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Abstract
For ground-based microwave radiometer temperature data at Longde Station,
quality control experiments were conducted using five inspection methods—
vertical variation intensity extreme check, standard deviation check, extreme
value check, singular value check, and stuck value check—based on the inherent
patterns of the data and various manifestations of erroneous data, combined
with historical radiosonde data. The results were compared with concurrent
radiosonde data to analyze the application effectiveness. The results indicate
that each quality control method exhibits a certain ability to discriminate data
quality and is sensitive to control parameters. Data quality is optimal under
clear skies, followed by cloudy skies, and slightly poorer during precipitation,
with essentially equivalent quality across all height levels. Correlation analysis
of the quality control results demonstrates that correlations are highest under
clear skies at all height levels, followed by cloudy skies, and slightly lower during
precipitation, all remaining at relatively high levels; the quality control effect is
most significant during precipitation.

Full Text
Quality Control Method and Efficiency Analysis on Tem-
perature Data by RPG-HATPRO-G4 Type Ground-Based
Microwave Radiometer
Abstract: Quality control of meteorological data is a crucial step in data pro-
cessing. Since microwave radiation products constitute non-conventional mete-
orological observation data, conventional quality control methods are not fully
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applicable to microwave radiometer data. To investigate quality control meth-
ods for temperature data from the RPG-HATPRO-G4 type ground-based multi-
channel microwave radiometer and provide technical support for effective uti-
lization of temperature data, this paper proposes five methods based on data
characteristics and various error types. These methods are applied to temper-
ature data collected by an RPG-HATPRO-G4 ground-based multi-channel mi-
crowave radiometer at Longde Station, Ningxia, China, combined with five-year
historical sounding data from Pingliang Station, Gansu Province, located 49 km
from Longde Station. The five methods include: extreme value check of vertical
change intensity, standard deviation check of vertical change intensity, extreme
value check, singular value check, and invariable value check. These are further
combined into three categories: comprehensive check of vertical consistency, ex-
treme value check, and comprehensive check of time consistency. Combination
check and weighted check results are then obtained by synthesizing the three
types of check results. Finally, to analyze the effectiveness of these methods,
they are applied to the collected data and compared with concurrent sounding
data. Results show that data quality under clear weather conditions is supe-
rior to that under cloudy and precipitation conditions, with cloudy weather
data quality exceeding that of precipitation weather. For the three aforemen-
tioned weather conditions, high-quality data account for 97.86%, 97.83%, and
84.21% of total data, respectively. Data quality is essentially uniform across all
layers, with poor-quality data primarily contributed by precipitation weather.
Both combination check and weighted check demonstrate strong capability in
assessing data quality, with respective quality control results being sensitive
to corresponding control parameters. Correlation analysis of quality control re-
sults reveals the best correlation under clear weather at all altitudes, followed by
cloudy weather, with precipitation weather showing the worst correlation; how-
ever, all correlation coefficients remain at high levels. The effect of data qual-
ity control is most pronounced under precipitation weather. This experiment
demonstrates that the proposed data quality control scheme is feasible and pro-
vides a mechanism for distilling temperature data from the RPG-HATPRO-G4
type ground-based multi-channel microwave radiometer for other applications.

Keywords: ground-based microwave radiometer; temperature; sounding data;
quality control

1 Data and Methods
1.1 Data Sources

The primary dataset consists of RPG-HATPRO-G4 temperature profile data
observed at Longde Station (35.37°N, 106.07°E, altitude 2078 m) from June 10
to December 31, 2017 (excluding September 6-9 due to instrument maintenance).
The temporal resolution is 1 minute, with vertical coverage from 0 to 10 km at
93 levels, and vertical resolution as shown in .

Vertical resolution of the RPG temperature profile (m)

chinarxiv.org/items/chinaxiv-201911.00033 Machine Translation

https://chinarxiv.org/items/chinaxiv-201911.00033


Height
Range Resolution

Height
Range Resolution

Height
Range Resolution

0–10 10 500–1200 40 3500–4500 160
10–25 15 1200–1800 60 4500–6000 200
25–100 25 1800–2500 90 6000–9800 300
100–500 30 2500–3500 120 9800–10000 200

For comparative analysis, sounding data from Pingliang Station (35.55°N,
106.67°E, altitude 1468 m), located 49 km from Longde Station, are used.
The sounding data cover June–December from 2013 to 2017 (08:00 and 20:00
UTC), with temporal resolution of 1 second and vertical resolution of 6–7
m. Temperature profiles from the microwave radiometer are interpolated to
sounding levels for quality control assessment.

1.2 Quality Control Methods

Based on historical data characteristics and error types, five quality control
methods are established: extreme value check of vertical change intensity, stan-
dard deviation check of vertical change intensity, extreme value check, singular
value check, and invariable value check. These are combined into three compre-
hensive categories: comprehensive check of vertical consistency, extreme value
check, and comprehensive check of time consistency. Quality control identifiers
are assigned values of 0, 3, 6, and 9, representing “correct,”“suspect,”“error,”
and “missing”data, respectively.

1.2.1 Extreme Value Check of Vertical Change Intensity For each
temperature profile, maximum and minimum values of vertical change inten-
sity (dT/dh) are calculated. Quality control identifier n� is assigned based on
whether dT/dh falls within [dT_sh_min, dT_sh_max] or within expanded
bounds using 3� and 6� thresholds (where � represents the standard deviation),
as detailed in .

