT verification data (Fig. 4.13); however, the
nowcast windspeeds are noticeably smaller than the verifying windspeeds.
This discrepancy is due to the limitations of the wind profilers. As

noted in Chapter III, the profilers could not measure the winds below
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approximately 750 mb. 1In the June 11th case, the compensating technique
is to extrapolate the lowest available wind data down to the 800, 850
and 900mb levels. The light 850 mb nowcast winds are due to the light,
profiler-observed winds at 750 mb. The wind profilers were incapable of
sensing the stronger northwesterly winds which are apparent between 800
mb and 900 mb over Enid, Oklahoma at 1200 GMT (Fig. 4.32). Figures 4.4
and 4,15 show how the nowcast and verification windspeeds at 750 mb are
nearly identical.

The vertical motion profiles calculated from the updated wind
fields are shown for every three hours in Figure 4,16 for Enid,
Oklahoma. A verifying profile for Enid, computed from the complete
analysis of 1200 GMT data is also shown. Despite the strong temporal
changes in w(p) during the period, the nowcast profile is nearly
identical to the verifying one by 1200 GMT. This, of course, is due to
the fact that the profiler winds are dominating the w-calculation for
Enid in both analyses, but it also indicates that the update procedure
works very well, and that the profiles at the intermediate times
should be equally as valid {(to the extent that one believes in kinematic
omegas). Figure 4,16 shows clearly that the increase in low-level
ascent as the front passes is followed by strong subsidence in the lower
troposphere, while ascent ahead of the upper-level short wave remains in
the upper troposphere.

The success of the wind-updating model is limited by having only
three profiler sites within a 1530 km square domain. The first
limitation appears in Figure 4.9 in northwestern Kansas and southwestern

Nebraska where there is a noticeable lull in the northwesterly winds.



-58-

122

11 JUNE 85

750 M8

NOWCAST Vp

MAX VECTOR

Model-produced 750 => horizontal wind fleld

Figure 3.4,

June 1985,

Mrn

1202

for

-

VERIFICATION Vy

11JUNE 85 12

750 MB

-1
40 msy

MAX VECTOR

NN N NV

y9is of norizonzal wind for 1200

750 ab anal

Q4T 11 June 1385,

Flgure 4.15,

—— AL e



(Mi3)

PRESSURL

59~

ENID, @K VERTICAL VELOCITIES 11 JUN 85

200 - //\@
R4

400

e
X
'y
U
\ 0,
d

& . \
500 F /Q

\ 6? e' ;A
800 - ® \%

/
7/

2,
L
Q.\

QAV
800 PR AU TR P N TN DR ST N 1 / [

\ a? \ '9?
2 ® \
700 @ \
800 + & /
|

&

-.008 -.007 -.008 ~.005 -.004 ~.003 ~.002 -.00f G .00L .002 .003
@MEGRA (MB/SEC)

Figure 4,16, Vertical velocities (mbs-~1) for Enid, 0K from
0000 GMT to 1200 GMT 11 June 1985. The 0Z and VER12Z curves

are computed from observed data. The 3Z, 62, 9Z and 122
curves are model-produced.

004

]
005




-60-

This is in the same location as the analyzed cold front in Figure 4.8
and is also just within the 400 km influence radius of the McPherson and
Liberal profilers. By design of the wind-updating model described in
Chapter II, the lighter windspeeds are due to the profilers having weak
influence on the wind field at this range. The 400 km influence radius
is used because it produces the best wind field results within the
profiler triangle. A larger radius forces each profiler to have too
great an influence on the grid point wind values nearest the other
profilers, and would not necessarily resolve the type of problem found
in Figure 4.9. In fact, if the front had initialized 200 km further
northwest, it would take an influence radius of 600 km just to obtain
the type of results seen in Figure 4.9 near the analyzed frontal zone.
However, the larger influence radius would also degrade the accuracy of
the wind field within the triangle.

Nevertheless, it is important to note that regardless of the
influence radius, the model cannot move the front into the profiler
triangle until the upstream profiler(s) sense(s) the frontal passage.
Once this occurs, the modeled frontal position unrealistically jumps
several hundred kilometers. 1In this case, the jump occurs when the
McPherson profiler winds shift to the northwest at 0300 GMT (Fig. 3.9).
Although in time, the modeled wind field adjusts to generally agree with
the actual frontal position, the modeled post-frontal air mass is
irreversibly lagged behind the actual post-frontal air mass. Evidence
of this problem is discussed further with the advection model results.

