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Climate Data Continuity with ASOS — 1993 Annual Report
for the period September 1992 - August 1993

1. Introduction

The Automated Surface Observing System (ASOS) of the National Weather Service
(NWS) has been under development for nearly two decades. Deployment began in 1991 at
selected NWS offices in the Central United States. At the same time, the Climate Data
Continuity Project (CDCP) was initiated to help provide the NWS and other users of ASOS
data with objective information about how ASOS data compare to the conventional surface
weather observations that ASOS is replacing.

During 1992, data from 16 Central U.S. sites were compared during the
precommissioning phase of ASOS deployment. During this early phase, ASOS operated in
semi-operational mode while complete conventional observations were continued. Several
reports have been published describing the results of precommissioning comparisons (McKee
et al, 1992, McKee et al, 1993). This period also provided an opportunity for evaluation of
other operational aspects of ASOS. Several technological, operational and software changes,
some of which are described in NWS ASOS Progress Reports (ASOS Program Office,
1993), came about as a result of NWS and CDCP precommissioning evaluations.

The commissioning of ASOS began in September 1992 with 13 of the initial 16 sites
commissioned (operating as the official source of weather data) by 1 December 1992. This
marked the true beginning of the ASOS era in this country and also the initiation of the

more significant portions of the CDCP. Conventional observations of temperature, dew
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point, precipitation, snowfall, cloudcover and weather and obstructions to vision were
continued at 6-hourly intervals in order to investigate relationships between the new and the
old ways of gathering data. This report describes the data and results of the first full year
of commissioned ASOS data collection. Temperature, dew point and relative humidity
differences, accumulated precipitation, precipitation frequency and intensity comparisons are

the focus of this summary.



2. Data

The ASOS stations used for the CDCP and dates of commissioning are shown in
Table 1. Figure 1 shows the locations of these sites. Three of the original 16 stations were
not commissioned during 1993 due to a variety of NWS operational constraints: Denver,
Colorado (DEN), Kansas City, Missouri (MCI) and Springfield, Missouri (SGF). Later in
1993, DEN and MCI were omitted from the CDCP. SGF will be included again after
commissioning occurs.

With commissioning came several changes in how data were transmitted and
available. ASOS hourly observations (SAOs), high resolution (one-minute data) and ASOS
Summary of the Day (SOD) data were collected by the National Climatic Data Center
(NCDC) through communications arrangements with the National Weather Service. The
SAO and SOD data were then provided digitally to the Colorado Climate Center with a few
months time lag. Some problems with data acquisition, formatting, interpretation and
transfer marked the early phases of the ASOS era and resulted in delays with climatological
data analysis, publication and dissemination at NCDC. This, in turn, delayed CDCP
analysis. By spring of 1993, ASOS data transfer through NCDC to the Colorado Climate
Center had become relatively routine.

Upon commissioning of ASOS, local weather observers were instructed to use

conventional weather instruments and techniques to continue surface observations in a




manner consistent with how surface observations have been taken in the past (Federal
Meteorological Handbook No. 1 — Surface Observations). Specific written documentation
and instructions were provided to observers by the NWS Office of Meteorology, for
observing and recording conventional observations at six-hour intervals to support the
CDCP. These conventional observations (CONV) were recorded manually at each
commissioned ASOS site onto standard meteorological form MF1-10B. These forms were
mailed directly to the Colorado Climate Center (CCC) in 10-day increments with copies sent
to Dr. Michael Uhart, CDCP project monitor for the NWS in the Office of Meteorology in
Washington. The CCC also copied all MF1-10B forms and sent originals to NCDC for
permanent archive.

A digital format for CONV observations was developed at the CCC during the fall
of 1992. CONYV observations were keyed within 10-15 days after arrival. At the end of each
month, complete digital files of CONV data were transmitted to NCDC to assist them in
preparation of Local Climatological Data reports. A variety of predominantly minor
problems were identified by CCC staff reviewing the manual CONV observations. A few
phone calls were made to NWS offices. Later, letters were sent to all participating CDCP
sites outlining typical errors such as illegible writing, dew points higher than temperatures,
minimum temperatures warmer than maximum temperatures, opaque sky cover greater than
total, and erroneous addition of 6-hour precipitation and snowfall totals. A reminder not
to record ASOS data on CONV forms was also communicated when periods of identical
data were detected at some sites. As 1993 progressed, problems with CONV reports

appeared to be minimal, although some errors in CONV observations continue to be found.



ASOS SOD observations, hourly SAOs and CONV 6-hourly and daily observations
were assembled in a customized database on a UNIX-based workstation at Colorado State
University. Maximum and minimum temperatures for specified time periods, precipitation
for 6-hour intervals, ASOS hourly precipitation from SAO PCPN remarks, and temperature
and dew point at six-hour intervals (0000, 0600, 1200 and 1800 UTC) were assembled for
convenient analysis. These data formed the basis for all suBsequent CDCP comparisons.
Complete observations including all elements and remarks were retained to support special
investigations and analyses. Appendix 1 contains examples of each type of data from
Topeka, Kansas (TOP).

