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INTRODUCTION

This report serves as the Final Report for research supported by the
National Aeronautics and Space Administration, Goddard Laboratory for Atnospheric
Sciences under Grant NSG-5252. (Optimum Employment of Sateliite Indirect Soundings
as Numerical Model Input.) The fundamental goal of this project was to identify
characteristics of sateliite-derived temperature soundings that would gignifi-
cantly affect their use as input for numerical weather prediction models.

Many of the previous sounding evaluations involved model impact studies
that mixed satellite goundings with conventional data, before the error charac-
teristics of the satellite soundings were fully defined. In contrast, our work
has emphasized independent evaluations of satellite soundings to better define
these error char#cteriatics. The article by Kochler presents a Hiobus-6 sounding
study from February 1976 (during the winter Data Systenms Test). His resulto
reveal an underestimation of the strength of synoptic scale troughs and ridges,
and associated gradients i{n isobaric height and temperature fields. The most
significant errors occur near the earth's surface and the tropopsuee. The instru-
ments carried aboard Nimbus-6 were prototypes for those carried aboard the: TIROS-N
and NOAA-6 satellites, which provided the global distribution of satellite-derived
temperature profiles during the fmportant FGGE year observational study (fren
December 1978 through November 1979).

Soundings from the TIROS-N and NOAA-6 satellites are evaluated in Schnide,
Koehler aund Horn. Their results are remarkably similar to those from Koehler,
again showing an undereatimation of upper level trough amplitudes leading to
weaker thermal gradient depictions in satellite-only fielda. These crrors show a
definite correlation to the synoptic flow patterns.

Derber, Koehler and Horn used or= of Schmidt et al.'s satellite-only analy-
sis to initialize a aumerical model forecast, and found that these synopticaily
correlated errors are retained in the forecast sequence. If the sounding errors
were not retained or were more random in nature, they could bde more easily com—
bined with conventional data in dats rich regions. However, the correlated nature
of these sounding ‘errors complicates their incorporation into conventional data
sets. Thus, thia-knowledge of the nature of the satellite errors should be used
in additional efforts to develop metho i which can facillitate the 1nc1uaioh.o£

satellite-sounding information into *“e observational data mix.

111
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A Case Study of Height and Temperature Analyses

Derived frorm Nimbus-6 Satellite Soundings

Thomas L. Koehler

Department of Meteorology
University of Wisconsin-Madison, WI 53706

Abstract

Height and temperature analyses were constructed on a subset of the
LFM grid using only’Niﬁﬁus-ﬁ satellite temperature profiles from approximate-
1y 1800 GMT 22 Feb. 1976. Several experiments were performed to evaluate
various features of these satellite-derived analyses. Fields derived from
the bracketing LFM analyses provide the verification data. Results from this
study provide insigbﬁ i@to possible reasons for the inconclusive results from
the DST-6 impact studfes.

The results iundicate that Nimbus-6 soundings were able to correctly
position the major t;oughs and ridges, but underestimate gradients in the
analyses due primatilf'ﬁO'the soundings being too warm in the troughs. - No
advantage could be found in using a set of satellite soundings with a greater
horizontal resolution than the DST soundingé.

While the satellite soundings for this period were ‘degraded due to a
loss of one set of infrared channels, results from this study are quite sim
ilar to those presented in Phillips et al. (1979), Schlatter (1981) and Schmidt
et al. (1981) with more recent TIROS-N and NOAA-6 sounding data. This sug- .
gests inherent limitations in the methods used to derive these soundings, ana

in their incorporation into conventional data sets.
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1. Introduction

The ability to provide accurate synoptic scale weather ﬁredictiona
from one to several days has been hampered by the lack of conventional data
over large regions of the globe, especially ocean regions. During the last
decade considerable effort has been expended to alleviate this problem by
providing truly global data sets. The culmination of this effort was reached
in the collection of the FGGE year data sets (December 1978 to November 1979).
Vertical temperature profiles derived from satellite measurements comprise an
integral part of these global data sets.

During the perfods 18 August to & September 1975 and 2 February to 4
March 1976, the National Aeronautics and Space Administration (NASA) conducted
Data Systems Tests (DST-5 and DST-6, respectively) to evaluate several compo~
nents of the special FGGE observing systems in an operational mode. During
the DST periods, atmospheric temperature profiles were derived from radio-
metric data measured by instruments aboard the Nimbus-6 satellite. These in-
struments were prototypes of those carried aboard the TIROS-N and NOAA-6
satellites during the FGGE year. .

As part of the DST evaluations, several research institutions completed
impact studies designed to assess the éffcct of Nimbus-6 satellite soundings
on Northern Hemispheric model predictions. Two and three day forecasts . )
started from initial states with and without shtéllite'tcmpernthre profiie.A
data werc verified. The results from these studies, as presented by Hiyékoda
et al. (1977) for the Geophysical Fluid Dynamics Laboratory (GFDL), Halen et al.
(1978) for the Goddard Institute for Space Studies (GISS) and Desmarais et al.
(1978) for the National Meteorological Center (NMC), were inconclusive. Con-
siderable dcbate was generated between these groups concerning the reasons
for the lack of significant impact. While the poor quality of satellite sound-
ings may have been a major cause for the lack of impact, other design features
of the studies may have contributed. For example, impact was primarily deter-~
mined using two to three day torecasts from relatively coarse mesh (~400 km
grid spacing) nunerical wodels. Finer resolution model runs ¢ver shorter
periods are known to be more accurate. Also, satellite soundings were mixed
with data from othcr sources for these studies. Since satellite soundings
have different characteristics than radiosonde soundings, care must be taken
to combine them properly. The results from the DST experiments raised scrlouc

questions conccxnlnv the ability of satellite soundings to provide the a



additional, reliable information over data-sparse regions needed for improved-
numerical weather prediction. ‘
In this paper, a case study approach is used to evaluate Nimbus-6 satel-
1lite soundings over the data-dense region of North Amaerica for one day from
the winter DST-6 period. Analyses of mandatory pressure level heights were
constructed on a subset of the Limited-area Fine Mesh (LFM) model grid of NHC,
which had a grid spacing of 190.5 km. This grid permitted a better resolution
of synoptic scale patterns than the coarser grids used in the DST impact
studies. The height fields were construczted using only satellite soundings.‘.
and conventional surface data, éliminatiﬂg the problems involved with mixing_..
satellite soundings with conventional upper air data. In addition to evalu-
ating the abilitybdf satellite soundings to define height fields, other iq?gé;'
tigations were unde}taken. These included using both the DST resolution and-
a higher horizontal resolution data set, manually checking the soundings for
horizontal consistency, and subjecting the satellite-derived analyses to the
LM model initialization procedure. ;._
Several factors have Jimited the applicability of the results from this
study to the soundings collec:ed during the FGGE year. This paper presents
the results from research conducted in 1977 and 1978, a period when the DST
impact studies were .appearing, and before TIROS-N .and NOAA-6 soundings became-
avéilable. The operational retrieval methods used to process TIROS-N sound-
ings were modified 'as a result of the e#perieﬁce gained from the DST results..
Also, the instruments aboard the TIROS-N model satellites have wider scan

angles than those aboard Nimbus-6; decreasing the wide gaps between adjacent

" satellite passes, Finally and more importantly, measurements in the 15 um

infrared channels were degraded by an instrument malfunction during the winter
DST period, and were ‘not used in the Nimbus-6 sounding retrievals.

Despite all of these llmitations, useful information can be gleaned from
the results presented. The soundings evaluated in the DST impact tests were de-
rived in the sdme manner as those applied in this study. Since satellite sound-
ings were not mixed with conventional upper air data, certain properties exhib-
ited by Nimbus-6 soﬁndings that may have led to the lack of model impact may be
identified. It is also interesting to compare these 'degraded" results to those
from more recent studies with TIROS-N soundings such as Schmidt et al. (1981),
Schlatter (1981) and Phillips et al. (1979). These comparisons may indicate’
vhether the imﬁroveménts nade in the TIROS-N processing have had a éignificaht
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" effect on the thérmal fields defined by satellite soundings.

The presentation of this study proceeds in the following manner. The
pertinent characteristics of the satellite sounding data are presented in
Section 2, followed by a description of the study's design in Section 3. The
data screening and analysis method appear in Section 4. Section 5 presents

the results, which are summarized in the conclusions (Section 6).

2. The satellite sounding data

The orbital characteristics of the Nimbus-6 satellite, and the retriev-
al methods used to determine temperatures from the -ieasured radiances, played
an important role in the design of this study. The Nimbus-6 satellite was
Placed in a nearly sun-synchronous polar orbit, with the northbound orbital
segments passing -overhead at local noon (approximately.1800 GMT over the U.5.).
Consecutive northbound passes cross the equator about 107 minutes apart, with
passes progressing from east to west. Thus, satellite soundings are available
in continuous swaths circling the globe, a limited number of which are avail-
able at the same time as conventional synoptic upper air observations. Thig
asynoptic naturé of satellité—derived temperature profiles has presented com-
plex problems in both their application_and evaluation.

Two instruments aboard the Nimbus-6 satel?:-e prcvided the raw radiance

.da;a used to derive tropospheric temperature soundings: -the Eigh-resolutfon

Infrared Sounder (HIRS) and the Scanning Microwave Spectrometer (SCAMS). Both

instrumeats had éganning capabilities allowing them to provide fields of data.
The HIRS scannlng geometry is described in great detail because it served as a
basis for the method used to convert radiance to temperatures.

As Nimbus-6 moved along its orbital path, both the HIRS and SCAMS in-
struments scanned from left to right (see Srith and Woolf, 1976). HIRS had a
much smaller field of view (29.1 km diameter at nadir) compared to SCAMS
(144 km). Also, HIRS required frequent inflight calibrations which resulted
in gaps within the HIRS radiance data called calibration intervals. Each cal-
ibration interval covered an area cquivulcnt to that of four scan lines and
was thus approximately 120 km wide in the direction along the orbital path. -
Twenty scans were made between calibration intervals, each scan consisting
of 42 individual fields of view. Thus, if a temperature retrieval was made
for each individual HIRS field of view, 840 soundings would appear between
calibration intervals, over an area 619 km by 1821 km (roughly equivalenﬁ.cqx
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one-seventh the area of the adjacent 48 states). The high density of possible
HIRS soundings is both impractical and unmanageable for most purposes. Also,
factors such as clouds, varying surface emissivities, pronounced surface ele-
vation changes, and instrument noise cause some of the radiances to be unsuit-
able for temperature retrievals. Therefore, HIRS data from several adjoining
fields were combined to decrease the total number of soundings and to remove
unsuitable radiances.

The following description of the method used to combine the radiance
data in the operational retrieval process is based on the HIRS scanning geom-
etry illustrated in figure 1. In this schematic diagram individual fields of
view between two calibration intervals are depicted as circles. (The actual
field of view would have an elliptical footprint which increases in size as
the scan angle mecasured from nadir increases.)

The first step in obtaining a manageable data set was to subdivide this
set of 840 fields of view into 30 subset arrays of 28 fields of view each.
These subsets are called HIRS 4x7 blocks because each contains four fields of
view along the orbital path by scven fields of view across the orbital path
(see Fig. 1). Nithin;a 4x7 block, each HIRS measurement is checked for con-
sistency using SCAMS measurerents interpolated to the HIRS fields of view.
Acceptable radiances are then combined using a method descriped by Smith and
Woolf (1976), designed to minimize the effect of cloud contamination. This .
combination yields a set of clear column (cloud-free) HIRS radiances repre-
sentative of the'4x7.$10cks, located by X's in Fig. 1. These clear column
radiances are supplemented by SCAMS microwave radiances interpolated to the
cloud~-free radiance locations.

NESS had originally planned to provide temperature retrievals derived
at these 4x7 locations during the DST data collection periods. An optimum of
30 soundings between calibration intervals would then have been available.

Normal distances between these soundings would have been either 120 km or

240 km along the orbital path, and 300 km normal to the orbital path. (The

longer 240 ko distance along the orbital path is the distance between two

soundings on either side of a calibration interval.) NMC, however, found tle :
number of 4x7 soundiﬁgs to be too larer Jor operational data handling purpcaes;'
A maximum of 12 rather than 30 soundinge between calibration intervals was
deemed a more manageable number. To implement this reduction, averaging of
the clear golumn infrared and interpolated microwave radiances for adjacent

4x7 ULlocks along,tﬂb:orbital path was performed.
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about "600 GMT-22 Feb. 1976.
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With only five 4x7 blocks available along the orbital path between cal-
ibration intervals, overlapping averages were required. In columm A (Fig. 1)

for exzmple, cloud free radiances from blocks 1, 2 and 3 were averaged to

"yield a DST sounding ([_]) centered in block 2. Likewise, radiances from

blocks 3, 4 and 5 were also averaged to create another DST sounding in block
4. The conversion from averaged radiances to tenperature profiles was accor-
plished with an eigenvector approach also described by Smith and Woolf (1976).
In an ideal situation, with no unacceptable HFRS data, twelve DST soundings
would thus have been produced between calibrations with a spacing of 240 km .
alohg the orbital path within that region, and a spacing of 480 km across the
calibration interval. The spacing in the other direction would remain at
300 km. ,
. Examples éo the right of the orbital path in Fig. 1 illustrate how

this averaging was affected when adequate acceptable HIRS sounding pairs were
unavailable within certain 4x7 blocks. These blocks are irndicated by shaded
circles. In column D, two DST soundings result from averaging radianc;a ftom
blocks 2 and 3 ‘and 3, 4 and 5 respectively. Note that the DST sounding 1is
positioned at the center of the blocks being averaged. DST soundings also
appear in blocks El and F3 because only the one block was available for che
average. '

Both DST and 4x7 temperature soundings are evaluated in this study.
The nain difference between the 4x7 aﬁd DST sounding sets is horizontal reso-
lution. There are also other differences. In the DST data set, microwave

only soundings were generated in regions where clear column radiances wvere

unavailable, and the microwave data were acceptable. Also, in recalculating
the 4x7 soundings from the original radiance data, more stringent acceptance
criteria were used in the clear column infrared radiance determinations. Thus,
1f DST soundings appeared in regions where no ax7 soundings were made, those

soundings were either microwave only soundings or ones that passed the less
stringent DST acceptance requirements.

3. The study deﬂigﬁ

As mentioned earlier a case study approach was used in this investiga-
tion. DST and 4x7 satellite soundings from five consecutive Nimbus-6 satel-
lite passes over ‘North America at local noon 22 February 1976, along with

1800 GMT surface observations, comprise the raw data for the experiment. While
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the DST data set was cade generally available for the DST impact tests con-
ducted at several reseacch institutions, the higher resolution 4x7 soundinge
for this February case were generated upon special request by the NESS group
here at Wisconsin, and are unique to this study. The only previous study em—-
pPloying 4x7 soundings was by Blechman and Horn (1981), who investigated the
use of higher resolution soundings in delineating a jet streak over North
America on 25 August 1975, .

Both the DST and 4x7 data sets were carefully inspected to detect in~
consistent soundings, which were removed from these sets yielding two addi-
tional data sets, the screened DST and screened 4x7 sets. Analyses of heigbes
on the mardatory pressure levels were constructed for each of the four result-
ing sounding éets (both screened and unscreened) on a siLoset of the LFM grid.
These analyses were then passed through the LM model initialization process.
Finally, the satellite analysis and initializatf.a fields were compared to
equivalent LFM fields using methods designed ! evaluate both zmagnitude and
gradient information.

Results from these comparisons can provide insfght into the [ollouing
pertinent questions. How well do height and vemperature fields prepared from
DST-6 satellite soundinis and surface data describe atmospheric reatures rele-
vant to numerical prediction? What cffect does increasing the norizontal
resolution of satellite temperature soundings ‘have upon :hese fields? Are the
fields consilderably improved by a careful manual screening of the temperature
soundings? - Andlﬁo-what degree are satellite thermal analyses affected by .LFM
model inftialization? Answers to these questions, even if they are only pai-
tial answers, could prove vaiuable in developing better metheds for combiaing
satcllite soundings with data from other sources. The remainder of this fe:-
tion is devoted to explaining the de-clopment of this experimental design.

Common sense dictates that satellite soundings must be evaluated over
regions with dense conventional data coverage. Since model inltializations
were also tc be evaluated, it seemed logical to employ an existing numerical
nmodel over a data-dense region for this study. The LFM wodel fulfilled not
only these requiremcnts, but also had a 190.5 kn grid spacing (tr_.e at 60° N)
that allowed better resolntion of important synoptic scale features than the
roughly 400 km grid meshes employed in the DST impact teste. Another advan-
tage in using the LFM is {ts famil{arity {n the metcorological commtunity. The

analysis subsct grid employed in this study is superinposed.on the complete
LFA grid in Fiyure 2.