Another caveat of having only three profilers is also caused by the

influence radius of the profiler data. It is obvious from Figures 4.8
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through 4.12 that the winds near the borders of the grid do not change.
Again, although a larger influence radius for the profiler winds in the
wind-updating model might alleviate some of the problem, the overall
accuracy of the wind field would not necessarily improve. One solution
to these problems is to have additional wind profilers located
throughout the model domain. The result would be a much more accurate
depiction of the hourly wind fields and would obviously improve the

advection model output.

Advection Model Results

The advection model uses the hourly wind fields produced by the
injtial analysis and the wind-updating model to move the analyzed
temperature and moisture fields around a 1530 km square region. As
discussed in Chapter II, the advection model was designed with
simplicity in mind. There are two methods by which the model potential
temperature and specific humidity at a given grid point can change. The
first is through horizontal or vertical advection, and the second is
through condensation or evaporation. The results of the advection model
are, therefore, highly dependent upon the accuracy of the modeled wind
fields and ability of the model to handle precipitation.

Figures 4.17 through 4.21 depict the modeled moisture fields at 850
mb for June 11th. The analysis in Figure U4.17 shows a specific humidity
maximum of nearly 14 gkg-1 in southwestern Kansas. It is easy to see in
Figures 4.18 through 4.21 that as time lapses, the model advects drier
air into the profiler region from the northwest. This general pattern

of a dry air push from the northwest agrees with the 1200 GMT analysis
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(Fig. 4.22). The agreement is particularly good in light of the fact
that the modeled northwesterly winds and subsidence over Nebraska and
Kansas (Fig. 4.12) are noticeably weaker than those in the 1200 GMT
verificatijon analyses (Fig. 4.13). This explains in part why the 1200
GMT nowcast (Fig. 4.21) values of specific humidity near the profilers
are 2-4 gkg-1 too high.

It is likely, though, that this discrepancy is the result of the
model's tendency to unrealistically jump the frontal position as it
moves into and out of the profiler triangle. As discussed earlier, this
forces an irreversible lag of the post-frontal air mass behind the
actual post-frontal air mass. Note in Figure 4.17 that the front edge
of the northwesterly flow in northwest Kansas at 0000 GMT correlates
with the 12 gkg=1 contour of specific humidity. In the 1200 GMT
analysis (Fig. 4.22), the leading edge of the front in northern Texas
also correlates with the 12 gkg=1 contour. Yet, Figures 4.18 through
4,21 show that the modeled northwesterly winds pushed clear through the
12 gkg=1 contour, indicating that the position of the modeled post-
frontal drier air is not consistent with the modeled frontal movement.

Another possible reason why the modeled specific humidities are too
high is that the model can not simulate the vertical velocities of
thunderstorms. Of course, this has a direct impact on the vertical
transport of moisture and temperature changas due to adiabatic warming
and cooling. The net result is that the advection model underestimates
condensation, evaporation and precipitation in areas of deep convection.
Figures 4.1b and 4,23 jllustrate this point. The large thunderstorm

complex completely dominated the profiler region for several hours,
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producing average precipitation amounts of nearly one inch across
Oklanoma and southern Kansas (Fig. 4.23). Conversely, the model shows
no precipitation over much of Kansas and Oklahoma (Fig. 4.23). Note
also how the areas where the model does produce precipitation are
closely aligned with the high moisture bands in Figure 4.21. It is
apparent from these figures that the modeled upward velocities over
western Oklahoma and Kansas were never strong enough to support the rate
of condensation which actually existed in the thunderstorms. The
modeled condensation in these regions was quickly evaporated into the
layers below and never reached the surface as precipitation. The slower
condensation rate also caused temperatures in the mid and upper levels
to be too cool (less latent heat release) and temperatures in the lower
levels to be too warm (less evaporative cooling). This conclusion is
supported by the fact that the modeled 850 mb potential temperature
field at 1200 GMT (Fig. 4.24) in the vicinity of the profilers is 4-7 K
warmer than the verification values (Fig. 4.25). The 850 mb modeled
potential temperatures are too warm near the profilers because the model
did not adequately evaporatively cool the air being advected into the
region behind the front, Note how closely the 850 mb potential
temperature maximum in southwest Oklahoma (Fig. 4.24) aligns with the
modeled 850 mb subsidence maximum in Figures 4.11 and 4.12 and the
modeled precipitation~free region in Figure 4.23. Also, note the
agreement between the "cool" pocket of air in eastern Oklahoma in Figure
4,24 and the modeled precipitation band in Figure 4,23. It is clear
that the vertical motions and subsequent precipitation from the

thunderstorms induce large errors into the advection model output,
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12-HOUR PRECIP 11 JUNES85 00-12Z

oo N

Figure U4.23. 12-hr precipitation accummulatjon from 0000 GMT to 1200
GAT 11 June 1985, Solid lines represent model-produced precipitation,
dotted lines observed precipitation. Contour intervals are 0.5 inches.
Observed data was obtajned from 0600 GMT and 1200 GMT 11 June 1985
surface cbservations for Kansas and Oklahoma only.
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Sounding Comparisons

