Executive Summary

Since the last Automated Surface Observing System (ASOS) User’'s Guide was published
in June 1992, numerous changes have occurred. These changes have, to the maximum practica
extent, been incorporated into this updated version of the ASOS User’s Guide. These changes
include the transition of observing code format from the Surface Aviation Observation (SAQO)
code to the Aviation Routine Weather Report (METAR) code in 1996; the implementation of new
software loads into ASOS up to and including software Version 2.6; the incorporation of various
sensor enhancements and improvements, including modification to the Heated Tipping Bucket
precipitation accumulation gauge, the hygrothermometer, and anemometer; and incorporation of
the Freezing Rain and Lightning Sensors into the ASOS sensor suite. Additional product improve-
ment efforts are underway to further expand and improve the capabilities of ASOS. These efforts
are also described in the ASOS User’s Guide.

As of this writing (March 1998), there are about 500 commissioned ASOS’s nationwide. An
additional 400 + are coming on-line in the next few years. This deployment fulfills the commitment
the Government made over a decade ago to provide the nation a highly cost-effective, capable
and reliable automated weather observing system for safe, efficient aviation operations and other
applications. This achievement is made possible by the dedicated efforts of many people through-
out the government and private industry working together as a team to conceive, plan, develop,
test and evaluate, implement, commission, monitor, maintain and operate the system.

This ASOS User’s Guide is gratefully dedicated to all who have worked so hard to make
ASOS a reality. Special thanks are extended to Dr. Jim Bradley for mentoring this program from
the very beginning. Finally | wish to thank Dave Mannarano for coordinating the writing and
production of this ASOS User’s Guide.

Vickie L. Nadolski
ASOS Program Manager
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CHAPTER ONE

1.0 Introduction ThisUser’s Guideprovides information applicable to
all ASOS units, whether they are sponsored by the NWS,
Since the first aircraft took flight, weather observa- FAA, or DOD. TheGuidecovers all essential aspects of

tions have been essential for safe aviation operations. oveystem operat|on,_ mcludmg data_acqmsmon,_ processing,
and report formatting and dissemination. Taigdeis by

the years, the National Airspace System (NAS) has ex- h " d additi Linf tion |
panded to thousands of flights and millions of passenge 0 means exhaustive and additional intormation 1S
rﬁferenced.

and cargo miles a day. Paralleling this expansion has bee
the demand for increased weather observations. In recent , - . . .

years the National Weather Service (NWS), the Federal TheéSC;StUsferls Gmdgx olrg;mzed Into fourtopr;calt
Aviation Administration (FAA), and the Department of areas. tach fopical area Includes one or more chapters.
Defense (DOD) have collectively expended over 1 000The information within these topical areas flows from a
staff-years annually to create and disseminate ménuageneral introduction to specific core detail and finally to a
weather observation3his expanding demand on human conclusion or summary.

resources spurred the development of automated sensors and

reporting systems to provide surface weather observations, The first topical area prov_ldes a ge_neral OVerview
(Chapters 1-2). The second topical area discusses the auto-

With the advent of new reliable and sophisticated Sen_mation O_f the objective_we_a ther elements (Chapter 3) and
sors and computer technology in the 1970s, it became indutomation of the subjective weather elements (Chapter

creasingly practical to automate many observing functions.4)' These chapters describe the sensor operation principles,

This potential came to fruition with development and test—the algorithms, and the strengths and limitations of ASOS

ing of the Automated Surface Observing System (ASOS)m repprting each element. The_ next topical area provides
in the 1980s, and its deployment and implementation inSpeC'ﬂC examples and explanaﬂons of ASOS output (Chap-
the 1990s. By the turn of the century, over 900 airportsters 5-6). F|na_1lly Chapter 7 prowdes_ a look .t9 the futur_e
will have ASOS. and a conclusion. Appendices provide additional detail.

This includes examples of ASOS video screens, perfor-

; ; - ; ifications, and a quick reference guide to the
The primary function of the ASOS is to provide mance spec
minute-by-minute observations and generate the basi€ontent of the ASOS generated METAR/SPECI reports.

Aviation Routine Weather Report (METAR) and Aviation

Selected Special Weather (SPECI) report. This informa-

tion is essential for safe and efficient aviation operations, 1.2~ Background

and is used by the public to plan day-to-day activities.

ASOS also provides valuable information for the The earliest fielded automated systems, the Automated

hydrometeorologic, climatologic, and meteorologic re- Meteorological Observing System (AMOS) and the Remote

search communities. Automated Meteorological Observing System (RAMOS),
were deployed in the 1960s and 1970s. These systems re-
ported only the objective elements of ambient and dew point

1.1 purpose and Scope temperature, wind (speed and direction), and pressure.

The more complex, spatially observed elements of sky

The purpose of thaSOS User’s Guids to familiar-  condition and visibility had to await advances in sensor
ize users with the Unique characteristics of ASOS data, hOWechno|ogy and improvements in computer processing_
to interpret it, and optimize its use. The primary audienceThese goals were initially achieved by developing and field-
for theASOS User’s Guidicludes pilots, air traffic con-  ing the Automated Observation (AUTOB) in the early
trollers, meteorologists, hydrologists, climatologists, and1970s. It was only when these more subjective elements
other users of surface weather observations. It is assumegbuld be automated that the opportunity arose to develop a
that readers are familiar with the current Federal Meteorofy|ly automated observation system. The first such system
logical Handbook Number 1 (FMH-1), which describes was developed during the joint FAA-NWS Aviation Auto-
the observing practices, coding, and reporting standardgated Weather Observing System (AV-AWOS) experi-
for surface weather observations.



ments performed between 1973 and 1978. In the 1980s, There are three cascading levels of quality control for
further advances in technology finally permitted the NWS, ASOS. Each level focuses on a different temporal and
FAA, and DOD to develop a practical, fully automated spatial scale.
observing system for nationwide use.
B Level 1 is performed on-site, in real-time before an
observations is transmitted.
1.3 Total Surface Observation B Level 2 is performed at a Weather Forecast Office
C (WFO) for a designated area, about the size of a state,
Oncept usually within 2 hours after the scheduled observa-
tion transmission time.
ASOS provides the basic surface weather observationa [ evel 3is performed centrally on all ASOS METARs

at many airports. At selected airports, an observer may add  nationwide, usually about 2 hours after the scheduled
information to the ASOS observation. These additions are  {ransmission time.

considered important for safe and efficient operations in
the airport/terminal area and provide backup observations eye| 1—At the Site
for those elements that ASOS normally reports.