L e e )
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Several factors influenced the choice of time périod studied. A case
from DST-6 with strong winter temperature gradients would crable a better
evaluation of satellite capabilities than a case frem the summer DST-5. How-
ever the HIRS instrument malfunctioned before the start of DST-6, degrading
the longwave infrared channels and the resultant temperature profiles. Also,
LFM tapes for the DST-6 period were available here at the University cf Wig-
consin due to a special arrangement with NMC, These tapes are not routinely
archived and are therefore not readily available for use in case studies.

Daily weather maps from the DST-6 period were studied to find an inter-
esting synoptic case sultable to this investigation. A case with two troughs
in the analysis region appeared from 21 February through 23 February 1976.

The DST souriding locations were extracted from the NESS sounding archive tapes

fruw 16 February through 23 February. These locations were plotted over a
region slightly larger than the LFM grid to get a general idea of the data
distribution available. Nimbus-6 Passed overhead at local noon and midnight,

and thus passed over North America a few hours on either side of 0600 GMT and -

1800 GMT, Unfortunately, no observations were processed Juring data readouts
over the United States at roughly 0600 GMT, resulting in large data faps over

the region of interest, -This is illustrated in Figure 3 for satellite passes |
'at'rdughly'OGOO GMT 22 Febfuary 1976. The lack of adequate data coverage

over the United States at 0600 GMT precluded: any attempt to study the time
continuity of satellité analyses. It was finally decided to use the 1800 GMT
22 February soundings in this case study. The distribution of DST and 4x7
satellite sounding locations for this period are shown in Figure 4,

Two properties of the satellite sounding data sets conplicated the
verification procedires used in this evaluation. First, the satellite aound-‘
ings in the analysis region were taken at roughly 1800 GMT (23 hours), nearly
midway between the conventional 1200 GMT and 0000 GMT synoptic times, as
shown schematically in Figure 5. 1In addition, consecutive passes are 107

minutes apart, which leads to a 6 hour time difference between the eastern-

most and westernmost soundings in the analysis region. This problem is better

illustrated in Figure 6, an observation time analysis from the unscreened DST

data set. Another problem is also depicted in this figure. The shading de-

notes the wedge-shaped satellite data-void regions between consecutive passes

that appear south of about 55°N, These data 8PS cause unique analysis

problems,
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Figure 4. -Nimbus-6 satellite soundings around 1800 GMT .
22 Feb. 1676, Panel A - DST sounding locations, panel B -
4x7 sounding locations and panel € - final 4x7 sounding
locations supplemented with qualifving DST soundings (see

text). i.i indicates soundings removed in the screening
process.
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SATELLITE SOUNDING OBSERVATION TIMES

A schematic illustrating the time interval of the
times

Figurc 5

satellite soundings in relation to the four synoptic

used to derive the verification data.

: N R RN
S SATELLITE OBSERVATION TIME ANALYSIS (GMT) ”;\

¥ i;ure o,

An analysis of satellite sounding observation times.

The paps between consecutive satellite passes are shaded.
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Rather than just comparing the satellite results at roughly 1800 GMT |
to the bracketing 1200 GMT‘nnd 0000 GMT values, as done by Horn et al. (1976)
and Petersen and Horn (1977), bogus LFM verification fields were generated
which incorporated these limiting features of the satellite sounding data sets,
namely aatn gaps and asynoptic times. The first step in constructing bogus
LFM analyses was to remove the time differences between the satellite and LFM
analyses. This was performed by interpolation to satellite sounding times
from the four bracketing LFM analyses using overlapping quadratic polynomials.
Two sets of bogus LFM analyses were constructed. The first simply interpo-
lated grid point values in time using the grid point analysis of satellite
observation time 111uscratcd in Figure 6. The generation of the second bogus
set involved a more ~complicated two step procedure. In the first step, grid-
point values were interpolnted in space to the satellite observation locations
for all four bracketing LFM analyses, and then interpolated to the reported
satellite sounding time. (These soundings were used as the verification data
in the colocated'compatisons ) The bogus LFM set was then derived by inter-:
polating these colocatcd values in space back to the grid points using the
same analysis and filtering procedure applied in the satellite sounding thick-
ness analyses. .
The first'ﬁdgﬁs-LFM nﬁalysis set derived from time intefp&lntioﬁ onif
provides an estimate of the LFM fields valid at the times of the satellite -
observations. 1In tﬁe second bogus LFM set, both time and space interpolntions
are employed to further simulate inherent spatial limitations of the satellite
soundings in this case. This latter bogus LFM set is labelled INTERP LFM to
emphasize the spatial interpolation. A comparison betwecen these two bogus LFM
analysis sets given later iﬁ this report provides an estimate of how much in-.
formation is lost in the analysis process. ‘
The satellite-derived analyses can at best be expected to reproduce
the INTERP LFM bogus analyses. Therefore, those fields serve as the standard
of comparison in the visual and gridded statistical evaluations. In essence,
the LFM analyses have been degraded to the same level as their satellite- '
. derived counterparts té provide equivalent comparisons.
A final point to consider in this discussion of the case study design
1s that the Nimbus-6 soundings provided only temperature data at 21 levels
between 1000 mb and '100 mb inclusive, and thickness values dcrlved from these

temperatures for la\erq between 1000 mb and each remaining nandatory level
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(1000-850 mb, 1000-700 mb, etc.). Reference level information was needed to
determine heights on mandatory pressure levels used in the evaluations.
Heights of the 1000 mb level derived from surface observations taken at
1800 GMT from the surface synoptic stations and other sources provided the
reference level information. These 1000 mb heights were derived using stan-
dard reduction methods described in Schiepp et al. (1964).

In constructing the bogus LFM data sets, thickness values relative to
1000 mb rather than heights were the fields interpolated in time. The same
reference level values used in the satellite analysis were used to derive the
heights in these bogus LFM sets. The reason for procceding in this manner,
rather than interpolating height values directly, was to remove any bias that

may enter from the different 1000 mb height determination methods used in this
study and at NMC.

4. Data screening and analysis methods

An important and time consuming segment of this study was the manual -
screening of the DST and 4x7 satellite soundings. This screening procedure
involved a careful examination of both vertical and horizontal sections of
the atmosphere to detect inconsistent soundings removed to create the screened .-
data kets; Befofe pfoceeding with this screening, the original 4x7 data set
was supplemented with selected DST soundings in data gaps such as Texas, thé
northeast U.S. and central Cunada; where soundings available in the DST set
were not avallable in the 4x7 set (see Figures 4A and 4B). Only 14 DST sound-
ings derived from a single 4x7 »lock of HIRS measurements were added to the
original set of 356 4x7 soundings. These additional soundings were either ..

mi . -wave only or those rejected due to more stringent 4x7 acceptance criteria.
While such soundings may have been of lower quaiity than the original 4x7 set,
they provided more information than no data in these regions, and still had

to pass the consistency checks in the screening procedure. The positions of
the amended 4x7 sounding set, hereafter called simply the 4x7 set, are shown s
in Figure 4C. o

The first step in the screcning procedure was to plot and hand analyze
horizontal maps of mondatory level temperatures and thicknesses relative to
1000 mb from both the DST and 4x7 sounding sets. Inconsisisnt soundings were ..
noted for each and¥yéis. Cross-sectional analyses of potentiai temperature:

and isotachs of the thermal wind relative to 1000 mb were constructed from
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the level terpcrature information using an objective method developed by .- - v?
Whittaker and Petersen (1977). Thermal wind analyses measure thermal gradi-
ents along the cross section and are valuable in detecting vertically inte-
grated gradient errors. Six roughly north-south cross sections were con- .
structed for each orbital path, one for each of the columns labelled A through
F in Fig. 1. The 6 cross sections for each pass were displayed sequentialli '
to aid in detecting inconsistencies from one section to the next. '

Figufe 7 illustrates how cross-sectional analysis can emphasize sound-
ing errors. The westernmost column of soundings from the 4x7 data set were
used in this figure. Often errors of one sign in the lower trbbbsphere fot<."
a given sounding vere accompanied by errors of the opposite sign in the uppef
troposphere. The ‘two soundings labelled 5068 and 5090 show this typical prob-'
lem, with 5068 being too warm in the lower troposphere and too cold near
300 mb, while the opposite is true of 5090. Note how the thermal wind enaly-
sis emphasizes a problem betwcen 5084 and 5090. V

Inconsistent soundings detected in the horizontal hand analyses were -
double-checked on the cross sections, with gross inconsistencles at any level‘
causing removal of the entire sounding. The multidimensional view from both
horizontal ard vertical sections helped in making the decision of which were
the poor-soundings{‘a,decision that was sometimes easy, but often difficult.. .
In.the example from Figure 7, the decision to remove 5068 and 5090 from the
screened data set was fairly straightforward;'but the decision to remove‘SOSéi
was more difficult because it required comparisons with other cross sections.

The soundings deemed inconsistent by this method are indicated by a
' in Figure 4. The yield of acceptable soundings is much higher for the
DST set than for the 4x7 set. Only 16 of 300 (5.3%) of the DST soundings
were removed to form the screened DST set, while 107 out of 370 (28.9%) were
removed from the 4x7 set. This result is not surprising since as many as
three 4x7 soundings were averaged together to form one DST sounding, smooth-
ing errors fouhd in the 4x7 set. Thus, while the yield of the DST soundings
was higher than that of the 4x7 set, good data may have been averaged with
poor data to give médiocre yet consistent soundings.

Unfortunately, cloud contamination is not the sole factor in producing
inconsistent soundings. A distinct inconsistent-cloudy relationship is dif-
ficult to perceive:from Figure 8, where the 4x7 sounding locations are super-

imposed upon a hand analysis of percent cloudiness reported for each satellite
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Figure 7. A sample cross section used in the screening procedure.
Isentropes (°K) are solid, and isotachs of the thermal wind com-
ponent relative to 1000 mb and normal to the cross section (ms 1)
are dashed. Soundings 5090 and 5084 are 120 km apart. .
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Figure 8. Satellite sounding percent cloudiness analvsis
superimposed upon the 4x7 sounding locations (Fip. 4C).
Isopleths are drawn every 25%, with areas above 507 cloudi-
ness shaded. [:3 again indicates unacceptable soundings.
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sounding. (Comparisons against a cloud analysis from the surface synoptic i
network, satellite cloud photographs, radar maps and precipitation reports
demonstrated that this analysis gives a reasonable representation of cloud ;
cover.) The cloud band along the east coast was by far the most active in
terms of precipitation, which may have degraded microwave only soundings in
that region. Much of the cloud contamination problem already appeared in the
form‘of missing data in the mostly cloudy regions.

The satellite data screcning procedure took considerable time and ef-
fort. The decision to remove a given sounding often required a complete,
three-dimensional view of the data structure. This fact, along with the lack
of any systematic relation between clouds (and precipitation) and inconsistent
soundings, would complicate attempts to computerize this screening procedure.

The next step in the study was to construct gridded height analyses for
both the screened and unscrecned 4x7 and DST sounding sets (4 satellite~
derived sets total). The process of transformfhg data at observations into
final analyses on the LFM grid involves scveral interpolation and filtering
operations which form the analysis procedure. Several characteristics of the
basic data (satéliitc soundings and surface observations) presented certain“

difficulties which required special consideration in the development of this

procedure.

The wedge-shaped data gaps between satellite pass south of about 55°N ©
create an abrupt»transttion in data coverage that can cause severe interpola-
tion problems. Also, the satellite soundings provided only thickness infor~-
mation which was combined with base level information from surface observa-
tions to form the isobaric height data used in the analyses. The analysis
procedure was designed taking these {actors into account.

“The analysis process employs two types of {nterpolation: interpola-
tion from the unevenly spaced observations to the uniform set of grid points,
and its inverse, interpolation from prid points to observations. The latter
{s nceded to provide first guess and 1000 nb height values at observation
locations. Several methods were tested for each tvpe of intcrpolation, using
a tyvpical set df'Nimbus-ﬁ sounding locations to simulate the data gap pfobibm.
Data values at botﬁ LM grid points and these observation locations were sbc-
cified by analytic functions designed to approximate atmospheric height ind
temperature fields. The ability to specify values at both observation and

grid point locdtions permitted an exact measure of accuracy for the dii{ferent
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interpolation methods tested. i

The results from these interpolation experiments arec presentcd in _”
Koehler (1979). The grid to observation interpolation test results indicated
that the optimum interpolation method developed by Gandin (1963) was among
the most effective for this particular application. A modification of this:
method also discussed by Gandin, called optimum interpolation with normalized
weights, was chosen for the observation to grid interpolations in this study.
Normalization of the interpolation weights was incorporated to counter the
variability in the sum of the interpolation weights that appeared in the
satellite data gaps.

Excellent. discussion on the theoretical basis for optimum interpola- .
tion methods and their development® are presented by Gandin (1963), SchlatCer..
(1975) and Bergman (1978). A detailed description of the interpolation method
used in this study is presented in Koehler (1979). Only certain features of
this method will be discussed he.e.

The methodlis designed to incorporate the statistical structure’ of the
field being anaiyisd (isobaric height). The observational ervor structure 13
also included in the analysis method, such as the correlated nature of the
satellite soundings. The specification of these statistical properties is
fully described ‘in'Koehler (1979). - - o

The eight closest observations are used for a given grid peint, and
only one set of iﬁterpolation weights are determined for each data set.' These
weights are used to construct analyses at all mandatory levels. The analyses
for most variables used persistence first guess fields taken from the LFM
analysis 18 hours previous to the satellite analyses. Analyses of variables
with no first guéss field (such as the time analysis in Figure 6) could still
be performed due to normalization of the interpolation weights.

As mentioned before, a grid to observation interpolation method was

‘needed to transfer the gridded first guess values and 1000 mb heights to the

satellite observation locations. A method introduced by Bleck and Haagenson
(1968) that cmploys overlapping quadratic polynomials proved to be both ac-
curate and efficfenc for this type of interpolation.

A step-by-step description of the analysis procedure follows. Since
all four satellite sounding sets and the bogus LFM ficlds used the same
1000 mb base level information, the 1800 GMT 1000 mb analysis was comrlct d

f.rst. First guess values were interpolated to the surface synoptic station



and ship report locations. Interpolation weights were then derived for the
8 closest observations to each grid point, with only those observations within

2000 km eligible for use at that point. Tnus, it is possible that fewer than

. 8 observations were used in the interpolation to certain grid points in data

4

sparse regions. After the analysis values were determined by applying these
weights, a filter consisting of a smoother-desmoother was passed over the
1000 mb analysis to remove small scale noise from the initial analysis. This
filter is the same as one applied in the postprocessing of LFH initial hour
and forecast fields. (See Gerrity and Newell, 1976.) The spectral response
of this filter, and another called the combined filter are depicted in °
Figure 9, the latter being used to filter the upper level, satellite-derived
height analyses.. Note that the effect of these filters is to remove all 2Ax
noise from thévahalysis, while synoptic scale features at longer wavelengths
are fetained.

The next series of steps was repeated for each of the four satellite
sounding sets. The 1000 mb height values at each satellite sounding location
were obtained:b&'a grid to observation interpolation from the 1000 mb analy~
sis. These 1000 mb heights were added to the satellite-derived thicknesses,
yielding isobaric heights at each of the nine mandatory levels between 850

and 100 wmb. First guess values were also estimated at each sounding locg§ion

by grid to observation interpolatlon.

Analysis'weights were then calculated for cach of the four sounding
location distributions. The raw height analyses at all mandatory levels for
a given sounding distribution were then calculated with one set of interpola-
tion weights. The combined smoother from Gerrity and Newell (1976) was ap-
plied to these raw height analyses to produce the final satellite height
analyses studied extensively in the following sections. .

One facet of the experiment was to dctermine the effect of model ini-
tialization on the mass field variables described by satellite soundings. The
LFM model initialization program at NMC, described by Gerrity (1977), was run
with the satellite data sets. While this initialization consists of several
operations, the vertical interpolation of height and temperature valuc; from
the 10 mandatory pressure levels between 1000 mb and 100 mb to the model's
o-coordinate layers is of primary importance here. Also, while values ¢n o
surfaces serve as model initialization fields, researchers qsing LFM ‘save

tapes are norﬁally restricted to studying postprocessed initial hour daﬁéfon
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Table 1. Statistics for the second bogus LFM minus {irst bogus LFH
height field differences. Bias and RMS values are in meters while

81 values ‘are dimensionless. These statistics provide a measure of

the information lost in the analysis process due mainly to systematic
data gaps between satellite passes.

LEVEL (MB) BIAS RMS Sl
850 0.5 8.2 229
700 0.7 9.2 19.7_~
| so0 | 14 | 22 | iea |
400 | 20 | 1z | 13 |
300 2.9 16.4 14.8
B 250 1.8 14.6 134
200 | 14 |t | ree
—_—Eé—k 1.4 ” 1.3 — 13.9 N
100 os | 11 | i7e
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{sobaric surfaces. Another vertical interpolation from o to p s involved -

in the postprocessing, which has the effect of further smoothing the height
and temperature field (Hyde, 1977). This should be kept in mind when con-

sidering the effects of the initialization presented in subsequent sections.

