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Abstract

RMIB is equipped for calibration of temperature, relative humidity and pressure. This docu-
ment (briefly) describes the calibration and measurement chain at RMIB. Then we try to give an
estimation of current uncertainties linked to this chain for each of these three physical quantities.
Some material of our automatic weather stations are now obsolete and several procedures can be
adapted to improve our meteorological measurements. Due to lack of time, some of estimations
can’t be made properly at this time and are given without numerical value. Only the most relevant
contributions to final uncertainty are given and some intrinsically contain several physical processes
despite they are treated as a unique parameter for simplicity.

Our team is working on improving our data quality : a complete review of our calibration meth-
ods, documentation about procedures and about our automatic weather stations is currently taking
place. Our primary goal is to identify the Achilles’ heels in our measurement procedure to improve
them efficiently and get an idea of our current performances. Thanks to this preliminary work, we
want to establish well defined and binding procedures for our complete chain from calibration to
records in our database.

A description of what can be done to improve our data quality is given.

1 Preliminary notes

1.1 Automatic Weather Stations : current status

Currently, most of our stations are obsolete and need to be replaced by newer and more accurate
hardware:

• Some of our instruments, regardless of their accuracy are not produced anymore and need to be
replaced by other devices of same or better accuracy. Specific studies for this replacement and
comparison must first be made. This task is time-consuming and must be done on a spread scale
of time (at very least one year). Recently, the firm Sigglekow went bankrupt[1] and we need to
find surrogate devices.
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• Our AWS network isn’t standardized : some stations have specific instruments and the same
measurements may be made by different devices in different stations. In the following document,
we describe only the probes currently used in most of our stations. Some newer instruments may
be being tested or placed in our new station in Stabroek.

• Our dataloggers CR10X from Campbell Scientific are no more produced. Their programing
language [Edlog] is unhandy and every change in a station represents a risk of temporary un-
availability in our operational data acquisition. We are replacing them by CR1000 [5] [8]. Their
programming language [CRBasic] is more convenient but a C++ program has been developed at
RMIB to generate the code automatically, allowing faster and safer development of new stations
and easier replacement of older ones.

• Documentation about our stations is obsolete or nonexistent and metadata about measurements
aren’t recorded in a standardized way.

• Requirements in meteorological and climatological studies require more accuracy than before
and data quality must globally be improved.

1.2 Data quality classification

In this document, we will focus on hardware considerations only. Note that WMO requirements contain
both environmental and hardware contributions [11]. Because our study deals only with the hardware
aspect we need to refer to another classification. Meteo France provides a valuable classification for
their networks. They first distinguish three factors in observational quality [7]:

1. Intrinsic characteristics of instruments.

2. Maintenance and calibration.

3. Environmental representativeness.

For factors 1 and 2 (that represent the hardware contribution) a classification was made by Meteo
France [7] and is given in table 1 for temperature, relative humidity and pressure.

1.3 Acquisition

Dataloggers currently do a cycle of measurements every 5s (1s for wind measurements). The electrical
measurements are converted to physical values via appropriated calculation and stored in a temporary
buffer. Every 10min these data are computed to be stored as a statistical 10min-value (average,
minimum, maximum, ... ) based on the 5s-measurements. The AWS are called through phone lines
every hour from our Institute to collect the data and store them into our database.

At least two problems may be experienced with this system :

1. An abnormal fluctuation of the electric signal due, for example, to a defective multiplexer might
be masked by the a 10min-average and the problem can’t be properly detected from our institute.

2. If a systematic deviation is detected on a probe or signal conditioning, the correct values can-
not be possibly corrected retrospectively, due to the loss of the electrical information and the
statistical operations.

This low call rate is linked to technical constraints such as old phone lines and the number of stations
that must be called with two modems. In case of failure of the phone line, data must be kept a sufficient
amount of time for the connection to be reestablished. CR10X features 2MB memory for program
and data and this memory space is insufficient to guarantee the conservation of the raw 5s-data.
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A B C D

Temperature Global uncertainty
0.1°C. WMO
consider that the
reachable
uncertainty is
actually of 0.2°C

Pt100 class A and
acquisition
uncertainty
< 0.15°C.
Calibration every 5
years.

Pt100 or other
sensor with unc.
< 0.4°C. Acquisition
unc. < 0.3°C

Less restrictive
specifications than
A to C classes.