Built into each ASOS are automated self-diagnostics

Although ASOS is the primary source of surface ob- and QC algorithms. These QC algorithms operate on raw
servational data in the United StateS, other surface Obser\é'ensor data; they prevent questionab'e data from being in-
ing networks, distinct from ASOS, provide supplementary cjyded in the One-Minute-Observation (OMO) or the trans-
data for forecasting and other specific interests. These netnitted METAR/SPECI. When the ASOS detects either a
works include severe weather Spotter netWOka, hydrolog|'qua||fy|ng degree of System degradation, Component fail-
cal reporting networks, synoptic and climatological yre, or data error, the relevant data are excluded from re-
observing networks, and cooperative observing networksport processing and a Maintenance Check Indicator ($) is
Data from these sources are not derived from ASOS an@ppended to the METAR/SPECI report. If sufficient raw
are not provided as part of the ASOS observation. Thisjata are not available for report processing, the element is
information is included in separate data sets or productsyot included in the OMO or METAR/SPECI report. The $
Examples of this information are severe weather reportss ysed to indicate that maintenance may be needed but
(tornado/funnel cloud sightings, etc.), snow depth, watergoes not necessarily mean that the data are erroneous. On-
equivalent of snow on the ground, and middle and highsjte observers may also augment and/or backup the ASOS
cloud information (height, amount, and type). METAR/SPECI data at selected locations. These observ-

) _ _ ers provide an immediate data check and often catch prob-
In the modernized weather service, new and improvedems before the observation is transmitted.

technologies such as satellite, Doppler Weather Surveil-
lance Radar (WSR-88D), and lightning detection networks|_eye| 2—Area
provide valuable weather information separate from data

reported by the ASOS. By integrating these data, meteo-  WFQO personnel routinely monitor and assess the avail-
rologists can now obtain a more accurate and complet@pility and meteorological quality of long-line transmitted
depiction of the weather than what can be obtained onlyW ETARs and SPECIs from all ASOS locations in their
from a single source. county warning area (CWA). This quality control usually
occurs within 1- 2 hours after the data are transmitted. If
data are suspect, the WFO staff investigates the problem,
1.4 Quality Control informs points of contact (either the on-site observer, main-
tenance technician, or associated FAA Flight Service Sta-
The automation of surface observations reduces ofion) and coordinates corrective action to ensure that a
eliminates direct human involvement in acquiring quality observation is provided, or suspends the question-
(Sensing' Co”ecting), processing (assessing’ formatting,able observation pending resolution of a prOblem. The goal
documenting), and disseminating (transmission, display2at the area level is to correct a problem or prevent any ad-
broadcast) surface observations. Even though the ASOS @itional erroneous data from being transmitted. When a
highly automated and reliable, effective Quality Control System problem is detected, a maintenance technician is
(QC) of ASOS products is critical for ensuring the high notified. Maintenance technicians are based at selected
level of trust in the automated output (Figure 1) NWS offices and service all NWS and FAA ASOS'’s within
their area of responsibility. The Navy and Air Force per-
form maintenance on their own ASOSs.



Level 3—National Those METAR elements that differ from the corre-
sponding Ol value by more than the allowable criteria are

National QC operations are centered at the ASOS Opflagged as suspect and included in the NCEP CQ message.

erations and Monitoring Center (AOMC). It is staffed 24- Other automated QC monitoring programs are operational

hours a day and provides an 800 phone-in number foat the local WFO and alert the staff when data elements or

trouble calls. AOMC technicians routinely monitor the long- whole observations are missing, usually within 1 hour.

line transmitted ASOS hourly METAR. To help with this

monitoring, two types of automated messages are routinely ~ The National Climatic Data Center (NCDC) performs

provided to the AOMC. These messages identify: (1) thosedditional quality control prior to archive.

METAR/SPECI reports with a $ appended and (2) those

METAR not received within the standard Time-Of-Trans-

mission window. These messages are provided by the NWS

Telecommunication Gateway (NWSTG), which is collo- 1.5 General Conventions

cated with the AOMC in the NWS Systems Operations

Center (SOC). The time convention used in this document to

describe the valid times and schedules used by ASOS is:
When a problem is encountered, AOMC technicians

open a trouble report, alert the responsible ASOS Elecpp:HH:MM:SS

tronic Technician and/or NWS office to take appropriate

action, and monitor progress toward resolution. The AOMCywhere:

may also coordinate with the appropriate FAA Weatherpp = pate; 0% DD< 31

Message Switching Center Replacement (WMSCR) facil- -

ity to resolve FAA National Airspace Data Interchange Net-HH = Hour (24-hour clock); 08 HH < 23
work (NADIN) communications problems that affect

long-line transmission of ASOS reports. AOMC QC ac- MM = Minute: 00< MM < 59

tion is usually initiated after hourly METAR data are miss- B B

ing for 2 hours. SS = Second; 08 SS< 59

The AOMC performs other vital functions, such as H+MM = Minutes past the current hour.
downloading critical operational information to the ASOS, \+SS = Seconds past the current minute.
keeping accurate clock synchronization, and maintaining
data for system reinitialization, such as field elevation,  For example, a time period from 56 minutes past the
magnetic declination, phone numbers, etc. previous hour to 50 minutes past the current hour would be

referenced as: “-H+56 to H+50.”

The goal at the national level is to maintain uniform
system integrity and prevent problems in data from con-  The times specified in this document are in either Lo-
tinuing for extended periods of time. cal Standard Time (LST) or Universal Coordinated Time

(UTQ), alternately referred to as Zulu Time (2).
Automated QC messages are generated at the National

Center For Environmental Prediction (NCEP) hourly and | the descriptions of the algorithms, if less than 75

made available to WFOs. These messages identify horipercent of the maximum amount of data used in the com-
zontally inconsistent and possibly unrepresentative obserpytation of any parameter is available, the parameter is not
vations through comparison of selected elements in theeported. Unless otherwise noted, all midpoint fractional
hourly METAR with a corresponding computer-generatedyalues are roundetbwnto the nearest appropriate value.
Optimal Interpolation (OI) analysis field. The evaluated || other values are rounded in accordance with normal
elements are: rounding procedures.

B Wind direction and speed

B Potential temperature (used as a surrogate for ambi-
ent temperature)

B Dewpoint temperature

B Sea-level pressure.



Figure 1. ASOS Quality Control Concept



CHAPTER TWO

2.0 System Description

Sensors are sited in accordance with guidance stated
. ) _inthe Federal Standards for Siting Meteorological Sensors

The ASOS performs all the basic observing functions, ¢ Airports (FCM-S4-1987), published by the Office of the
including the acquisition, processing, distribution, trans-Federal Coordinator for Meteorological Services and Sup-
mission, and documentation of data. porting Research (OFCM). At virtually all locations, the
pressure sensors are located indoors within the ACU.

2.1 System Components The field complement of ASOS sensors are typically
located near the Touchdown Zone (TDZ) of the primary
The ASOS consists of three main components. Thelesignated instrument runway. If the TDZ site was found
first two components are at all ASOS locations; the thirdunacceptable, the Center Field (CF) location is the most
component is found only at airports at which observer auglikely alternate location. The field sensor array is referred
mentation/backup support is provided. to as the “ASOS Combined Sensor Group.” At larger air-
ports or airports where the operational need is justified,
B Sensor group(s), consisting of individual weather sen-additional sensors may be strategically located at an other

sors and a Data Collection Package (DCP) location to provide additional weather information (“Me-
B The Acquisition Control Unit (ACU) teorological Discontinuity Sensor Group”) or backup sen-
B The Operator Interface Device (OID) sor capabilities (“Backup Sensor Group”). These additional

sensor groups generally consist of a ceilometer, a visibility

sensor, and a collocated DCHFigure 2 shows a typical
2.1.1  ASOS Sensor Groups ASOS Combined Sensor Group. Figure 3 shows an op-

tional ASOS “Meteorological Discontinuity” or “Backup”

The ASOS sensors continuously sample and measurg€nsor Group.
the ambient environment, derive raw sensor data and make

them available to the collocated DCP. These raw sensor A DCP is located with each sensor group. It continu-
data include visibility extinction coefficients, ceilometer 2lly gathers and processes raw data from the adjacent sen-
cloud hits, freezing precipitation resonant frequencies an§°rs (€-8-, voltages, extinction coefficients, data counts) and
other sensor data. These data are processed as preliminér?/”d't'ons these data before transmission to the ACU. Data

input into the observation algorithms. The ASOS consist£Onditioning may include such processes as sampling, for-

of the following basic complement of sensors matting, and scaling.