The actual skew-T, log p plots of the PRE-STORM soundings and the
mode l-produced thermodynamic and wind profiles reveal several of the
strengths and weaknesses of the wind-updating and advection models in
addition to those discussed above, Two important observations
concerning model limitations are obtained from the Enid, Oklahoma 11 Jun
85 0000 GMT sounding (Fig. 4.26) and the model analysis 0000 GMT nowcast
for Enid. The first is a reminder that the lowest level of the model is
900 mb. It is obvious from Figure 4,27 that the analyzed fields of
potential temperature, specific humidity and horizontal wind do not
contain any information below 900 mb. This is of particular importance
if a very shallow, low-level moist layer is present. The second point
is that the model cannot initialize very sharp gradients of temperature
or moisture because of the Cressman scheme and the distance between
standard rawinsonde stations. This is most visible in the dewpoint
temperature traces in Figures 4,26 and 4.27. The observed moist band
between 900 and 800 mb is absent from the nowcast plot because the
gridpoint over Enid, Oklahoma is influenced by much drier dewpoint
temperatures from the Oklahoma City sounding. On the opposite end of
the scale, the very dry layer from 500 mb to 400 mb is analyzed as being
much more moist because the layer over Dodge City is nearly saturated.

The success of the model-produced thermodynamic profiles for the
June 11th case is limited by the presence of the large thunderstorm
complex, the assocjated small-scale short wave and the lag in the
model's advection of the post-frontal air mass. Figure 4,28 shows the

observed 0300 GMT sounding for Enid, Oklahoma as a thunderstorm was
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in progress. The most significant change since 0000 GMT is the large
amount of moistening that occurred in the mid-troposphere. The nowcast
sounding (Fig. 4.29) successfully shows significant moistening in the
600-400 mb layer while maintaining the drier layer near the surface.
The most visible discrepancy in the 0300 GMT Enid nowcast is the warn
layer from 850 mb to 650 mb. The mid-tropospheric winds strengthened
and backed over Enid as the front and thunderstorms approached. This
increased the convergence in the horizontal wind field, forcing stronger
upward velocities and significant adiabatic cooling (50C at 750 mb in
three hours). The model is unable to portray these strong vertical
velocities because, as discussed above in the wind-updating model
results, the Norman profiler did not "sense" the approaching short wave
until 0500-0600 GMT (Fig. 3.21). This can be seen in Figure 4.29 where
the northwesterly winds below 400 mb are the result of the strong
northwesterly winds at McPherson and Liberal behind the short wave, and
the weak northwesterly flow still present over Norman. The actual
southwesterly winds observed over Enid at 0300 GMT (Fig. 4.28) cannot be
modeled because of the small horizontal scale of the southwesterly flow
ahead of the short wave (Fig. 3.21).

By 0700 GMT, the thunderstorms had ended at Enid and the observed
sounding (Fig. 4.30) indicates strong cold air aavectjon and significant
drying associated with the post-frontal air mass in the lower
troposphere. However, the 0700 GMT nowcast sounding for Enid (Fig.
4,31) is saturated above 850 mb. As discussed above, there are two
suspected reasons for this discrepancy. The first is that the modeled

post-frontal air mass has not yet reached Enid. Note the similarities
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between the thermodynamic fields of the 1200 GMT nowcast sounding (Fig.
4,33) and the observed sounding at 0700 GMT (Fig. 4.30). It js apparent
that the model required an additional five hours to advect the drier air
mass into northern Oklahoma. The second possible reason for the
saturated 0700 GMT nowcast sounding is that the model cannot simulate
the strong vertical velocities in thunderstorms to allow the moisture to
precipitate out of the column. This is supported by the 1,66" of
precipitable water in the 0700 GMT nowcast compared with 1.10" of
precipitable water above 900 mb in the observed sounding, and the 0.66"
of rainfall measured on the ground for Enid. The inability of the model
to produce heavy precipitation is also the driving force behind the
small amount of evaporative cooling below 850 mb which resulted in a 900
mb temperature which is 50C too warm. In addition, this model
constraint led to the small amount of latent heat release above 550 mb,
reoulting in temperatures which are 2-30C too cool. On a more positive
note, although the windspeeds above 750 mb are 5-10 ms-1 too weak, the
modeled wind directions in Figure 4.31 accurately depict the backing
winds with height.

