APPENDIX

Operational Uncertainty Accuracy
 Requirements and Typical
 Instrument Performance

Present values [from the Guide to Meteorological Instruments and Methods of Observations, 6th edition (WMO No. 8, 1996)] are given by "(old:...)". Further explanation and remarks to the data by ET/AWS are given as footnotes at the bottom of each page. The endnotes are part of the table and are as published in WMO-No. 8.
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Remarks



1. Temperature

1.1 Air temperature

1.2 Extremes of air temperature

1.3 Sea-surface temperature
-80 – +60 ºC

(old: -60 – +60 ºC)


-80 – +60 ºC

(old: -60 – +60 ºC)

 -2 – +40 ºC

0.1 K


0.1 K

0.1 K

I


I

I

0.3 K for ≤ -40ºC 
0.1 K for >–40ºC and 
≤ +40ºC
0.3 K for > +40ºC

(old: 0.1 K)


0.5 K for ≤ -40ºC 
0.3 K for > -40 ºC and ≤ +40ºC
0.5 K for > +40ºC

(old: 0.5 K)

0.1 K

20 s


20 s

20 s

1 min


1 min

1 min

0.2 K


0.2 K

0.2 K



Achievable uncertainty accuracy and effective time constant may be affected by the design of thermometer solar radiation screen. 

2.

  Humidity


2.1 Dew point temperature

2.2
Relative humidity
-80 – +35 ºC

(old: -60 – +35 ºC)

0 – 100 %



0.1 K

1 %
I

I

0.1 K

(old: 0.5 K)

1 %

(old: 3%)

20 s

1 min

0.5 K

If measured directly. Tending to 0.1 K when relative humidity
 nears saturation.







Wet-bulb temperature






20 s
1 min
0.2 K
Large errors are possible due to aspiration and cleanliness problems.
If measured directly. Tending to 1% when relative humidity8 nears satur​ation.






                             Solid state and others







40 s
1 min 
3 %

(old 2 – 5 %)

Solid-state sensors may show significant temperature and humidity dependence.


3.
Atmospheric pressure

3.1
Pressure

3.2
Tendency
500 – 1080 hPa

(old: 920 -1080 hPa)

Not specified
0.1 hPa

0.1 hPa
I

I
0.1 hPa

0.2 hPa
20 s
1 min
0.3 hPa

0.2 hPa

Range to sea-level
.

Uncertainty Accuracy seriously affected by dynamic pressure due to wind and temperature coefficient of transducer.

Differences between instantaneous values.

4.
Clouds

4.1
Cloud amount

4.2
Height of cloud base

4.3
Height of cloud top
 
0 – 8/8

0 m – 30 km

(old: 30 m - 30 km)

not available

1/8

10 m

(old: 30 m)
I

I
1/8

10 m for ≤ 100 m

10 % for > 100 m
n/a

n/a

2/8

(old 1/8)

≈ 10 m

repeatability*
Period (30s) clustering algorithms may be used to estimate low cloud amount automatically.

* Uncertainty Accuracy difficult to determine since no definitions exists for instrumentally measured cloud base height.

5.  Wind

5.1
Speed

5.2
Direction

5.3
Gust
0 – 75 m s-1

0 – 360º

0.1 – 150 m s-1
(old: 5 - 75 m/s)
0.1 m s-1

1º

0.1 m s-1

(old: 0.5 m/s)
A

A

A
0.5 m s-1 for ≤ 5 m s-1

10 % for > 5 m s-1

5 º

10 %
Dist. cont.

2–5 m
2 and/or

10 min

2 and/or

10 min

3 s

0.5 m s-1 for 

≤ 5 m s-1

10 % for
 > 5 m s-1 
(old 5 m s-1)
5 º

0.5 m s-1 for 

≤ 5 m s-1

10 % for
 > 5 m s-1
(old 0.5 m s-1)
Average over 2 and/or 10 minutes. Non-linear devices. Care needed in design of averaging process.

Highest 3s average should be recorded.

6.
Precipitation

6.1
Amount (daily
)

6.2
Depth of snow

6.3
Thickness of ice accretion

6.4
Precipitation intensity


0 – 500 mm

(old: 0 - > 400 mm)

0 – 25 m

(old: 0 – 10 m)

Not specified

0.02 mm/h - 2000 mm/h

to be implemented
0.1 mm

1 cm

1 cm

0.1 mm/h

to be implemented
T

A

I

I
0.1 mm for ≤ 5 mm

2 % for > 5 mm

1 cm for ≤ 20 cm

5 % for > 20 cm

1 cm for ≤ 10 cm

10 % for > 10 cm

0.02 - 0.2 mm/h

(trace): n/a

0.2 - 2 mm/h: 0.1 mm/h

> 2 mm/h: 5%

to be implemented
n/a 


n/a

1 min

(to be implemented)
The larger of
5 % or 0.1 mm
(old 5%)


Uncertainty Accuracy depends on aerodynamic collection efficiency of gauges and evaporation losses in heated gauges.