B Ceilometer, Cloud Height Indicator [CHI] Sensor (one L .
to three sensors per site) 2.1.2 ACC]UlSltlon Control Unit

B Visibility Sensor (one to three sensors per site)

B Precipitation Identification (PI) Sensor The ACU, which is the central processing unit for the

B Freezing Rain (ZR) Sensor (not planned to be includedASOS, is usually located inside a climate controlled struc-
where ZR potential is nil) ture, such as an observing office or control tower building.

B Lightning Sensor (only at selected sites) It ingests data from the DCP(s) and pressure sensors, and

B Pressure Sensors (two sensors at small airports; thréé capable of accepting information from the FAA New
sensors at larger airports) Generation Runway Visual Range (NGRVR) system.

B Ambient/Dew Point Temperature Sensor . .

B Anemometer (wind direction and speed sensor) ~ The ACU performs final processing, formatting, qual-

B Precipitation Accumulation Sensor (Heated Tipping ity control, storage and retrieval of the data, and makes
Bucket [HTB] Gauge) ASOS data available to users through various outlets. A

brief description of the various ASOS data outlets and data

!Other sensors are under development and may be At the Hub airports, the Pl sensor will be included in
added at a later time. the Touchdown Sensor Group if it is located at the TDZ of
the primary instrument runway.



Figure 2. ASOS Combined Sensor Group



Figure 3.  Additional Sensor Group



Figure 4. Availability of ASOS Data



types is summarized in Figure 4. Additional details and® Daily and Monthly Summary messages (described in
examples may be found in Chapters 6 and 7.

2.1.3

Operator Interface Device

The Operator Interface Device (OID) is the primary

Section 5.6)

2.4 METAR Elements

The ASOS will automatically report the following sur-

means through which an on-site observer enters back-ugyce weather elements in the METAR:
or augmentation observations into the ASOS METAR/
SPECI report. It consists of a keyboard, and video screein
interfaced directly with the ACU either through hardwire
or telephone line. Various OID screen displays are avail-m

able; see Appendix A for examples. ™
[ |
2.2 ASOS Data Outlets L]
[ |

The ASOS Peripheral Data Outlets include:

The ASOS Operator Interface Device (OID) and re-®
mote dial-in user interactive video screen displays. Ex-
amples of various OID video screen displays are showr®
in Appendix A

On-site video display screens. These include the Video
Display Unit (VDU) screens, and user-provided video ®
monitors

On-site printer hard copy (at OID equipped locations),
when required

Long-line dissemination of coded messages through
NWS and FAA communications networks. Long-line
networks are described in Section 6.3
Computer-generated voice (available through FAA®
radio broadcast to pilots, and general aviation dial-in
telephone lines). Examples of computer-generated
voice messages are given in Section 6.4

2.3 ASOS Data Types

outlets include:

The various ASOS data types available through thes%

Wind: Direction (tens of degrees - true), Speed
(knots), and Character (gusts)

Visibility up to and including 10 statute miles
Runway Visual Range (RVR) at selected sites
Basic Present Weather Information (type and
intensity): Rain, Snow, Freezing Rain, Squalls
Obstructions: Fog, Mist, Haze, and Freezing Fog
Sky Condition: Cloud Height and Amount (CLR,
FEW, SCT, BKN, OVC) up to 12,000 feet above
ground level

Ambient Temperature, Dew Point Temperature
(degrees Celsius)

Pressure: Altimeter Setting in inches of mercury
(Hg), and Sea-level Pressure (SLP) in Hectopascals
(hPa} in Remarks

Automated, Manual, and Plain Language Remarks
(depending on service level) including: Volcanic
Eruption (plain language), Tornadic Activity (plain
language), Wind Shift, Tower Visibility, Beginning
and Ending of Precipitation, Virga (plain language),
Significant Cloud Types (plain language), SLP, and
Other Significant (Plain Language) Information
Additive and Automated Maintenance Data includ-
ing: 3, 6, 24-hour Precipitation Amount, Hourly
Temperature and Dew Point, 6-hour Maximum and
Minimum Temperatures, 3-hour Pressure Tendency,
various sensor status indicators, and maintenance
check indicator ($).

The ASOS Capability to report these elements is sum-

marized in Appendix B. The content of the ASOS METAR/
PECI is described in the following chapters and is sum-
marized in Appendix C. In the future, ASOS may also pro-

vide additional information on snowfall, hail, drizzle, and

One-Minute Observation (OMO) data (content same
as METAR/SPECI data)

Aviation Routine Weather Reports (METAR) and
Aviation Selected Special Weather Reports (SPECI).
At staffed locations, SPECI messages for tornadic or
volcanic activity are manually composed and dissemi-

sunshine duration (see Chapter 7 for further details).

nated through ASOS when these conditions are ob-
served (described in Section 5.3)
Auxiliary data display (described in Section 5.4)

%ln the METAR code cloud amounts are depicted as

either Clear (CLR), Few (FEW), Scattered (SCT), Broken

Standard Hydrometeorological Exchange Format(BKN), or Overcast (OVC)

(SHEF) messages (described in Section 5.5)
Maintenance Data (raw sensor data, system diagnos-

“A Hectopascal (hPa) value is equivalent to a millibar

tics, system status) (examples given in Appendix A) (mb),i.e., 1012 hPa=1012 mb.



added information in the Remarks section about cloud type
2.5 Automated METAR vs.
Manual METAR and location which ASOS cannot provide. This is just one

example. Other detailed examples are given in Chapter 5.

In fOI‘m, the unattended ASOS METAR and the at- To fu"y appreciate these examp|65, &eOS User's

tended ASOS (Observer oversight) METAR look very Guidefirst examines each of the weather elements reported
much alike. For eXample, under the same CirCUmStance%y the ASOS and Compares the manua| and automated Ob_
the ASOS would report: servations in terms of sensors used, the observing proce-
dures employed, and reporting capabilities. Automated
KDEN 2819502 AUTO 11006KT 6SM HZ SCT080  opserving concepts are also discussed for greater clarity
15/12 A3013 RMK AO2 SLP123 and understanding. The specific chapter-by chapter break-
down is as follows:
while the observer who is editing the ASOS might report:
B Chapter 3 discusses the more objective and directly
KDEN 281950Z 11006KT 5SM HZ SCTO080 measured (i.e., non-visual) elements such as ambient
BKN140 15/12 A3013 RMK AO2 FEW ACC W SLP123 temperature, dew point temperature, wind, pressure,
and precipitation accumulation.
Notice that both METARS contain the station 1D, ob-
servation type, time, wind, visibility, obstructions, sky con- m  Chapter 4 discusses the more subjective, and to some
dition, ambient temperature, dew point temperature,  extent, indirectly measured (i.e., visual) elements of
altimeter setting, and sea-level pressure (in remarks). sky condition, visibility, present weather (phenomena
and obstructions).
The automated observation indicates the station type
as “AUTO” which Signiﬁes an unattended observation (i.e., [ ] Chapter 5 provides examp|es of ASOS weather re-
Observer not logged onto ASOS for back-up or augmenta-  ports, messages, and summaries.
tion), and identifies the system as one capable of reporting

present weather (AO2). B Chapter 6 discusses the outlets through which the
ASOS data are available.
The second observation indicates that the Observer
logged onto the system (AUTO is missing). The Observetm  Chapter 7describes those elements not currently pro-
augmented sky condition for clouds above 12,000 feetand  yjiged by ASOS, future product improvement plans,
and alternate means through which these data are now
available or may be available in the future.
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CHAPTER THREE

3.0 Automating the Objective
Weather Elements

The “objective” weather elements are defined as am-
bient and dew point temperature, wind, pressure, and pret
cipitation accumulation. These elements are classified as
“objective” because they are more simply and directly
measured and are easier to automate than other elemen
This chapter describes how ASOS reports objective elementy.