Along with digital data, the preliminary Local Climatological Data (LCD) summary
(Form F-6) produced at NWS offices at the end of each month, was obtained from 9 sites.
The final LCDs published by NCDC were collected and used for comparison. Appendix 2
contains examples of these two information products.

A compilation, by month, of digital data for each CDCP comparison station is
contained in Appendix 3. Figure 2 shows the available data for ASOS-CONV comparisons
using daily maximum and minimum temperatures. Commissioning occurred at a steady pace
during the fall of 1992. As of 1 December 1992, all 13 stations were commissioned, and the
number of stations did not change thereafter. However, available data continued to vary
slightly due to spotty system failures at some sites. Out of a total of 4,279 potential
comparison days, daily maximum and minimum temperature data for both ASOS and
CONYV were complete for 4,045 and 4,049 days, respectively. A seven-week ASOS outage

at DDC and a five-week CONV outage at ICT accounted for about 40% of the missing

data.




Data quality from each source of data was investigated to confirm that the observed
data, both ASOS and CONV, were being accurately communicated and stored. ASOS SAO,
SOD and LCD temperatures were manually assessed and found, with very few exceptions,
to be consistent. CONV data were checked, and keying errors (very few in number) were
corrected. Some inconsistencies on the original hand-written CONV observations could not
be interpreted. If discrepancies could be interpreted (i.e., minimum temperature warmer
than observation temperature), corrections were made to the written records. Otherwise,
data were used exactly as they were recorded on the MF1-10B forms. It is possible that
local NWS weather observers could have modified ASOS temperatures if they were judged
to not be representative, but this does not appear to have been a common practice.

The most convenient data source for comparing daily maximum and minimum
temperatures was the SOD files. These contained high and low temperatures for 24-hour
periods ending at midnight LST. These could be compared directly to the midnight-
midnight CONV temperature data. These are the temperatures most often used in climatic
summaries and analyses and were therefore selected for the CDCP. Two of the thirteen
commissioned ASOS stations were only staffed part time: Pueblo (PUB) and Alamosa
(ALS), Colorado. These sites did not report CONV midnight-midnight maximum and
minimum temperatures. For these sites, 12-hour ASOS maximum temperatures ending at
0000 UTC and 24-hour minimum temperatures ending at 1800 UTC were compared to the
equivalent CONV periods. Since ALS and PUB were processed differently than the other
stations, results were not always shown for each individual type of analysis (see Appendix 4).

The available data for comparing ASOS and CONV dewpoint temperatures and

relative humidity data consisted of the 6-hourly CONV observations of current temperature



and dew point. ASOS SAO’s corresponding to these observation times were then extracted.
Where records were complete, 120 comparison points were available per station during
months with 30 days. PUB and ALS had much smaller sample sizes due to their part-time
status. Smaller sample sizes (except in February) indicate that either ASOS or CONV
observations were missing during the month.

Preparation of a suitable data set for comparing ASOS and CONV precipitation
observations proved to be the most challenging part of this project. It was initially planned
to use midnight-midnight Summary of the Day precipitation data from ASOS compared to
the same period of CONV observations. However, inspection of these SOD files, and
comparison with other data sets, revealed that modifications were being made to the original
ASOS observations at many of the CDCP comparison stations. As a result, SOD files were
judged to be inappropriate for CDCP analyses.

These difficulties emerged during November 1992 when deficiencies in ASOS winter
precipitation measurements began to prompt manual efforts to transmit corrections to
ASOS. - Many detectable corrections were found in 6 and 24-hour precipitation totals
contained in the ASOS SAOs. Some corrections were also found in hourly PCPN remarks.
There were some instances where no corrections were made to SAO data, but SOD data
differed. Later, inconsistencies were also found between locally generated Preliminary Local
Climatological Data summaries and NCDC-published Local Climatological Data reports.
These inconsistencies, which could not always be positively confirmed, appeared to be made
either when ASOS reported missing values during measurable precipitation events or when
the local observer judged ASOS values to be unrepresentative of conditions at the site. In

these instances, CONV data were usually inserted into ASOS observations during the




augmentation process prior to transmitting observations. In some cases, the source of the
final data contained in ASOS could not be identified. Observers sometimes noted their
changes on the CONV MF1-10B forms, as instructed by the NWS Office of Meteorology.
Many changes, however, appear not to have been documented. A great deal of time and
effort during 1993 was dedicated to processing and interpreting precipitation data in an
effort to obtain a valid set of ASOS observations for comparison with CONV. However,
despite our best efforts, it has been impossible to form truly independent ASOS and CONV
data sets. It was finally decided to use 24-hour precipitation totals for periods ending at
1200 UTC as transmitted in the ASOS SAO additive data. For periods when this value was
missing or appeared to have been replaced by CONV measurements, the sum of hourly
precipitation reports (PCPN remarks) or the sum of unmodified 6-hourly precipitation totals
were used. These, too, could have been modified, and may not be true ASOS precipitation.
We have proceeded with analyses, recognizing this limitation, after making our best
judgements based on available data.