Average depth over an area representative of the observing site

Uncertainty Accuracy seriously affected by wind. Sensors may show significant non linear behavior

7.  Radiation

7.1
Sunshine duration (daily
)

7.2
Net radiation – radiant exposure (daily)
 
0 – 24 h

Not specified
60 s

(old: 0.1 h)

1 J m-2 

(old: 
1MJ m-2 d-1)
T

T
0.1 h

0.4 MJ m-2  for ≤ 8 MJ m-2 
5 % for > 8 MJ m-2 
(old: 0.4 MJ m-2 d-1
 for ≤ 8 MJ m-2 d-1 ;
 5 % for > 8 MJ m-2 d-1)
20 s

20 s
n/a

n/a
The larger of
0.1 h or 2 % (old 2 %)
0.4 MJ m-2  for
 ≤ 8 MJ m-2 
5 % for 
> 8 MJ m-2
(old 5 %)


8.  Visibility

8.1
MOR

8.2
RVR
10 m – 100 km

(old: <50 m-70 km)

10 m – 1 500 m

(old: 50 m-1500 m)
1 m

(old: 50 m)

1 m

(old: 50 m)


I, A

A
50 m for ≤ 600 m 

10 % for > 600 – ≤ 1500 m

20% for > 1500 m

(old: 50 m for ≤ 500 m

10 % for > 500 m)
10 m for  ≤ 400 m 21
25 m for > 400 - ≤ 800 m

10 % m for > 800 m

(old: 25 m for ≤ 150 m
50 m for >150 – ≤ 500 m

100 m for >500 – ≤ 1000 m

200 m for > 1000 m)

1 and 10 min 

(old: 
3 min)

1 and

10 min
The larger of
20 m or 20%

(old 
10 - 20 %)
Achievable instrumental uncertainty accuracy may depend on the cause of obscuration.
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9.  Waves

9.1
Significant wave height

9.2
Wave period

9.3
Wave direction
0 – 50 m

(old: 0 – 30 m)

0 – 100 s

0 – 360º
0.1 m

1 s

1º

(old: 10º)
A

A

A
0.5 m for ≤ 5 m

10 % for > 5 m

0.5 s

10º
0.5 s

0.5 s

0.5 s 
20 min

20 min

20 min
0.5 m for ≤ 5m

10 % for > 5 m
(old 10%)

0.5 s

20º
Average over 20 minutes for instrumental measurements.

Average over 20 minutes for instrumental measurements.

Average over 20 minutes for instrumental measurements.

10.  Evaporation

10.1
Amount of pan evaporation
0 – 100 mm

(old: 0 – 10 mm)
0.1 mm
T
0.1 mm for ≤ 5 mm

2 % for 5 mm





NOTES:

1. Column 1 gives the basic variable.

2. Column 2 gives the common range for most variables; limits depend on local climatological conditions.

3. Column 3 gives the most stringent resolution as determined by the Manual on Codes (WMO-No. 306)
4. In column 4:

I: Instantaneous. In order to exclude natural small-scale variability and noise, an average value over a period of one minute is considered as a minimum and most suitable; averages over periods of up to 10 minutes are acceptable. 

A: Averaging. Average values over a fixed time period, as specified by the users’ requirements.

T: Totals. Totals over a fixed time period(s), as specified by the users’ requirements.

5. Column 5 gives the recommended uncertainty accuracy requirement for general operational use. Individual applications may have less stringent requirements. The stated value of required uncertainty accuracy represents the uncertainty of the reported value with respect to the true value and indicates the interval in which the true value lies with a stated probability. The recommended probability level is 95 %, which corresponds to the 2σ-level for a normal (Gaussian) distribution of the variable. The assumption that all known corrections are taken into account implies that the errors in reported values will have a mean value (or bias) close to zero. Any residual bias should be small compared with the stated uncertainty accuracy requirement. The true value is that value which, under operational conditions, perfectly characterizes the variable to be measured/observed over the representative time interval, area and/or volume required, taking into account siting and exposure.

6. Columns 2 to 5 refer to the requirements stated by the Meeting of CBS Expert Team on Requirements of Data from Automatic Weather Station, July 2004, and confirmed by the presidents of technical commissions.

7. Columns 6 to 8 refer to the typical operational performance stated by the CIMO Expert Team on Surface Technology and Measurement Techniques, October 2004.

-END-

� The term accuracy is replaced by uncertainty to be in accordance with ISO standards on uncertainty of measurements


� To be removed


� ± signs were originally used with accuracy, those have been removed to be in accordance with ISO standards on uncertainty of measurements


� n/a = not applicable 


�  Uncertainty normally achieved in operational practice


� Note that dew point temperature, relative humidity and air-temperature are linked, and thus their uncertainties are linked


� Primary standards for dew point available for t-dew > -60ºC 


� The string "relative humidity" can be removed


� Both station pressure and MSL pressure


� To be removed (also station pressure involved)


� New variable


� To be determined


� To be determined for instrument measurements


� Distant constant; for anemometers: response length


� Refined


� New variable, specified for rainfall intensity by the expert team on rainfall intensity measurements (Bratislava, Slovakia, 23 to 25 April 2001)


� Not applicable for reading of totals


� Refined


� Refined. According to the Guide to Instruments and Methods of Observation (WMO No. 8), Vol. I, Ch. 7, "Measurement of Radiation" to be Radiant exposure", symbol H, to be used for daily sums of (net) radiation. In Annex 7.A of this Guide, the unit for H is J m-2 and not W m-2. Although it is common practice to regard radiation as an intensity variable like irradiance in W m-2 or J m-2 d-1, daily amounts of radiation, expressed in J m-2 are in use as well. 


� A: For 10 min intervals, averaging over logarithmic values is advised.


� In accordance with WMO Technical Regulations (WMO No. 49) - Vol. II, Attachment B