S. Results '
The degree to which satellite soundings can provide either magnitude

or gradient information for atmospheric mass field variables is an 1mbortant

consideration in their future. application. Several methods were employed to

evaluate both magnitvudes and gradients from the satellite-derived analyses..
These methods include visual comparisons of the basic fields, statistical
measures commonly used in forecast verifications and comparisons of dynamic
quantities derived from the basic fields, such as geostrophic wind, geo=
strophic temperature advection and available potential energy.

As mentioned earlier two LFM verification data sets were constructed
from a time 1nterpolation of the bracketing LFM fields to the times of the.
satellite observations. One of these sets (the INTERP L) included an ap-.
plication of the horizontal analysis procedure, while the other did noc. This
section begins with a cowparison between these two bogus LFM data sets, which
can be used to esti mate the effect that data gaps between satellite passes -
have upon the satellite analyses. This comparison is followed by the evalu-
ations of the sateliite soundings described above. ' |

A complete and detailed discussion of the results using data from 4
satellite sounding sets at 10 mandatory levels for both analysis and ini-
tialization fields could become quite laborious. Many results are given in
tabular form for all mandatory levels. However, the text devoted to these
tables will usually be brief and will concentrate on points of greatest
relevance and interest.

In many of these presentations, labels for the 4 satellite sounding
sets have becen abbreviated. The unscreened DST and 4x7 sets are termed ALL

DST and ALL 4&7.fcspective1y. Similarly, thelr screened counterparts are
1abelled SCR DST and SCR 4x7.

a. A comparison between the two bogus LFM data sets
The first. bogus LFM analysis set derived only fron time interpolation
provides an estimate of the LFM fields valid at the times of the-satellite.

observations. This is 11lustrated in Figure 10 which includes heights,
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Figure 10. Analvsis comparisons between the first bozus LM set (1500 GMT)
and the bracketing (1200 GMT and 0000 GMT) LFM analvses. Panels to the
left Jdeptict height (solid, dam) and temperature (Jdashed, °C), while -panels
to the right show geostrophic isotachs (m s~y :



temperatures, ani isotachs of the geostrophic wind ar 300 mb for the first
bogus LFM and bracketing 1200 GMT and 0000 GMT LFM data sets. {Diagrams in
this and subsesuent figures valid at satellite observatjon tires, are labeled

' 1800 GMT.) As indicated in Figure 10, the general propzgation of features

such as troughs, ricges and Jet sireak patterns, are well represented by the
time interpolation. A slight d=g-adition of the height gradients can be de-~
tected in a comparison of the maximum speeds {or the jet streak in the south-
east United States. The speed decreased from the bracketing values of 85.8
and 89.8 m s-l to a value of 83.5 m 3-1.

In the second togus LFM set, both time and space interpolations were
employed to fﬁrther simulate inherent spatial limitati.ns of the satellite
soundirgs. A comparison between the first and second bogus LFM analyses is
offered in Figure 11. The secord bogus LFM set is labeled INTERP LFM to en-
phasize the space interpolation. Gaps between satellite passes are shadad,

The largest height differences of over 40 m are found in these date
gaps. Unfortunately, part of the jet streak in the southeast is also located
in one of the data gaps and suffers a further decrease to 71.1 =z n-l, due to
space interpolation and smoothing of the height field. Bias and RMS differ—
ences, and Sl scores for the second bogus LFM set versus the first are rre-
sented in-Table 1. Waile the bias and RMS differences increasc with eleva-: -
tion up to the tropopause, the S1 score which is designed to measure gr:dicnt
diffcrcnce'decréases. The S1 score of 14.8 at 300 mb corresponds well with
the 14.92 decrease in the jet max value, which suggests that gradient losrses
are distributed over the entire analysis regioa. Such a comparison provides
an important measure of the loss of information due to systematic data gaps
between satellite passes and the analysis procedure. Remember, satellite
analyses can at best be expected to reproduce this second LFM bogus set.

These fields will then serve as the standard of comparison for the visual and

statistical evaluation methods,

b. Layer Lean temperature comparisons at observation locations _
Following an approach used by Haydeu (1977), mean temperatures for'
lavers betwcen consecu;ive mandatory pressures were calculated at obscrvation
sites, and compared to similar values interpolated from gridded analyses to
the observation locations. Com parisons with the four satel'ite sounding sets
were rade ugaln%t both bogus LFM and satellite-derived inalysis values inter-

polated back: to ‘the sounding locations. The former coaparisons 1gain§é L™




e T RO T ey

B T e T L

-23~
ORIGINAL PACE 13
OF PQOR QUALITY

300MB_ISOTACHS - INTERP LFM AMAL.

18006GMT* ]

: s Ve - 7
3000 INTERP. LFM ANAL ~ LFM ANAL 1800 GMT -~

Figure 11. Bogus LF.1 300 mb comparisons. Panel A - heizht (solid, dam)
and temperature (dached, “C) analyses for the first bogus LFM set (time
interpolation at ; rid points only). Panel C - same as A except for the
final bogus LFM set (time interpoiation at sounding locations and sub-
sequent space interpolation to grid points). Panels B and D are the
corresponding geostropnic isotach analyses (m s~1). Panel E shows the-
height difference fields (dam) between A and C.
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analysis values measure the accuracy of the soundings, while the latter com= i
parisons against satellite-derived analyses measure the noise removed from
the original data by the analysis process. Included in the discussion are
Hayden's comparisons of radiosonde and Nimbus-6 soundings against NMC's
Northern Hemispheric analyses for the period from 15 February to 20 February
during DST-6. While Hayden's comparisons were hemispheric, conmparisons for
the DST and 4x7 data sets used in this study were restricted to sounding lo-
cations within the satellite analysis subset of the LFM grid. Bias and stan-
dard deviation statistics for the observation minus analysis temperature dif-
ferences are given in Table 2.

Values from Hayden's RAOB vs. analysis and Nimbus-6 vs. analysis com- -
parisons arc shown first. The hemispheric analyses used in his comparisons
are based primarily on radiosonde measurements and ave independent of Nimbus-6 T
satellite observations. This explains th~ relatively small bias differences .

in the RAOB vs. analysis comparisons in Table 2. The standard deviation re-

~ee .

sults were largcr_for the Nimbus-6 satellite soundings than for the radio-
sonde measurcments, especially near the surface and tropopause. Bilas dif—: .
ferences in the Nimbus-6 set are smaller below 700 mb than those from the
radiosonde set, which may indicate a problem in hemispheric analyses at lower
eleyntions. o _

The ALL DST.sct from this study {is equivnieﬁt to ﬁayden'slﬂimbus-ﬁl'
sounding set in terms of the sounding retrieval and averaging techniques dé-
scribed earlier. Standnrd dcvi&tions for the ALL DST vs. LFM analysis dif-"
ferences are larger than those from the Nimbus-6 comparison, again at lower
levels and the tropopause. The ALL DST bias differences are also larger than
the Nimbus-6 biases at lower levels, and the maxinum bias of 2.44°C for the .
ALL DST set i{s in the 250-200 mb layer. Several factors contribute to dif-.
ferences in these ALL DST and Nimbus-6 comparisons (Table 2). The ALL DST
results are only for a limited portion of the LFM grid over North America
on February 22, while Hayden's Nimbus-6 comparison was hemispheric for five
days during an gquicr period. Also, the verifying analyses for the two com=
parisons (LM wvs, hom(spheric) were constructed with different analysis ' :'
methods on grids of different resolution, : T

The major difference in the comparisons of the DST and 4x7 sounding
sets apainst analysis values {n Table 2, is that bias differences for the DST f*;.

sets are larger: near the sutface and smaller near the tropopause than bia-.ss,
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values and analysis values interpolated to the observation loca-
tions. The RAOB vs. Analysis and Nimbus-6 vs. Analysis comparisouns
arce from Hayden (1977).

(- IR Y
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from the 4x7 sets. Little or ﬁo improvement {rom screcning the satellite data
sets can be detected in these comparisons against LFM analysis values.
Comparisons of sateilite observations versus satellite-derived analysis
values provide more information. While a general label of SAT ANAL 1is used in
Table 2, a given satellite sounding set was only compared to analyses «~on-
structed from that set. For example, the screened 4x7 soundings (SCR 4x7)
were only compared with SCR 4x7 analysis values. The small bias differences
indicate that the analysis procedure does preserve the means of the data
fields. Standard deviation values for the ALL 4x7 case are almost twice those

for the ALL DST case, indicating more frequent inconsistencies in the raw 4x7

data set. The screening procedure succceds in removing inconsistent soundings

as shown by qmallcr standard deviations in the screened cases. The effect of
screening the ALL 4x7 set is substantial, although the standard deviations for

the SCR .4x7 vs. SAT ANAL comparisons.are still slightly higher than those from
the SCR DST vs. SAT ANAL comparisons.

c. Height and temperature analysis comparisons
The effecct of a high noise level in the raw data on resulting analyses
is {llustrated in Figure 12 for the ALL 4x7 sounding set. Anomalous troughing

in Colorado, Florida and the extreme west central portion of the grid stands

out in the 500 mb -analysis., - All three problem areas are in data gaps and tef,

sult from noisy soundlngs.' The detrimental cffect of a noisy sounding near
the center of a satellite pass will be moderated by surrounding observations
during the analysis. However, the analysis method tends to extrapolate grh;
dient information into data gaps. Any ﬁoisc near the edges of a satellite
pass will create anomalous gradients which are extended i{nto the data gaps.
For example, heights for the ALL 4x7 sounding in central Colorado (Figure 4C)
wvere too low, which caused an anomalous gradient between this sounding and
the one just to the east on the Kansas-Nebraska border. The extrapolation
of this gradient into the data gap formed the anomalous trough in Colorado.
Because of these wnsatisfactory results the ALL 4x7 data was not used in pre-
paring model 1nitlali rations or in performing more statistical cvaluations.'
Height and temperature analyses for the three remaining satellite data
sets are presented in Figures 13 through 16 at 850 mb, 500 mb, 300 mb and
200 mb respectively. The final bogus LFM annlyses are included for compari-

[

son. Trovgh and ridge positions are generally well represented in the
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satellite-derived analyses, however, as might be expected, the three satellite
sets resemble each other more than they resemble the bogus LFM data. Thfs_;é'

not surprising since ‘all three satellite sounding sets were derived from the

same HIRS and SCAMS measurements. In fact, the subtle differences between the
ALL DST and SCR DST analyses are almost imperceptible in these figures.

At 850 mb (Figure 13), thermal gradients in the northeast corner of the _

grid are much weaker for the satellite cases than for the LFM. This is due to i
the inability of the satellite measurements to capture the colder temperatures
north of the Great Lakes. Assuming that the LFM's temperature values over ,
that portion of Canada to be correct, the satellite~derived temperatures are - - - :
almost 7°C too warm. (The strength of this 850 mb cold dome in the LM analy-
sis is supported in' the Canadian radiosonde reporté in that region at both ..
1200 GMT February 22 and 0000 GMT February 23.) Note also that the warm re= -
gion indicated by the 4°C line in Wyoming and Montana in the bogus LFM analy-
sis is not well defined in the satelliﬁe-derived analyses, indicating a slight
cold bias in that region. )

The temperature field at 500 mb (Figure 14) is well represented-infthq-
satellite analyses. However, the overestimationvof 850 mb temperatures is re-
flected by higher satellite heights in the 500 mb trough. A short wave trough
~not found in the LFM analysis is 1ndic§ted in the satellite data in associla-
tion with an Alberta low present in the conventional surface analysis (not o
shown). It is posgible that the widely spaced Canadian radiosonde network
was unable to defiﬁe this feature. If so, the ability of sateilite soundings
to better define such shortwave features over Canada would be a definite ad-.
vantage. On the other hand, in another data-sparse area, the trough south of
California in the satcllite analyses is not supported in the available conven-
tional data. ‘

The inability of satellite soundings to define the 300 mb cold pool
over the Great Plains (see Figure 15) is an indication of their known diffi-
‘culties in defining the temperature structure near the tropopause. This is
further accentuated at 200 mb (Figure 16) where satellite soundings were ab}e
to locate a cold pbol over the western United States, as indicated by the
-56°C line. However, the intensity of this cold pool is underestimated, and
subsequently, the strong reversal of the temperature gradient evident at this

level in the LFM data is greatly underestimated.

A set bf-héight difference fields (satellite minus LFM) at .300 mb is
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shown in Figure 17. Positive values in this figure indicate areas where
satellite-derived heights were higher than the LFM heights, The general pat-
terns for the three satellite sounding sets are similar, with the greatest

overestimations in troughs and smaller underestimations in ridges. Positive.

120 m differences in the eastern trough corrzspond to 1G00 mb to 300 wdb layer

mean temperature differences being 3.4°C too warm, due mainly to low level
temperature overestimates such as the 7°C error at 850 mb mentioned earlier.
An anomalous trough in the SCR 4x7 set 19 evident froua the largc negative

differences south of Floridn, which will affect several of thc stattctlcal
measures of accuracy.

The lack of conventional data in the Pacific region of the analysen o

makes vetificntion there lcss reliable. To focus more attention on the land '

areas, the analysis region was divided {nto Pacific, western North Aserican
and eastern North American subregions, as shown in Figure 18. This also

separates the flow pattern regimes, with the Fastern and Pacific regionl

dominated by traughs, and the Western dominated by a ridge. o

TN I T AR X7

/ PACIFIC

\
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-

-

A

Figure 15. Subdivision of the analusis region Sor the calculation of
‘"a7ua'zon statistics,

Height statistics for the three subregions, and the entire region, are
siven in Table 3. Positive bias differences predoninate except in the tropo-
sphere of the Western region, where small negative values appear in the ridge
regime. Bothibias and RMS differences increase with altitude in all rcgioﬁd.
wvhile S1 scores decrease from 700 mb up to 300 mb in all except the Pacific




Table 3. Height analysis comparison statistics over the whole region and the three subset regions.
The satellite-derived analysis values arc compared against those from the second bogus LFM set.
Blas and RMS values are in meters while the Sl scores are dimensionless.
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reglon. A closer exan{nation of how the Sl score is formilated will help ex-
plain the decrease in this score with altitude, up to the 300 mb level. The
51 score I8 defined as the sum of the magnitudes of satellite gradient ninns
verification (LFM) gradient vector differences, divided by the sum of the ver-
ification (LFM) gradient magnitudes. As altitude increascs in the troposphere,
L height gradients generally increase in magnitude, while gradlent differ-
ences between the satellite and LFM fields also increase, but at a slowver rate
than the LFM height gradients. In terms of the S1 formulation, the denouina-
tor is 1ncreawing faster than the numerator, ylelding decreasing Sl scores.

The anomalous trough in the southeast corner of the SCR 4x7 analyses
preduces smaller biases than the DST sets in the Eastern region. However,
this erroneous trough is characterized by larger RMS and S1 scores which ac-
company the smaller biases. In fact, the SCR 4x7 heights exhibit higher S1
scores everywhere except at 700 and 500 wb in the Weotern region. 1n both
the Western anq Eastern subregions, smaller biascs Jdccompany larger RMS Aif-~
ferences for the SCR 4x7 set compared to the DST sets. Only in the Pacifié_
do both smaller SCR 4x7 bias and RMS differences appear together. Unfortu-
nately, verification is questiunable in that region.

Layer mean temperature comparisons are presented 3a Table 4. Through~
out the troposphere. satellite estimates are too warnm, as indicated by the’
positive biases. niases of one sign at lower levels are not being compen-
sated by biases of the opposite sign at higher levels, as found in studles

with other satellite data sets such as Horn et al. (1976). 1f such coxzpen-

.

sating biases exist, an advantage can be found in using height and thicknexs
variables {n which teoperature information is integrated vertically. This
allous biases of opposite sign to counterbalance ecach other. This ronpensa-
tion is not prcsent in DST-6 soundings, and thus, the advantage in using
vertically-integrated variables is lost.

Hhile RﬁS values for mid and upper tropospheric layers (700 mb tc
300 mb) are ruaqonablﬂ values near the surface and tropopause are unrearon-
ably large. -Thp strong pesitive bilases and related large RMS values at lower
levels in the Eastern trough region have already been alluded to in the 850 wb
analysis and 300 mb height difference field discussfons. Very large S1 scores
of over 100 are found in the tropopause layers and are indicative of the tem-
perature gradient reversal problem also described earlfier.