Finally, after modifying the wind field for twelve hours using only
profiler winds, the 1200 GMT nowcast winds for Enid, Oklahoma (Fig.
4.33) compare exceptionally well with the observed 1200 GMT winds (Fig.
4,32). The only discrepancy is the wind direction below 600 mb. Figure
3.9 shows the constant-in-time north-northwest to north winds at 8-10
ms-1 below 600 mb for McPherson from 1000 to 1200 GMT. The 1200 GMT
rawinsonde from Topeka, Kansas (approximately 110 km northeast of

McPherson) recorded northwesterly winds at 10-15 ms-1 in the same layer.
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This indicates that the 900-600 mb winds over McPherson may have backed
15-300 after the laast recorded profiler observation at 0930 GMT,
Therefore, the discrepancy in the 1200 GMT nowcast wind field was likely
caused by the lack of new wind data from the McPherson profiler after
0930 GMT and not by a deficiency in the wind-updating model. The
nowcast thermodynamic profile at 1200 GMT for Enid disagrees extensively
Wwith the observed 1200 GMT sounding and is an indication that the model
cannot recover from deep convective activity and the lag in advecting
the post-frontal air mass as discussed above. However, the 1200 GMT
nowcast does indicate that the temperature profile has cooled during the
model run. This, at least, is an improvement over assuming that no

changes occur during the twelve-hour period.

Case I Summary

The results from the June 11th case are encouraging. Using only
the new data from the profilers, the wind-updating model depicts the
complete reversal of the wind field as the surface front and upper-level
short wave cross all three sites during the twelve-hour period. Many of
the discrepancies in the modeled wind fields are the result of missing
profiler data and/or having only three wind profilers, Some additional
errors in the modeled wind fields are caused by motions on a smaller
scale than the profiler trjangle, particularly vertical motions in and
around thunderstorms and the short wave which had a very small
downstream horizontal scale. This case gave the advection model little

opportunity for success because of the dominence of the large
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thunderstorm complex and the lag in advecting the post-frontal air mass
into the profiler triangle. The advection model is able to depict some
of the influx of drier air from the northwest at low levels, but the
thunderstorms have a detrimental effect on the temperature fields. This
however, is not disheartening because the model is not designed to
simulate a convective environment. Even so, the model generally
portrays the overall cooling of the temperature profile during the

twelve-=hour period.

Cage II: 12 May 85 1200 GMT - 13 May 85 0000 GMT

Many aspects of the May 12-13 case provide meaningful contrasts to
the events of June 11th. First, the May case is a daytime event (1200
GMT to 0000 GMT) whereas the June case occurred at night. Second, the
thunderstorms did not develop near the profilers until late in the
afternoon on May 12th (Fig. 4.34) which allowed the model to run in the
more jdeal pre-convective environment, Unlike June 11th, the May case
has very little change in the horizontal wind field above 600 mb during
the twelve-hour modeling period. There is, however, significant turning
in the low-level horizontal wind field as a warm front moves northward

into Kansas.

Wind-Updating Model Results

As with the June 11th case, the wind-updating model has trouble
handling the frontal position during the twelve-hour period. Figure

4,35 shows the 900 mb horizontal and vertical wind analyses at 1200 GMT

ype
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on May 12th., A region of rising motion is centered along the
convergence zone in north central Oklahoma while strong subsidence is
present in northern Kansas. By 1800 GMT (Fig. 4.36), the modeled
frontal boundary has pushed northward into central Kansas and the winds
across central Oklahoma have backed slightly and weakened. It is
believed that this frontal position is too far north and the 900 mb wind
speeds are too weak across central Oklahoma. This is due to the
inadequacy of the linear interpolation technique to depict the vertical
wind structure of a frontal zone between the lowest available profiler
data and the estimated surface observation. Although rawinsonde data
for 1800 GMT is not available to verify the nowecast 900 mb winds across
central Kansas and Oklahoma, surface observations and profiler data
offer insight into the low-level wind structure. At McPherson, the
linear interpolation between the southwest wind of 15 ms=-1 near 2.5 kn
MSL (Fig. 3.11) and the north wind of 3 ms-! at the surface (Table 3.1)
resulted in southwest wind of only 4% ms-1 at 900 mb (Fig. 3.12). For
Norman, the interpolation between the southwest wind of 10 ms-1 near 2.6
km MSL (Fig. 3.22) and the easterly 2 ms-1 surface wind (Table 3.1)
yielded a 900 mb south~southwest wind of 3 ms=1 (Fig. 3.23). Since the
surface wind at Norman veered 350 by 1900 GMT (Table 3.1), it can be
assumed that the 1800 GMT frontal zone at Norman is very shallow and
likely did not extend above 900 mb. Subsequently, the vertical profile
below 2-3 km MSL is not linear and the 900 mb wind should contain a
stronger southerly component. On the other hand, the McPherson surface
winds remain from the north to northeast for several hours which