3.1 Ambient and Dew Point
Tem perature Figure 5. ASOS Hygrothermometer

Ambient and dew point temperature reports are among
the most widely disseminated of all the weather elements¥hen this condition occurs, the mirror's surface is in va-
in the surface observation. Because of keen public interpor pressure equilibrium with the surrounding air (i.e., has
est, nearly all radio and most television stations report temreached the saturation vapor pressure). The temperature
perature and humidity at least once an hour. Ambient andequired to maintain this equilibrium is, by definition, the
dew point temperature are vital in determining aircraft per-dew point temperature.
formance and loading characteristics and are critical for
accurate weather forecasts. To meet these needs, ASOS Optical techniques are used to detect the presence of
provides a 5-minute average ambient air and dew poinsurface condensation. Within the hygrothermometer, a
temperature every minute. beam of light from a small Light Emitting Diode (LED) is
directed at the surface of the mirror at a 45 degree angle.
Two photo-resistors are mounted to receive the reflected
3.1.1 Ambient/Dew Point light. The “direct” sensor is placed at the reflection angle
Temperature Sensor and receives a high degree of light when the mirror is clear.
The indirect sensor is placed to receive light scattered when

Both the manual and automated temperature sensor&e mirror is clouded with visible condensation, (i.e., dew
directly measure the ambient dry-bulb and the dew poinf" frost formation).
temperatures. The hygrothermometer used in the ASOS is ]
a modern version of the fully automated “HO-83" In normal operation, a feedback loop controls an elec-
hygrothermometer, first used operationally in 1985. Thistfic heat pump running through a cooling-heating cycle,
instrument uses a platinum wire Resistive Temperaturé’Vh'Ch cools the mirror until dew or frost is formed; it then

Device (RTD) to measure ambient temperature and a chilledi€ats the mirror until the condensate (dew or frost) is evapo-
mirror to determine dew point temperature. rated or sublimed. This cycle nominally takes about 1

minute to complete.

The RTD operates on the principle that electric resis- L ) ) .
tance in a wire varies with temperature. This RTD is lo-  AS the mirror's cloudiness increases, the “direct” sen-

cated in the stream of aspirated air entering the sensingO" 'eceives less light and the “indirect” sensor receives
unit and assumes the ambient air temperature. more light. When the ratio of indirect to direct light reaches

an adaptive criterion value, the mirror is considered to be
To determine dew point temperature, a mirror is cool- at the deyv point temperatqre. T.he acjaptive criterion value
ed by a thermoelectric or Peltier cooler until dew or frost (ratio of indirect to direct light) is adjusted once a day to
begins to condense on the mirror surface. The body of th&€ompensate for residual contamination on the mirror due
mirror contains a platinum wire RTD, similar to that used © dust and other airborne particulates.
for ambient temperature. This RTD assumes the mirror’s
temperature, which is held at the dew point temperature.
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Table 1.  Temperature Sensor—Range, Accuracy Resolution

Parameter Range RMSE Max Error Resolution
Ambient -80°F to -58°F 1.8°F + 3.6°F 0.1°F
Temperature -58°F to +122°F 0.9°F +1.8°F

+122°F to +130°F 1.8°F *+ 3.6°F
Dew Point -80°F to -0.4°F 3.1°Fto 7.9°F 4.5°F to 13.9°F 0.1°F
Temperature -0.4°F to +32°F 2.0°Fto 7.9°F 3.4°F to 13.9°F

+32°F to +86°F 1.1°F to 4.7°F 2.0°F to 7.9°F

Since a clean mirror needs relatively less indirect light Once each minute the ACU calculates the 5-minute
to determine when dew has formed than a dirty mirror, theaverage ambient temperature and dew point temperature
mirror is heated once a day to recalibrate the reference rédrom the 1-minute average observations (provided at least
flection expected from a dry mirror. This procedure com-4 valid 1-minute averages are available). These 5-minute
pensates for a possible dirty or contaminated mirror andaverages are rounded to the nearest degree Fahrenheit, con-
redefines adaptive criterion value used to determine whewerted to the nearest 0.1 degree Celsius, and reported once
dew or frost has occurred. This once per day recalibratioreach minute as the 5-minute average ambient and dew point
nominally takes about 15 minutes. temperatures. All mid-point temperature values are rounded

up(e.g., +3.5°F rounds up to +4.0°F; -3.5°F rounds up to -

The ASOS hygrothermometer meets all NWS specifi- 3.0°F; while -3.6 °F rounds to -4.0 °F).
cations for measuring range, accuracy, and resolution. The
specifications for accuracy are given in Root Mean Square  The ACU performs all temperature averaging func-
Error (RMSE) and Maximum (MAX) Error. Specifications tions. It also performs a number of data quality tests on the
are listed in Table 1. ambient and dew point temperatures, including upper and

lower limit checks, a rate of change check, and a cross

The RMSE for Dew Point Temperature is given as acomparison. The current 1-minute ambient and dew point
range of values and is dependent on the Ambient Temtemperature are compared against these limits. The upper
perature minus the Dew Point Temperature value (i.e., Dewand lower limits are +130°F to -80°F for ambient tempera-
Point Depression [DD]). The low end of the RMSE and ture and +86°F to -80°F for dew point temperature.

MAX Error range is for a DD of 0°F; the high end of the
Error range is for a DD of 63°F. If the current 1-minute ambient or dew point tempera-
ture differs from the last respective, non-missing, 1-minute
reading in the previous 2 minutes by more than 10°F, it is
3.1.2 Ambient Temperature/DeW Point marked as “missing.” The current 1-minute ambient tem-
Temperature Algorithm perature is also compared against the current 1-minute dew
point temperature to ensure the dew point is not higher. If

Both ambient temperature and dew point temperaturéhe dew point temperature exceeds the ambient tempera-

are considered conservative elements (i.e., continuous iﬁur;ahby 2 E_ortk:ss, the (tjew pl;)'t?]t t((ajmpera_tutrs:: IS set etqual
space, and slowly and smoothly changing in time). Based? (Ne ambient temperature. € dew point temperature

on this characteristic, time-averaging over a short period isegceeds the amblent temperatgre by m?rg th_an 2 F, the 1-
the preferred method of measurement. minute dew point temperature is set to “missing.

The ASOS hygrothermometer continually measures If, within the past 5 minutes, there are at least four

the ambient temperature and dew point temperature an?cﬂ:rlr:?)élr.z{ﬁPezn_mésfgnsggei;?\j;ngt;?nﬂ?;eg\t/:rg%g:grgoér;%
rovides sample values approximately six times per minute. ! ; ) o )
i b PP y P uted and reported in degrees Celsius in the OMO and

Processing algorithms in the hygrothermometer use thesr%4 . :
samples to determine a 1-minute average temperature a ET_AR‘ I there are less than four va||_d _1-m|nute average
ambient or dew point temperatures within the past 5 min-

dew point valid for a 60-second period ending at M+00. .