Ccng(hlly, the sateilite data's deficiencies in défihiﬁg'the thernal .
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Table 4. Layer mean temperature statistizs in the same format as

the bias an! RMS values are in °C.
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structure in the cold dome account to a lavge degree for problems in defining
the tropospheric height ficlds. As expected, bias and RMS mean temparatuce
values for the whole region analysis comparisons arc similar to those from
the raw data comparisons at observation pointa presented earlier. Ounly slight
improvements can be detected in the RMS differcnces due to acreening the DST
data sct.

.

d. Fnergetic and dynamic parametcrs
Parameters related to atmospheric energetics and dynamics derived di-
rectly from mass fleld variables (height, temperature and pressure) can as-
sist in the satellite data evaluations. The firat paraneter to be diacussed
is available potential cnergy (APE), a quantity that provides a one numbar
measure of the inteprated baroclinity over a region, and has been used in
other satellite data cvaluations (Desmarais et al., 1978). A technique de-
scribed by Koehler (1979) was cmployed ia the APE calculations. It uses an
exact formulathn'pf APE in {sentropic coordinates rather rhan an npptoximﬂt‘,_
formulation {n {sobaric coordinates used in previous atudies.
The avaflable potential encergy values presented in Table S are i{n the
form of specific (per unit mass) valuea. The mass {n the computation volume
can vary forvdiffctcnt data sets, so effects of the total mass in the APE vhl-".
ues have bccq removed.  The calculations were made with an upper boundary at
the 370K isentropic level, which correaponda roughly to the 150 mb isobarie

surface.

o _o N
Table S, Valuea for the specific awailable potential energy (m“8™") for the

whole region and the three subset regiong,

Interp. LIM 164.4

WHOLE . All DST 135.2
REGION Screened DST 135.7
: Scereened 4x7 140.9

: : . Interp. LM 318.5

EAS” ' All DST 284.4
REG- . L Scereened DST 287.5
’ Screened 4x7 288.7

Interp. LFM 74,6

WESTERN All DST 70.1
REGION Screened DST 69.2
Screencd 4x7 72.5%

- o Interp. LFM 88.1
PACIFIC N ALl DST 51.1
REGION Screened DST 50.2
S Screened 4x7 65.6
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The strong baroclinity associated with the east coast trough is re-
flected by the large APE values for the Eastern subregion. Satellite esti-
mates show about a 10Z weaker APE in calculations for the Eastern region com—
pared to LFM values. Over the entire region, APE 18 18% weaker for both DST
analysis sets than for tne LFM set. APE values calculated from the SCR 4x7
analyses are slightly larger than those from the DST analyses, and are thus
closer to the LFM value’ . This normally implies higher baroclinity in that
set than in the DST data sets. Without other gradient measures such as the
S1 score, it would be difficuit to say whether this increased baroclinity is
real, or 1 measure of noise in the data set. (In this case it is the latter.)

The next set of comparisons involve visual inspections. Analyses of
the 300.-mb geostrophic wind speed are provided in Figure 19. 1In all three
satellite data sets, the major jet raximum in the southeast U.S. is placed
too far south and west, with an extension back into New Mexico. Also, geo-
strophic wind calculations in the southwest grid corner are unreliable due
to a small Coriolis parameter and, more importantly, problems with interpo-
lation into the wide data gap. .

Diffetences between the three satellite sounding sets are accentuated
in these isotach analyses. The SCR 4x7 set falled to define the jet maximum
propagating down the west side of the east coast trough, although it did show
‘stronper winds bver.the St. Lawrence River Valley. Overall, the SCR DST iso-
tach analysis was probably best. It indicated another jet maximum over the.
Carolinas, and produced a better isotach configutation on the west side of
the trough. In fact, the 45 m s -1 geostrophic wind maximum west of Hudson
Bay in this analysis may be a feature not resolved in Canadian radiosonde
height measurements. A jet maximum was‘present in NMC's 0000 GMT 300 mb wind
znalysis over Trout Lake, Ontario (54°N, 90°W), which was due mainly to a
68 o s-l wind reported at that station. Considering the general underesti-
mation of gradlents in the satellite-derived analyses, the actual geostrophic
speeds of this feature may have been even stronger.

Geostrophic temperature advections at 850 mwb are fairly well repre-
sented in the satellite-derived analyses (Figure 20). 1In the Eastern region,
the strong cold-aQVection in northern Georgia and adjoining states is captured’
in all three satellite sounding sets. The SCR 4x7 sect provides a better indi-
cation of the maximum south of Lake Ontario than the DST sets, although the
central value is still weaker than that frem the LFM analysis.

v““"] ,'
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The 200 mb geostrophic temperature advection (Figure 21) further 11~
lustrates the general problem satellite soundings have in resolving the tropo-
Pause. The temperature gradient at this level has reversed in direction from
that in the mid-troposphere. While some general agreement may be found in .
the southcast, the strength of the warm advection in the northeast (40°C day-l)
and the large area of coid advection in the central United States have been
Brossly underestimated in the satellite sounding data.

.Fof the final annlysis}comparison, isentropic cross sections were con- -
structed écross the frontal zone situated along the east coast, as fllustrated
in Figure 22A. ~Analysis values were interpolated from the LM grid points to. -
the radiosonde loéations shown. Panel B is from the SCR DST analysis and- . -
panels C and D are from the bracketing 1200 GMT and 0000 GMT LFM analyses,
respectively. (The satellite analysis grid did not extend far enough east to
include the Bermuda station, so values at the intersection of the path of the
cross section with the last row of the analysis grid were plotted for the SCR -
DST analysis seéi)' Also shown are analyses of the thermal wind component o
normal to the cross section, built up from a value of zero at 850 mb. Posi-
tive values point into the page. While the wind maxima in the SCR DST cross
section are well nps§t;oned_horizontally, they are about ‘50 mb higher than - -
those in the LFM cross section. Also, the eastern maximum 1is about 35% tdo
weak in the SCR DéT set. The cold dome is buéh weaker in the satellite 2aaly-
sis, and its isehﬁropes show almost no slope near the rropopause, a good vig-
ualization of the deficiencies of the satellite-derived tropopause data, Pith °

such poor results near the tropopause appearing in almost every evaluation

parameter, there mav be some question in using satellite sounding height data

above about 300 mb.

¢. LFM f{nitialization with satellite~derived analysis fields

In the process of defining model initial ficlds from observations,
several operaiions affecting the temperature gradient information are per-
formed. Consider.:for cxample, the steps taken in preparing the LFM initial
hour fields. Rawinsonde Reasurements of temperature, pressure, moisture and
wind are made at significant levels. However, only values At the ten manda-
tory pressure levels from the surface to 100 mb and tropopause data, enter
the LFM nnalyais.. Finally, the resulting analysis fieclds arc used as input

for the initfalization procedure.
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The various steps in this process are illustrated with cross sections
from 1200 GMT 22 February 1976 in Figure 23. (This is the same cross seﬁtioﬁ-
employed in Figure 22.) Only subtle differences can be found between the sig-
nificant level and mandatory level analyses. A 13% loss of gradient informa-
tion is indicated by a decrease in the maximum thermal winds in the step from
mandatory level data to LFM analyses. Model initialization has only a slight:
effect on the analyzed temperature gradients. The dramatic losses shown by
Horn et al. (1976) also probably occurred in the analysis step, not in the
initialization step. ‘

The differences between the sntellite-dcrived analysis fields and their
corresponding initial hour ficlds were quite small, with only a 2% loss in
height gradient information. The available potential encrgy decreased 4X for
the LFM fields and only 2% for the satellite fields due to 1nitinlization...‘.
In both the satellite and conventional data cases, mass field changes due to
the initialization process were small. The smooth vertical nature of the '
satellite-derived data provides little benefit to the initialization proce-

dure.

6. Summary and conclusions

Detailed comparisons between analyses constructed from sateilite sound-
ings and surface 'data‘only with conventional analyses from the LFM model, have
been presented for one period from DST-6. . The grid mesh employed in this
study has a higher resolution (190.5 ko) than those used in most of the pre-
vious DST-6 impact studies (AOQ km). As stated earlier in the description of
the experiment, these satellite sounding evaluations addressed questions ré-
lated to the following topics: defining the strengths and weaknesses in sat-
ellite soundings, investigating the effect of increasing the horizontal resé~
lution of satellite soundings, assessing the impact of careful data screening
on the final satellite-derived analyses, and evaluating the effect of model
initialization on the analyses. The results of this study in regard to these
topics are summarized in the following discussion.

Many of this study's fiudings pafallcl those from the coarser resolu-
tion DST-6 1mpac£ tests of Desmarais et al. (1978) and llalem et al. (1%/.),.
and tests with data from earlier satellites, such as Bonner et al. (1976) .

The satellite soundings are able to define the major trough and ridge posi-

tions quite well, but are “conservative', with temperatures too warm in
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Figure 23. A cross-sectional representation of thermal gradient changes during the
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troughs and too cold in ridges. In fact, the results presented here indicate
that the inability of Nimbus-6 satellite soundings to define cold domes out-
veighs problems in the ridge regimes during DST-6.

The 4x7 data set presented here has a higher horizontal resolution
(about a 150 km spacing) than the sounding sets provided for the DST impact
studies (about 300 km). The higher noise level and resulting higher removal
rate in the screening procedure of 29% for the ALL 4x7 set compared to 5% for
the ALL DST set, suggest that both good and‘poor information from 4x7 data
blocks were averaged together to yield mediocre yet consistent DST soundings.
While the manual screening of the ALL 4x7 set produced pronounced improve-
mentg, the SCR &x7-set still had a slightly higher noise level and a less
uniform observation distribution than the SCR DST sounding set. These fac-
tors are probably responsible for the disappointing SCR 4x7 performance. How-
ever, the removal of poor 4x7 block data before the averaging to produce DST
soundings may have yielded better results. OCnaly minor improvenents could be
noted from screening the ALL DST data set. LFM initialization with these
satellite data scts 1s feasible, and has only minor effects on thermal gra-
dients in the step from analysis to initialization for both the satellite and
conventional data sets.

The deterioration of the longwave infrared (15 wm) channels of the HIRS
{nstrument before the start of DST-6 had a detrimental effect on soundings
used in this study and in the DST-6 impact studies. The seven channels lost -
comprise almost half of the temperature sounding channels available from
Nimbus-6 and would provide additional tropopause and tropospheric information.
Petersen and Horn (1977) showed promising results in tracking a closed 500 mb
low and its associated wind maximum across eastern Canada from an August
DST-5 sanple of Nimbus-6 soundings before the HIRS instrument malfunction.
The 1naﬁility of tﬁc Nimbus-6 soundings in this DST-6 study to correctly
position the jet streak in the southeastern United States could be attributed
to a number of factors, including the unfortunate pesition of the data gap in
the rcgion.of‘intefést, and the loss of the 15 um channels.

More reliable soundings derived from a complete set of infrared and
nicrowave radiance ﬁeasuroments have since become available. TIROS-N and
NOAA-6 satellite soundings were incorporated into the FGGE year data sets,
and the quality of the soundings has improved to the degree that they are now

included in the NIC operational data base over oceanic regions. However,

N
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results from Phillips et al. (1979), Schlatter (1961) and Schmidt et al. (1981)

indicate that satellite versus conventional differences for these newer satellites

exhibit much the same type of structure as the Nimbus-6 differences presented
here, especially with large differences near the surface and tropopause. A re-
cent study by Schmidt et al. (1981) demonstrates a conservative nature (too wamm
in troughs, too cold in ridges). The similarity in the structure of these dif-
ferences suggests linitations in the basic approzch of inferring temperatures
from radiance measurements, in radiance measurement accuracy, and/or in the
procedures used to estimate temperaCures from radiances. B
While the overall results from this DST-6 case study are aomewhat dis-
appointing, the soundings were able to define the major trough and ridge posir
tions. Their ability to resolve smaller scale features was inconsistent.
Thete was com=e indication that satellite soundings could define certain short
wave features over Canada that were not evident in the LFM analyses. On the
other hand other short wave features found in the satellite data were incon- .

sistent with conventional data. Lot

Satellite soundings are currently unable to define temperaturc features,
particularly important inversions such as the trdpopause, with a detail com-
mensurate with the radios onde. One should remember however, that a major
purpose of satellite soundinga is to supplement conventional data in data-
sparse regions, not to replace the current rawinsonde networks. Considerable’
cffort should be focused on further defining what satellite souﬁdings can con-

tribute, and how they can be mixed with data from other sources.
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Evaluation of TIROS-N and NOAA-6 Satellite Data:

Comparisons of Colocated Soundings and Analyses for a January Cace

Brian D. Schmidt, Thomas L. Kochler and Lyle R. Horn.
Department of Meteorology
University of Wisconsin-Yadison, WI 53706

Absatract

This study uses an carly January 1980 synoptic sftuation in evaluating the
perfornance of TIRCS-N and NCAA-6 operatfonal temperature soundings. Visual and
statistical comparisons of temperature and thickncss flelds were caployed to deter—
mine the effects of manual screening of the gatellite soundings and measura the-
accuracy of both the satellite soundings and analyses derived from them. A com—
panfon study by Derber ct al. (1981) used these satellite data as numerical veather
prediction‘model lnpuf. In both studies, comparisons between the performance of
TIROS-N and NOAA-6 were emphasfized.

Although the manual screening did not i{mprove the statistics, removal of the
poorest soundinga produced more conaistent analyses. Both satellites were able to
correctly position the major troughs and ridges. Cradients were underestinmated
though, with troughs markedly too warm and ridges slightly too cold. The poorest

data occurred near the surface and tropopause as reflected by larger standard

. deviatfons {n thoase layers. As {ndicated {n both types of cohpnrisoné, the perfor-

aance of fIROS-N wag slightly superior to that of NOAA-6. The results of this

study are encouraging, although more attention should be directed toward correcting

the problems satellites exhibit near the surface and the tropopause.
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1. Introduction

A major development {n the meteorologztcal conmunity during the 1970's wvas
the advant of satellite-derived vertical temperature soundings. These soundings
promfsed to {mprove numerical weather prediction models by providing an adequate
data base over the large data-gparse regiona of the earth. flowvever, the lbtitty of
satellite soundings to actually {mprove prediction models has been inconcluaive.

Studies conducted at the National Meteorological Center (NMC) indicsted that the

- M . - T N
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addition of satellite soundings did not {mprove numerical umodel forccaat. (Tracton
and McPherson, 1977 and Desnarais et al., 1978), Simflar studics carried out .by .

Halem at al, (1976) and Kelly et al. (1978) reported slightly {mproved model fore-
casts whan aatellite data were included. The satellite data in these ntudiel were

nixed with data trom conventional sources complicating the evaluation of the ’
satellite soundings.

A second approach in evaluating satellite soundinga {nvolves comparing
thea against f{ndependent vertficatfon data usually based on radiosonde obser-
vations. Such evaluations are far simpler and less expensive than the numerical
model {mpact studtes noted above. For exanple, Phillipa ot al. (1979) exlﬁinia
the nature of TIROS-N soundings under varying degrees of cloudiness through

couparison with colo:ated radlosondes. Another example of this sacond approach

exanines tha nblltty ot satellite data to define synoptic featurec. FRorn ot -al.

(1976) found that Nlmbus—S aoundings successfully located the thermal sredlent
beacath an upper tropoqphcrlc jet streak. TIROS-N data was used recently by
Streit and Horn (1981) to track the polar and aubtropical jets over the castara
Pacific preceding the Wichita Falls tornado outbreak. Other satcllite sounding
studies {uvolve constructing height analyses. For example, Petersen and Horn
(1977) tracked a closed 500zb low using Ninbua-6 data. More recently, Koshler
(1981) was able to delineate atmospheric trough and ridge positions over North
America from Ni{mbus-6 height annlyses constructed on a fine meah model grid.

Thia study coutinues the approach of not nixing satellite and radiosonde

~data. Roth colocatfon comparisons s{milar to Phill -a et al. (1979), and coa-

parisons of synoptic features similar to Kochler (1-1) are performed. Unlike

pravious studies, two satellite data sets (TIROS=-N and NOAA-6) will be exaamined,

A case study of an early Jaunuary 1930 synoptic sftuation occurring {n the United

States (VL.S.) will be used. The cholce of this area allows the use of the
fanilianr Lialted-arca Fiue Meah (LFM) nodel analyafs fields for veriffcation.

