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MEMORANDUM 
Ref: AN 10/20  
   
 

To:  Members, Aerodrome Meteorological Observation and Forecast Study Group 
(AMOFSG) 

From:  AMOFSG Secretary 

Subject:  Draft Guidance material on instrument specifications 

Action:  Members to provide comments by 21 September 2007 
 
 

In response to the agreed action c) from Agenda Item 7 of the AMOSSG/6 Meeting the 
attachment contains a draft set of guidance material on sensor specifications which are intended to form 
an appendix to the Manual on Automatic Meteorological Observing Systems at Aerodromes (Doc 9837). I 
would be grateful if any comments of this material could be provided to me by 21 September 2007 to 
enable the inclusion of this material in the current update of the manual. Comments of a purely editorial 
nature are not necessary as a full editorial review will be conducted. 
 
  

 
 
 
N. Halsey 
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ATTACHMENT  

 
GUIDANCE MATERIAL 

 
Chapter 13 Quality Assurance 
 
The following text could be appended to the chapter: 
 
13.6 Quality goals and the processes for meeting them should be taken into account also in the 
procurement of an automatic aerodrome observation system. Specifications of the system should be 
written to reflect the requirements of quality assurance, as well as other relevant criteria. 
 
13.7 Before a new system is taken into use, the organization responsible should ascertain that the products 
supplied meet their specifications.  
 
Conformance to specifications can be verified e.g. by: 

- own testing, 
- inspection at a factory acceptance test, or 
- reliable evidence provided by the supplier, e.g. 

o third party test reports or certificates issued by a competent authority, based on 
documented testing and applying similar criteria 

o other documentation, e.g. credible tests carried out and documented by the supplier 
 
Note: Performance of some meteorological sensors can be difficult to verify due to the lack of 
standardized definitions for accuracy. Particular care should be taken in specifying the performance of 
these instruments, e.g. present weather and cloud sensors. Methods of verification should be specified in 
conjunction with accuracy goals, as they are interdependent. 
 
Note: Guidance on specifying meteorological instruments is given in Appendix X. 

 
 

— — — — — — — — 
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Specifying Meteorological Instruments for Automatic 
Meteorological Observing Systems / DRAFT 
 
This appendix provides guidance on specifying meteorological instruments, including several detailed 
examples. Methods of verifying compliance with the specifications are also suggested. 
 
Contents of the appendix are intended to be used as suggestions and examples. The actual specifications 
should be based on agreed goals, corresponding to user requirements. Local conditions, e.g. aerodrome 
infrastructure (electrical power, communication) and the local climate, must also be taken into account. 
Specifications of generally available sensors should also be considered to assess the realism of the goals. 
 
 
1. General specifications 
 
The instruments should be intended for meteorological measurements at aerodromes. They should comply 
with ICAO and WMO requirements, as detailed in the documents listed in appendix B, Bibliography. 
 
Automatic meteorological sensors should be capable of operating continuously and unattended for 
extended periods of time. The instruments should re-start automatically after a power failure, and should 
not require any human intervention to return to normal operation. 
 
The meteorological instruments should be capable of monitoring their own operation. Alternatively the 
system should be able to monitor the instruments. Incorrect information should not be transmitted in case 
of instrument failure or external influences e.g. snow blocking the lens of a sensor. 
 
The instruments should be safe to install, operate, calibrate and maintain. 
 
Satisfactory documentation should be provided. The documentation should cover installation, starting up, 
normal use, periodical maintenance, field calibration, troubleshooting and repair of the sensors. The 
supplier should be capable of providing training on the use and maintenance of the sensors. 
 
Calibration of the meteorological instruments should be possible to carry out in the field, or the 
instruments should be easy to remove and transport to a calibration facility. The manufacturer should 
specify a recommended calibration interval or long term stability of the equipment. The manufacturer 
should document calibration procedures for the instruments to be calibrated in the field, and provide any 
special tools necessary. 
 
Verification 
Compliance can be assessed by documents and written responses provided by the intrument supplier, e.g. 
samples of user documentation, descriptions of calibration procedures and sensor self-monitoring 
functions, references. 
 
 
Environmental 
 
Equipment installed outdoors should be capable of operating in the meteorological conditions normally 
expected to occur at the aerodrome. 
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Detailed example 
Temperature range: 

-40 °C -- +55 °C 
Humidity: 
  up to 100% relative humidity (RH) 
Wind speed: 
  up to 185 km/h (100 kt) 
 
Description 
The example above is based on the specifications of commonly available meteorological instruments. 
Other details which can be considered include: expected range of precipitation (type, intensity), dust- or 
sandtorms, insolation and other conditions. 
 
