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Decoding of Surface Meteorological Observation Data Files
and Application Research on Climatic Data

Hui LIANG * , Xiangiang SU, Qingyun ZHU
Wuzhou Meteorological Bureau, Wuzhou 543002, China

Abstract In this paper, Wuzhou City of Guangxi was taken as the research object. Through the design of a climatic data warehousing system, the deco-
ding methods of surface meteorological data and their application in the management of climatic data were explored. Based on the parsing technology of
the monthly report of surface meteorological records (A-file), the design of Wuzhou climatic data warehousing system was realized, completing the pre-
cise extraction and database construction of observational elements such as regional temperature, wind direction, and weather phenomena. Based on this
system, the meteorological data in 2024 were analyzed, and the probabilistic characteristics of dominant wind direction in Wuzhou ( northeast wind ac-
counting for the largest proportion) , the spatiotemporal distribution patterns of extreme temperatures (annual extreme high temperature of 37.1 °C in
August and extreme low temperature of 1.9 °C in January) , and the general climatic overview of Wuzhou City (annual precipitation 3.2% higher than the
standard value) were revealed. The research shows that climate change has a significant impact on agricultural production and economic development in
Wuzhou City, and the construction of a reasonable climatic data database is of great significance for enhancing professional meteorological service capabil-
ities in the context of climate change. This study not only provides a scientific basis for the economic development of Wuzhou region, but also offers refer-
ence ideas for other regions to cope with regional climate adaptation planning.

Key words Surface meteorological observation; A-file decoding; Climatic database; Climate change

DOI 10.19547/j. issn2152 —3940.2025. 02. 005

As an important foundation of weather forecast, disaster
warning, meteorological service and scientific research, surface
meteorological observation data has been widely valued. China
uses the standardized monthly report file of surface meteorological
[1]

s

records (A file) to record and store it which is one of the most
valuable data collected by China’s weather and climate monitoring
network.

In the field of scientific research and meteorological services,
significant progress has been made in the analysis of A file”™" |
and a variety of standardized products have been successfully pro-
duced. However, with the continuous development of the demand
for professional meteorological services, these standardized prod-
ucts are not enough to meet the needs of the market. Different cus-
tomers may have specific requirements for different aspects of
data, such as time resolution, spatial resolution, observation ele-
ment types, etc. For example, aviation meteorological services pay
special attention to key parameters such as wind direction, wind
speed, visibility, etc. , and agricultural meteorological services
have high sensitivity to hourly temperature changes.

As a hub city in the Pearl River — Xijiang economic belt,

Wuzhou has diversified agriculture, industry and other characteris-
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tic pillar industries. However, extreme weather events have oc-
curred frequently in recent years, which has greatly restricted the
economic development, and it is in urgent need of refined climate
data to support decision-making. In this paper, Wuzhou was taken
as the research object. A decoding architecture based on A file
was proposed, and Wuzhou climate database system was construc-
ted. The measured data in 2024 were taken as an analysis case to
quantitatively analyze the evolution law of climate elements and its
impact on economic development, so as to provide a scientific ba-

sis for the formulation of regional climate adaptation strategies.

1 Design of climate data warehousing system
based on the A file

This program has the function of extracting the data of differ-
ent observation elements such as pressure, temperature and pre-
cipitation from the A file, and inserting the extracted data into the
Access database. In this paper, the message decoding of tempera-
ture, weather phenomenon and wind direction is taken as a practi-
cal operation case to provide a clear decoding example for readers.
For the decoding methods of other meteorological elements, it can
refer to the decoding logic described in this paper for analogical
processing.

When designing the decoded message, this program mainly
has the following steps. First, identify the message data block ac-
cording to the demand elements and the corresponding indicator
code; second, carrying out data decoding and conversion and unit
conversion; third, inserting data into the Access database.

1.1 Temperature decoding In the A file, the temperature data
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takes "T" as the indicator code, and different characteristic val-
ues can be read according to the actual needs. In daily use, the
average temperature, minimum temperature, maximum tempera-
ture and the temperature at a specific time (such as 02;00,
08:00, 14:00 and 20:00) are commonly used. In order to further
study the variation characteristics of temperature in a day, it is al-
so necessary to decode and analyze the occurrence time of mini-
mum temperature and maximum temperature.