These data are passed to the ACU for further processing.Utes’ ASOS_ does not compute the current 5-m|n_ute aver-
age for ambient or dew point temperature. When this occurs,
ASOS uses the most recent 5-minute average value calcu-
lated within the past 15 minutes.
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If the ASOS has not recorded a valid 5-minute aver-B  Once each day (at 23:59 LST), the highest and lowest

age ambient or dew point temperature within the past  ambient temperatures for the current month, along with
15-minutes, no ambient or dew point temperature is re-  the date(s) of occurrence, are computed and stored in
ported and the sensor failure notation is entered into the  memory until the end of the following month. On the
ASOS system maintenance log (SYSLOG). This first day of the following month, ASOS outputs the
15-minute “hold-off” allows the daily 15-minute calibra- Monthly Maximum Temperature and date(s) of oc-
tion heat cycle to occur without adverse affect. The cur-  currence, plus the Monthly Minimum Temperature and
rent 1-minute average ambient temperature and the date(s) of occurrente

5-minute average ambient temperature are updated once

each minute and stored in memory for 12 hours. These Additional temperature parameters are derived from
stored data are used in further computation: the Calendar Day and Monthly Maximum and Minimum

Temperature data. These data may be reported in the daily
Once each minute, ASOS uses the running 5-minuteand/or monthly summary messages, as appropriate.
average ambient temperature to update the hourly
maximum and minimum ambient temperatures. At the The daily data include: calendar day average ambient
end of the hour (H+59), the cumulative maximum and temperature, the latest daytime maximum temperature
minimum ambient temperatures for the hour and the(LDT), the latest nighttime minimum temperature (LNT),
minute(s) they occurred are stored in memory for 24departure of calendar day average ambient temperature
hours. from normal, and heating degree days (HDD) or cooling
degree days (CDD).
At synoptic hour (00, 06, 12, and 18 UTC) reporting
times, the current 6-hour maximum and minimum am- The monthly data include: average monthly tempera-
bient temperatures are computed from the hourly maxi-ture, average monthly maximum and minimum tempera-
mum and minimum ambient temperatures in tenths ofture, number of days maximum temperature exceeded a

degrees Celsius, and included as remarkgiCIsT ” set maximum temperature threshold (90°F in the 48 con-
for maximum temperature, and "ZsT T "for mini- tiguous United States and Hawaii, and 70°F in Alaska),
mum temperature) in the current synoptic hourly number of days maximum temperatgr82°F, number of
METAR. days minimum temperatuge32°F, number of days mini-

mum temperature 0°F, monthly heating degree days, and
The current 12-hour average ambient temperature isnonthly cooling degree days.
also computed once each minute from the current and
previous 12-hour reported 5-minute average tempera-  Relative humidity is calculated using the 5-minute av-
ture (this value is used for calculating current sea-levelerage ambient (dry-bulb) temperature and dew point tem-
pressure). perature. The 5-minute average temperature is also used to
process other algorithms, specifically sky condition (ob-
Once each hour (at the hourly METAR report time) scuration determination), present weather (freezing rain de-
the current hourly ambient temperature and dew pointermination, and snow - rain discrimination), obscurations
temperature are reported in the METAR Remarks sec{freezing fog, fog, mist, haze discrimination), and pressure
tion, to the nearest tenth of a degree Celsius, in th€sea-level pressure, pressure altitude, and density altitude
form “TsTTTs T' T T'," calculation).

Once each minute, ASOS computes the highest and
lowest ambient temperatures, so far for the current cal3,1.3 Ambient Tem peratu re/
gndar da}y, in ten(tjhs .Of degreesb_CeItstius. Thetcalendar Dew Point Temperature
ay maximum and minimum ambient temperatures are e
reported in the midnight, LST hourly METAR remarks Strengths and Limitations
(4sT TT sTTT), and are stored in memory for 31
days as part of the Daily Summary Product. The “mid-
night, LST hourly METAR” is usually transmitted be-
fore 23:59 LST. Therefore, there may occasionally be
a discrepancy between the maximum and minimum
temperatures reported in the “4” group and the daily
maximum and minimum temperatures reported in the
ASOS Daily Summary Message (DSM) which runs These data are contained in the Monthly Summary mes-
from 00:00 to 23:59 LST (see Section 5.6 for details). S9€ issued by ASOS.

Although the methodology of determining the ambi-
ent temperature and dew point temperature is not new, sub-
stantial improvements have been achieved by ASOS in
measuring temperature and dew point by increasing the
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sensor aspiration and siting the sensors away from build-
ings and heat islands. Furthermore, ASOS’s continuous
monitoring, self-diagnostics, and application of quality

control algorithms ensure that any ambient temperature/
dew point temperature degradation trend is reported be-
fore sensor performance falls below performance standards.

At times, however, the reported dew point tempera-
ture may become stuck at around zero degrees Celsius. At
other times, it may not be representative because of exces-
sive mirror contamination due to dust or other atmospheric
aerosols. An aggressive preventative maintenance program
is conducted that includes periodic cleaning of the mirror
surface. Furthermore, a planned product improvement ef-
fortis underway to find a more reliable alternative for mea-
suring Dew Point temperature (see Section 7.2.2 for details).

3.2 Wind

The rotating cup anemometer and the simple wind vane
are the principal indicators of wind speed and direction.
Until the mid 1940s, the electrical contacting anemometer
was the standard wind measuring instrument. Since then,
the “F420” series of instruments have become the stan- Figure 6. ASOS Anemometer
dard for wind measurement in the U.S. A basic system of
this series consists of a cup-driven Direct Current (DC)

generator with an output calibrated in knots and a vaneyrees). Wind direction is reported relativeree northin
coupled to an indicator by means of a DC synchro-systemihe METAR/SPECI message, in the daily/monthly sum-
The ASOS uses a modern automated version of the F42Qnaries, and on all video displays. Wind direction is re-
in which electro-magnetic signals generated by the rotatported relative tonagnetic nortiin the computer-generated
ing cup and wind vane are directly converted into report-ygjce messages, and on the OID “AUX” data display screen.
able values by ASOS. See section 3.2.2.1 for details.

Before ASOS, airport wind sensors were generally Wind Speed A 2-minute average is updated once ev-
exposed 20 feet above ground level. With modern, high-ery 5 seconds and is reported once every minute in the
performance aircraft, this standard no longer applies. Nowomo and computer-generated voice messages, and in-
current federal standards for siting meteorological equip-cluded in the METAR/SPECI message and various OID
ment specify (with some variance permitted) a heightscreen displays. See Section 3.2.2.1 for details.
of 10 meters (32.8 feet). Typical ASOS wind sensor heights
are 33 feet or 27 feet, depending on local site-specific Wind Gust: This is a basic component of wind char-
restrictions or requirements. Figure 6 shows the ASOSycter and is updated every 5 seconds. It is appended to and
anemometer. The ASOS will report the following wind reported with the basic wind observation only when ap-
related parameters. propriate conditions for reporting wind gust exist (see defi-

nition in Section 3.2.2.2). Wind gust information is included

Wind Direction: ASOS reports a 2-minute average in the current OMO, computer-generated voice messages,
of 5-second average wind directions once a minute (i.e.the METAR/SPECI, and OID displays.