The final specification should be based on the range of meteorological conditions expected in the local 
climate. However, rarely occurring extreme meteorological conditions may be excluded from the 
requirements, as instruments designed for an unusually wide range of conditions can be significantly 
more expensive. 
 
It may also be useful to specify "withstanding" environmental conditions separately, especially if extreme 
weather occurs regularly. Maintaining full measurement accuracy is normally not a major concern in 
meteorological conditions, which prevent flight operations. Therefore operational range can be more 
limited than the withstanding range. 
 
Specifications of generally available products should also be taken into account. Typical level of 
specifications may be acceptable also at locations with rare and demanding conditions. Standard sensors 
can sometimes be used with additional maintenance or special methods of installation. 
 
Verification 
The supplier should provide test reports to prove that the equipment has been successfully tested in the 
range of specified environmental conditions. Other methods of proof could also be considered, especially 
in the case of rare meteorological phenomena. Such proofs could be based on e.g. details of equipment 
design, materials selection, or field experience. 
 
Electrical 
 
1.1.1 Power supply 
Meteorological instruments should function reliably with the electrical power available at the aerodrome. 
 
Description 
The detailed specification must be based on the characteristics of the local power supply. 
 
Battery backup may be necessary depending on reliability requirements and local power arrangements. 
 
Verification 
The supplier should provide test documents to prove compliance. 
1.1.2 Electromagnetic compatibility 
Meteorological instruments should have appropriate electromagnetic compatibility (EMC) characteristics 
for operation in an aerodrome environment. The instruments shall not interfere with or be adversely 
affected by other electronic equipment present. 
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Detailed example 
The instruments should meet the following International Electrotechnical Commission (IEC) and Special 
International Committee on Radio Interference (CISPR) standard requirements and test levels: 
 
IEC 61000-4-2 ESD, 4kV contact, 8kV air discharge 
IEC 61000-4-3 RF-field immunity, 80 MHz - 2 GHz, 10V/m, 80% AM 1) 
IEC 61000-4-4 EFT, DC-power 1kV, AC-power 2 kV, signal lines 1 kV 
IEC 61000-4-5 SURGE, DC-power 1 kV, AC-power 2 kV (or 4 kV) 2) 
IEC 61000-4-6 Conducted RF, 150 kHz - 80 MHz, 3V (all lines) 
CISPR 22, class B conducted emissions (150 kHz - 30 MHz)  3) 
CISPR 22, class B radiated emissions (30 MHz - 1 GHz)  3) 
 
Description 
Detailed specification can be based on the international standard IEC 61326:1997 + A1:1998 + A2:2000 
+ A3:2003 "Electrical equipment for measurement, control and laboratory use – industrial environment - 
EMC requirements”.  
 
Standard test levels have been slightly modified in the example above to better suit to the airport 
environment: 
1) Current version of the standard requires RF-immunity measurement only up to 1 GHz. This could be 

extended to 2 GHz to cover modern communication frequencies. Test range of 1 GHz - 4 GHz at 50 
V/m could be required for equipment installed in close proximity to radars.  

2) The surge test voltage can be increased to 4 kV for long distance power lines, as lightning may easily 
induce large transients. External surge protectors may be used to meet this requirement, in which case 
the specification applies to the surge protectors and not directly to the meteorological sensor. 

3) The industrial environment allows class A emissions, but the more severe class B could be required to 
limit RF noise, which is potentially harmful to radio communications. 

 
Verification 
Detailed test reports or third party certificates provided by the supplier could be used to prove that the 
equipment have been verified to meet the specifications. 
 
1.1.3 Electrical safety 
Meteorological instruments should comply with applicable local requirements for electrical safety. 
 
Detailed example 
The instruments shall comply with the International Electrotechnical Commission standard IEC 60950-1. 
 
Description 
Standard IEC 60950-1 is widely applied internationally (equivalent to UL 60950-1 in North America). 
 
Verification 
Third party test reports or other test documents provided by the supplier could be used to prove that the 
equipment have been verified to meet the requirements of the standard. 
1.1.4 Interfaces 
The sensors should provide data interfaces suitable for the data collection system used. The interfaces 
should not cause any degradation of specified performance (resolution, accuracy, reporting interval).  
 