After recognizing the temperature indicator code, the program
will enter the conditional statement " B" , which is used to read the
character string representing the temperature and complete the
conversion of the character string to the actual temperature value.
Then, the average temperature at four specific times is calculated
to obtain the required average temperature.

In the A file, the maximum temperature and its occurrence
time are clearly recorded, and the minimum temperature and its
occurrence time are also clearly marked. In order to intuitively
display these information, the core code in actual operation should
focus on the following four key elements: maximum temperature,
specific occurrence time of maximum temperature, minimum tem-
perature, and specific occurrence time of minimum temperature.

1.2 Weather phenomenon decoding In the A file, weather

phenomenon is identified by "W" as indicator code. In order to
process these data, first, it should read the entire row of data con-
taining weather phenomena. Then, the system function strtok is
used to segment the strings representing the day and night in this
row of data. Next, the segmented strings are parsed to judge and
identify the weather phenomenon symbols at night and during the
day. After completing this step, the weather phenomenon is deco-
ded, and the decoded results are integrated for subsequent analy-
sis and processing.

When judging the weather phenomenon at night and obtaining
the weather phenomenon code, the custom function judge_weather
is called, and the weather phenomenon code is taken as the func-
tion parameter. The function judge_weather converts the weather
phenomenon code into the weather phenomenon type, and assigns
a value to the weather phenomenon according to what code is pas-
sed in the process.

The observation data of weather phenomena at Wuzhou Na-
tional Benchmark Climate Station in January 2020 was taken as the
research object, and the monthly report of surface meteorological
records showed the weather phenomenon data of that month in de-
tail. After decoding these data from the A file, they can be written
to the Access database for further analysis and processing (Fig. 1).
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Fig.1 Comparison between Wuzhou (59265) database ( Access) weather phenomenon (left) and monthly report of surface meteorological records

(right)

1.3 Wind direction decoding In the A file, the wind is iden-
tified by "F" as an indicator code. After reading the wind indica-
tor code, the program will enter the conditional statement "N" | to
read the corresponding field representing the wind direction, which
is string type. The string is converted to floating-point type, and
the wind direction is judged through the converted value.

Through the test, the meteorological element of 2-minute

average wind direction in the monthly report of ground meteorologi-
cal records (A file) at Wuzhou National Benchmark Climate Sta-
tion in January 2020 was consistent with the data in the decoded
Access database. The decoding process involved extracting meteor-
ological elements such as the 2-minute average wind direction and
speed (unit; 0.1 m/s) from the A file and writing them into the
Access database. In addition, the database also accurately recor-
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ded the wind direction and wind speed, monthly average or
extreme wind speed, average wind speed, maximum wind speed,

Vind direction at 21:00  Wind direction at 20:00 Wind direction at 2300 Vind direction at 24:00  Vind direction at 01:0 Vind direction at 0200 Vind direotion at 03:00  Wind direction at (400 Wind direction at 05.00

extreme wind speed and other key data values from 21:00 to next
20:00 in the month (Fig.2).
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Fig.2 Comparison between Wuzhou (59265) database ( Access) 2-minute average wind direction (left) and the monthly report of surface mete-

orological records ( right)

1.4 Construction of database The Microsoft Access database
is used. A new database file is created in Microsoft Access. The
required data table is created in the database, and the fields of ta-
ble are designed according to the actual needs. Each field should
include the field name and data type. The data table structure is

Table 1 Field name and data type of meteorological elements

designed according to the specific content contained in the A file.
Table 1 shows some meteorological elements, which can be added
or adjusted according to actual needs. The decoded meteorological
element values are accurately filled into the corresponding field po-
sitions in the Access database (Table 1).