The difficulties in obtaining suitable data for making precipitation comparisons
spawned an effort to obtain one-minute data. The one-minute data cannot be modified by
local observers and, therefore, should represent the true ASOS precipitation estimate.
These data were not originally considered a part of the CDCP analysis but were eventually
obtained from NCDC for a portion of the year and were only used to verify the source of
ASOS data on days where modifications may have been made. Future comparison periods
beginning 1 September 1993 will likely use the one-minute data as the primary sdurce for

ASOS precipitation.



In earlier progress reports, ASOS - CONV comparisons were not made for any
individual days or periods of consecutive days when ASOS data were reported as missing
or when data from ASOS was judged to be suspect. The reason for this was to try to isolate
how well the ASOS precipitation gage compared to the Universal weighing bucket recording

gage (the CONV instrument for precipitation measurements) for periods when both gages

were functioning properly. However, for the purposes of evaluating climate data continuity

from ASOS after commissioning, the issue of missing data can no longer be avoided.
Therefore, in this final report, comparisons of total accumulated precipitation include
missing ASOS data and treat it as if it were recorded as zero. This is consistent with the
impact of missing data in any other operational data collection system. To minimize the
penalty that this could place on ASOS, analyses for this final report included all available
hourly precipitation reports and, for a portion of the year, also utilized one-minute data.
The one-minute data were not provided to the Colorado Climate Center until late in 1993
and so were not utilized in earlier progress reports. Precise statistics on missing ASOS data
have not yet been compiled.

Data for the 3 original CDCP sites that were not commissioned, DEN, MCI and SGF
continued to be collected during 1993. These data consisted of ASOS SAOs and also the
conventional SAOs. A continuation of the basic precommissioning temperature and
precipitation analyses were performed for these sites, but are not presented in this report.
DEN and MCI will be dropped from all further analyses. SGF will be included again when
it is eventually commissioned.

A new site outside of the original Central U.S. test area was added to the CDCP.

Astoria, Oregon (AST) was commissioned 1 February 1993. ASOS and CONV data were
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collected for this site, and basic temperature and precipitation intercomparisons were
performed. This is the first of what will eventually expand to 18 stations nationwide that
will be used to investigate possible regional ASOS-CONV differences related to climate
differences. These additional sites known as "CDCP expansion sites" are shown in Figure 3.

The variables of temperature, humidity and precipitation are the subjects of each of

the sections which follow.
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3. Temperature

ASOS and CONV temperature observations were compared using procedures and
statistical computations established by the American Society of Testing and Materials
(ASTM1, 1985). Complete comparison statistics, by month, for the first year of official
(commissioned) ASOS data collection are provided in Appendix 4. These statistics include
the monthly number of valid ASOS - CONV comparison data pairs (N). Average monthly
ASOS - CONV temperature differences in degrees Fahrenheit are followed by a computed
standard deviation, skewness, kurtosis and operational comparability. Each statistic is useful
in understanding the climate data continuity impacts of the transition to ASOS. Systematic
differences, however, continue to be the most informative statistic at this early point in the
ASOS transition.

Commissioned data comparison results continue to be consistent with what was first
observed during the September 1991 through August 1992 precommissioning period. ASOS
temperatures have continued to be cooler than the CONV temperatures they replace at
nearly all sites. Figures 4 and 5 show the systematic ASOS - CONV maximum and
minimum temperature differences by month for the past year at each individual comparison
station along with the combined average for the entire set.

Temperature differences averaged over the 12-month periods show ASOS to be

0.95°F cooler than CONV for daily maximum temperatures and 0.70°F cooler than CONV
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for daily minimum temperatures. While ASOS temperature remain cooler, the differences
are somewhat less than during the precommissioning period. The smallest differences in
both maximum and minimum temperatures were observed during the summer months, and
several stations actually reported ASOS to be warmer than CONV. This same seasonal
tendency was noted during the precommissioning 'comparison but not as extensively. This
apparent seasonal change in the relationship between ASOS and CONV may be the result
of fundamental differences in aspiration and radiation effects between the CONV HO-83
(hygrothermometer) and the ASOS version of this same instrument.

The NWS previously had concerns about the quality of the ASOS temperature
observations, and the CDCP data analysis confirmed and further identified other problems.
Consequently, as the commissioning took place the NWS was already proceeding to modify
the hygrothermometer by reversing the direction of airflow through the instrument,
increasing the volume of aspiration and inserting higher quality electronics. Systematic
deployment of these refurbished ASOS hygrothermometers began in November 1993.
Eventually, all NWS ASOS units will utilize this revised design. No observations from the
refurbished instruments are included in this report, and all CDCP temperature analyses
prior to the installation of this redesigned sensor must be considered preliminary. Thus, this
report is really a documentation of analysis methods and an evaluation of the original,
temporary ASOS hygrothermometer.