Sensors operated unattended should provide diagnostic information via the data interface, or sufficient 
information for the system to evaluate the condition of the sensor. Instruments which will be maintained 
and repaired in the field shall provide a suitable local user interface. 
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Description 
The interfaces should be suitable for the communication infrastructure of the aerodrome, directly or with 
suitable converters. The actual requirements need to be determined locally. 
 
Verification 
Product inspection or suitable documentation can be used to verify compliance. 
 
Other specifications 
 
1.1.5 Quality 
The sensor supplier should have a certified certified and regularly audited quality management system, 
e.g. according to International Organization for Standardization standard ISO 9001. 
 
Verification 
The supplier should provide documents, e.g. a third party certificate, to prove compliance. 
 
1.1.6 Life cycle 
Performance of the instruments should not degrade during the life time of the system. The supplier should 
provide adequate instructions for maintaining the sensors. Instrument supplier should also be capable of 
providing service and technical support for the repair and maintenance of instruments. 
 
Verification 
Maintenance instructions or samples of instructions should be provided by the supplier. Other details may 
be difficult to verify objectively, but a subjective assessment can be based on documents or descriptions 
made available by the supplier. 
 
Wind sensors 
 
Surface wind speed and direction measurements for aeronautical purposes, as defined in Annex 3, are 
usually performed by ultrasonic wind sensors or by mechanical wind vanes and anemometers. 
Specifications for both types of instruments are given below: 
 
Solid state wind sensors (e.g. ultrasonic) 
 
Wind direction  Range: 0...360° 
   Accuracy: ± 5° 
   Resolution: 1° 
   Sampling interval: recommended 250 ms, no more than 1 s 
 
Wind speed   Range: 0...200 km/h (0…110 kt)  
   Accuracy:  ± 2 km/h (1 kt) or 5%, whichever is greater 

Resolution: 2 km/h (1 kt) 
   Sampling interval: recommended 250 ms, no more than 1 s 
 
Description 
The specification is based on reporting requirements, as well as practically attainable and verifiable 
accuracy of current instruments. 
 
In locations, where icing may be a problem to wind measurement, heated wind sensors should be 
considered. 
 
 



A-6 
 

Verification method 
The instrument manufacturer should provide a test report demonstrating that the sensor meets the 
requirements. Conformance to specification should be proven by sensor type tests according to the ASTM 
International standard ASTM D 5096-96 or a similar test. 
 
Mechanical wind sensors (rotating cup or propeller and a vane) 
 
Wind direction  Range: 0...360° 
   Accuracy: ± 5° 
   Resolution: 10° 
   
Wind speed   Range: 0....75 m/s 

Starting threshold: < 2 km/h (1 kt) 
   Accuracy:  ± 2 km/h (1 kt) or 5%, whichever is greater 
   Resolution: 2 km/h (1 kt) 
 
Description 
The specification is based on reporting requirements as well as practically attainable and verifiable 
accuracy of current instruments. 
 
Verification method 
Anemometer specification should be proven by documented sensor type tests according to  
ASTM International standard ASTM D 5096-96: Standard Test Method for Determining the Performance 
of a Cup Anemometer or Propeller Anemometer, or similar standard. 
 
Wind vane should be proven by the supplier by sensor type tests according to the ASTM International 
standard ASTM D 5366-93: Standard Test Method for Determining the Performance of a Wind Vane, or 
similar. 
 
Visibility sensors 
 
Visibility for aeronautical purposes, as defined in Annex 3, is based on two measured values: 
meteorological optical range (MOR) or extinction coefficient, and background luminance. These 
measurements are carried out with dedicated instruments. Specifications for both types of instruments are 
given below. 
 
1.1.7 Meteorological Optical Range sensor (visibility sensor) 
 
Detailed example 
 
Measurement range: 

from below 50 meters to over 10 kilometers MOR 
Accuracy: 

±50 meters below 500 meters, ±10% between 500 m and 2 km, ±20% above 
2 km 

Resolution: 
better than 50 meters below 800 meters, better than 100 meters between 800 
meters and 5 kilometers, better than 1 km above 5 km 

Measurement interval: 
one minute or less 
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Averaging period: 
1 minute and 10 minutes (alternatively less than 1 minute, averaging to be 
carried out in the system software) 

 
 
 
Description 
The specification is mainly based on the reporting requirements, as well as practically attainable and 
verifiable accuracy of instruments currently available. 
 