Field name Data type Field name

Data type Field name Data type

Year
Daytime rainfall

Average temperature

Maximum temperature

Wind speed at 14:00

Digit (integer)
Text
Digit (single precision)

Digit (single precision)

Digit (single precision)

Month
Nighttime rainfall

Digit (integer)
Text

Minimum temperature Digit (single precision )
Occurrence time of maximum Digit (double precision)
temperature

Wind speed at 20:00

Digit (single precision)

Day

Daily rainfall
Occurrence time of min-
imum temperature

Temperature at 02:00

Maximum wind speed
Ground temperature at
14.:.00

Minimum ground tem-

Digit (integer)

Text

Digit ( double precision)
Digit (single precision )
Digit

Digit

Digit

Ground temperature at  Digit Ground temperature at 08:00 Digit
0200
Ground temperature at  Digit Maximum ground temperature Digit
20:00
Sunshine hours Digit Weather phenomenon Text

perature

1.5 Operation interface of Wuzhou climate data warehou-
sing system based on the A file According to the above ideas,
the design of " Wuzhou climate data warehousing system based on
the A file" was completed, which can import the meteorological
observation data of Mengshan (59058 ), Tengxian (59256 ),
Wuzhou (59265), Cangwu (59266) and Cenxi (59454 ), five

national manned meteorological stations under the jurisdiction of

Wuzhou, into the Access database, and realize the construction of
regional climate database. The system interface of the program was
shown in Fig. 3. Through the GUI interactive interface, the functions
of site selection, file selection and data warehousing can be realized.

2 Application analysis of climate data

The establishment of " Wuzhou climate data warehousing sys-
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The maximum wind speed, extreme wind speed and their oc-

currence time in 2024 were shown as Table 2.

Table 2 Maximum wind speed, extreme wind speed and their occurrence time in 2024

Maximum wind speed (0.1 m/s)

Extreme wind speed (0.1 m/s)

Month
Wind speed Wind direction Date Wind speed Wind direction Date

1 78 NE 22 137 NE 22
2 60 NE 22 105 NNE 22
3 65 NE 6 113 NNE 6
4 149 W 28 266 W 28
5 99 WNW 6 174 W 6
6 115 SW 16 203 SSW 16
7 112 NE 14 202 ENE 21
8 106 SSW 12 227 S 12
9 156 3 314 E 3
10 80 N 22 128 N 22
11 54 NE 18 111 ENE 18
12 51 N 14 101 NE 14

From Fig. 4, it can intuitively understand the occurrence fre-
quency and change trend of different wind directions in Wuzhou in
2024. The dominant wind direction was NE in January, NNE in
February, NE in March, NE in April, NE in May, NE in June,
ESE in July, NE in August, NE in September, NE in October,
NE in November and NE in December. The annual dominant wind
direction was northeast wind (NE). It can be seen from Table 2
that the maximum wind speed in 2024 was 15.6 m/s, which oc-
curred on September 3, and the extreme wind speed was 31.4 m/s,

which occurred on September 3. This had important reference val-
ue for the fields of climate analysis, urban planning, low-altitude
economy and environmental protection.
2.2 Analysis of extreme temperature period Temperature
change has a significant impact on agricultural economy. The daily
minimum temperature and its occurrence time in 2024 were shown
as Fig. 5.

The monthly minimum temperature, their occurrence date
and time in 2024 were shown as Table 3.

Table 3 Monthly minimum temperature, their occurrence date and time in 2024

Date Minimum temperature // °C Occurrence time Date Minimum temperature // °C Occurrence time
01 -23 1.9 06:42 07 -14 24.3 18.24
02 -25 3.5 05.43 08 -22 23.7 04.16
03 -01 6.4 0630 09 -24 19.9 06.46
04 -07 16.5 1053 10 -24 16.1 06:57
05 -02 18.6 10.35 11 -29 10.5 05.57
06 —06 21.5 0606 12 -20 5.7 06,17
According to the analysis of the above statistical results, the 23, 2024.

monthly minimum temperature in Wuzhou mainly occurred from
the 20" to the 25" | mostly in the period from 04 :00 to 06:00, of
which the extreme low temperature (1.9 °C) occurred on January

The monthly maximum temperature, their occurrence date
and time in 2024 were shown as Table 4.

