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Abstract:

Non-professional weather stations are often omitted from the networks of stand-
ard/professional stations at various spatial scales. Nevertheless, there are many tasks
when such non-professional datasets can serve as the only or the most relevant available
source respectively. Its acquisition costs, sufficient quality and capacity together with its
moveability represent properties that should be taken into consideration when planning
operational usage of various meteorological data. In this paper, we focus on the datasets
of air temperatures and relative humidities measured both with professional and non-
professional devices at nearly the same location. Four years of almost continual meas-
urements (2016-2019) ensure robust sample of mutual comparison, which we analyze in
the paper more in detail in order to assess the potential of non-professional datasets for
utilization in aviation meteorology. Particular issues such as value difference patterns,
large errors occurrence, temporal signal stability and seasonality are elaborated as
well.

Keywords:

air temperature, exploratory analysis, meteorological measurements, relative humidity

1 Introduction

Non-professional weather stations can be a useful source of information for a variety
of common tasks. The network of professional stations is often either not dense
enough in many areas of the world, or the spatial distribution of stations can be
inhomogenous and, moreover, their accuracy for many tasks is therefore rather ques-
tionable. Although this topic has been already researched by international scientific
groups, e.g. [1, 2], comparison of two simultaneously measuring stations on one loca-
tion is not commonly applied [3]. Researchers usually assess more than two weather
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stations, i.e., when evaluating overall potential and/or limits of crowdsourcing as in
the case of some urban areas [4, 5].

Weather monitoring is not only the domain of civilian services and institutions
but also of military ones. Such interest was accelerated after the Second World War
[6]. From the current point of view, military weather stations should among others
often meet the requirement of an enhanced device mobility, which led to the develop-
ment of so-called field or tactical weather stations (e.g., TACMET [7]). Higher
mobility of non-professional stations can serve as a deciding factor when planning
military training and operations.

The aim of this paper is (1) to discover the most commonly occurring errors in air
temperature and relative humidity measurements of non-professional stations and (2)
to identify their source in order to attempt proposing a workable procedure for explor-
atory analysis. Subsequently, elimination of these errors will take place. An error will
be defined as the difference of the measurement insufficient for aviation purposes [8].
Based on the previous studies [3, 4], there is a large portion of shared variability par-
ticularly in terms of air temperature reference and tested datasets. However, the
remaining unexplained variability has not been analyzed yet. Similarly, relative hu-
midity was not investigated at all either. The significance of this topic lies in the drive
to attain optimal data cleaning. The identification of questionable values is a widely
discussed subject and serves as the basis for the development of more advanced meth-
odologies, particularly in the field of machine learning [9]. Indeed, the next research
goal will be to replace measurements during outages or to automatically detect outli-
ers.

2 Data and Methods

An ideal opportunity for testing is to utilize data from two parallel measurements at
the same location and to determine the most common errors in the tested measurement
compared to the reference measurement. For this purpose, data from the DAVIS and
METEQSS stations covering the period of 1%t JAN 2016-31% DEC 2019 were analyzed
and their parameters are shown in Tab. 1. Both stations are located in the military
quarters area of ernk Pole in Brno, Czechia. Despite the fact that both stations are
able to measure several parameters [3], we focused only on the values of air tempera-
ture and relative humidity.

Tab. 1 Basic information about measuring stations [1]

Station Role Index | Timestep | Exposition | Obstacles | Tested values
METEQS6 | reference X 10 330-30 yes T, RH
DAVIS tested y 5 330-30 yes T, RH

While performing the analysis, it must be remembered that conditions in practice
will often not be ideal for operational use. Despite this, it will be necessary to investi-
gate the quality of the dataset and measurements to determine its usability
independently from initial and background conditions (exposition, obstacles, location,
weather conditions ) [10].

The very first step to introduce the problem is an automated description of the
basic parameters of both datasets (Tab. 2). The average values of the air temperature
and relative humidity differences are relatively low, but both the maximum (5.0 C for
T, 33.9 % for RH respectively) and minimum ( 6.4 C for T, 81.1 % for RH respec-
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tively) differences are beyond acceptance for military applications (meteorological
support as 0.5 C according to [8], 5 % for relative humidity as 75 % percentile of
values, as shown in Tab. 2).

At first sight, the very low average error should be appreciated. However, look-
ing at the extremes, the challenge is to map these extremes and discover their causes.
The low average error of air temperature values suggests that they will not be of sys-
tematic origin but there will be exceptional situations of rare occurrence. In general,
relative humidity values seem to have higher variability than air temperature values
and as we can see in the Tab. 2, the tested station tends to overestimate relative humid-
ity values.