Considerable station-to-station variability in the ASOS - CONV temperature
difference continues to be noted (Figures 4-5). While it appears that the ASOS temf)erature
sensor systematically reads lower than CONV, there are other contributing influences such

as sensor to sensor differences, location and exposure differences, weather-related
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differences and possible system differences. The magnitude (range) of this station-to-station
variability continues to be as great as it was during precommissioning testing for both
maximum and minimum temperatures.

Figures 6 - 8 show time series of accumulated ASOS - CONV temperature
differences at ALS, CNK, DDC, GLD, GRI, OKC, LNK, TOP and TUL. Discontinuities,
like what appear at CNK and DDC, are occurring with a much lower frequency than was
observed during precommissioning comparisons. These occasional sudden shifts in the
relationship between ASOS and CONV temperatures could originate in either ASOS or
CONV or both. There continued presence seems to point out the need for the
modifications presently underway. They also raise concern about system stability in either
the ASOS or the CONV instrumentation and the effects of system maintenance.

Tables 2 and 3 contain frequency distributions summed over the entire commissioned
period of ASOS - CONV temperature differences for daily maximum and minimum
temperatures, respectively. The total distribution of maximum daily temperature differences
summed over the 13 commissioned sites is nearly normally distributed (Figure 9, top). The
distribution of minimum temperature differences is somewhat more skewed (Figure 8,
bottom). The apparent seasonal cycle in ASOS - CONV differences, noted earlier in this
section, is apparent in both maximum and minimum temperatures when distributions are
separated by season (Figure 10).

Figure 11 shows distributions of maximum and minimum temperatures stratified into
two categories (roughly the warmest and coolest one-third of each distribution) to show if
there has been an obvious change in the ASOS - CONV temperature difference as a

function of temperature. A seasonal pattern in variations has been apparent in other
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analyses suggesting that differences are likely a function of temperature. However, this
approach shows only a small tendency for differences in daily maximums to be smaller when
temperatures are warmer. This tendency is just barely visible in the distributions of
differences in minimum temperatures. It is possible that selecting different boundaries
would produce different results, but more than likely the time of year makes a bigger
difference than the temperature alone.

Very large ASOS - CONV temperature differences were still observed at some of the
sites during the past year. There were 25 occurrences with ASOS daily maximum
temperatures at least 6°F cooler than CONV. ALL CDCP stations except PUB reported
at least one such large difference. There were 6 days, shared among six different stations,
when ASOS read at least 6 degrees warmer than CONV. There were 11 occurrences of
ASOS minimum temperatures at least 6 degrees cooler than CONV and 15 cases with
ASOS at Jeast 6 degrees warmer than CONV. No systematic patterns have been identified
that explain the majority of these large differences. Neither was it clear in all cases which
reading was correct. In some instances, large differences could conceivably be true. In most
cases, large differences were isolated events and did not critically compromise the quality
of the data set. The total frequencies of these large differences in daily maximum and
minimum temperatures have not changed appreciably since commissioning. Prior to
commissioning, ASOS minimum temperatures much colder than CONV had been the most
common type of large difference. DEN, MCI and SGF contributed many of these events
during precommissioning analysis. |

From Tables 2 and 3 it is also apparent that distributions vary considerably among

stations. Four stations; COS, ICT, CNK and OKC were selected for visual comparison
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(Figure 12). The two stations where the distance between ASOS and CONV temperature
instruments are the least are COS and ICT. In each case, instruments appear to be less
than 200 feet apart with very similar exposures. Interestingly, both of these stations show
very similar distributions with ASOS maximum temperatures nearly 1°F cooler than CONV
but with very similar minimum temperatures. Instrument exposures at CNK are also
reasonably compatible although instruments are separated by several hundred feet and
CONV is closer to paved areas. Again, ASOS has been cooler than CONV the majority of
the time while minimum temperature differences have fluctuated around 0°F. The
distributions at CNK are broader and more irregular than either COS or ICT. This is the
probable outcome from the fact that this station has had several discontinuities during the
year in the ASOS - CONV relationship (Fig. 6). Precommissioning comparisons showed
discontinuities to broaden the shape of the total frequency distribution. The frequency
distribution for OKC shows a distinctly different pattern. The relationship between daily
maximum temperatures has been very consistent — usually with ASOS the same or 1°F
cooler than CONV. Differences in the minimum temperatures are greater and are
occasionally quite large. This type of distribution could result from siting differences.  The
temperature sensors are about one mile apart with the ASOS site farther from the city and
farther from airport pavement.