Relative
humidity

Measurement
uncertainty of 1%.
WMO consider that
the reachable
uncertainty is of 3%

Probes specified for
±6%. Annual
calibration in
certified laboratory.
Acquisition
uncertainty ≤ 1%

Probes ±10%.
Acquisition
uncertainty ≤ 1%.
Biannual calibration
in uncertified
laboratory.

Lower specifications
than A to C or no
calibration

Pressure Measurement
uncertainty of
0.1hPa. WMO
consider that
reachable
uncertainty is
0.3hPa and
indicates that wind
may influence
measurements.

Probes specified for
±0.5hPa, including
time stability.
Biannual calibration
in accredited
laboratory. Annual
on-site control.

Probes ±1hPa,
including
time-stability.
Adapted calibration
for this uncertainty.

Lower specifications
than A to C or no
calibration

Table 1: Meteo France classification for temperature, humidity and pressure

With the quite recent generalization of VDSL lines and their country coverage, it becomes possible
to communicate at much higher rate a bigger amount of data. Flash memory is become reasonably
cheap and new modules for external storage on flash and ethernet connection are available at Campbell
[NL115]. For the reasons listed above we are working on keeping the raw 5s-data (and even 250ms
for wind) in their electrical form and collect them as-is [5], the calculation for meteorological and
climatological applications being made in our Institute. A new station is currently being tested in
Stabroek.

1.4 Automatic computation and reports for the calibration chain

An automatic procedure for the calibration chain is taking place at RMIB[6]. It consists in the
automation of data calculation (regression lines, linked uncertainties, linearity and χ2 test etc.) and
writing of corresponding reports.

The procedure works as follow :

1. Raw data from calibration (references and probes) are read by a specific script depending on the
calibration type. The data are then linked together thanks to their timestamps. The output is
an “.xml” file containing all the data in a well-defined format. An xml schema “.xsd” file allows
to check the reliability of this format for the next operation.

2. These data are extracted by a program called “autocal” developed at RMIB in C language able
to read the previous “.xml” files. It computes relevant statistics such as linear regression and
its inverse form, uncertainties linked to this inverse regression, linearity test etc. An xml file is
written with these summarized statistics.

3. A script generates graphs and a fully automatic report written in LATEX.
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1.5 Definitions

In the following document:

Uncertainty is defined as ±2× standard deviation unless specified.

Total uncertainty is defined as the root sum of the squares (RSS) of individual uncertainties.

2 Temperature

Temperature ranges of interest for our Belgian climate are from -30°C to 40°C (these limits actually
consist in records very exceptionally reached). In the following document, we will thus only consider
temperatures belonging to this range.

2.1 WMO Requirements

WMO has published some guidelines about requirements in temperature measurements.[11]

Thermometer Range

Span of scale [°C] [−30; 45]
Range of calibration [°C] [−30; 40]
Maximum error < 0.2K
Maximum difference between max and min correction within the range 0.2K
Maximum variation of correction within any interval of 10°C 0.1K

Table 2: Thermometer characteristic requirements (WMO)

2.2 Probes

Probes used at RMIB are class A Pt100. These platinum thermometers show a very linear response
in temperature [11][10] . In the considered range of temperatures, this class of probes are guaranteed
to have an accuracy better than < 0.23K (< 0.15K@0°C).

2.3 Calibration

2.3.1 Method

There is no systematic calibration of our Pt100. They are calibrated after purchase and when suspected
to exhibit abnormal behavior. This unsystematic calibration is partly due to difficulties to remove
subterranean probes from the ground.

Calibration of our pt100 are usually executed in liquid baths. Two liquid baths are available at RMIB
:

• one filled with water for positive temperatures (10°C, 25°C and 40°C)

• one filled with methanol for negative temperatures (0°C,−10°C, −20°C, −30°C and triple point
of water cell)

Two references Pt25 (one metallic, one glass) are available at RMIB. These two references haven’t
been calibrated in a certified laboratory for too long and their actual accuracy is thus unavailable. A
triple point water cell is available at RMIB for precise and stable reference.
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In practice a high stability Pt100 is used as a reference for calibration. This reference is regularly
compared with a Pt25 and water triple point cell.

Measurements of the reference are made by a“superthermometer”Tinsley. Measurements of probes are
made by a CR10X datalogger in the same way as in our automatic stations (see subsection 2.4). The
disadvantage of having different measurement devices for reference and probes is a“double”uncertainty
on reference resistor. However comparison for agreement between the Tinsley superthermometer and
the reference 100Ω resistor gives good results at lab temperature (correction of 0Ω with uncertainty
of 2× 10−3Ω).