Table 4 Monthly maximum temperature, their occurrence date and time in 2024

Date Maximum temperature // °C Occurrence time Date Maximum temperature // °C Occurrence time
01 -19 26.0 1505 07 -26 36.8 15:38
02 -20 28.8 12.53 08 -09 37.1 16:30
03 -25 31.1 15:25 09 -02 36.5 16:25
04 -02 33.0 13:33 10 -14 32.3 16:08
05 -24 33.2 1525 11-29 31.3 14.32
06 —23 34.7 15:12 12 -04 25.9 15.41
According to the analysis of the above statistical results, the 9, 2024.

monthly maximum temperature in Wuzhou mainly occurred from
the 23" to the 26" , mostly in the period from 15:00 to 16:30, of
which the extreme low temperature (37.1 °C) occurred on August

According to the analysis results, it is necessary to pay atten-
tion to the possible impact of extreme temperature during this peri-
od on winter crops in actual agricultural production.
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2.3 Overview of climate in Wuzhou in 2024 The annual av-
erage temperature in Wuzhou in 2024 was 22.3 °C, which was
0.8 °C higher than the standard climate value (21.5 °C). The an-
nual extreme maximum temperature was 37.1 °C, which occurred
on August 9. The annual extreme minimum temperature was 1.9
°C, which occurred on January 23. The annual precipitation was
1 530.6 mm, 48. 1 mm more than the standard climate value
(1482.5 mm). The annual sunshine duration was 1 810.6 h, 94.4 h
more than the standard climate value (1 716.2 h). The monthly
average temperature in April was 24.2 °C, which was 2.3 °C high-
er than the average value of the same period over the years (21.9
°C), and was the largest value in the same period in history. The
total monthly precipitation in April was 347. 5 mm, 190. 4 mm
more than the average value (157.1 mm) over the same period

over the years, which was the largest value in the same period in
history. The total monthly precipitation in December was 0.6 mm,
38.4 mm less than the average value (39.0 mm) of the same peri-
od over the years, which was the second lowest value in the same
period in history. During the year, there were 10 gales in Wuzhou
City, and the number of gales increased compared with previous
years. The daily average temperature in winter and spring was low-
er than 12.0 °C for many times, which had adverse effects on the
safe overwintering of winter crops, aquaculture, poultry and live-
stock and spring sowing. Due to the joint influence of high-altitude
trough, shear line and cold air or the influence of typhoon, there
were two rainstorm weather processes in the year. Affected by the
subtropical high, the high temperature weather with the maximum

(To page 25)
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temperature and annual average maximum temperature were the
main positive factors, while annual precipitation, annual average
relative humidity and annual average wind speed were negative
contributing factors. Principal component 2 mainly reflects the posi-
tive contribution of annual precipitation to UHIIL. In principal com-
ponent 3, annual average wind speed dominated. In conclusion,
temperature was the main influencing factor of UHII in Jining City.

Table 4 Load matrix of principal components

Principal Principal Principal
Factor
component 1 component 2 component 3

Annual average temperature 0.609 0.286 0.049
Annual average maximum temperature 0. 621 0.160 0.081
Annual precipitation -0.069 0.834 -0.066
Annual average relative humidity -0.450 0.426 -0.220
Annual average wind speed -0.190 0.126 0.969

4 Conclusions

Based on meteorological observation data, methods such as
MK mutation test, correlation test and PCA were adopted to study
the variation law of UHII and analyze the influences of five meteor-
ological elements on UHII in Jining City. It is concluded that from
1970 to 2024, the UHII in Jining City generally increased at a rate
of 0.1 °C/10 a. On the interannual scale, the correlation between
temperature and UHII was most significantly positive. On the sea-
sonal scale, wind speed showed a strong negative correlation with
the variation of UHIL. From PCA, it is found that temperature had
a significant positive impact on the increase of UHII in Jining City.

(From page 21)

temperature = 35.0 °C for 3 consecutive days or more occurred
repeatedly in summer, which brought inconvenience to people’s
work and life. The average temperature was higher in 2024, with

more precipitation and sunshine hours.

3 Conclusions

By constructing a climate data management program, this
paper realized the efficient management of Wuzhou climate data,
and provided a new idea and method for the collection, integra-
tion and utilization of climate data. At the same time, through a
practical application, this paper systematically analyzed the cli-
mate overview of Wuzhou City in 2024 and its impact on the
economy, revealed the specific performance and potential threat
of climate change in the region, and promoted the application of
climate data in decision support, disaster prevention, resource
planning and other fields.

In the future, with the continuous progress of technology
and the continuous accumulation of data, it will lay a solid foun-
dation for achieving the goals of more green, low-carbon and sus-
tainable development by deepening the application research of
climate data. Finally, it is expected to stimulate more in-depth

discussion on the interaction between climate change and local
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