24 samples each minute) for distribution through the OMO
and computer-generated voice messages. The current 2-  wjind Shift: This remark is reported in the OMO and

minute average wind direction is updated on selected Olhe METAR/SPECI when appropriate. See Section 3.2.2.2a
screen displays once every minute and included in the trangg details.

mitted METAR/SPECI messages. The direction from
which the wind is bIOWIng is reportEd to the nearest 10 Variable Wind Direction: This data element is re-

degree increment (e.g., 274 degrees is reported as 270 dgorted in the OMO and the METAR/SPECI when appro-
priate. See Section 3.2.2.2b for details.
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Table 2.  Wind Sensor—Range, Accuracy, Resolution

Parameter Range Accuracy Resolution
Wind Speed 0to 125 knots + 2 knots 1 knot
- Or -

5% (whichever is greater)

Wind Direction 0to 359 degrees + 5 degrees nearest
when wind speed degree
is > 5 knots

Squall: Although squall is a basic componentof wind 3.2.2  Wind Algorithm
character and, under appropriate conditions is updated ev-
ery 5 seconds, it is reported in fresent weathesection The basic method of observing wind direction and
of the METAR/SPECI observation; direction and SDEEd Va'-Speed is to take a fixed point, time averaged measurement.
ues are indicated in the wind group. See Section 3222¢he ASOS a_|gorithm uses a 2-minute period to obtain the
for details. current average wind direction and speed. In both cases,
ASOS obtains the wind character (i.e., gusts and present
Peak Wind: This remark is reportEd in the scheduled weather Squa"s) and the peak wind by Comparing the dif-
hourly METAR, as appropriate. Itis the greatest 5-secondterence between the average wind speed with the maxi-
average wind exceeding 25 knots which has been observedym “instantaneous” wind speed observed over a specified
since the previously scheduled hourly METAR. time interval. When this difference exceeds a prescribed
value, the appropriate additional wind information is in-
Daily Peak Wind: This value is reported in the Daily  cluded in the observation. The ASOS wind shift remark is
Summary message (see Section 5.6.1). It is the greategktermined from the difference between the current 10-
5-second average wind speed observed (converted to milgginute average (of 2-minute average winds) and the 10-
per hour) during the 24-hour calendar day beginning afninute average (of 2-minute average winds) from 15
5-seconds past midnight, Local Standard Time (LST),minutes ago, provided the intervening 2-minute average
(00:00:05 LST) and ending at midnight (00:00:00 LST) wind speeds are greater than 9 knots. Within ASOS, all
the next day. average wind directions and speeds are rounded up to the

nearest degree and knot, respectively.
Fastest 2-Minute Wind This value is reported in the

Daily Summary message. It is the fastest 2-minute average
wind speed (in miles per hour) observed over the 24-houg 2 21 Wind Direction and Speed
calendar day.
In the past, observers monitored an analog or digital
3.2.1 Wind Sensor wind dial over a short period to determine the average wind
direction and speed for the observation. Most sites also had
The ASOS wind sensor (Figure 6) employs a “light a wind recorder device to provide a continuous documented
chopper,” electro-optical method to determine wind speedecord of measured wind direction and speed. The observer
and convert it to appropriate electro-magnetic signals. Windften used this device to determine the maximum instanta-
sensor measurements conform to the Range, Accuracyeous wind speed over the 10-minute period before com-
Resolution specifications described in Table 2. In addition pleting the observation. The observer used visual/mental
the sensor’s starting threshold for response to wind direcaveraging and ultimate human judgement to create an ob-
tion and wind speed is 2 knots. Winds measured at 2-knotservation of wind. This method was not always consistent
or less are reported as calm. from site to site or from one observer to another.

ASOS continuously and objectively measures wind di-

rection and speed once every second, far more frequently,
consistently, and accurately than an observer could. Every

15



ASOS processes data identically, which provides site-to-utes). Observations of 5 knots with gusts of 10 to 15 knots,
site consistency unknown in past records. Five-second winthowever, are the more common minimum values reported.
direction and wind speed averages are computed from the

1-second measurements. These 5-second averages are The ASOS algorithm also relies on a 10-minute ob-
rounded to the nearest degree and nearest knot and are s&rvation period to determine gusts, but uses it in a differ-
tained for 2 minutes. These five-second averages are thent way. Once every 5 seconds, the ASOS computes the
fundamental units used to compute reportable wind val-greatest 5-second average wind speed (and corresponding
ues and are, in effect, the ASOS equivalent to the manualirection) during the past minute, and once each minute
“instantaneous” wind observation. stores this information in memory for 12 hours.

Every 5 seconds a running 2-minute average wind (di-  Once every 5 seconds the ASOS computes the current
rection and speed) is computed and used to further com2-minute average wind speed and compares it with the
pute wind character. If the computed 2-minute average windyreatest 5-second average wind speed during the past
speed is 2 knots or less, the 2-minute average wind direaminute. If the current 2-minute average wind speed is equal
tion and speed is reported as “calm” (O0000KT). to or greater than 9 knots and the greatest 5-second aver-

age wind speed (during the past minute) exceeds the cur-

Once each minute the current 2-minute average windent 2-minute average speed by 5-knots or more, then the
is stored in memory for 12 hours and made available forgreatest 5-second average speed observed during the past
reporting in the OMO, the computer generated voice mesminute is stored in memory as a gust for 10 minutes.
sages (i.e., the ground-to-air radio and telephone dial-in
message), the METAR/SPECI reports, and OID displays. Once every 5 seconds, the ASOS compares the high-

est gust stored in memory for the past 10 minutes with the

current 2-minute average wind speed. If the difference be-
3.2.2.2 Wind Character tween the two is 3 knots or more, the current reported wind

speed is greater than 2 knots, and the highest gust exceeds

Wind Character information is added to the METAR the minimum 5-second wind speed in the past 10 minutes
after the Wind Direction and Speed data when the variabilby 10 knots or more, then the highest gust stored in memory
ity in the steady state wind exceeds threshold criteria. Winds designated as the reportable gust. This value is appended
Character components include Wind Gusts and Variablgo the current wind direction and speed reported in the
Wind. Although Wind Squalls are reported as a PresenDMO, computer-generated voice messages, and the
Weather phenomena in METAR, they are also discussedMETAR/SPECI reports. The minimum gust speed reported
here for comparison and contrast. by ASOS is 14 knots. Wind speeds from 3 knots and 11

knots may be reported with gusts to 14 knots. For example,

Both the manual procedure and the ASOS algorithma 2-minute average wind of 240 degrees at 10 knots with
determine Wind Character by examining the maximum “in- gusts to 20 knots is reported as: “24010G20KT.”
stantaneous” wind speed over the 10-minute period imme-
diately preceding the observation. The manual procedure
requires a visual examination and interpretation of the diaB.2.2.2b Variable Wind
readings or recorder to determine “instantaneous” wind
speed. The ASOS algorithm, by contrast, relies on objec-  Both the manual procedure and the ASOS algorithm
tive 5-second averages of 1-second wind measurementsuse the same definition for determining a variable wind

but use different methods for reporting it. In both cases, a

variable wind is reported when the wind direction varies
3.2.2.2a Gusts by 60 degrees or more during the 2-minute evaluation pe-