Derived entirely from conventlonal observatfons, the LFM analysia fields provide

an independent standard of comparison.
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With TIROS-N and NOAA-6 {n operation at that tine; a unique opportunity
vas provided to evaluate and compare the performances of the two satellites. The
evaluation {s pursucd in two distinct ways. This study exzuines the quality of
both the actual satellite temperature soundings and analysis ficlds based on
thea. 1In a necond study by Derber ct al. (1981), the resulting TIROS-N and
NOAA-6 analyses are used to {nitfalize and run a numerical veather prediction
nodel to further evaluate the satellite soundings. Thus these two studies cuploy
sone aspects of the two basic approaches for satcllite sounding evaluation, inde- _
pgnéent satellite sounding comparisons against conventional data and assessment
of satellitec data as numerical model {nput. In both studies conpgrlsons between
TIROS-N and NOAA-6 will be cmphasized. . ‘

2. The reglon andgﬁeflod of study

A subset of NMC's LFM model output-grld wvas chosen as the region of study
as shown in Figure 1. This polar stercographic grid located over North Anmerica
has a grid spacing of 190.5 kilometers true at 60°N and is fine enough tc delin-
cate small scale synoptic features revealed by the satellite goundings.
Reasonably reliable analyses derived entf{rely from conventional rawinsonde data
are available on thia grid from NMC. 1In this atudy they served two purposest
1) they provided the verificat{on data set against which satelllte aoundlns data
vere compared and 2) thry ‘'were used as a first guess in an lnterpolatlon scheae
employed in the horizontal analyses of the uatellite data. LFM analyoces were
eXtracted from the entire domain shown in Figure 1. However, the satellite-
derived analyses were constructed only on the sub-region outlined. This analysis
region was chosen to facilitate interpolation to the model grid used in the
companion study by Derber et al. (1981), .

In order to use and evaiuatc the natellite data, the pertod of study had
to satisfy several requircmenta. The ability of satellite soundings to define
strong teaperature gradients could teat be evaluated {n a synoptic situation that
exhibi{ted tntense dbaroclinfty. A wvintertime pattern satisfies this rcqulreuont.-
Furthermore, two synoptically active regions, e.g. well developed trougha, within
the analysia region would allow for more meaningful evaluation of the horfzontal )
error structure. Also, a sustained perfod of nearly conplete data asets fror Y
TIROS-N and NOAA-6 was necessary for {nter-satellite compari{sons and {nter-

polation to synoptic times.
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Pigure 1. The LFM grid and the analysis subset grid (dark outline) for this -
study.
[

A period bétveen 0000 GMT 5 January and 0000 GMT 8 January was found to
satisfy these requirements. Figure 2 depicts the 500 mb and 1000 mb height
flelds for the period 0000 GMT 6 January through 0000 GMT 7 January 1980. ‘At o
0000 GMT 6 Januarv,' a long wave trough was located over the eastern portion of

the U.S., while a short wave trough was located over the Pacific Northwest. An

{ntense jet streak was associated with this vigorous short wave as it rapidly

propagated castward. Reasonably complete TIROS-N and NOAA-6 satellite data osets
were available froa the Environmental Data and Information Service (EDIS),’ and LFH{

cachl T il St dtichrs s At s dalia e aCd St s o o v DRI S an akid ol o i s




S he SR actig FF b bt L sl et O

S e e ———————— e H

55~

ORIGINAL PAG
E IS
OF POOR QuaLiTy

. —————— > an 8+ en w— —— .

Figure 2. LFM 50Umb height (solid). and geoatrophic {sotach (dashed)
analyses, un:d 1000mb height analyses for 0000 GMT 6 January through
0000 GMT 7 January 1980.
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gave tapes were furnished by NMC for this period. These data sets allowed for

{nterpolation of the asynoptic satellite data to the synoptic times, 0000 GMT and i
1200 GMT 6 January and 0000 GMT 7 January. i

3. The satellite sounding data

TIROS-N and HOAA-6 operational satellite soundings were used {n this study.
The character of the study wvas influenced by the satellite orbits, instrument
deatgn and retrieval procedures. FPeatures pertinent to this study are provided in
the following discussion. A more detafled description of the orbital and instru-
mental characteristics can be found in Kidwell (1979). The operati nal satellite
soundings produced by the National Environmental Satellite Service (NESS)
contained three major types of soundings, differing {n both the raw data and ;ﬁe
processing procedures. These soundings produced veasonably complete data coverage
across the analysis reglon.

The TIROS-N and NOAA-6 eatellites were launched on 13 October 1978 and 27
June 1979, respectlvely. They were placed {n nearly sun-synchronous orbits wlth
southbound equator!al crossings at approximately 0300 (TIROS-N) and 0730 (\0AA-6)
Local Solar Time (LST). With northbound equatorial crossingJ occurring twelve
hours later, the aenalysis region was covered twice each day by each satellite.
‘For exanmple, Figdré 3 displays sounding locations obtained from TIROS-N on 6;.{
January 1980. The orbital period of approximately 102 minutes resulted {n an
observation time vartaticn of nearly ten hours from east to west across the analy-
sis reglon. This asynoptic nature of the data made a time interpolation necéésary
to produce analyses at standard times to facilitate verification.

Both satellites carried similar versions of the TIROS Operational Vertical
Qounder (TOVS). The TOVS consists of three fnatruments, the High resolution
Infrnred Rndiatiou Sounder (HIRS-2), %he MHicrowave Sounding Unit (HSU) and the
Etratospheric Sounding Unit (SSU). Vertical temperature profiles produced by
NESS were derived from the radiance measureaents provided by these {nstruments.
Clear, partly cloudy and cloudy soindings were produced using procedurcs described
{n Smith et al. (1979). Clear soundings wvere derived from a combinatfon of all
available HIXS and MSU channels. A specfal method described by Sazith and Woolf
(1976) which compensates to some degree for cloud contam{nation of the infraréd
(MIRS) channels was used for the partly cloudy soundings. Cloudy soundings were
derived from all atratospheric channels, but only the nicrowave channels in the

troposphere.
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TIROS-N_SOUNDING LOCATIONS DEXCENDING ORDITS '6 JAN 1980

Pig. 3. TIROS-N sounding locations from descending orbits at approximately
0300 Local Solar Time (LST) on 6 January 1980. Soundings are divided into three
types: clear (0), partly cloudy (A) and cloudy (+). - o T

At the time of th1s case study (January 1980), the acceptance criteria for-
the partly cloudy retrieval technique was such that too few partly cloudy aoun:
dings were produced (Smith, 1981), Also, the automated quality control procedure
used during the data prccessing was too liberal, makiﬁg nanual screeaning of the ‘
satellite soundingh {mportant. Previous work by Horn et al. (1976), Blechaan aand
Horn (1981) and Paulson and Hora (1981) has shown that such manual scrcening can

produce data sets superior to unscreened satellite data aets.

4. Data preparation and screening

The original format of the operational satellite soundings recei{ved from
EDIS was {n terms of layer mean temperatures, along with temparaturcs and
pressurc:s at the surface and tropopause. This study's screening and analysis pro-
cedurer, required that the data be in terms of fsobaric level temperatures and .

thicknesses relative 'to 1000ob. Using a method described by Poigcr (1978), the. .-
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level temperatures were determined by a linear interpolation between thp.xaycr
mean temperatures, surface temperature and tropopause data. Level teapera:ufeo
below the reported surface were estimated assuzing a lapse rate of one-half the
dry adisbatic lapse rate. Thicknesses relative to 1000mb were hydrostatically cal-
culated using the original layer mean temperatures where possible, and the layer
temperatures estimated from the level values below the surface and near the tropo~
pause. .

For screening and analysis purposea, the data were divided into five oets
per satellite, each set consisting of soundings from either ascending or descend~
ing orbits at the same subsatellite LST. A sample of one of thece date cots o
given in Pigure 3. The arduous process of manually screening the ten data sats
was undertaken by intercomparing horizontal hand analyses, vertical cross sec-
tions, cloudiness and type of sounding. Initially, questionable soundings were
flagged in hand analyses of temperatures at seven mandatory levels up to 1C0mb axd
also for cumulative thicknesses (i.e. 1000-850mb, 1000-700mb, etec.). Verticsl
cross sections of potential temperatures and thermal winds relative to 850=b vare
conatructed'thfough the flagged data points using a technique developed b
Whittaker and Petersen (1977). When the horiczontal analyses and verticel cross
sections failed to clearly identify inconsistent soundings, other factors such es
cloudiness and type of sounding were considered. When this occurs, the cloudy
(nicrovave)‘aoﬁndings and soundings with higher percentages of cloudiness vare
deemed inconsistent. To reduce the effect of personal bilas, sgreezent between the
two people involved in the screening brocedure was necegpary. During this pro~-
cess, direct comparisons betveen satellite ‘and conventional znalyses ware evoldod
to insure independent judgemedts. It was found in the screening procedure that
fnconsistent soundings which were too cold (warm) in the lower layera were teo varn
(cold) in the upper layers. In reglons of overlapping pisses, sounding pairn laze
than sixty kilometers apart could produce instabilities fn the analysis routims.
Special attention was given these pairs with the less consistent souading beins
removed from all data sets.

Prom these screening procedures, ten data sets for each satellite emerged,
five screened (i.e. obviously inconsisfent soundings removed) sund five unccteenad
(1.e. obvioﬁslylinconsistent soundings retained). For TIROS-N, the unscrecned dats
gets contained a total of 2095 soundings. Of these, 6.4 percent were removed to
create the screened data sets consisting of 1962 soundinga. Likewise, the ROAA-6
unscreened data sets contained 2257 soundings with 6.4 percent removed te forms

screened data sets consisting of 2113 soundings.




'S. The asynoptic problem

A major difficulty encountered in studies comparing satellite soundings
vith conventional data {s the time variation between the two types of data. Con-
ventionai observations and the analyses based on cthem are synoptic in nature.
However, satellite soundings are made in continuous orbital swaths at the same LST,
resulting in time differences of 102 minutes between consecutive passes. To cover
the North American region, at least six passes are roquired, which leads to tiu‘

differences of nearly ten hours between the easternmost and westernmost soundings.

-Since this type of study requires comparisons of the asynoptic satellite data with

an independent verification set, both fields must be vslid at the saae time to pro-
duce truly meaningful comparisona. To place both data gets in the saze tice frame
for comparison, one or the other must be modified. If the comparisons are per-
formed at the satellite observations, a scries of bracketing couventional standards
of comparison should be interpolated to the satellite times. This allows ntaélstl-
cal comparisons which identify actual sounding error characteristics. On the other
hand, {f the comparisons are performed at the synoptic times of conventional analy-
scs, a series of bracketing satellite fields should e interpolated to synoptic
tise. This pronqés an opportunity to evaluate the performance of satellite data
in defining thé Qirﬁcture of weather patterns. However, time 1nterpola:10n6.6ay
provide an inszdequate representation of the actual temporal changes ia the
atmosphere. .

To facilitate an understanding of tuis complex topic, a detailed dendrtption
of the time-related aspects of this study will be presented. An appreciation of
this topic s essential to better understand the results given in later sections.

Conventional NMC analyses on the LFM grid based on synoptic radiosonde
observations provide the standard of comparison for the satellite sounding eva-
luations. Assessment of satellite data is performed using both types of com—
parisons noted ecarlier: 1) statistical ccamparisons done at satellite sounding
locations by {nterpolating the gridded LFM date in time and space to the sbudding
locations (colocated comparisons) and 2) comparisons of synoptic features based oa
satellite and LFM analyses at synoptic times.

Figure 4 fllustrates the t{me dependency of the data sets employed. Both
the discrete synoptic times of the LFM analyses and the continuous perfods of the
satellite soundinge are preseanted. For the colocated comparisons, the seven ﬂ?ﬁ
analysis perfods shown schematically in FPigure 4 produce verificat{on values for
the four shaded TIROS-N and NOAA~6 data sets. Both morning and afternoon coloca-

tions were performed to prevent a diurnal bias.
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~ Verification values for cach. level at every satellite sounding locat{on were
deterained as follows. Pirit. the satellite sounding time was used to identify
four bracketing LFHM times. A spatisl interpolatfon for each of these four‘ahgliic.
vas then performed to the eatellite sounding location using overlapping quadratic
polynoaials in two dimensions. This was follcued by an overlapping quadratic poly-
nonial interpolation in time to the sounding tioe, producing the colocated value.
This process is clarified by considering a complete satellita period as shown {a.
Figure 5, which presents a time analysis of the 6 January 1980 NOAA-6 morning soun-
dings. LPH periods B, C, D and B (Figure 4) were used in interpolatfons for all
observations in the shaded area (i.e. before 1200 GMT), while LFM perfods C,D, E
and P vere eaployed iu interpolations in the unshaded area (1.e. after 1200 CHT).
Thus, the production of colocated verification values for all four TIROS-N and . -
NOAA-6 periods required seven LFM analysis sets.

-

Converlely; (6: coaparisons at synoptic times, five satallite pcrtodl_ip?u.
eaployed to construct the three satellite synoptic analyses shown in Pigure 4.
First, satellite analyses at LFM grid points were constructed for each of the five
TIROS~N and NOAA-6 data sets, ignoring time varifations in the observations.
Separate tinme analyses vere also constructed, such as that showa in Pigure. 5.. ?o
deternine the "synoptic” satellite value at an LFM grid point, the synoptic tiumé
was coapared to the values of the five time anaiyses, the bracketing times for the
polynonial interpolation identified, and the value calculasted. This process vas
repeated at each level for every grid point, yfelding the ffnal satellite synoptic
fieldl far Ehe tﬁtﬁe‘tiﬁei shown in Pigure 4. In any event, more data setc were

‘involved in generaring compatible comparisons than were actually evaluated {n th§
result sectfons. '

6. Thickness analysis procedure

Satellite thickness analyses were produced on the LM grid using an optimun
interpolation methad with normalized weights. T 1s method, developed by Koehler
(1979) based on Gandin (1962}, was specifically designed to handle the abrupt
changes in coverage, such as gaps betwveen satellite passes. Since the inter—
polation weights are normalired, the analysis can be perforned efther with or
without first guess fields. Persiatence first guess fields provided by the LIM..

thickness analyses approximately twelve hours preceding the average gounding time

. were used {n the satellite thickness analyses. Thickness analyses were produced at

nine vertical levels with {dentical weights used at each level. The satellfite tine



ot

Ocom an i 21 2o- it s Mt ichist St m—r r Ty T—

NP T VT It VPST W Mt e IW"WF'B"('“ N'q

ORIGITIAL PAGE IS
-62- GF POUR QUALITY

F O

analyses, required for the interpolation to synoptic tizes, vere consttacted
without a first guess using the szme weights employed in the thickness analyses.

 The coabined filter described by Gerrity and Newell (1576) wvas applied to the

final, time {nterpolated, synoptic satellite thickness avalyses.

7. Results

The discussion of the results is divided into two sections: 1) colccated
conparisons and 2) the synoptic pattern analyses. Because this study examines the
perfornance of two satellites over a two day period, a thorough discussion of the
reiults could becone tedfous. Thus, while detailed results are presented, oniy
those features deemed most significant will be discussed. ‘

a) Colocated conpdrlaonn
As previously mentioned, this approach compares catellite lazer mesan tem~
peratures with conventional gridded data interpolated to the satellite observation
locations. This conparison provides an estimate of the accuracy of the soundinge.
Table 1 shows TIROS-N and NOAA-6 sounding statistics for the screened acd
unscreencd data sets. Since there are only very minor differences betveen tho two

sets of data, it is appareit that manual screening dié not ifmprove the overall sta~

_tiutical results. Howvever, it must be eaphasized thal the screening proceddrc does

remove the poorest soundings, thus providing more consistent catellite uoundins
gsets for analysia purposes. For this reason, all future comparisoas will use ounly
the gcreened satellite data sets.

Pigure 6 shows a comparisoan of‘TIROS-N and NOAA-6 gound .ngs over toth the
whole reglon cf study and the U.S. subregicn. The data in this figure are a
couposite of all four time periods and all three soundings types. Excluding ths
lower two layer3, the graphs exhibit strikingly similar patterns for both satel-
1i{tes. The larger bias and standard deviation values in the 200-300nb region
reflects the difffculty in defining the tropopause using satellite soundings.
The U.S. region exhibits a much.more pronounced pattern, vith larger negative
biases {n the upper troposphere. Several factors may contribute to this pattermn.
The U.S. regloh'v;th {ts dense radiosonde network, provides a wors stringent
verification standard than that available in the entire region. Additfonally,
the U.S. reglon {8 primarily {n mid-latitudes where January baroclinity is
strong, vhile the whole region {rzludes areas north and south of this utfongly

baroclinic regton. In these veaker baroclinic areas there 1s less likéltbood ot
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Table 1: Layer mean temperature comparisons (°C) between ecrecned (SCR) and
unscrecned (ALL) satellite soundings and analysis values interpolated to obsor—
vation locations.