indicated a deeper frontal zone and the likelihood of a more northerly
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component to the 900 mb winds over McPherson at 1800 GMT. The 900 mb
wind fallacy does not invalidate the interpolation method, as it has
merit later in the model run. However, this does point out that the
data void in the lowest 1-2 km of a wind profile is significant, and the
addition of surface data at the profiler sites is not always sufficient.
Finally, by 0000 GMT, the nowcast windspeeds (Fig. 4.37) across Oklahoma
and Kansas are stronger and much more representative 6f the actual 900
mb wind field in Figure 4,38. The agreement between the wind fields can
be attributed to the northward progression of the front, leaving much
more linear wind profiles at Norman and McPherson. Figure U4.39 depicts
the kinematically computed vertica) velocities over Oklahoma City for
every three hours during the twelve-hour period. As with the June 11th
case, tne nowcast profile is very similar to the verifying one at 0000
GMT. The figure indicates weak ascent in the lower levels where there
is convergence in the wind field while the upper atmosphere is

undergoing weak subsidence.

Advection Model Results

The advection model successfully depicts the return of low-level
mojsture to central and eastern Oklahoma during the twelve-hour period
of the May 12-13 case, Figure 4,40 shows the 900 mb band of mcisture
from eastern Texas to central Arkansas at 1200 GMT on May 12th. In
addition, a tight moisture gradient exists from eastern and southern
Oklahoma to a region of relatively dry air in the western half of
Oklahoma and Kansas. A3 discussed earlier, the 900 mb winds across

Oklahoma gradually back to a more southerly direction but are somewhat
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weak at 1800 GMT. Even so, the 1800 GMT 900 mb specific humidity field
in Figure 4.41 indicates a northwesterly push of moisture into central
Oklahoma. By 0000 GMT on May 13th, the 900 mb nowcast specific humidity
across central Oklahoma has increased by 2-3 gkg-1 (Fig. 4.42). This
pattern of low=-level moisture influx agrees with the observed moisture
field at 0000 GMT (Fig. 4.43) but the magnitude of the modeled specific
humidity field is considerably smaller than the verification data.
There are two prime reasons for this discrepancy. The first is the
result of the weak southerly winds at 900 mb during the middle hours of
the model run. As discussed earlier, these winds were very light
because the linear interpolation technique used to obtain low-level
winds does not work well in the presence of a shallow frontal zone.
Therefore, the actual 900 mb winds were probably much stronger from the
south. If the stronger winds had been modeled, more moisture would have
been advected into central Oklahoma. The second cause for the
discrepancy is the lack of moisture data below 900 mb in the model. The
model assumes that the moisture at and below 900 mb is constant with
pressure. This procedure, however, underestimates the vertical
advection of moisture if the air below 900 mb has higher specific
humidity. Figure 4.48 indicates a very shallow layer of moisture in the
Oklahoma City sounding below 915 mb at 1200 GMT on May 12th. The model
initialized using a 900 mb specific humidity value from the Oklahoma
City 1200 GMT sounding which 3is considerably drier than the 960-915 mb
layer. Figures 4,44-4,47 indicate the impact vertical advection of
moisture can have on the specifjc humidity fields. Figure U.,44 shows an

extremely dry layer of air and very weak horizontal moist air advection
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at 850 mb over east Texas. This layer overlies the band of moisture at
900 mb (Fig. 4.40) and is generally rising at a rate near 7 mb he~!
(Fig. 4.45). The model results in Figure U4.46 after twelve hours of

ascent show a ten-fold increase in specific humidity in east Texas which

compares very well with the 0000 GMT moisture analysis in Figure 4,47,

Sounding Comparisons

As with the June 11th case, many of the strengths and weaknesses of
the wind-updating and advection models are made more visible by
comparing the PRE-STORM soundings with the model~-produced soundings.
Also, since May 12-13 is a daytime case, it is interesting to contrast
these soundings with the 1200 GMT rawinsonde which has been modified
Wwith new surface temperature and moisture data. The modifying technique
assumes that there is no change in surface pressure from the time of the
original sounding. In addition, it is assumed that the lapse rate is
adiabatic and the mixing ratio is constant from the surface to the
lowest level of the original sounding which has a potential temperature
equal to or greater than that at the surface. To aid in the
comparisons, the modifying technique is also applied to the model-
produced sounding data. This effectively fills the void between 900 mb
and the surface on the skew~T, log p diagrams and provides the most
realistjc thermodynamic profiles possibl~ from the modeled data.
However, it is important to note that the modifying technique does not
alter the data within the advection model.