Limited site visits were conducted as a part of this CDCP investigation during the
first year following initial ASOS commissioning. A calibrated NIST-traceable thermistor
with an aspirated R.M. Young radiation shield and Campbell Data Logger have been
purchased and tested for use in side-by-side field comparisons with both the ASOS and

CONYV hygrothermometers. Side-by-side comparisons will be a key element of individual
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site studies and may help determine how much of the ASOS - CONV differences can be
attributed to local siting and exposure differences. Up until now it has not been useful to
conduct these comparisons since modifications of the ASOS hygrothermometer have been
planned by the NWS. Deployment of modified instruments began in November 1993 and
are scheduled to all be in place later in 1994. Site visits and side-by-side comparisons will

then be expanded to include many of the CDCP sites in the Central U.S.
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4. Dewpoint Temperature and Relative Humidity

The comparison of humidity observations has several dimensions since two
independent measurements of temperature are involved in the ASOS and CONV
instruments. Air temperature and dewpoint temperature both use essentially identical
resistance temperature devices (RTD’s) and bridge circuits. Consequently, comparisons can
be made of air temperature, dewpoint temperature, dewpoint depression, relative humidity,
and mixing ratio.

Monthly values of ASOS-CONV differences based on six-hourly observations of
temperature, dewpoint temperature, dewpoint depressions and relative humidity for the
CDCP stations are all shown in Appendix 4. Analysis of temperatures in Section 3 has
indicated the variations that occur with time and the need to focus on observations after the
modified hygrothermometer is introduced in the fall of 1993. The same conclusion holds
for humidity since a change in the temperature alone can lead to a change in dewpoint

depression. The relationship is given by
(T,-T9-(TD,-TDy) = (T-TD), -(T-TD).,

where air temperature (T) and dewpoint temperature (TD) and subscripts for ASOS (A)

and CONV (C) are used. This shows that a comparison of air temperature and dewpoint
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temperature can be combined linearly to give a comparison of dewpoint depression. Thus
a stable T, - T is needed to quantify humidity comparisons.

-For the period September 1992 through August 1993 five of the sites had relatively
stable temperature time series. They include GLD, ICT, OKC, TOP and TUL. Table 4
shows the average systematic difference for these five locations for temperature and
dewpoint temperature. Note that the average dewpoint température difference ranges only
from 0.4°F to -0.4°F which indicates the difference in dewpoint temperature is often less
than the difference in air temperature. This is expected since the physical mechanisms that
can affect air temperature, such as warm and cool surfaces and solar heating of the
hygrothermometer, do not affect the moisture content of the air. These averages, however,
are deceiving. Appendix 5 contains graphs of the frequency distributions of dewpoint
depression differences and relative humidity difference of ASOS-CONV for the summer
months in 1993 for all sites. -Note that these observations are taken four times per day at
synoptic times. A casual viewing of these graphs reveals that the distributions vary widely,
can have long tails, and have large values both positive and negative. We have decided that
a detailed analysis of these types of distributions will be performed on the data from the
modified hygrothermometer when we expect the variations to be both smaller and more
consistent. It is interesting to note that a location like TUL which has a distinct systematic
difference in air temperature leads to a much larger systematic difference in dewpoint
depression than occurs in dewpoint temperature. Some differences such as this could be
very real with ASOS and CONV sites more than one mile apart with different urban and

local vegetation influences.
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5. Precipitation

Difficulties securing independent ASOS precipitation data for comparison with
CONV data are described in the Data section (Section 2) of this report. This was not a
problem during the precommissioning phases of ASOS deployment since ASOS observations
were not official and there was no need to modify or augment ASOS reports. It should not
be as much of a problem in the future as policies for ASOS operation and augmentation
become well defined. We are now receiving high resolution ASOS data, and in subsequent
analyses beginning 1 September 1993, the one-minute ASOS data will become the primary
source for ASOS precipitation values. This data set should be free of human intervention
and, therefore, should provide the actual ASOS observation even at times when ASOS
observations are being modified by local observers.

This year it has been necessary to do the best with the available information. We
have used cross checks between CONV precipitation data in combination with ASOS SAO
PCPN remarks, 6-hour and 24-hour totals, ASOS SOD data files and published LCD data
to try to determine days when ASOS precipitation reports have been modified. Limited
amounts of 1-minute data were obtained from NCDC well after the end of the year to help
confirm some of our original judgements. No changes were made, here at the Colorado
Climate Center, to any of the data files provided to us. Rather, we made determinations

of which data set to use in each case when ASOS totals appeared to have been modified.
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Total accumulated precipitation totals and numbers of occurrences differ depending on
which data set is used. Our results are based on a combination which we believe is closest
to what ASOS was actually reporting prior to being modified. While we tried to be
objective, some subjective judgements were made and it is possible that an independent
investigation may not have agreed with all of our determinations.