LAYER (MB)

1000- 850- 700~ 500~ 400- 300- 250- 200~ 130~
850 700 500 400 300 250 200 130 100

BIAS
ALL NOM-ﬁ 1008 083 00“ --36 "'.10 1.59 1-35 013 -'1‘ .
SCR NOAA-6 1.17 -89 08 -.34 ~-.09 1.58 1.29 09 =.15
ALL TIROS-N ”012 OZA 08 006 032 1076 1.‘2 21 .02
SCR TH«E—N -.01 030' 012 007 -32 1074 1-61' 020 003

ST. DEV. : .
ALL NOAA-6 4.51 2.68 2.29 2.20 2.46 2.69 3.A5 2.89 2.17
SCR NOAA-6 4.47  2.66 2.28  2.18 2.48 2.70 3.45 2.88 2.17
ALL TIROS-N ~ 4.16 2.40 2.04 2.08 2.45 2.51 2.81 2.22 1.9
SCR TIROS-N ' 4.12 2.33 2.02 2.09 2.46 2.52  2.79  2.20 1.92.

large differcnces between the satellite soundiogs and radioscnde based verifica-
tion data. Thus with the larger sample, the differcnces should bdba reduced.
Finally, within the larger north-south extent of the whole region, there is'a
greater variatlon in the height of the tropopause. Thus the distribution of dif-
ferences is upread over several layers, which reduces the magnitude of the dif-
ferences in the upper troposphere. ) .'_
Pigure 7 presents the TIROS-N and NOAA-6 soundinga subdivided into the
three sounding types: clear (CLR), partly cloudy (P CLDY) and cloudy (CLDY).
This type of figure, similar to onme used in Phillipu et al. (1979), reveals the

characteristics of the various sounding types.

In the Phillips study, TIROS-N soundings from various regions of the globse-

during April 1979 were compared with colocated radiosondes. Bias and RMS values
were calculated. In this study, the standard deviation is used, rather than.the
RMS. The standard deviation provides a better measure of the “noise™ since the
bias has been removed.

A comparison between the bias valu~s obtained for TIROS-N 1n this study
(based on the entire region) with those obtained by Phillips et al. (1979) for
the North Amerlﬁan region shows similar values with largest biases amounting’ to
about 2°C. While the largest blases in this January study occur at about 200~
300zb, the largest values in the Phillips et al. study occur between 150-250ab.
This probably reflects the higher altitvde of the tropopause in April. Ove'lll
the bias values obtained by Phillips et al. for. North America are not gtently

different from those in this atuly based on the entire region. FHowever, blases
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based on the U.S. subregion show considerably larger values than obtained by .- i
Phillips et al.. The largest standard deviation near the ttopopause‘obtalnéd'in 3

< il this study (based on the entire region) of 2.95°C yields an RMS of 3.3°C when

N

~ _ combined with the bias. This compares well with an RMS value near the tropopause
\?:». of about 3.4°C in the Phillips et al. study. On the other hnn&, an RMS of 4.8°C
5ﬁgﬁ# s reached for the U.S. gsubregion of this study. However, the standard devia-

t{ons for both TIROS-N and NOAA-6 in the U.S. subregion tend to be somewhat
smaller than those in the whole region. This stands in contrast to the larger
<§;' bias values in the U.S. subregion.

As noted {n the introduction, the major aspect of this atudy is the con—'

\ parison of the relative performance of two aatellitea. TIROS-N and NOAA-6.
'\%fFE Figure 8 provides a direct couparison of TIROS-N and NOAA-6 for the clear and:-

”_T{ cloudy soundings over both the entire region and the U.S. subregion. The partly
a-ff:i clcudy soundings are not presented since they comprise such a small percentage of
Tf{”% the sample. As shown in Figure 8, the TIROS-N and NOAA~6 bias and standard de-
\ii, _ viation curves are quite similar above the lowest layers. This similarity is not
. . surprising aince nearly identfcal instruments are aboard both aatellttea. .ﬁqy;
- }: ever, the standard deviations show NOAA-6 to be alightly noisier throughout the
.;. = soundings.

’ .' The most aignificant difference in the curves occura in the bias for tha
- o 1000 850mb layer where TIROS-N soundings are notlceably coldet. ln an attempt to
LON\L igolate the reasqn for these low level differences, histograms were prepared
Lf?s( showing the distribution of the TIROS-N and NOAA-6 colocated temperature dif-
‘@‘F‘ ferences over the ecastern'U.S. (Figure 9). This reglon of the U.S. was used to
:2; o _ lessen the problems of topography. The NOAA-6 clear cases {(Figure Sa) shows a
i~: \; distinct shift toward warmer values (i.e. NOAA-6 warmer than the radiosonde). In
?1'15: contrast, the TIROS-N cieur cases (Figure 9b) are okewed toward values coldet

Lt than the radiosonde. The cloudy comparisons provided in Figures Sc and 9d show a

.E strong skewness toward warmer temperatures at low levels for NOAA~-6 while the
-¥{ _ﬂ TIROS-N data are more normally distributed. Attempts were nade to explain dif-
! fering distributions shown in Figure 9 without success. Perhaps future studies
. fﬁi should further in?estlgate this tendency.
i -f‘; . b) Height and thickness synoptic analysis comparisons
A Plgares 10 and 11 deplct the TIROS-N, HOAA-6 and LFH 500ab height
i%?aé\ﬂ and gecostrophic ;aotach analyses for all three tiwme periods. Both satecllites
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define the trough and ridge positions relatively well, although some of the gra=
dients are weaker than in the LFH analyses.
CHT 7 January, when bot

h.satellites fail to capture the 60 n o
associated with th

~1 jet maxinuam
e trough located in the Northern Plains statcs. Weaker

ents have been noted in early studies (e.g. cee Koehler,
Desmarais et al.,

satellite gradi

1981 or
1978). Also, at 1200 GNT 6 Januery both satellites show a ten-
oward a double wave in the western troughe.

{n the LFM analysis.

dency t This tendency is not present
A further discrepancy occurs over Mexico, where apparently
anomalous troughs are found in several of the satellite analyses.

These troughs
are located in data gaps between satellite

passes and can probably be attributed
to the extrapolation of gradients into the dats gap

s by the analysisc method.
In summary, aq:exanlnation of the 50

shown in Figures 10 and 11 are relatively
noted above.

Onb heights and geostrophic winds

encouraging despite the discrepancies -
The quality of these satellite analyses will be further tevealea.Iu'
aumerical forecast cxperiments conducted by Derber et al. (1981).

Since the colocation results shoved relatively poor values at low levels

attempt was made to decrease the effects of these
layers in further evaluations.

and near the tropopause, an

This was done by calculating thicknesses over'

c layers (1000-700mb, 700-300mb, 300-100mb). The diccussion
that follows pertains to these three layers.

The -satellite:

three tropospheri

ainus LFM 1000-700=b thickness differences showa in Figure 12
{1lustrate satellite sounding problems near the surface. Both positive and ucga=

over southern Canada and the U.S., both sstellites shov
.e. satellite thicknesses too high) propagating eastward and

southward with the major trough. This is consisteat with the 500ad trough
(rigures 10 and 11) being too weak.

tive centers are present.

positive ceuters (1

On the other hand, the ncgative anonaly (f.e.
satellite thicknesses tod low) remains

more stationary, primarily over the moun-
tainous western region of the U.S.

This nay indicate a recognized difficulty fa
the retrieval procedures ov

er high terrafn, or it may reflect inadequacies in the
extrapolation to 1000mb in this study.

Two other large anomalies exist in northe

rn Canada.
tive anomaly lo

One is a large posi-
cated over the North Atlantic coastal region near Labrador. Since

{t {s located near the center of the North Amer

{can branch of the polar vortex and
urs in both satellites it may simply represent another exampl

too wara in satellite analysis fields.

acc

e of trough-'belns
However, since this arca is nearly devoid

{t {s posaidle that the anozaly reflecta a deficiency in the
The other anomaly exist

of conventional data,

verification data.. s over.oountainous western Canada and

This is particularly evident at 0000 -
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is also positive. This feature could be another cxanple of satellite sounding
probleas over high terrain. However. since {t weakens with time 1t may algo
reflect the propagation of the trough from this region.

The largest departures are in the NOAA-6 data, as compared to the TIROS~M
data. 3ince both data sets are interpolated to the same time, the greater KHOAA-6
anomalics may reflect problems with efther its instrunentation or sounding
retrieval procedure. This {8 also supported by the slightly better performance of
TIROS-N in the colocation comparisons.

Regults for the 700-300mb layer should ba more promiaing, considering the
smaller colocated differences found in that layer. Pigures 13 and 14 chov the
TIROS-N, NOAA-6 and LPM 700-300mb thickness analyses for the three tize periods.
Also shown are tsotachs (dashed 1ines) of the 700-300mb thermal wind. The troughs
in the thickness field are located west and north of their position in the 500mb
analyses, which would be expected in a developing baroclinic wave. HMany of the
varfations present in the 500mb fields are remo7ed by isolating this layer froa
the lower levels. For example, both the TIROS-N and NOAA=6 700-300mb thickaess
patterns give little or no indication of the tendency toward & "double wave® _pat=
tern {n the 1200 GMT 6 January 500mb fiecld. Also, the eastern Pacific closed high
and low in the 500mb field apparent in all three periods is weakened in the 700-
300mb thickness field.

Both satellites show general agreement with the LFM analysis trough and"
ridge positions, although the satellite features are shifted 3-5° to the west.

The intensity of the troughs and ridges are underestinated with the troughs also
showing less curvatura. As usual, there 1s a loss of gradient information in both
sets of satellite data.

However, TIROS-N does a beter Job {n defining the 700-300mb gradients than
NOAA~6. This (s particularly evident i{n the western trough at 1200 GMT 6 Janunfy
and 0000 GMT 7 January when TIROS-N better defines the 40 m s~} thermal wind Jet
and related thickness gradient apparent in the LFM analyses. Neither satellite
does very well in delineating the thermal wind Jet associated with the eastern
trough, although it {s unclear whether this is totally a satellite problea or
simply a lack of conventional data over the Atlantic. Lo

Exanlnatlon of the statistics in Table 2, which includes Sl scores, also’
reveals NOAA-6's deficiency in defining gradients.l The NOAA-6 Sl scores are con-
sistently larger than those for TIROS-N for both the entire reglon and the U.S.

1’I'he S1 score neééufes the accuracy of the intensity and positioning of gradients

in a given field, with smaller Sl scores indicating more accurate gradient reprc-
sentation.
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therﬁa;‘wind isotach analyses (dashed, m s—l) for 0000 GMT 6 to
0000 GMT 7 January 1980.
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Figure 14. Same as Fig. 13 except for NOAA and LFM.
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Table 2: TIROS-N (T) and NOAA-6 (N) vs. LFM layer mean temperature analyais

statistics. Bias and standard deviatfon values are in Celsius degrees, vhila
the S1 scores are dimens‘onlese.

0000 GMT 6 JANUARY 1200 GMT 6 JANUARY 0000 GMT 7 JANUARY
ENTIRE U.S. ENTIRE U.S. ENTIRE u.S.
REGION SUBREGION REGION SUBREGION REGION SUBREGION

T N T N T N T N T N T N

BIAS
1000‘700“3 -o20 .83 --&1 .81 -.08 «29 "c87 065 ".29 74 -+50 1-17

700-300M8 :09 17 =77 -.86 .15 =.15 <92 -1.38 .12 .10 -.65 -.B4

300-100MB .77 .47 1.38 1.54 .65 .35 1.74 1.31 .77 .37 1.52 .87

ST. DEV.
1000-700MB 2.20 2.82 1.70 2.41 2.59 2.59 2.59 2.50 2.50 2.69 2.23 2.85
700-300MB 1.36 1.64 1.17 1.65 1.39 1.45 .1.48 1.54 1.30 1.58 1.10- .t.35

300-100MB 1.31 1.84 1.06 1.74 1.52 1.91 1.10 1.70 1.48 1.98 .91 1.47

sl

1000-700MB 51.0 60.2 36.9 47.5 50.6 51.6 42.6 45.0 49.4 S&.1 36.5 45.3
700-300MB  42.2 45.9 32.6 39.4 43.4 45.1 35.2 41.4 38.9 42.8 31.0 4l.0

300-100MB 63.5 74.2 45.0 68.7 69.5 81.7 52.2 79.4 65.9 73.8 67.9 63.3
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subregion. The Sl scores for both satellites are szaller {n the U.S. subrégléﬁ '
than in the whole region. One possible explanation is that the lack of radtosonde
data in the data sparse areas of the entire reglon prevents an accurate definition
of the verification f1e1d gradients. The standard deviations in Table 2 indicate
greater values for NOAA-6. Thip agrees with the colocation results.

Figure 15 shows the 700-300ab thickness differcnce fields (i.c. oatellite
ainus LFM analysis). As in the 1000-700mb thickness differances, the posttivé '
anonalies, indicative of too high satellite thicknesses, follow the troughe
throughout the period in both satellites. This s true for both the vestern and
eastera troughs. However, unlike the 1000-700z=b thickness di{ffcrence ficlds,
negative anomaliee indfcative of too low satellite thicknesses, are found in oost
of the ridges. This 1s apparent in the ridge batween the eastern and vestern
troughs throughout the three time periods. Negative anomalies also tend to regaln
stationary over thélvesteru U.S. mountaina. This possibly reflects the effects at
higher levels of sounding problems over high terrain. The 700-200ab thickncos
dlfference results ocupport the premise that NOAA-6 ig poorer in deficuing gra-
dients. Por example, NOAA-6 exhibits a large negative anomaly over Colorsdo
at 1200 CGMT 6 Jﬁnugty and a large positive anomaly over the Northera Plains;ig,'
0000 GMT 7 January. '

The 300-100mb analysis results are ounly given in statistical form. These
results are poorer thnn those in the 700-300mb layer for both satellites with con-
sietently 1az ger Sl scores end biases. This is not uurprising, sfnce the 300~

100=b layer contaips the large tropopause errors found in the colocated results.

8. Conclusions

Evaluation of TIROS-N and NOAA-6 soundings was performed ueing both colo-
cated and analyais comparisons between satellite and conventional data for an
early January 1980 synoptic situation. Although paralleling similar astudies
(Desmarais et al., 1978; Koehler, 1581; Schlatter, 1981), this study {s unique i{n
that it simultaneously evaluates the performance of two satellites.

Extensive manual screening was perforaed on the original soundings sats.
Although the colocated statistics eghowed little or no improvement, rernoval of the
poorest soundings ﬁrovided nore consistent analyses.

The TIROS-N and KOAA-6 colocated statistics exhibit similar characteristics
above the lower layers (i.e. 1000-700mb), with the best results in the ai{ddle tro-
posphere. The large differences near the tropopause are ind{cative of poor ver-

tical resolution in satellites, while thope near the surface arve probsbly due. to
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retrieval problams over high terrain and poor vertical resclution. The TIROS-N
statistics for the entire region are siaflar with those obtained by Phillips et al.
(1979). However, the TIROS-N and KOAA-6 biases in the U.S. subregion are larger
than those of the entire regilon,

TIROS-N and NOAA-6 analyses show general agreement with the L¥M SCOmb height
and 700-300ab thickness analyses, especially in locating trough and ridge posi-
tions. However, some differences were noted. For example, ceverel of the
variations found in the 500mb satellite fields were not present in the 70C-300mb
thickness flelds. The large diffarences found in the layers bslow 700ad help
explain the icprovement. The 700-300ab thickness d{fferences exhibited positive
anonalies (coo warn) in troughs and negative anomalies (tooc cold) in ridges with
the positive anonalies especially moving with the synoptic situation. These anoma~
lies indicate that satellites underegtimate gradients and that the underectimacion
1o correlated to the synoptic pattern.

Overall, TIROS-N perforus slightly better than NOAA-6 in this study. The
snaller TIR0OS-N colocated standard deviations fndicate less noise in the soundings.
Visual coaparisons of the 500mb height and 700-300mb thickness analyses reveal more
accurate TIROS-ﬁ'gradlents. This is supported by the gmaller TIROS-¥ anomalies in
both 1000-700ab and 700-200mb thickness differerce ficlds. Additfionally, s.allex
TIROS-N Sl scores quantitatively show wore accurate gradient Intensity and posi-
tioning. .. ) e
Ia suzary, the rather accurate description of synoptic features by TIROS-N
and NOAA-6 1a edéouraging, although 1t {s evident that the problems ne&r the gur-
face and tropopsuse have not been corrected. Improvement in these areas should be
given greater priority. This study's results show TIROS-N soundings to be of
siightly better quality than EQAA~6 soundings. Whether this result is true in

gererai or is sinmply an anomaly in this one case study remains to be seen.
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A Numerical Evaluation of TIROS=N and NOAA-6

Analyses in a High Pesolution Limited Area Model

John C. Derber, Thomas L. Koehler and Lyle H. Horn
' Department of Meteorology
University of Wisconsin-Madison, WL 52706

- Abstract = - ' : ST e S

Vertical temperature ptofilcé derfved from TIROS-N and NOAA-6 radiance
measurements are used to create separate analyses for the perfod 0000 GHT 6
January to 0000 GMT 7 January 1980. The 0000 GMT 6 January gatellite enalyses
and a conventional analysis are used to initfalize and run the University of
Wisconsin's v.rsion of the Australian Reglon Primitive Equations model. Forecasts
based on conventional analyses are used to cvaluaté the forecasts baeeé.only on
satellite upper air data. .