Tab. 2 Basic statistical description of datasets (x index - reference, y - examined,
- difference): standard deviation, 25 and 75 percentiles,
50 percentiles standing for median

Index | T.x | RH.x | Ty | RH_.y T RH |Abs( T)| Abs( RH)
[Cl | [%] | [°C] | [%] | [°C] (%] [°C] [%]
Mean | 10.4 69.8 | 10.5 72.7 0.1 2.9 0.2 35
Std 9.2 18.2 9.1 16.8 0.3 3.0 0.2 2.3
Min 15.0 0.0 | 146 18.0 6.4 81.1 0.0 0.0
25% 3.0 56.4 3.2 61.0 0.2 4.8 0.1 1.7
50 % 9.8 72.2 9.9 77.0 0.1 3.0 0.2 3.2
5% | 174 85.0 | 175 87.0 0.0 1.0 0.3 4.9
Max 35.8 | 100.0 | 36.9 99.0 5.0 33.9 6.4 81.1

In order to study the datasets, following questions were set out in relation to the
measured dataset overview:

» At what air temperatures and relative humidities do the largest differences occur?

» Does the magnitude of the difference depend on the trend from previous meas-
urements? l.e. when a variable rises/declines rapidly do the sensors respond
the same way?

» Both temperature and relative humidity do not markedly differ on average can
any timely (daily, monthly) pattern be found at the extremes of the difference in
measured air temperature and relative humidity values?

» Are there any major differences from previous findings available solely for air
temperature datasets during shorter time period [3]?

3 Results

First of all, overall datasets characteristics, number of observations and missing values
of air temperature and relative humidity measurements are outlined in the following
table (Tab. 3). The proportion of outages is slightly higher for air temperature at both
stations. Technical issues or maintenance of the sensors according to regular calibra-
tion procedures can cause these.

The course of the differences can be seen in Fig. 1. At a very least, it will give us an
overall view of the dataset and help us define the main questions for analysis. We
could although prematurely infer the effect of seasonality there.
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Tab. 3 Total number of observations by reference and tested stations and their outages
(reference — METEOSSG. tested — DAVIS)

Max Measured/ | Measured /| Unmeas- | Outage T |Outage RH
terms Outage T | Outage RH | ured [%] [%6] [96]
METEOS6 210 384 197917/ | 197916/ 3.2 2.8 2.8
5607 5608
DAVIS 420 768 314567/ | 315667/ 22.9 3.0 2.6
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Fig. 1 Measured air temperature difference (left) and relative humidity difference
(right) with obvious measurement outages and extreme values;
differences are counted as reference — tested values

According to Fig. 1 and Tab. 3, we can confirm that the sensors were experienc-
ing outages, which in itself is a negative indicator of the quality of the measurement.
On the other hand, there are also large fluctuations in the differences in measured
temperatures, which could seem to indicate some seasonality issues or serious interfer-
ence from non-systematic factors.

Fig. 2 shows not only the structure of the datasets with typical frequency distribu-
tion for air temperature and relative humidity, but also corresponding absolute
differences. The absolute error (difference) distribution (last two graphs) shows that
the tested one is a very accurate measurement and most of the errors are within an
acceptable (concerning 0.5 C and 5 % difference) range of values.

The distribution indicates that these are more likely to be isolated errors that
would need to be diagnosed. Furthermore, when considering the distribution of rela-
tive humidity differences with the same number of bins, an apparent inconsistency is
observed, potentially attributed to variations in rounding. It is important to note that
the measurement step of the test station is 1 % RH, and this factor should be duly
considered when analyzing the data. Thus, rounding characteristic distribution was
also examined (Fig. 3).
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Fig. 2 Basic exploratory analysis of distribution of air temperature (reference — left,
examined — right), relative humidity and absolute difference values
of temperature and relative humidity
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Fig. 3 Distribution of decimals occurrence by measured air temperatures
on reference station (left), and tested one (right)
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As far as temperature rounding is concerned, the differences at the reference sta-
tion are not very high. However, for the tested one it is clear that the values 0.0 C and
0.5 C are under-represented. Although this finding may not directly affect user re-
quirements, it still can be indicative of a different approach to processing
measurement, as it can contribute to the differences in measured values. Interestingly,
under-represented values of 0.0 C and 0.5 C are not compensated for by increased
frequency in neighboring values as expected. The highest frequency fits the 0.3 C and
0.8 C decimal values. A similar result for the reference station (Fig. 4) can be derived



280 DOI 10.3849/aimt.01781

from rounding the relative humidity. For operational purposes, rounding has no conse-
qguence, but it does indicate some difference between manners of creating two
examined datasets.
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Fig. 4 Distribution of decimals occurrence by measured relative humidities on refer-
ence station. Tested station utilizes whole percent units of relative humidity.

The following graphs (Fig. 5) were created to identify the issues and overview
the general pattern of measurement errors. These show the overall pattern of tempera-
ture and measurement differences from four random fractions of the measured time
series.
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Fig. 5 Random cuts of air temperature profile (orange) and corresponding difference
(blue) of measured air temperature in random 20 hours intervals (dates in the lower
left corner); differences are counted as reference — tested values



Advances in Military Technology, 2023, vol. 18, no. 2, pp. 275-289 281