While this problem has been frustrating and time consuming, the fact is that the
majority of ASOS data during the past year appear fine. Only about 10% of all 24-hour
precipitation totals required careful examination. The other 90% of all precipitation events
were in agreement among the various ASOS sources and were, therefore, assumed to be the
unmodified ASOS reports. The number of modified precipitation events were small, but
their impact on comparison statistics was potentially significant. CONV precipitation on
days where ASOS observations were questioned amounted to over 20% of total accumulated
precipitation for the year and an even higher percentage for the winter months. The
percent of CONV precipitation falling on days with uncertain ASOS precipitation was lower
during the fall of 1992 and the spring of 1993 but was considerably higher during the winter
months. The significance and uncertainty of the results described in the following
paragraphs should be interpreted in this context.

Accumulated precipitation totals for each comparison station were computed
beginning with commissioning for CONV and ASOS. Example graphs of these
accumulations are shown in Figures 13 - 15 for AMA, CNK, COS, GRI, ICT and TUL.
These are a representative set of stations, covering both wet and dry portions of thé region,

which experienced a full range of weather conditions during the past year. Some of these
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sites experienced reliable ASOS performance during the year, while other sites had
identifiable problems.

Tables 5 and 6 show monthly precipitation totals for each commissioned station for
CONV and ASOS gages, respectively. Discrepancies with what has been shown in previous
Progress Reports can be found in the ASOS precipitation data for some of the stations.
These discrepancies resulted from a final year-end evaluation of ASOS data quality and a
re-analysis of some of the days with modified ASOS reports. Also, a change in our
operative definition of missing ASOS data had additional small impacts. For most stations,
ASOS precipitation totals differ only slightly from what was previously reported. The data
shown in this report should supersede what has previously been reported.

Total precipitation by month for all 13 CDCP sites combined is shown in Figure 16.
A total of 381.08 inches of CONV precipitation was recorded during the year during periods
when ASOS was commissioned and functioning. This is considerably more precipitation
than was observed across the region during the precommissioning portion of this study, both
during winter and summer. Thus, the sample size for evaluating ASOS precipitation data
continuity was considerably larger.

ASOS precipitation for the same period totalled 338.59 inches which was 88.9% of
CONV. In all months except October 1992, CONV precipitation exceeded ASOS when
totalled across the region. ASOS precipitation as a percent of CONV by month is shown
in Figure 17. The seasonal composite precipitation totals (Figure 18) show that ASOS and
CONYV were most similar during autumn and spring. The largest differences were observed
during winter and summer. Remember that these seasonal percentages may differ from

previous progress reports due to final processing of ASOS precipitation data.
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Figure 19 coﬁlpares total accumulated precipitation since commissioning at each of
the 13 sites. A scatter graph of total accumulated ASOS precipitation versus CONV
precipitation is shown in Figure 20.

Out of 139 station months with both CONV and commissioned ASOS, ASOS
equalled or exceeded CONV in 45 months (32%) while CONV exceeded ASOS in 94
months (68%). Combining monthly totals into 3-month seasonal totals for each individual
station (Figure 21) provides a visual perspective on the variations observed across the region.
TUL, for example performed very consistently throughout the year with total ASOS
precipitation very similar to CONV. GLD, ICT and OKC were also consistent performers
but with ASOS precipitation consistently less than CONV. Large variations were noted at
COS, GRI, LNK and PUB. Some of these stations with large differences and inconsistent
relationships were recognized early on by the NWS and found to have mechanical or
electrical problems with the ASOS heated tipping bucket (HITB) mechanism. Based on
these findings, modifications are currently being made to the ASOS gage that could improve
gage performance. These modifications include an improved electrical connection to insure
proper function from the heating element and a change in the switch used to measure the
tipping events (U.S. Dept. of Commerce, NOAA, ASOS Program Office, 1993).

While ASOS performance was quite good during fall and spring with totals for those
two seasons 96% and 95% of CONV, respectively, winter and summer were a markedly
different story. Winter differences were investigated in detail and reported in the December
1992 - February 1993 Progress Report (McKee et al., 1993) and in a paper scheduled for
presentation at the Annual Meeting of the American Meteorological Society (McKee et al.,

1994). This paper is included here as Appendix 5. Figures 22 and 23, taken from the
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earlier progress report, capture the essence of the problem. Performance of the ASOS HTB
gage, in relationship to the CONV weighing bucket rain gage, deteriorated dramatically as
a function of temperature for precipitation that fell in the form of snow. HTB gages have
always had a reputation for undermeasuring frozen precipitation, so these results were not
surprising. The magnitude of undercatch at some stations, however, was severe and led to
the detection of deficiencies in the current gage. Gage modifications currently being made
and considered should improve the quality and consistency of winter measurements.
Considerably more data will be needed, -however, to determine if subsequent winter
measurements will be acceptable for climatic and hydrologic applications.