The forecasts based only on TIROS-N or NOAA-6 data did reasonably well in

locating the main trough and ridge positions. The satellite init{al analyses

and forecasts revealed errors correlated to the synoptic situatioan. The trough
in both TIROS-N And NOAA-6 forecasts which was initlally too warm remained too
warm as it propagated eastward during the forecast period. Thus, it is unlikely
that the operational satellite data will improve forecasts in a data dense
reglon. However, in reglons of poor data coverage, the satellite dhtp-ghould

have a beneficial rffect on nunerical forecasts.
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l. lntroductton

Since the advent of numerical weather prediction, the dcvelopment and usa
of numerical models have been hampered by the lack of complete and accurate data
scts, especially in oceanic regio~s. Recent advances in remote scnsing have
established the possibility of using satellite derived temperature profiles to
foprove the data baee. However, in gseveral recent numerical experiments, the
results have failed to show any consistent positive impact when satellite tem—
perature profiles were included in the model initial fields. These results have
raised questions concerning the usefulness of the satellite data in numerical
weather prediction. Since many orher factors can influence forecast quslity,
this conclusion may be faulty. This study, along with a companion study by
Schmidt et al. (1981), attempts to determine whether vertical temperature pro-
files derived from TIROS-N and NOAA-6 radiance measurements contain useful
meteorological information. In this paper, the evaluation {8 performed by com=
paring numerical forecasts made using only sounding data from each satellite
with a control forecast based on only conventional data.

In previous studies the quality of satellite data has been analyzed using
two distinct mdfhbds: direct comparisons of satellite data with conventional
data and numerical model forecasts. The direct comparison can either be done
using colocated soundings or analysis comparisons. Both direct coaparison
methods are uscd by Schmidt et al. (1981) on the same data set employed in this
study. The colocated sounding technique compares individual satellite preiiles
to nearby tadiosande profiles or analyses interpolated to the sounding locg-
tions. Phillips (1979) and Schlatter (1981) have recently covpiled colocated
statistics for the TIROS-N satellite. In addition, Schlatter (1981) elso
employed analysis comparisors. Halem et al. (1978) and Tracton et al. (1980)
combined Nimbus-6 satellite data with conventional data to produce horizontal
analyéea for use in their impact studies. However, the combination of the
gatellite data vlth conventional data makes satellite data evaluation difficult.
Peterson and norn (1977) usad only Nimbus-6 data to track a 500mb low. FRoehler
(1981) was éble to define major syhoptic features using only Nimbus-6 data.
Usiag cross—acéé(pnal analyses created from Nimbus-5 data, Horan et al. (1976)
were able to describe the thermal gradient beneath an intense upper tropospheric
jet streak. Blechman and lorn (1981) used higher resolution Nimbus-6 data to
better locate a jet streak {n a summertime situation. Recently, using both
horizontal and. é¢ross-sectional TIROS-N analyses, Streft and Hora (1981) vere
adle to track the polar and subtropical jets, which later influcnced rhe Ulchi:a
Falls{;ornado,oqtbreak.

B s it S D ST B itk
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he 1nc1§sion'6f satellite data in numeriéal.weather predictiodlﬁoailo
provides another method of satellite data evaluation. Nearly all of the recent
studies of this type have concentrated on eaploying a combination of tcmbcfnturc
data derived from radiance measurements from Niubus-6 and conventional upper air
data. Ghil et al. (1979) found a slight positive impact with inclusion of
satellite data, while Tracton et al. (1980) found no consistent positive impact
with the inclusion of satellite data. Kelly et al. (1978) did'find a congigtent
positive impact {n a Southern Hemisphere study. This result may have been due
to the more extensive data poor reglons in the Southern Hemisphere. A good gum=
mary of recent model impact studies is presented by Ohring (1979). o

The improvement or degradation of numerical model forecasts when ontel-
lite data are combined with conventional data is often used to imply the quality
of the satellite data. However, as pointed out by Tracton et al. (1981), thz
{opact of satellite soundings is a function not only of the satellite data
quality, but also the analysis and forecast system. Analysis errors may result
froa incompatibility between satellite and conventional data. Consequently,
analyses based separately on satellite and conventional data may be superior ﬁo
an analysis based on a combined data set. Also, the cozbination of data geta
makes the evaluation of the satellite soundings difficult. Aralysis techniques
vhich take into account the unique characteristics of the satellite data may
produce superior analyses. The model may also influence the effect of satellite
tenperature data on numerical model forecasts. If the resolution of the model
{8 too coarse, the model may be inscnsitive to small differences in the initial
field. Also, inadequate model physics wmay overvhelm the effects of the changea
in the {initial field.

Unlike most previous impact studies, this study involves comparisons of
nuzerical model forccasts based either entirely on convencional data or eatirely
on satellite data. This approach circumvents problens arising from the mixing
of data sets. It appears that the only previous gt ly using this approach was
by Bonner et.al. (1976), which produced henispheric forecasts froz analyses
based only on Nimbus-5 and NOAA-2 temperature soundings. Furthermore, separate
analyses were produced from TIROS-N and NOAA-6 data allowing 1ntercompariaons
between two satellite data sets. These analyses were inserted into a limtted
area prinitive equation model with high horizontal resolution. The resulting
forecasts are verified against those produced from conventional initial fields.
Fron these conpafiaons, a better understanding of the characteriqtics nndilinl-

tations of satellite data in a forecast situation can be developed.

A
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2. The experiment

In this study, TIROS-N and NOAA-6 operational satellite soundings were

used i{n a numerical forecast model to evaluate the data's quality and usefulness
in numerical weather prediction. As noted in the introduction, this and a com=
panion atudy apply the same data sets. In the first, Schmidt et al. (1981) exa-
mines the satellite sounding quality and the improvement achieved through manual
screening of the data. In this second portion of the experiment only the analy-
ses derived from the 0000 GMT 6 January 1980 TIROS-N and NOAA-6 screened data
sets are used in a numerical forecast experiment. The data and procedures used
to construct these gatellite-derived analyses are described fully in Schgidt‘gt
al. (1981).

To evaluatc the model forecast results achieved using TIROS-N and NOAA-6
analyses, a concrol forecast was necessary. For this purpose the thickneas
ficlds obtained from the Limited-area Fine Mesh (LFH) wvodel of the National
Meteorological Center (NMC) were used. Upper air temperature and geostrophic
wind flelds were derived using the LFM 1000 wb height analyses and TIROS-N,
NOAA-6 and LFHf;hi?kness analyses. The mean sea level pressure data required by
the fnit{alization procedure, were also taken from the 0000 GMT 6 January 1980
LFM analysis fields. Since the same surface data was used in each case, dif-
ferences between the satellite and conventional initial fields were limited to
"the upper air éeﬁberature and wind ficlds. Forecasts odt.co‘t&enty—four;hburs
were produced from the TIROS-N, NOAA-6 and control fnitial fields. The control
run was verified against conventional analyses to evaluate mcdel performance,
while the forecasts derived from the TIROS-N and NOAA-6 data were compared to
the control forecasts {n order to evaluate the satellite data. This evaluation
may provide insights into the ability of the satellite teaperature data to
describe synoptic fields in a numerical forecast situation. It should be‘cmpha-
sized that the satellite data forecasts were not necessarily expected to bé
superior to the control forecasts, particularly since the exper{zent was con-
ducted over an area rich {n coanventional data. Rather, the cuumjparisons were

{ntended to provide fndications of the {nformation content of satellite data.

3. Forecast model description

The Australian Region Primitive Equations wodel was adapted by thc
Australlan Nu:epical Meteorology Research Centre for use by the Univetsitg_of

Wisconsin and the National Environmental Satellite Service (NESS). (Heréafter,
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this model will be referred to as the ANMREC model.) The operational version
upon which the ANMRC model is based is described in McGregor et al. (1978). The
ANMRC model 18 a semi-iaplicit primitive equation model with second order trun-
cation errors in space and time. In the version of the ANMRC model used in this
experiment, only adiabatic processes were allowed. Add{tfonal information on
this model can be found {n Mills et al. (1981). 1In the vertical, the ANMRC
model had ten sigma levels while it uses a staggered spatial grid i{n the hori-
zontal.

The ANMRC model grid shown in Figure 1 {s on a Lambert conformal projec~-
tion with a grid spacing of 67.56km at 50° and 20°N. This high resolution not
only reduces the truncation error, but also is small enough to resolve the
information contained in the satellite data. Computer memory limitations
encountered with such a high horizontal resolution restricts the model domain to
a limited area. Boundary conditions which must then be specified, presented a
major difficulty in this study. To sioplify the experi{ments, fixed boundary
conditions were used. As can be expected, the fixed boundary conditions produced
large forecast errors near the boundaries. Not only are time variations of the
atmospheric structure along the boundary neglected by the use of fixed boundaty
conditions, but also an lucorrect specification of the initflal condition" may
continuously produce larger errors as the forecast progresses. Thus, only the

inner region shown {n Figure 1 was used to verify ‘the forecasts.-

4. The ANMRC model forecdsts

The ANMRC model inftfalizatfon procedures required temperature and wind
analyses at 1000, 850, 700, 500, 300, 250, 200, and 100mb, moisture data below
3002b and a sea level pressure field on the ANMRC grtd. Since the data vere only
in ter&s of thicknecs analyses on the LFM subset grid, the following procedure
wvas applied {deantically to the screened TIROS~N, screened NOAA-6 and LFM
thickness anglysiﬁ. .The thickness fields derived from LFM analyses were fncluded
to serve 55 a cénfrq) forecast in satellite data and model performance evalua-
tions. The proéédure used to produce the required fields was designed to éﬁsure
conglsteacy betwécﬁ data sets and to mini{mize the {nfluence of outside dnt&
sOurces.

First, the 1000ch heipht, dew point tezperature and sea level pressure
analysecs were exfractvd frem the LFM analys{s and GOhr forecast data sets. From

the TIROS-N, hﬂ\A 6-and LFM thickness analyses, temperature flelds were dcrtved
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Figure 1: . The ANMRC model grid. Verification statistics
were calculated for only the outlined inner region.
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Figure 2: Diffcerences Yetween the control 00hr and LM
-analvsis 700mb height fields (dam) for 0000 GMT
"6 January 1940,
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* hydrostatically and hcigﬁt f{elds ereated using the LPM 1000mb analyses. The sea
level pressure, temperature, height and dew point temperature analyses were inter-
polated to the ANMRC model grid using overlapping quadratic polynomials in two
dimensions. Since & small area in the southeast corner of the ANMRC model grid is
located outside the LPM model grid, an extrapolation to these grid points was
required. - However, in this reglion &ny errors fantroduced by the extrapolation are
unlikely to significantly effect the forecasts in the verification region.

On the ANMRC model grid, geostrophic winds vere calculated from the height
fields. The approximations of geostrophic winds, adfabatic processes, and fixed
boundary conditfons werz applied consistently between model runs. Thus, com=
parisons with the control case should minimize the effects of these approximatfons
on the final results.

The LFM- {control), NOAA-6 and TIROS-N data aefs produced using the pre-
ceding proceddre'uere used to initialize and run the ANVRC wmodel on the CRAY~1
compuier ot the National Center for Atmospheric Research (NCAR). The nmodel was
run out to twenty-four hours with a timestep of six minutes. In order to ensure
consistency between the LFM verifying analyses and the ANMRC model forecasts, the
filtering in-ihé-post processing was altered ﬁo sinulate NMC's combined filter
described in Gerrity and Newell (1976). Each forecast was produced consistertly
under the simplified coniitions of fixed boundary condit!ons, geostrophic winds,
and a ainioun of parameterizacion. Thus, comparisons between ANMRC model runs
(L.e. the TXROS—V, NOAA-6 and the control run) are morc meaningful in datn eva-
luations than cqmpnrisons against operational LFM analyses. Model performance
under these simplified conditions can be evaluated through coaparisons between the
control forecast (the ANMRC model forecast initialized using the L™ avalyses) and

the operational NMC LFM analyses and forecast.

S. Results

The TIROS-N, NOAA-6, and control model runs each produced forecasts of four
different varfables at ten levels of the atmosphere for five time periods (00, 06,
12, 18, and 24 .hours). Since a complete presentation of all these result? is
unnan.: eable, ﬁhe evaluation will concentrate on the 00, 12, and 24 hou}fforecasts
of the 500mbd heights and 700-300ab thicknesses. The 500ab height field was chosen
for evaluat'on because of the {mportance of this level to forecasters. - The 700-
300ab layer was.chosen for scveral reasons. Figure 2 shows the effect of the

ANMRC {nitialization and post-processing procedures on the. 700ub control height
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field. Obviously the crrors arising from these procedures are related to the sur-
face topography, which lies below 700ab. The 700-300ab layer is also above and
below the layers in which the satellite temperatures display maximum differences
from conventional data sources. (See Schmidt et al.; 1981.) However, data from
the levels above 700mb and below 300mb mway still significantly i{nfluence the 700-
300ab layer forecasts. Also, an inconsistency was found in the rodel initializa-
tion procedure after these forecasts were run. The result was a large aeight bizs
in the top sigma level (o = .05) in the forecasts. However, the results suggest
that the levels below 300mb were not greatly affected. The forecast verification
will concentrate on the trough initfally located over the Pacific Northwest, since
the eastern trough 1s severcly affected by the boundary conditions.

4. The 500mb level

The control forecasts are first evaluated against the LFM 500mb analyses to
give an indication of the ANMRC model performance under the simplified conditions
of initi{al geostrophic winds, fixed boundaries and a minimum of parameterization.
The 00, 12. and 24hr control forecasts along wit:, verifying analyses are ehgwn in
Figure 3. 1In thie‘énd subsequent 500mb figures both height and geostrophic iéo-
tach analyses are shown. 1T.ae geostrophic winds are used to indicate the strength
of the gradient {n the height field. »

Since the control fcrecast was initialized using the LFM analyses for e
0000 GMT 6 January, the difference between this analysis (Figure 3a) and the OOhr
forecast (Figure 3b).ind1cates the cffects of the {niti{alization and post—
processing. A slight decrease in the areas of geostrophic wind maxima isg ap-
parent, indicating a decrease in the 500ab hetight gradient. This effect, which s
at least parti{ally due to the filtering done in the post-processing, should be
preseat in all the model forecasts. .

As the trough over the Pacific Northwest intensifies and propagates cast-
ward, the 12hr control forecast roves the trough somewhat too quickly and overin-
tensifies th. height gradient in the base of the trough. (Compare Figurcs 3c and
3d.) However, more apparent dlffercnées in the 12hr forecasts are the closed
center and the neéhly north-south trough axis {n the control forecast conpbréd_to
the open wave and thé'posttivc tilt {n the LFM analysis. As shown in Pigurcé Je
and 3f, the locatfon of the trough in the 24hr forecast isg only slightly too far
to the east. However, the control forecast does not {ntengify the trough enough.
This lack of iatensification 13 reflected {n the weaker geostrophic jet uhxléhh

over the central stateg.

R
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In order to partially assess the effect of the simplifications employed in
obtaining the control forecast, the NMC LFM forecasts are compared with the control
rorecasts in FPigure 4. Also, since the control initial flelds wera taken from the
LFM analyses, deficlencies in the {fritial fields should be reflected in both zodel
forecaata.

Avay from the boundaries, two major Jdifferences are noted. In the 12hr

forecasts, the center of the 500mb low over North Dakota is shifted further south

_in the control forecast, thus increasing the gradient in the base of the trough

(Figures 4c and 4d). Also, in the 24hr forecasts the LFM model correctly forecasts
the center of the 500mb low. Compare Figures 4f with 3e. The control forecast
(Pigure 4e) shous a center about sixty meters higher than the LFM foreCAﬁt.‘ In
general, the MMC operational LFM forecast and the ANMRC ~ontrol forecasts were in
better agreement with each cther than eithec was with-the verifying LF¥ analysen.
Considering the simplificaticns used in the control run, it was surprising that the
control forecasts were in reasonably good agreement witi the operational LFM
forecast.