2.3.2 Uncertainty sources and estimations

Source Uncertainty

Datalogger 0.11°C
Reference resistor [20°C; 25°C] < 0.01°C
Liquid bath (homogeneity, stability) ≤ 0.05°C
Reference Pt100 N.A.

2.4 Acquisition

2.4.1 Method

Due to datalogger difficulties mentioned in 1.1, calibration is not properly taken into account dur-
ing measurements. A theoretical IEC 60751 (IEC 751) standard is considered for calculations and
calibration allows to check actual compliance with this standard.

Temperature is measured with class A Pt100 connected in 4 wire half bridge to the datalogger (see
figure 1) . Pt100 [RS = 100Ω@0°C] are serially connected (usually via a multiplexer) with a high
precision resistor RF [100Ω] connected directly to the datalogger to avoid electromagnetic disturbance.
An excitation voltage V x1 [2200mV ] is provided by the datalogger and the current is limited with a
common resistor R1 [10kΩ] giving a resulting current of about 215µA ≈ 2200mV

10kΩ+2∗100Ω . The voltages V2

across the Pt100 and V1 across the reference resistor are then read and the ratio V2
V1

is computed by
the logger. This “excite, read and compute” operation is done with a single instruction in the logger
program and the ratio W0 = V2

V1
is thus the only available data for further computation. Currently,

temperature is computed via a inverted Callendar-Van Dusen equation as:

T =

{
g (W0 (T )− 1)4 + h (W0 (T )− 1)3 + i (W0 (T )− 1)2 + j (W0 (T )− 1) if W0 (T ) < 0√

d∗W0(T )+e−a

f if W 0 (T ) ≥ 0

The coefficients are given in table 3.

Figure 1: 4 wire half bridge connection of a Pt100
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Coefficient Value Coefficient Value

A 3.9083× 10−3°C−1 a 3.9083× 10−3

B −5.775× 10−7°C−1 d −2.31× 10−6

C −4.183× 10−12°C−1 e 1.758481× 10−5

f −1.155× 10−6

g 1.7909

h −2.92363

i 9.1455

j 2.55819× 102

Table 3: CVD coefficients

2.4.2 Uncertainty sources and estimation

Our technicians have noticed a recurrent problem with Pt100 probes: some of them may exhibit loss
to the ground after time. The impedance between some connections and the ground fall down to a few
hundreds thousands ohms (sometimes a bit less), slightly influencing the measurement of the platinum
resistor. The exact origin of this loss to the ground is not yet well understood.

Source Uncertainty

Datalogger 0.11°C
Reference resistor [−30°C; 40°C] ≤ 0.015°C
Pt100 class A ≤ 0.25°C

2.5 Data quality classification

Using Meteo France classification, our temperature measurements comply with “Class B”, except for
calibration. A regular calibration must be established and one annual on site check would be desirable.

3 Relative humidity

3.1 WMO Requirements

Requirements Wet-bulb temperature Relative humidity

Range [−10; 35] °C [5− 100] %

Target accuracy (uncertainty)

{
0.1K @high HR

0.2K @mid HR

{
1% @high HR

5% @mid HR

Achievable observing uncertainty < 0.2K 3 to 5%
Reporting code resolution 0.1K 1%
Sesor time-constant 20s 40s
Output averaging time 60s 60s

Table 4: Requirements for surface humidity (WMO)

3.2 Probes

Relative humidity is measured in two different ways in our AWS:

1. Solid state Humicap®180 from Vaisala with module HMM211: capacitive measurement.

2. Psychometer (Dry Pt100 and wet bulb Pt 100, both class A)
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We are experiencing frequent problems with psychometers linked to water pump. In freezing weather
psychometers fail to give a correct value and pump mechanisms or tubing often break down. Moreover,
during hot days, the pump flow is insufficient and the bulb is not wet enough. For these reasons,
capacitive measurements are actually used in our database. A specific study should be made to rule
on relevance of keeping psychometers in all our stations. For these reasons, the following section deals
only with capacitive measurements.

3.3 Calibration

3.3.1 Method

There is no systematic calibration of our HMM211. They are calibrated after purchase and when
suspected to exhibit abnormal behavior.

One Weiss temperature and relative humidity climate chamber is available at RMIB. It is a chilled-
mirror chamber.