Verification method 
Sensor documentation and inspection can be used to verify most details. Accuracy should be proven with 
either of the two methods outlined below: 

- Transmissometers: calculations based on the accuracy of transmittance measurement, which has 
been defined by e.g. tests with calibrated filters, carried out under controlled conditions. 

- Scatter sensors and transmissometers: field tests against reference sensors of known quality. Note 
that test results should be interpreted statistically, the accuracy specification above can be 
achieved with 50% confidence in a field test e.g. with current scatter instruments. The test should 
cover a range of meteorological conditions normally occurring at the aerodrome. 

 
1.1.8 Background luminance sensor 
 
Detailed example 
Measurement range: 

4 to 30 000 cd/m2 or more 
Accuracy: 

15% over the whole measurement range 
Resolution: 

1 cd/m2 or 10%, whichever is greater 
Measurement interval: 

1 minute or less 
Averaging period: 

1 minute 
Spectral response: 

400 to 700 nm, weighted to emulate the response of a human eye 
 
Description 
The example is based on reporting requirements and general accuracy requirements 
 
Verification 
The supplier should provide reports of type tests and documents to prove a calibration chain traceable to 
international standards. 
 
Sensors used to observe Runway Visual Range 
 
Runway Visual Range is calculated from three variables, two of which are the same as required for 
visibility. Therefore the sensors and their specifications are quite similar. Only differencies to the 
visibility specifications are documented below. 
 
The same instruments can be used for both visibility and RVR, if the instruments meet both 
specifications. 
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1.1.9 Meteorological Optical Range sensor 
 
Detailed example 
Measurement range: 

from 10 meters to 2 km 
Accuracy: 

±25 meters below 150 meters, ±50 m between 150 m and 500 m, 
±10% above 500 m and up to 2 km 

Resolution: 
better than 25 meters below 400 meters, better than 50 meters between 
400 meters and 800 meters, better than 100 m between 800 m and 2 km 

 
Description 
The example is based on attainable accuracy and reporting requirements. 
 
Verification 
See the specification for visibility sensors 
 
Present weather sensors 
 
Present weather can be reported directly by a dedicated sensor, or the report can be produced by the 
system as a combination of data from several instruments. The specification below has been written for 
the reporting of present weather. 
 
Detailed example 
Types of precipitation: 

Range of types identified: at least RA and SN (including levels of intensity) 
Precipitation characteristics identified: FZ, TS, and VCTS 
Detection threshold: 0.05 mm/h or lower (any type of precipitation) 
Detection time: 10 minutes below 0.25 mm/h, 5 minutes or less above 0.25 mm/h 
Type identification performance: 90%, excluding intensities below 0.1 mm/h 

 
Obstructions to vision: 
 Range of codes identified: at least FG and BR 
 
Description 
The specification is largely based on the capabilities of sensors, which are currently available.  
 
Identification of FG and BR is based on the measurement of visibility. Accuracy of reporting is therefore 
defined by the accuracy of measured visibility. 
 
Reporting of unidentified precipitation (UP) should be allowed, especially in low precipitation intensities 
or, shortly,  during discontinuities (onset, cessation of precipitation or changing of type). 
 
Verification 
The supplier should describe how sensor data is combined by the system to determine present weather, 
and how the performance requirements apply to individual sensors. The supplier should provide test 
reports which establish the performance characteristics of these sensors. 
 
The test reports should be based on field tests, carried out in a range of meteorological conditions and, 
ideally, covering different seasons. Human observations should be used as the reference, although other 
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sensors and observing systems should be used to provide additional verification. Reference precipitation 
intensity measurement is also necessary to establish the sensitivity of the precipitation type sensor. 
 
Cloud sensors 
 
The following has been written as a specification for a laser cloud height sensor (ceilometer), currently 
the sensor used in all practical automatic cloud observations. 
 
Detailed example 
Measurement range: 

from 0 m to 7 600 m (25 000 ft), or greater 
Accuracy: 

Distance measurement accuracy against a hard target shall be better than 15 
m (50 ft) or 5% of target distance, whichever is greater. 

Cloud detection performance: 
See verification instructions below. 

 
Resolution:  

Resolution step should not be not greater than 15 m (50 ft) below the 
altitude of 1 500 m (5 000 ft), 30 m (100 ft) from 1 500 m to 3 000 m (10 
000 ft), 60 m (200 ft) above 3 000 m (10 000 ft). 

Output: 
The sensor should be able to provide output of up to three instant cloud 
heights. In case of an obscured cloud base the sensor shall report an estimate 
of vertical visibility. 