Since the satellite forecasts were produced under the same model limltationa
as the control forecasts, many of the same features found in the cont'ol forecaetu
can be expected to alsc be present in the satellite forecasts. Thus, differences
between the conttol forecasts and the TIROS-N and NOAA-6 forecasts should reveal
strengthn and limitations of satellite data in a numerfcal nodel forecasts ‘The
companion study by Schaidt et al. (1981), which glves a more coaplete description
of the satellite data and analyses used in the model initialization, found that the
sateilite data tended to be too warm in troughs and too cold in ridges. Thusr, the
gradients {n the height and thickness fields were usually underestimated. 1In coo—
parisons "etween TIROS-¥ and NOAA-6 analyses, Schmidt et al. found that the TIROS-R
analyses tended to be slightly better than those from NOAA-6. '

Becauge of the weaker gradients fn the analysis fields, one may cxpect to
find weaker gradients in the satellite forecasts, with TIRO3-N possibly performing
somewhat hetter than KOAA-6. The TIROS-N OOhr forecast shows weaker gradicnta with
an accompanying undcreutimation of the geostrophic jet maxima in the base of both
the eastern and western troughs as shown i{n Figure 5. Also at OOhr the. western
trough extend=d back further into central Canada. This feature, also found in the
NOAA-6 data (Figure 6b), is synoptically realistic and may not have been resolved
by the widely spaced Canadlan radiosonde netwark. In the 12 and 24hr TIROS-N fore-
czats the raln trough {s {n approximately the saze position as the c01trol fore~

cast. nowover, at 12hrs a weak secondary wave is evident {n south-central Canada.
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This sccondary trough deepens at 24hrs which aléng with the main trough created a
very broad trough over the north-cehtral~UnitchStaten. Inspection of the inter—
mediate forecasts (not shown) reveals that this feature propagates in from tﬁe
northera boundary. In both the 12 and 24hr forecasts, the maximum gradients as
described by the geostrophic jet are slightly underestimated and too far to the
gouth. Also, the overestimation of heights in the center of the 500mb trough sceos
to propagate through to the 24hr forecast.

Many features of the NOAA-6 and TIROS-N forecasts are similar: the initfal
gradients are too weak, the western trough extends back into Canada in the initial
data, in the 12 and 24hr forecasts the'geosttophic jet maxinum was too far to the
south, and the western trough was too shallow. However, a coumparison between
Figures 5 (TIROS-N) and. Figure 6 (NOAA-6) demonstrates some ma jor differences. In
the initial data, the NOAA-6 analysis shows an anazolous trough located over Mexico
(Figure 6b). The analysis scheme probably created this anamolous trough by inter—
polating the gradient created by slightly inferior data into a satellite data gap.-
Apparently, this trough did not greatly influence the forecast as it was nearly
damped out by 24hr. 1In the Pacific Northwest, there wag 1ittle tendency in the
NOAA-6 forecasts for a secondary trough to form and intensify. (See Figures 6b, d
and f.) Thus, the trdugﬁs {n the 12 and 24hr forecasts are considerably more
realistic than those in the TIROS-N forecasts. The NOAA-6 O0hr fields also
overestimated the heights in the trough more than the OChr fields in the TIROS-N
forecanta; This feature was propagated along with the trough-out to 24hrs. Bow-. -
ever, the geostrophic jet maxima were not underestimated in the 12 and 24hr fore-
casts. Overall, the forecasts using only satellite upper air data did bettev than
expected in forecasting the 500mb height fteld with the NOAA-6 forecasts being '
slightly better in positioning the S00mb trough and the TIROS-N forecasts being
glightly better in describing the magnitudes of the height fields.

b. The 700-300mb layer

The control and verification 700-300mb thickness and thermal wind isotach
analyses are shown in Figure 7 and the thickness difference fieclds between tha aawme
two thickness fields are shown in Figure 8. The effects of the init{alization on
the 700-300=b field Qqéfpﬁce again a reduction of the gradient as {ndicsted by the
700-300mb thermal wind pattern. The 12hr forecast shows the western thickness
trough moving too fast resulting in large negative thickness differences over the
Dakotas and positive differences on the western side of the trough. At both 12 and

24hrs, the center of ‘the maximun thickness gradient is properly located. However,
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the 12hr forecast overestimates the gradient at the base of the western troughe. At
24hrs, the thickness trough has become too broad with a slight indication of a
short wave trough developing on its eastern side. The geostrophic jet maximum
associated with this pattern has a greater east-west extent.

Since the TIROS-N and NOAA-6 700-300mb OOhr forecasts shown in Figures 9b
and 10b have no 40m e~! thermal wind maximum in the western trough, it {is apparent
that the satellite undercstimated the thickness gradients. This is also shown in
Figures 1la and b. The 700-300mb satellite minus control thickness difference
fields show that for both satellites the western trough axis is initially defined
by a region of positive thickness anomalies surrounded by negative thickness dif-
ferences, resulting in the underestimation of the thickness gradient in the
satellite data. For both TIROS~-N and NOAA-6, the resulting overestimatfon of
heights are propagated with the trough through 24hr. Despite the underestimation
of the gradient in the OOhr forecast, the thermal wind jet maxima in the 12 and
24hr forecasts are of nearly the same magnitude in the satellite forecasts as in
the coatrol forecast. However, in both the TIROS-N and NOAA-6 forecasts there is a
tendency for the maximum gradient to be located on the west side of the trough as
opposed to being located .in the base of the control trough. Both satellite foref'
cagts maintein the ridge‘north of Lake Superior better than the control forecast 16
the 24hr forecasts. (Compare Figures 9f and 10f.) Thus, the trough is not as

broad as the control forecast yet still broader than the verificatfion.

Even though both satellite forecasts are similar, certain differences exist.

In all the TIROS-N forecasts, the magnitude of the thickness fleld more closely
resenbles the control forecasts and verifying analyses than the NOAA-6 forecast.

In the TIROS-N forecast, anomalous troughing is i{ndicated off Baja, Mexico at 12hrs
and moves inland at 24hrs. (See Figures llc and e.) This is probably due to
slightly incorrect initfal data along the fixed boundary which continuously pro—
duced errors through the forecast period. At 24hrs both the TIROS-N and NOAA-6
forecasts have developed indications of a short wave thickness trough over the
Midwest as did the control forecast. However, the short wave trough in the NOAA-6

forecast i{s conasiderably more pronounced. (Figures 9f and 10f.)

c. Statistical evaludqions
The statistical cvaluatfion of the forecast was performed using layer mean
temperatures for the three layers, 1000-700mb, 700-300mb and 300-100mb. Bias,

standard deviation and Sl scores were calculated. (Sce Table 1.) The verification
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Table 1: Layer mean temperature comparisons between the control, TIROS-N and

NOAA-6 forecrste and the LFM analyses (top three lines of a, b, and c¢).

Also

compared were the TIROS-N and NOAA-6 forecasts with the control forecasts (last

two lines of a, b, and c).
a. BIAS

1000-700MB 700-300MB

00 12 24 00 12 24
HOUR HOUR HOUR HOUR HOUR  HOUR

CONTROL VS ANAL. 43 .14 -35 =.36 =.03 -.19
TIROS-N VS ANAL. -.15 -.81 =-1.83 ~.79 -1.00 -1.77
NOAA-6 VS ANAL. 71 01 -.71 =-.90 =-.58 -1.13
TIROS-N VS CONTROL -.58 -.96 =1.48 =.43 -.97 =1.57
NOAA"6 Vs CONTROL 28 -013 -036 -ISA -056 - 096

b. STANDARD DEVIATION
~.1000~-700MB 700-300MB

00 12 24 00 12 24
HOUR HOUR HOUR HOUR HOUR HOUR

TIROS-N VS ANAL. 1l.44 2.17 3.12 1.17 1.8l “2.10
NOAA-6 VS ANAL. 2.07 2.57 2.81 1.71 2.07 1.74
TIROS-N VS CONTROL 1.32 - 1.54 2.40 1.03  1.66 2.41
NOAA-6 VS CONTROL 2.18 2.37 2.52 1.59 1.87 1.69

ce S1

- 1000-700MB 700-300MB

00 12 24 00 12 24
HOUR HOUR HOUR HOUR HOUR  HOUR
|
CONTROL VS ANAL. 17.0 33.0 39.9 ° 10.3 28.9 32.1
TIROS-N VS ANAL. -36.0 43.9 56.0 25.0 34.0 43.7
NOAA-6 VS ARAL. "46.2 51.0 53.3 32.4 36.8 41.7
TIROS-N VS CONTROL 30.2 30.6 36.6 21.6 34.0 45.0
NOAA~-6 VS CONTROL 41.1 40.3 39.4 28.8 37.2 38.7

00
HOUR

026 :

1.33
1.44
1.07
1.18

00
HOUR

.50

1.26
1.92

.98
1.62

00
HOUR

11.7
24.7

36.7.

21.0
31.7

300-100MB
12 24
HOUR  HOUR
-1.69 -2.73
- .81 -1 087
- 052 -1 aAO
.88 «85
1.18 1.32
300~-100MB
12 24
HOUR HOUR
1,30 1.73
" 1,53  3.02°
1.90 2.70
1,56 2.63
2.02 2.49
300-100MB
12 24
HOUR  HOUR
31.6 38.3
34.8 56.2
40.4 55.5
27.2 47 &
43.8 52.6
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region previously shown in Figure 1 was chosen to be over an area rich in conyen-

tional data and vas positionad to minimize the more‘severe boundary effects. In

conducting the statistical comparisons, every third grid point was used 1n.qta§t
to make the results rgasonably coupatible with those done on the LFM subset grid ;
used by Schmidt et al. (1981). Recall that the LFM grid spacing is 190.5kn coa-
pared with 67.56km used in the ANMRC model. The satellite forecasts are verificd
against both the LFM analyses and the control run. Verification against thg. - i
control run was intended to reduce the effects on the statistics of the basic .
nodel errors and consistent errors resulting from the simplified experimental
design.

The OOhr comparisons of the control vereus the LFM anzlyses reveals the -
effect of theiinitialization and post-processing on the conventional data. ' Fer
all three statistics, the smallest initialization and post-processing errors are
located in the 700-300mdb layer. Thus, the carlier choice of the 700—300mb'1ay&r
based on the poor sounding quality below 700mb and above 300mb is further
Justified by the small effects of Initialization and post-processing in this
layer. _

In the 300~100mb layer during the 24hr forecast period, the biss éhaﬁﬁqn'
by nearly 3°C (frém ﬁéeitive to negative values) in all three forecasts when com~
pared to the LFM analyses. (See top three lines of Table la.) Closer inspection
of the data (not shown) reveals that a large part of this bias change was in the
200-100mb'layer.."It 1 1fkely that much of this feature ie due to the prevloﬁélj
mentioned f{nconsistency in the initialization of the top sigma level. ,

In all cases ‘when the forecasts were compared to the LFM ahalysia, the
control forecast had lower standard deviations and Sl scores than the satellite
forecasts. This implies, as expected, that the satellite analyses are less
Accurate than the conventional LFM analysis. However, it is enccuraging that the
standard deviations of.the‘satellite forecasts versus the LFM analyses are oaly
about 1°C greater than the corresponding control versus LFM analysis values.
Also, the Sl sgcores for the 12hr forecasts in the 700-300mb layers (lines 2 and 3
in Table lc) are certainly respectable. The lowest layer, 1000-700mb, appears to
have abnormally large standard deviations and Sl scores. However, when the
satellite forecasts are compared to the control forecasts these differences are
generally reduced. fhis indicates that much of the difference may be a result of
the initialization, post-processing or modelling errors, rather than satellite

data errors.
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' In combariﬁg the'two‘sateilites with each other an interesting feacqré is
noted. At 00 and_12h: the TIROS-N forecasts are distinctly superior, but at 24hr,
the NOAA-6 forecast is somewhat better. Inspection of the 700-300mb thickness
difference fields in Figure 11 reveals that much of the decrease in the TIROS-N
forecast skill betweeen 12 and 24 hr is probably due to the large area of negative
differences in the Southwest States. As mentioned previously, this error was pro-
bably due to the incorrect apecification of the thermal structure along the fixed
boundary. In the 12hr forecast the area is still far enough west to be mostly out
of thé verification region. .

In summary, the results involving 500mb height fiélds, 700-300ab thickness
fielda and statistical parameters are consistent. While the na jor éroughe and
ridges are reasonably positioned in the satellite forecasts, the troughs are too
wvarm and the ridges are too cold. As a result the overall gradients are somewhat
reduced from those in the LFM analyées and the control forecasts. These pattetné
are similar to thogse found in the analyses based only on satellite data. (See
Schmidt et al., 1981.) However, the maximum gradients tend to be of the same
magnitude as the control forecast, but somewhat misplaced. Also, the forecasts

unfortunately appear to be influenced by the use of fixed boundaries, especially
the TIR0OS-N forecasts.

6. Conclusions

Using a high.resblution limited area ﬁodel, twenty-four hour forecasts have
been produced from initfal fields based ‘only upon TIROS-N and NOAA-6 catellite
upper air data and conventional surface data. These forecasts were evaluated
against forecasts made using conventional data under the same constraints as used
in making forecasts based on the satellite data. The evaluation of the infor- .~
mation content of the satellite data in a numerical forecast situation was allowed
by the compleze scparation of satellite and conventional upper air data and con-
sistent preparation of the infitial fields. Since two separate initial flelds were
derived using tcmperature data from two different satellites, an intercomparison
between the two satellite forecasts was also possible.

The infitial ficlds as described by the satellite data contained temperature
gradients which were weaker than those in the conventional analyses. As shown by
Schmidt et al. (1981) in a more complete study of the basic satellite analyses,
this situation results from the overestimation of the tcmperatare in troughs;.'Thia

has been a persis‘ent:problem found {n many previous studiecs (e.g. Koehler, 1981,

-
J
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using Nimbus-6 data and Schiattér; 1981, using TIROS-N data). 1Im the satellite °
forecast, this chavacteristic of the temperature field was propagated along with-
che eynoptic features. However, in the forecasts the maximum temperaturc gra=
dients werc not generally underestimated but rather they were somewhat facorrectly
located. Despite the initfal underestimation of the temperature gradients, the
satellite forecasts vere still able to define the location of the major trough and
vidge positiono with a reasonable degree of accuracy under fairly severe linita-

tions.

The satellite forecascs along with the control forecast were limited by the

use of initial geostrophic winds, fixed boundary conditions and very linited pa-

rameterizetion. The lack of paraméterizathon is unlikely to have Qeverely ‘
affected the forecasta. The use of initial geostrophic winds undoubtedly had a
detrimental effect on the forecasts. However, since the control forecast vaq_:'ni
sinilacly degraded, conparisons to the control fon:ecas’'. may have reduced the -
detrimental effect of usirg irftial geostrophic wind.. Unfortunately this is not
true for the boundary conditions. Since fixed boundary.condifidna were used, an
ini{tial error in the bouudary data may continue to pgernerate errors throughout. the:
forecast period. An excellent example cf this is chown along the western bouh&ify.
The errors produced by the {mproper initf{al btoundary values were .ble to propagate
well into the Southwest United States {im twentv-four hours. Not only were the
*IROS-V forecasts degraded by the {nitial data along the westecn boundary, but .
alao problems probdably existed along the northern boundary as shown by the
appearance of a sccondary trough at 500mb. Since LFM, TIROS-N and NOAA-6 analyses
vere available for 1200 GMT 6 5unuary end 0000 GMT 7 January, it cay have dbeen
better to neat the forecasts using tﬁese analyses to update the boundary valuec.
Comparisons between the TIROS-N ard NOAA-6 forecasts were difficult, since
it appears that the TIROS-N forecast wzs tore severely degraded by poor {nit{al
values along the fixed 5oundnry. Statistically the TIROS-K data {nitially and af
12hr produced a better forecast than the NOAA-€ data. By 24hr che errors
repulting from initial ecrors along the boundary had propagated inward far enough
to severely effect‘the.atatisctcu. Thus, at 24hr the TIROS-N statistics were cuf-
ficiently degraded cauq}ng the NOAA-6 forecast statistics to be rclatiiely

gsuperior. Subjectfvely, both satellites prnvided reasonable forecasts conaiderins

. the synoptic situation. The HOAA-6 forecasts generally were slightly better at

locating the synoptic features, while TIROS-N forecasts bstter described the
nagnitude of the temperaturc field. Considering the similarity of the initial

iields 1t is not surpriaing that many aspects of the satellite forecaatt were norc

I
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sinilar to each other than to the control or verifying analyses. It is alse » ' h

possible that differences in the satellite data and the conventional date were mot
only a result of satellite data errors, but also the satellfte éata ray have -@': ‘: v
reuolved features not found in the conventional data. - : e ; '_&'
- The similarity in forecastc and initial fields further derionetrates that
the satellite errors are not random but rather highly correlsted to 2ha syoeatle
situation. Correlated errors are more likely to be fncorporzted inta the wodal”
forecasts than random errors. Therefore, the operational satellite data appear .
unlikely to produce a positive impact on numerical forecasts in a relatively data , ﬁwyl
" dense region unless the correlated nature of the data errors is either redeced or _ ' ae”
corrected using a thorough unlerstanding of the correlated error piructure. It : N
should be noted that satellite soundings were not intended to cocpletely replace

conventional data but rather to provide supplementary informaticn in data poog ‘ ‘ SN
regions. 1In these regions, the satellite data are likely to coatein enouzh ofdi-
tional information to improve numerical forecasts, if the difficulc problea of ]
combinihg data sources with differing error characteristics can be colved. . . .. ‘ o
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