Because of complex communication with the chamber, no automatic reading of reference temperature
and humidity has been implemented yet. The data are manually written by an operator and then
copied into a file with corresponding timestamps. The probes are measured in the same way as in our
AWS by a CR10X datalogger.

3.3.2 Uncertainty sources and estimations

Source

Datalogger[9] ±5mV (corresponds to ±0.5% RH)
Weiss climate chamber ±3%

3.4 Acquisition

3.4.1 Method

Vaisala probes are directly measured by CR10X dataloggers as a differential voltage. The output
voltage ranges between 0V and 1V (= 10mV

1%RH ).

3.4.2 Uncertainty sources and estimations

Source

Datalogger[9] ±5mV (corresponds to ±0.5% RH)
HMT211[3] ±3% RH

Temperature dependency [3] 0.02%RH
°C

3.5 Data quality classification

Basing on Meteo France classification, our relative humidity measurements comply with “Class B”, ex-
cept for calibration and must thus be classified as“Class D”. An annual calibration must be established
in order to reach Class B properly.

4 Pressure

Pressure ranges of interest for our Belgian climate are from 850hPa to 1050hPa. We will consider the
range of [800; 1060]hPa covered by our PTB100 (see subsection 4.2).
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4.1 WMO Requirements

Requirements Range

Measuring Range [500− 1080]hPa
Target accuracy (uncertainty) 0.1hPa
Reporting resolution 0.1hPa
Sensor time constant 20s
Output averaging time 1min

Table 5: Requirements for surface humidity (WMO)

4.2 Probes

Probes for pressure measurements are Vaisala PTB100 in most of our stations. These probes are now
obsolete and don’t comply with WMO specifications. With a calibration uncertainty of ±0.15hPa,
their total accuracy is ±1.5hPa at considered temperatures. Temperature seems to have the most
important effect on uncertainty [3]. We have indeed in particular observed unconformity during cold
winter (magnitude of the order of 1hPa).

A newer probe PTB330 Vaisala has been placed in our station Stabroek and shows far better accuracy.
This probe is specified for an accuracy ≤ 0.15hPa if measured numerically and ≤ 0.3hPa if measured
analogically.

4.3 Calibration

4.3.1 Method

Two references from Paros Scientific are available at RMIB. They are annually calibrated in a certified
laboratory. However due to internal organization changes, they currently haven’t been calibrated since
a little over one year.

A fully-automatic procedure for calibration measurements has been developed at RMIB [4]. Two
pumps (for high and low pressures) are computer controlled and regulated via serial port. The program
drives the pumps to obtain the targeted pressure and indicates when measurements are stable. Once
5 consecutive measurements have been taken in stable conditions, the program automatically jumps
to the next pressure.

The pressure is distributed in the laboratory through pipes and valves. Devices can directly be
connected through the valves or placed in a pressure chamber. Actual pressure is measured thanks to
two pressure standards calibrated by a certified laboratory. Accessible range: [800hPa; 1200hPa].

4.3.2 Uncertainty sources and estimation

Because of lack of information about temperature influence on uncertainty in Vaisala documentation,
we aren’t able to distinguish between calibration and intrinsic contributions for the PTB100 barometer.
Nevertheless, calibration quality for pressure in our lab is of exactly the same magnitude as in Vaisala
documents. We may thus reasonably consider that the given uncertainties may be used.

4.4 Acquisition

4.4.1 Uncertainty sources and estimation
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Source

Datalogger[9] ±5mV (corresponds to ±0.52hPa)
Resistor bridge ±0.2% of reading in tension

PTB100A[2] ±1.5hPa

4.5 Data quality classification

Using Meteo France classification, our pressure measurements must be rated as “Class D” which is
unacceptable for our meteorological institute. Substantial improvement may be reached by replacing
all our old PTB100 by newer PTB330. A well-defined calibration frequency must also be defined.

5 Conclusion

RMIB seems to own almost all the required hardware infrastructure to successfully fulfill its mission
with“Class B”measurements of temperature, relative humidity and pressure without requiring external
calibration. However two Achilles’ heels emerge from our analysis:

• A regular and well-defined frequency for calibration must be defined and applied. This comment
is obvious but we lack the time which is required for onsite operations to remove and return
instruments to our automatic weather stations as well as the staff available for these tasks in our
AWS team.

• Some old material, especially PTB100 for pressure measurements, need to be replaced and a
special care must be taken for its measurement by our loggers.
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