As discussed earlier, the 1200 GMT sounding for Oklahoma City is

distinguished by a very shallow moist layer from 960 mb to 915 mb (Fig.
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4.48), Except for this moist layer, which is below the lowest level of
data entry into the model, the model-analysis 1200 GMT nowcast sounding
for Oklahoma City (Fig. H4.49) closely resembles the observed profiles.
Of course, this is due to the large influence of the Oklahoma City data
on the gridpoint over Oklahoma City in the objective analysis. The next
sounding from Oklahoma City was not launched until 2100 GMT. By then,
the surface temperature had warmed 110C and nine hours of ascent
partially countered by warm-air advection and solar heating resulted in
30C conling at 850 mb (Fig. 4.50)., Other noticible changes include
moistening in the 850-815 mb and 600-550 mb layers, and approximately
20C warming in the layer between 800 and 600 mb. Three degrees
Centigrade of cooling near 550 mb was also present, along with 20C of
warming near 400 mb. Finally, the winds below 600 mb had strengthened
and backed. Of course, only the increase in surface temperature and
dewpoint temperature are depicted in the 1200 GMT sounding (Fig. 4.48)
which has been modified with 2100 GMT surface data (Fig. 4.51). 1In
comparison, however, the 2100 GMT nowcast (Fig. 4.52) shows not only the
increase in surface temperatures, but also slight moistening near 850
and 600 mb. Approximately 10C of warming was modeled between 800 and
600 mb, with 20C of warming near 400 mb. The 2100 GMT nowcast also
depicts the stronger, backing winds below 600 mb. Although the 2100 GMT
nowcast does not portray all the changes, in particular the inversion
below 800 mb, it is a slightly better depiction of the 2100 GMT sounding
than the modified sounding. Figure 4.53 illustrates that by 0000 GMT on
13 May 85, continued surface heating and adiabatic cooling have broken

the cap below 800 mb. In addition, dewpoint temperatures have increased
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in the 850-500 mb, 10C of warming has occurred between 600 and 500 mb
and the low-level winds have continued to back. Again, the modified
sounding at 0000 GMT (Fig. 4.54) indicates only the warming near the
surface. It does not show any changes in the wind profile, or in the
temperature and moisture profiles above 900 mb. Conversely, the 0000
GMT nowcast wind and temperature profiles for Oklahoma City (Fig. U4.55)
match very closely with the observed sounding. The only significant
discrepancies are the 800 mb temperature which is approximately 30C too
warm and the 600 mb temperature which is 10C too cool. The model shows
some increase in moisture below 500 mb, but not nearly as much as what
actually occurred. Nevertheless, the model-produced soundings provide a
more accurate depiction of the observed profiles than do the modified

soundings.

Case II Summary

The results from the May 12-13 case are quite favorable. Although
the wind-updating model understandably has difficulty depicting the
frontal zone below 750 mb, the advection model still successfully
indicates the return of low-level moisture to central and eastern
Oklahoma. The modeled 900 mb wind field at 0000 GMT matches closely
with the verification data. Finally, and most importantly, the model-
produced soundings at 2100 and 0000 GMT provide a better depiction of
the wind and thermodynamic profiles than do the soundings which have

been modified with just the 2100 and 0000 GMT surface data,
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CHAPTER V

CONCLUSIONS AND FUTURE WORK

The triangular array of 50 MHz wind profilers established as part
of the PRE-STORM project during May-June 1985 provides a unique
opportunity to study the utility of wind profilers in the Central
Plains. As a supplement to the twice-daily rawinsonde observation
network, data from these profilers can enhance our knowledge of the
atmospheric wind fields. One method of capitalizing on the higher
temporal resolution provided by wind profilers is to use the data in a
regional advection model. In this study, a model has been formulated to
use hourly profiler winds to update the wind analysis used to compute
changes in the temperature and moisture fields.