riod before the observation. If the 2-minute wind speed is

In themanual procedure a gust is reported when an 6 knots or less, than a variable wind direction indicator
observer sees rapid fluctuations in sensor wind speed indiVRB) is included in the basic wind group; if the 2-minute
cations with a variation of 10 knots or more between peaksvind speed is greater than 6 knots, then a variable wind
and lulls during the 10-minutes before the observation. Thelirection group is appended to the basic wind group in the
reported gust is taken from the maximum “instantaneous’body of the METAR/SPECI report.
wind speed observed during this period. The average 2-
minute wind is used to report wind direction and wind The basis for the manual determination of a variable
speed. Conceivably, an average 2-minute wind speed asind is simply a visual interpretation of the wind instru-
low as 3 knots (observed in the last minute) may be rement reading during the 2-minute evaluation period. The
ported with a gust of 10 knots (observed in the last 10 min-ASOS algorithm by contrast compares the range of 5-sec-
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ond average wind directions during the past 2 minutes (28.2.2.3  Wind Remarks
samples).
The ASOS will include Wind Shift and Peak Wind
In either case, if the current 2-minute average windremarks in the METAR/SPECI reports when appropriate.
speed is 6 knots or less, the wind direction and speed is
reported as “VRBff,” where “ff” is the current 2-minute
average wind speed in knots. For example, a variable win®.2.2.3a  Wind Shift
at 3 knots is encoded as “VRB03.”
Both the manual procedure and the ASOS algorithm use
If the current 2-minute average wind speed is greatethe same definition of a wind shift as described in the FMH-
than 6 knots, then the current wind direction and speed ar#: “A wind shift is indicated by a change in wind direction of
placed in the body of the report and followed by a variabil-45 degrees or more in less than 15 minutes with sustained
ity indicator in the form “cti d Vd d d ,” where dd d is winds of 10 knots or more throughout the wind shift.”
the minimum, and d d is the maximum variable wind
direction during the past 2-minutes. For example, a current  The observer relies on his alertness and a visual esti-
2-minute wind of 270 degrees at 10 knots that varies frommate of the 2-minute average wind to determine the onset
240 degrees to 300 degrees is coded as: 27010 240V300f a wind shift. A Frontal Passage (FROPA) remark may
be appended to the wind shift remark when the wind shift
is associated with a frontal passage. This determination of
3.2.2.2c Squalls course is based on human judgement.

In the manual procedure observers report a squall The ASOS, on the other hand, determines a wind shift
when wind speed suddenly increases by at least 16 knotsy first making sure that minimum wind speed and direc-
and speed is sustained at 22 knots or more for at leasion change criteria are met. These checks are made to en-
1 minute. Observers manually determine a squall by visusure that light, variable winds are not erroneously reported
ally examining the indicated or recorded “instantaneous”as a wind shift.
wind speed. The reported squall value is taken from the
maximum “instantaneous” wind speed sustained for atleast  The windspeectriterion requires that all 2-minute av-

1 minute. Although squalls are measured as a parameter efage wind speeds computed each minute over the past 15
wind, they are reported as an element in the present weatherinutes are greater than 9 knots. If this criterion is met,
field of the METAR/SPECI report. then the current 10-minute average witickctionderived

from ten one-minute-observations is compared to a similar

ASOS algorithm by contrast, computes a potential 10-minute average wind direction from 15 minutes ago. If
squall value once every 5 seconds. If the currentthe wind directions differ by 45 degrees or more, then a
2-minute wind speed (measured every five seconds) isvind shift is encoded.
greater than or equal to 22 knots and exceeds the 2-minute
average wind speed computed two minutes ago by 16-knots  The wind shift remark generated by the ASOS in the
or more, then the highest 5-second average wind speed dUMETAR report is: “WSHFT hhmm,” where “hhmm” is the
ing the last 2-minutes is stored in memory as a squall fotniversal Coordinated Time (UTC) of when the shift be-
10 minutes. Only the current squall or non-squall defaultgan (15 minutes ago). Once the wind shift remark is re-
value is stored in memory. The stored squall value is reported, it will continue to be included in all subsequent
ported as “SQ” in the present weather field if the currentreports (including long-line dissemination of ASOS gen-
2-minute average wind speed is greater than 2 knots, and drated SPECI) through the next scheduled hourly METAR.
the squall value exceeds the current 2-minute average wintihe ASOS, of course, is unaware of distant phenomena
speed by more than 3 knots. and synoptic scale weather patterns and consequently can-

not confidently determine if a frontal passage (FROPA)

According to this algorithm, a squall may continue to remark should be appended to the wind shift remark. There-
be reported by the ASOS for up to 10 minutes after thefore, FROPA is not reported by ASOS. At attended sites
squall is written to memory, provided the above minimumhowever, this remark may be added by the Observer in
wind-speed, squall reporting conditions are met. The mini-accordance with agency reporting policy.
mum wind speed - squall combination reported by ASOS
is a wind speed of 3 knots, with a squall of 22 knots.
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3.2.2.3b Peak Wind the ground. It is the only element that cannot be directly
observed or qualitatively sensed by the observer or pilot.
The Peak Wind, by definition, is the highest instanta- As a result, pressure has always been carefully measured
neous wind speed observed or recorded since the last schethd the operational sensor routinely compared to some ref-
uled hourly observation (METAR). The Peak Wind erence standard.
direction, speed and time of occurrence are reported in
METAR remarks as: “PK WND dddff(f)/(hh)mm,” where All the currently computed pressure elements will con-
ddd = direction (true) in tens of degrees, ff(f) = wind speedtinue to be reported by the ASOS with the same or higher
in knots, and (hh)mm = (hour) minutes past current hourevel of precision as the human report. The pressure pa-
of most recent occurrence of the reported peak wind. Theameters available from ASOS are:
“hh” indicator is included only when the peak wind oc-
curred in the previous hour since the last METAR. B Sensor Pressure
B Altimeter Setting
The manual procedure requires a Peak Wind to be rem  Pressure Remarks
ported when the maximuimstantaneousvind speed since B Sea-Level Pressure
the last METAR exceeds 25 knots. B Density Altitude
B Pressure Altitude
In ASOS, the Peak Wind is determined from the high-B  Pressure Change/Tendency
est observed 5-second average wind speed which excee®  Station Pressure
25 knots since the last generated METAR, whether trans-
mitted or not (FIBI). Because accurate pressure is critical, three separate and
independent pressure sensors are used at towered airport
locations. At other locations, two pressure sensors are used.
3.2.3 wind Strengths and Limitations The ASOS algorithm compares the pressure sensors’ read-
ings and issues a pressure report only when there is accept-
The major strength of the ASOS in reporting winds is @ble agreement between at least two sensors.
the consistency of measurements. While Observers rely on
perception and human judgement to interpret wind instru-
ments, automated systems rely on digital second-by-sec3.3.1  Pressure Sensor
ond measurements that are processed identically from
time-to-time and place-to-place. The ASOS pressure measurement instrument consists
of redundant digital pressure transducers, which use ca-
One limitation in the automated observation is a lag inpacitive sensors, one side of which is permanently evacu-
reporting wind shifts (in METAR remarks). The wind shift ated to a vacuum to make it a barometric pressure sensor.
algorithm cannot rely on external clues used by the ob-Advanced microcomputer electronics and sophisticated
server (like thunder or snow showers) for early collateralfirmware provide reliable performance. The barometers are
assurance of a wind shift - frontal passage occurrence. Ibcated on a tray at the bottom of the ACU and are exposed
must therefore wait the full 15-minutes required in the defi-to the ambient air pressure. In cases when the ACU is in-
nition of wind shift before outputting a remark. Although stalled in pressurized buildings, this exposure is through a
highly unlikely, a wind shift and variable wind remark may port connected to an outside static pressure vent. Figure 7
both be generated and included on the same METAR unshows the pressure sensors in the ACU. The specified op-
der conditions of light and variable winds which just barely erational characteristics for these sensors are:
meet the wind shift reporting criteria, or when a FROPA
has occurred in the preceding 10-15 minutes. To be mor@® Range: 16.9 - 31.5 inches of mercury
responsive to operational needs, the wind reporting algo® Accuracy: = 0.02 inches of mercury
rithm has been tuned to prevent excessive, frequent repor®  Resolution; 0.003 inches of mercury (measurement);
ing of a wind shift once a report is issued and when a 0.005 inches of mercury (reporting)
variable wind condition exists.