The systematic and significant undermeasurement of summer precipitation with
respect to CONV measurements was more of a surprise and appears to have its roots in
intense precipitation events. Comparing 6-hour precipitation totals, ASOS precipitation at
most stations maintained a close relationship with CONV (within the expected ranges
associated with convective precipitation for sites that are not strictly co-located) for most
light to moderate 6-hour totals. As totals began to exceed 1.00 inch, differences tended to
increase. Above 1.50"/6-hours, ASOS routinely reported less than CONV and in some cases
much less (Figure 24). Since ASOS already uses an internal algorithm to adjust for known
tendencies to undermeasure intense rains, these fairly large differences were not anticipated.
Further attention will be directed toward intense convective precipitation in the coming year,
but recent (January 1994) discussions with NWS personnel have indicated this problem
could be related to the funnel design in the gage.

For many climate applications, the frequency of precipitation of selected intensities

is a critical factor. Precipitation data from NWS First Order stations have often been used
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by climatologists as the best available data source for precipitation frequencies. Table 7
shows the number of days with measurable precipitation (=0.01 inches) since commissioning
at each of the 13 CDCP sites. Overall, the number of precipitation days as determined by
ASOS has compared favorably at most stations. The relatively large number of days with
ASOS or CONV precipitation but not both (~9% of all precipitation days) appears
troublesome but is composed primarily of very small (less than 0.06 inches) amounts.
Differences in precipitation frequency are apparent as a function of precipitation
amount (Figure 25). ASOS continues to report more precipitation days than CONV with
days with 0.01 inches having a much larger frequency than CONV. On the other hand,
ASOS reports fewer days with larger daily precipitation totals than CONV, consistent with
what was observed during precommissioning studies. Seasonal evaluations of precipitation
frequencies showed that ASOS reported fewer precipitation days than CONV during the
winter months but more precipitation days than CONV during the summer months.
Precipitation frequencies were most similar during fall and spring. Of the many cases of
0.01 inches reported by ASOS when CONV reported zero, many of these occurred within

48 hours following larger rain events.
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6. Conclusions

The first year of observations from the commissioned ASOS sites has been
completed. The period September 1992 through August 1993 defines the year. Analyses
of the comparison of ASOS observations for temperature, humidity, and precipitation with
the previous observing system (labeled conventional, CONV) have been performed.

Two issues must be taken into account to place the data analysis in a proper
perspective. The first issue relates to the ASOS hygrothermometer. The NWS had
recognized, and the previous data analyses in this project had confirmed, some difficulties
with the instrument. As this past year progressed the NWS and their contractors were
preparing to deploy an improved instrument with a reversed direction of airflow, a larger
volume of aspiration, and more stable electronics. Deployment of the refurbished
hygrothermometer is expected to begin in the fall of 1993. Results presented in this report
document the comparison of the present ASOS observations to the CONV observations.
The second issue relates to the ASOS Heated Tipping Bucket Raingage. Several
technological problems have occurred with the raingage which the NWS has identified.
Modifications to insure that the heating element and the tipping mechanism operate
properly have been treated during this year.

Upon commission of ASOS, the CONV observations have continued at six-hour

intervals to support the climate data continuity studies. Copies of the CONV data are at
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Colorado State University, the National Climate Data Center of NOAA, and the NWS
Office of Meteorology.

Temperature comparisons show that ASOS is 0.95°F cooler than CONV for daily
maximum temperatures and 0.70°F cooler for minimum temperatures for the 12 month
period based on the 13 commissioned ASOS CDCP stations combined. These systematic
differences are smaller.in the summer and larger in the winter suggesting an apparent
seasonal variation. There is considerable variability in the systematic difference from station
to station and in time at some of the stations. We anticipate that the refurbished
instruments in the future may decrease these variations. A small number of large
differences have occurred in which ASOS is at least 6°F different from the CONV
observation.

Comparison of humidity measurements have been limited until we understand the
systematic differences in temperature. The ASOS dewpoint temperature for five selected
sites have a systematic difference of -0.4°F to 0.4°F and are not systematically cooler than
the CONV dew points. Frequency distributions of the difference in dewpoint depression
and relative humidity are not well behaved at several sites. More analysis of these
observations are needed in the next year.

It was difficult to assemble a complete ASOS precipitation data set during this first
year of commissioning due to augmentation and data correction procedures. From the best
available data, ASOS precipitation observations were 96% and 95% of the CONV
observations in fall and spring, respectively, but fell to 86% in the summer and only 80%
in the winter. A total of 139 station months of observations show the ratio of ASOS to

CONYV precipitation is less than 1.0 68% of the time and equal to or greater than 1.0 only
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32% of the time. These results, which need to be better determined by larger data samples,
indicate the gage performs reasonably in rain events of light to moderate intensity. The
gage has not performed well in snow events, especially at temperatures well below freezing.
The difficulties with heavy convective rain in the summer need further investigation.

A presentation of ASOS observations was given at the AMS annual meeting in
January 1993 and presentations have been accepted for the NOAA Climate Diagnostics

Workshop in November 1993 and the AMS annual meeting in January 1994.
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Table 1.

Climate Data Continuity Project Comparison Sites

and Commissioning Dates.