Values of quality identifier n� for extreme value check of vertical change intensity
and corresponding meaning

dT_h Range n� Value Meaning
[dT_sh_min, dT_sh_max] 0 Correct
[dT_sh_min-3�,
dT_sh_min] �
[dT_sh_max,
dT_sh_max+3�]

3 Suspect
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dT_h Range n� Value Meaning
[dT_sh_min-6�,
dT_sh_min-3�] �
[dT_sh_max+3�,
dT_sh_max+6�]

6 Error

(-∞, dT_sh_min-6�] �
[dT_sh_max+6�, +∞)

9 Missing

1.2.2 Standard Deviation Check of Vertical Change Intensity This
method checks whether vertical change intensity at each level falls within 2�,
3�, or 4� bounds, where � is the standard deviation of historical data. Quality
identifier n� is assigned accordingly, as shown in .

Values of quality identifier n� for standard deviation check of vertical change
intensity and corresponding meaning

dT_t Range n� Value
[dT_t ± 2�] 0
[dT_t-3�, dT_t-2�] � [dT_t+2�, dT_t+3�] 3
[dT_t-4�, dT_t-3�] � [dT_t+3�, dT_t+4�] 6
(-∞, dT_t-4�] � [dT_t+4�, +∞) 9

1.2.3 Extreme Value Check Based on maximum (T_max) and minimum
(T_min) temperature thresholds derived from historical data, quality identifier
N� is assigned according to . For the 93 levels below 10 km, T_max and T_min
are determined from 2,139,065 historical samples.

Values of quality identifier N� for comprehensive check of vertical consistency
and corresponding meaning

Condition N� Value
n� + n� = 0 0
n� + n� = 3 3
n� + n� = 6 6
n� + n� � 9 9

1.2.4 Singular Value Check This method identifies temperature values
that deviate significantly from historical ranges. Quality identifier N� is as-
signed based on whether temperature falls within [T_min, T_max] or expanded
bounds using 3t and 6t thresholds (where t represents the time variation param-
eter), as shown in .

chinarxiv.org/items/chinaxiv-201911.00033 Machine Translation

https://chinarxiv.org/items/chinaxiv-201911.00033


Values of quality identifier N� for extreme value check and corresponding mean-
ing

T Range N� Value
[T_min, T_max] 0
[T_min-3t, T_min] � [T_max, T_max+3t] 3
[T_min-6t, T_min-3t] � [T_max+3t, T_max+6t] 6
(-∞, T_min-6t] � [T_max+6t, +∞) 9

1.2.5 Invariable Value Check This method checks for consecutive identical
values over time. Quality identifier N� is assigned based on the duration of
invariable values, as detailed in .

Values of quality identifier N� for comprehensive check of time consistency and
corresponding meaning

Condition N� Value
n� + n� = 0 0
n� + n� = 3 3
n� + n� = 6 6
n� + n� � 9 9

1.3 Combination Check and Weighted Check

The three comprehensive check results (N�, N�, N�) are synthesized through
combination check and weighted check. For combination check, the final quality
identifier N is calculated as the product: N = N� × N� × N�, where N = 0
indicates correct data and N > 0 indicates suspicious or erroneous data. For
weighted check, the final score F is calculated as the sum: F = N� + N� +
N�, where F = 0 represents the highest quality data, with increasing F values
indicating decreasing quality.

2 Results and Analysis
2.1 Statistical Analysis of Quality Control Results

Applying the five quality control methods to the RPG-HATPRO-G4 tempera-
ture data yields the distribution of quality identifiers shown in . For data below
500 m, over 50% receive N� = N� = N� = 0 (highest quality). The weighted check
method flags 84.21% of data as high quality (F = 0), demonstrating effective
identification of problematic data.

Corresponding data number and frequency of weighted check result F
(N�+N�+N�) in different weather conditions
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Weather Condition F=0 (%) F=3 (%) F=6 (%) F�9 (%)
Clear 811,859

(90.192)
56,846
(6.315)

4,409
(0.045)

17 (0.004)

Cloudy 436,926
(91.439)

14,930
(1.659)

698 (0.078) 3 (0.001)

Precipitation 301,201
(92.166)

14,076
(1.564)

94 (0.010) 1 (0.000)

2.3 Parameter Sensitivity Analysis

The standard deviation thresholds (�) for n� and n� checks significantly impact
quality control results. Analysis shows that when Δ (the relative change in �)
ranges from -25% to +25%, the percentage of data flagged as high quality (F =
0) varies by less than 2.5%, indicating robust performance. However, when Δt’
exceeds thresholds, n� > 0 and n� > 0 increase substantially, leading to more
data being flagged as suspicious.

2.4 Correlation Analysis with Sounding Data

Comparison with 9,679 concurrent sounding profiles reveals significant improve-
ment in data quality after applying the quality control procedures. Before qual-
ity control, correlation coefficients between radiometer and sounding tempera-
tures are 0.967 (clear), 0.934 (cloudy), and 0.880 (precipitation). After weighted
check (F = 0), these improve to 0.992, 0.981, and 0.965, respectively, with the
most pronounced improvement occurring in precipitation conditions [Figure 1:
see original paper].

[Figure 1: see original paper] Variation of correlation coefficients (R) along with
height before and after quality control of weighted check method (F) in different
weather conditions

3 Conclusions
(1) The five quality control methods effectively identify different types of er-

rors in RPG-HATPRO-G4 temperature data. Data quality is highest un-
der clear weather conditions, followed by cloudy weather, with precipita-
tion weather producing the lowest quality data. High-quality data account
for 97.86%, 97.83%, and 84.21% of observations under these three condi-
tions, respectively.

(2) Both combination check and weighted check demonstrate strong capability
in assessing data quality, with results being sensitive to control parame-
ters. The correlation analysis confirms that quality-controlled data show
significantly improved agreement with sounding data, particularly in pre-
cipitation conditions where the quality control effect is most obvious.
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(3) The proposed quality control scheme is feasible and provides a robust
mechanism for distilling reliable temperature data from the RPG-
HATPRO-G4 ground-based microwave radiometer for meteorological
applications.
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