Two fundamentally different cases from the PRE-STORM program are
studied with simjlar results. Both cases indicate that when and where
profiler data are avajlable, the horizontal and vertical motion fields
produced by the wind-updating model are quite realistic for subsynoptic-
scale motions near the profjler triangle The advection model
successfully uses these winds to show general changes in the temperature
and moisture fields. The soundings produced by the model present a
better depiction of the observed soundings than do the modified

soundings or persistence. In addition, the fact that the model can
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produce a reasonable sounding at locations and times which rawinsonde
data are normally not available is a valuable accomplishment.

There are, however, several shortfalls in the model results. The
success of the model is restricted by a lack of profiler data below 1-2
km AGL and by having only three wind profilers in the 1530 km square
domain. This often results in either an overestimation or
underestimation of changes in the low-level temperature and moisture
fields. The June 11th case demonstrates the model's inability to depict
the correct position and speed of fronts and the vertical motions
assocjated with thunderstorms. These deficiencies have a detrimental
impact on the accuracy of the modeled thermodynamic fields. The May 12-
13 case indicates that interpolating between the lowest available
profiler wind and the surface wind observatjon helps to fill the data
void left by the profilers, but the interpolation cannot accurately
delineate the vertical structure of a frontal zone. Finally, although
the nowcast soundings show improvement over persistence and modified
soundings, they do not always compare well with the observed soundings.

The availability of more profiler data is the primary way in which
the results of this research can be improved. This can come about
through four means. The first is having the capability to sense
boundary layer winds using wind profilers (or some other adjacent
instrument). A 305 MHz profiler can provide 150 m vertical resolution
from 0.5 to 5 km AGL and 300 m vertical resolution up to approximately
10 km AGL (Kaimal, Dec., 1985). By supplementing this data with the
surface wind observation at the profiler site, a much more complete

depiction of the tropospheric winds can be obtained. Knowledge of the
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boundary layer winds allows one to relax the restriction which set 900
mb as the lowest pressure level in the model. The model could then be
reformulated in a terrain-following coordinate system and include the
boundary layer thermodynamic data in the initial temperature and
moisture fields. Secondly, having more wind profilers will provide more
profiler data. With a network of profilers scattered throughout the
region, the wind-updating model used in this research could be replaced
by a much simpler objective analysis scheme over the complete domain on
just the new profiler winds. The additional data wjill eliminate the
"constant wind field" problem which occurs outside the influence radius
of the profiler data. This solution is expected to become a reality in
1989 when a network of thirty wind profilers across the central United
States is scheduled for completion. The third method for obtaining
additional profiler data is through the improved sensing capabilities of
the profilers themselves. Presently, four similar wind measurements
must be received during a thirty or sixty minute averaging period for a
given height to be awarded a u and v component. Sometimes these values
are in obvious error and must be removed from the data set prior to
use. If fewer than four similar values are found, the wind value for
the height is labeled as missing. By eliminating the outliers and the
holes left by missing data, not only will the results of the model
improve, but the time required to process the data will be significantly
reduced. Assuming the availability of a network of wind profilers, the
fourth way to improve the model results is through the use of a third,
vertically-pointing antenna beam. Since a vertically-pointing beam can

directly observe the vertical wind component, the need to kinematically




mupaiondn

L g

=99

compute the vertical velocities could be eliminated. The vertical wind
field can be updated as often as the data is available by a simple
objective analysis scheme. This not only bypasses the possible error
induced by the kinematic technique, but it also allows the vertical
velocitjes within a thunderstorm which tracks directly over a profiler
to be measured and entered into the advection model. Of course to do
this, one must take into account the horizontal scale of the
thunderstorm versus the grid resolution. Also, the direct measurement
of vertical motion reduces the total computer time required for data
processing.

In addition to obtaining better and more abundant profiler data,
the model results can be jmproved through enhancement to the advection
model jitself. One technique is to include a more complete formulation
of diabatic heating into the model. However, the computation of
sensible heat and radiation terms is cumbersome and may impact upon the
operational utjlity and timeliness of the model. A second and much more
feasible enhancement is to integrate hourly surface data into the model.
By applying a technique simjlar to that used when modifying a sounding,
this enhancement can effectively incorporate the boundary layer heating
and cooling terms into the thermodynamic fields. A third method through
which the model results can be improved is to use observed rainfall
rates at surface observation stations to compute latent heating rates.
This requires the assumption of a reasonable vertical distribution
profile for the evaporation and condensation terms. A recurring
drawdback in this procedure is that it is difficult to apply in an

operational sense because hourly surface rainfall rates are not
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generally available. Another possible enhancement would be to
incorporate an elliptical weighting scheme in the objective analysis
such as described by Barnes (1964), The principle advantages here are
to reduce the tendency to smooth out small variations in the field and
to have more control over the upstream and downstream influence of the
orofiler data on the updated wind fields. Finally, the model could be
reformulated in the @-coordinate system. This would greatly improve
the model's ability to handle fronts, inversions and stable layers.
Also, for adiabatic motions, under certain assumptions, the flow along a
6 -surface yields the vertical wind component. This eliminates the need
for kinematic w's.