3.3.2  Pressure Algorithm

3.3 Pressure
A sophisticated algorithm routinely computes and up-

Atmospheric pressure is the most important surfacedates the pressure report for each pressure sensor once a
weather element for aircraft operations since it providegminute from readings obtained every 10 seconds from each
the means of establishing the height of an aircraft above
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3.3.3  Pressure Strengths
and Limitations

The pressure sensors are the most reliable and accu-
rate sensor in ASOS. The only limitation (if one can call it
that) is that pressure remarks will be reported more often
in ASOS METAR messages than in manual METAR mes-
sages simply because of the continuous weather watch
which ASOS provides.

3.4 Precipitation Accumulation

Accurate liquid-equivalent precipitation accumulation
measurements are essential for hydrological, flood fore-
casting, and agriculture applications. For aviation purposes,
freezing or frozen precipitation accumulation measurements
provide a quantitative dimension to the qualitative detec-
tion and reporting of freezing or frozen precipitation by
other ASOS sensors.

| 4 i A == Basic manual measurements of precipitation accumu-

- ' lation in the U.S. have traditionally relied on the Standard
Figure 7. ASOS Pressure Sensor 8-inch Gauge. This consists of an 8-inch cylinder with an
inverted funnel orifice leading to a graduated inner cylin-
der at the base of the funnel neck. The inner cylinder is
used to measure liquid precipitation accumulation. When
) _ freezing or frozen precipitation is expected or is occurring,
sensor. If one or more of the 6 pressure readings obtaineg\e funnel and inner cylinder are removed. Frozen precipi-
from each sensor in the past minute is missing, then the Yxiion captured in the outer cylinder are periodically melted

minute pressure val'ue for that sensor is marked as “MisSpdoors to measure the liguid-equivalent of frozen precipi-
ing” and the sensor is logged as “inoperative.” The current,ion (LEFP).

1-minute pressure values from each sensor are then com-
pared against each other and absolute differences computed. |, the early development of an automated precipita-
The lowest 1-minute sensor pressure value obtained frofon accumulation gauge, it was recognized that automated
a pair of sensors, whose pressure difference is 0.04 inch gpeasurement of liquid and LEFP each presented a unique
less, is the dgagnated ASOS pressure_tO be reported at ﬂaﬁanenge, S0, a separate specification was written for each
end of the _mlnute. Th.IS pressure value_ is then used to COMyne of precipitation. The automated Heated Tipping Bucket
pute an altimeter setting and other derived pressure valuegHTB) technology from the 1970s was adopted and modi-
) ] fied to meet these needs. Over the years, many improve-

A sensor whose 1-minute sensor value differs by morgnents were made and incorporated into ASOS. Early

than 0.04 inch from another operational sensor is automatiyersions of the heated gauge applied excessive heat creat-

cally logged as “inoperative” and the sensor pressure valu;ang excessive evaporation and the under-reporting of the
set to “missing.” This will cause a maintenance check indi'liquid-equivalent mass.

cator to be appended to all subsequent ASOS METAR/

SPECI reports until the sensor is returned to an “opera-  The current version of the HTB gauge applies less heat
t?ona'l" status. Once a pressure sensor is .Iogged as inopergyer a longer heating cycle, thus yielding a more accurate
tive, it can only be returned to an “operational” status by anass measurement of frozen precipitation. Changes in the
maintenance technician. If one of the sensors (at two-serﬁpping bucket inner design also have improved overall per-
sor locations), or if two of the sensors (at three-sensor 10t5rmance in liquid precipitation events. These improve-

cations) are logged as “inoperative,"_then. the designateghants have resulted in the ASOS HTB becoming a very
ASOS pressure elements are all omitted in the METAR/capaple liquid precipitation accumulation gauge in all but

SPECI reports. the most extreme heavy rainfall events. However, some
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deficiencies still remain in its ability to fully measure pre- The HTB has 2 heating elements. One heating element
cipitation accumulation during the cold-season LEFPis wrapped around the underside of the collector funnel,
events. Consequently, the ASOS HTB is primarily used toand the other around the drain tube. Each heater is sepa-
measure liquid accumulation. Alternative solutions arerately thermostatically controlled to maintain a tempera-
being pursued to provide LEFP information. These solu-ture of 40°F. A master thermostat regulates electric power
tions include: (1) Provision of separate LEFP reportsto both heating elements. Power is turned on when the tem-
through existing manual supplementary observing networkgerature falls below 40°F and is turned off when the tem-
from event-driven Supplementary Data Observations angerature falls below -20°F. Power is not turned on again
schedule-driven Supplementary Climate Data reports, andntil the temperature rises above -12°F. Power is turned
(2) Development of a follow-on All-Weather Precipitation off when the temperature is at or above 40°F.
Accumulation Gauge for ASOS (see Section 7.2.4).
The HTB has a precipitation accumulation range of 0

to 10.00 inches per hour, a resolution of 0.01 inch (i.e., one

3.4.1 Heated Tipping Bucket (HTB) tip) and an accuracy of + 0.02 inch or 4% of the hourly

The ASOS HTB shown in Figure 8 consists of 6 main

components: 3.4.2  Precipitation Accumulation

Algorithm

The precipitation accumulation algorithm obtains pre-
cipitation accumulation data from the HTB precipitation
gauge once each minute. These data are valid for discrete
60-second periods ending at M+00. The ASOS algorithm
corrects the tipping bucket measurement, particularly dur-
ing periods of high rainfall rates. Each minute the mea-
sured rainfall is adjusted using the following equation:

C=A(L+.60A)

In this equation, C = the calculated rainfall amount
and A = the measured amount from the tipping bucket. All
calculations are performed internally using floating point
Figure 8. ASOS Heated Tipping Bucket until rounded for final output each minute.

If a 1-minute precipitation accumulation output is miss-
ing and the precipitation identifier sensor (discussed in Sec-

B A wind shield that surrounds the HTB and protects ittion 4.3) is either inoperative or concurrently reports
against blowing snow from falling into the HTB col- precipitation, then the associated METAR precipitation
lector funnel (the wind shield is installed on the ASOS remarks/messages will either be omitted (Prrrr remark is
HTB in climates where the snowfall is20% of the  deleted), or contain a *“/ " (e.g., 6/, 7///]). Furthermore,
annual precipitation accumulation) when the precipitation accumulation sensor is inoperative,

B A 12-inch diameter collector funnel a “PNO” remark will be appended t