Measurement cycle: 
The sensor should be able to provide a new measurement at least once every 
30 seconds. 

Other: 
The instrument should be equipped with the means to keep the window(s) 
free from snow and ice.  
 
The cloud height sensor should be capable of detecting excess 
contamination of the window(s) and other disturbances blocking the 
measurement. 
 
Laser ceilometer should be eye safe when viewed without magnifying 
optics, i.e. a class 1 or 1M laser device as defined in the International 
Electrotechnical Commission standard IEC 60825-1. 

 
Description 
The example is mostly based on industry standard specifications, Annex 3 reporting requirements, and 
practical requirements. 
 
Eye safety in the class 1 or 1M allows the sensor to be installed without extra precautions to access 
control, and makes sensor installation and maintenance safer. 
 
 
 
Verification 
The instrument manufacturer should provide test reports demonstrating that the sensor meets the 
requirements. 
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Distance measurement accuracy can be proven with a test against a hard target. This test is useful in 
verifying that there is no significant offset in the measurement and that scaling of the measured distance is 
correct. Two distances are generally sufficient due to the operating principle of a laser ceilometer. They 
should be separated by e.g. at least 1 000 m, the shortest distance being in the range of 30 to 150 m. 
 
Detection performance should be proven in a test covering a range of meteorological conditions. The 
reference can be either a human observation performed by a professional observer with the aid of suitable 
instrumentation, or a previously accepted instrument with performance characteristics known to meet the 
user requirements. 
 
The test should cover e.g. the following conditions: 

- Uniform cloud cover, no precipitation 
- Uniform cloud cover and rain (including heavy rain) 
- Uniform cloud cover and snow (including heavy snow) 
- Clear sky 

 
In general the cloud sensor should achieve 90% or better agreement with the reference, provided that 
suitable acceptance limits are applied. Particularly good agreement can be expected in the detection and 
measurement of well defined clouds below e.g. 3000 m. Lower agreement is likely during low visibility 
and in the detection of high clouds. Number of false cloud detections should remain negligible in clear 
sky conditions. 
 
Air temperature and dew-point temperature 
 
1.1.10 Air temperature 
 
Detailed example 
Measurement range: 

-40...+60 °C 
Accuracy: 

± 0.5 °C over the operating temperature range 
Resolution: 

0.1 °C 
 
Other:  

A suitable radiation shield should be used to avoid solar radiation interfering 
with the temperature measurement. 
 

Description 
The example is based on a typical measurement range, which should be compared against local 
requirements. Accuracy specified above is achievable with standard instruments widely available. 
 
Verification 
The manufacturer should have a documented calibration trail traceable to international standards. 
 
 
 
1.1.11 Dewpoint temperature 
The specification below has been written for a relative humidity (RH) sensor, the most common type of 
sensor currently used for humidity measurements at airports. 
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Detailed example 
Measurement range: 

0...100 % RH 
Operating temperature: 

-40...+60 °C 
Accuracy: 

±3 %RH at the calibration temperature (usually room temperature), 
±5 %RH over the operating temperature range 

Resolution: 
1 %RH 

Other: 
A suitable radiation shield should be used to avoid solar radiation interfering 
with the humidity measurement. 

 
Under certain meteorological conditions condensation may disturb the 
readings of a relative humidity sensor. Techniques such as a heated sensor 
element could be considered. 

 
Description 
The specification is based on industry standard performance of professional relative humidity sensors. 
The accuracy specified corresponds to less than 1 °C uncertainty in dewpoint temperature, when relative 
humidity is high. 
 
Verification 
The manufacturer should have a documented calibration chain traceable to an international reference 
laboratory, and provide a performance test report covering the full operating range. 
 
Atmospheric pressure 
 
Detailed example 
Measurement range:  

500...1100 hPa 
Accuracy:  

± 0.3 hPa over the operating temperature range 
Resolution:   

0.1 hPa 
Other: 

In case of outdoor installation a suitable static pressure head should be used 
to minimize the effect of wind to the barometer pressure intake and 
therefore influencing the observed static pressure. 
 
Additional reliability can be achieved through redundant measurement, i.e. 
more than one pressure sensors. 

 
Rationale 
The detailed specification is based on industry standard level of performance. 
 
Verification 
The manufacturer should have a documented calibration chain traceable to an international reference 
laboratory, and provide a report of a type test. 
 

— END — 