Finally, a few easily adaptable modifications can be made which
will improve the model. The first is to use standard atmosphere data
when initializing the potential temperature, specific humidity and
geopotential height fields for the Cressman analysis. The second is to
abandon the "station-of-interest" concept when formulating the model
grid. Instead, a constant grid can be developed which uses bilinear
interpolation to extract the nowcast sounding data for the verification
point. This latter enhancement will make it much easier to compare data
from additional PRE-STORM sounding sites and shorten the required model-
setup tim~

In conclusion, a wind-updating and advection model has been
formulated which effectively uses hourly profiler winds to produce
thermodynamic profiles between standard rawinsonde launch times.
Despite being limited by the availabjlity of profiler winds, the simple

design of the model and the effects of deep convection, the model-




=101~

produced soundings are an jmprovement over both persistence and
modifying the soundings with just surface data. Many enhancements are
identified which will improve the quality and quantity of the profiler
data as well as the advection model results. Our ability to produce a
nowecast sounding for any time or location will progress with each

modification.
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APPENDIX

CORRECTION FOR NORMAN PROFILER

ANTENNA POINTING ERROR

Correcting the Azimuth and Elevation Angles

The 50 MHz wind profiler located near Norman, OK has two beams

which are mechanically aligned as

N/S

11.30/191,30

E/W 101.30/281.,3°

The electronic phasing introduces a beam pointing that steers the bean
14,50 relative to the normal of the plane of the antenna. Therefore the
elevation angle relative to the plane of the dipoles is 75.50 (Strauch,

1985). The azimuth (AZ) and elevation (EL) angles for the two beams are

AZS - 191,39 AZg = 101.3°
ELg = 75.50 ELg = 75.5°

where "'" denotes uncorrected angles
s denotes "south" pointing beam, and

E denotes "east"™ pointing beam.
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However, the plane of the antenna slopes 2.19 towards the south beam
pointing direction (191.39), The corrected azimuth and elevation angles

are given by Strauch, 1985 and Eiits, 1986 to be

AZg = 191.30 AZE = 109.4°
BLg = 173.4° Elg = 75.4°

Solving for the Correct Values of u and v

The raw PRE-STORM data from the Norman, OK profiler was processed
and archived using the uncorrected azimuth and elevation angles for the
south and east pointing beams. Using the exact angles given above for
the two pointing beams, the u (positive to the east) and v (positive to
the south) components can be computed (Eilts, 1986). The relationship
between the radial velocity and the u and v wind components (assuming no

vertical velocity) is

YR = (usinAZ + v cos AZ ) cos EL (A.1)

where VR 18 the radial velocity which is positive away from the radar
AZ is the azimuth from north with clockwise rotation positive, and
EL is the elevation angle with horizontal pointing equal to 0Jo.
Since there are two unknowns, u and v, and two radial velocities, vRe
(east) and VRg (south), there are two equations

VR ( usin AZE + v cos AZE ) cos ELE (A.2)

e

VRs ( usin AZs + v cos AZs ) cos ELs (A.3)
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Tnserting the values AZg = 101.39, ELg = 75.50, AZY = 191.39,

3;; = 75,50 and the uncorrected u and v from the raw profiler data into

Zquations (A.2) and (A.3) yield the uncorrected radial velocities Vée

and V3o, Solving (A.2) and (A.3) for u and v yields

. qu cos AZS ) VRs cos AZE
* coS ELE cos ELS ) -~
5in AZ; cos AL - sin AL cos AL e
. . .
i /Re sin AZS VRs sin AZE
V7 Toas L B cos EL (4.5)
£ “s

sin AZS cos AZE ~ 3in AZE cos AZE

Finally, plugging in the corrected azimuth and elevation angle values
Az = 109.49, ELg = 75,49, AZ5 = 191.39, and ELg = 73,49, Equations

(A.1) and (A.2) reduce to

{91
]

= 3.9292 VR - 1.1744 V3g (4.5)

<
1]

- 0.7852 Vpy - 3.3349 Vpg (A7) 4

where u and v are the corrected horizontal wind components and ‘J;;e and

Al P . sy 3 : 3
fog are the uncorrected radial velocities obtained above.