ID Station Location | Commissioning Date
ALS Alamosa, Colorado September 1, 1992
AMA | Amarillo Int’l, Texas November 1, 1992
CNK | Concordia, Kansas September 1, 1992
COS Colorado Springs, Colorado November 1, 1992
DDC | Dodge City, Kansas September 1, 1992
GLD Goodland, Kansas September 1, 1992
GRI Grand Island, Nebraska October 1, 1992
ICT Wichita/Mid-Cont., Kansas November 1, 1992
LNK Lincoln, Nebraska November 1, 1992
OKC | Oklahoma City/Rogers, Oklahoma October 1, 1992
PUB Pueblo, Coiorado October 1, 1992
SGF Springfield, Missouri delayed
TOP Topeka/Billard, Kansas December 1, 1992
TUL Tulsa Int’l, Oklahoma October 1, 1992
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Table 2.

Frequency Distribution of ASOS-CONV Daily Maximum Temperature

Differences for the 13 commissioned ASOS CDCEP sites
based on all comparison data from the date of

ASOS commissioning through August 1993.

L Temperature Differences (°F)

Station{<-7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 =26 Total
ALS 1 0 0 3 23 125 148 40 6 0 0 0 1 0 | 347

AMA | 0 1 0 1 3 46 145 94 12 1 0 O0 1 0 | 304

CNK 1 0 2 1 11 8 126 79 42 14 2 1 0 1 | 365

COSs 1 1 0 1 5 41 165 85 5 0 0 O O 0 |304

DDC 5 2 2 4 17 43 69 72 46 35 16 5 0 1 | 317

GLD 1 1 0 4 11 65 114 131 30 7 1 0 0 O | 365

GRI 2 0 2 1 14 65 126 107 17 0 0 O O 1 |335

ICT 1 0 0 O 6 52 108 92 4 0 1 0 0 0 | 264

LNK 4 0 S5 18 42 86 88 36 1 0 1 0 0 1 (282

OKC 1 0 0 1 3 21 134 156 16 1 0 0 O 1 |334

PUB 0 0 0 0 2 40 123 143 12 1 0 O 0 1 | 322

TOP 1 0 0 2 1 6 105 12 30 7 0 0 O 0 |274

TUL 2 0 1 16 72 177 58 7 0O 0 0 0 O O |33

Total | 20 | 5 | 1252|210 | 862 | 1509 | 1154 | 221 | 66 |21 | 6 | 2 | 6 |4146
% 05 {0103)13|51 (208 | 364|278 53]|16{05(0.1]0.0/0.1 {100.0
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Table 3.

Frequency Distribution of ASOS-CONV Daily Minimum Temperature

Differences for the 13 commissioned ASOS CDCEP sites

based on all comparison data from the date of

ASOS commissioning through August 1993.

31

Temperature Differences (°F)
Station|<-7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 =6 Total
ALS 0O 0 0 0 4 45 118 137 SO 3 0 1 0 O | 358
AMA |0 0 0 1 3 17 91 13 27 7 2 3 0 0 | 304
CNK |0 0 0 2 2 19 114 18 62 4 1 0 O 3 | 365
COoSs 1 0 0 O 1 4 47 19 45 1 1 0 2 3 | 304
DDC |2 0 3 8 9 30 94 118 43 4 2 0 2 2 | 317
GLD 0O 0 0 4 13 44 102 165 29 7 O 0O O 1 | 365
GRI 0 0 0 O 3 19 105 170 31 4 2 1 0 0 | 335
ICT 0 0 0 0 O 0 50 177 3 2 2 0 O O | 266
LNK 1 1 1 10 29 59 96 67 1 4 0 0 0 3 | 282
OKC 1 1 9 19 37 53 128 69 1 1 2 0 0 3 | 334
PUB 0 0 2 8 13 68 142 96 2 0 0 0 0 o0 | 331
TOP 0 0 0 1 1 6 46 136 64 18 1 1 0 0 | 274
TUL 0 4 22 42 80 111 66 6 2 0 0 0 0 0] 33
Total | 5 6 37 95 195 475 1199 1651 412 55 13 6 4 15 | 4168
% 01(01)09|23 |47 |114 | 288|396 |99 13]03 | 0.1]0.1| 0.4 | 100.0
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Table 4.

Comparison of average ASOS - CONV temperature differences and
dewpoint temperature differences, averaged over the period
from date of commissioning through August 1993,
for selected CDCP stations.

Station - Air Temperature Dewpoint 'T‘empcrature
F) P
GLD -1.1 0.4
ICT -0.3 0.3
OKC -1.1 0.4
TOP 0.0 -0.4
TUL -2.0 -0.4
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Monthly total CONV precipitation (inches) for each commissioned ASOS
CDCP site from the date of commissioning through August 1993.
Precipitation was not included for periods when ASOS
operations were suspended (e.g., DDC 1/27/93-3/3/93).

Monthly Total Precipitation