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Quality Information Management and Application of AWS

Yan WANG *, Feng GAO, Chao SUN, Yu YU, Yiming LIU

National Meteorological Information Center, Beijing 100081, China

Abstract This paper has designed a unified storage model of Automatic Weather Station Quality Information Inquiries and Feedback ( AW-

SQIF), and has developed an AWSQIF automatic management system, which implements the storage of AWSQIF automatically in national

quality information two-way feedback process. Based on the unified storage, AWSQIF data have important application in real-time data manage-

ment, data quality assessment and quality control effect analysis. The results show that the data quality has been improved significantly, and

the data assessment has achieved online operating. In addition, AWSQIF can assist the improvement of the quality control effect.
Key words AWS (Automatic Weather Stations) , Quality control, query, Feedback, Quality management

1 Introduction

Since 2009, China has gradually carried out the studies on the re-
al-time quality control methods of basic observation element data
of AWS ( Automatic Weather Stations)™ ™, to achieve business
transformation. By assessing the hourly observation data and quali-
ty control results of national ground automatic stations, it is found
that there is a high error rate in automatic station data, leading to
decreased availability of information. Taking the second quarter of
2012 for example, the average error rate of 2411 national automat-
ic stations was 0.09% , and the average error rate of 29399 region-
al automatic stations was 0. 77% , that is, the data of 2 national
stations and 226 regional stations per hour were not available due
to quality problems. In order to grasp the accuracy of quality con-
trol results and further improve the quality control algorithms, the
query and feedback regarding error data are conducted after the
service transformation of quality control system. Since some feed-
back files are compiled by human, there are many abnormal con-
ditions such as messy code and formatting disorder, making it dif-
ficult to effectively assess, manage and apply the feedback data.
Meanwhile, the feedback data are not applied in the revised work-
ing of real-time observational data and quality information, so
forecasting and other real-time service users can not effectively use
the data, and can not confirm credibility of some suspicious pre-
cipitation, thus affecting the forecasting effect. To improve this
situation, the National Meteorological Information Center launched
automated management and application of QC ( Quality Control )
information query and feedback of national automatic stations to
further standardize the query and feedback file format of error da-
ta, and established national QC information management system;
cooperated with Jiangxi, Hubei and Guangxi provincial information
center to establish a national and provincial two-way feedback

process of national automatic station QC information, and applied

Received: November 18, 2015 Accepted: December 28, 2015

Supported by Business Construction Project of China Meteorological Adminis-
tration in 2011 and Key Project of Key Meteorological Technology Integration
and Application of China Meteorological Administration ( CMAGJ2013Z01).

# Corresponding author. E-mail; wangyan8@ cma. gov. cn

it in 31 provinces to achieve the fully automated query and feed-
back of quality information. This article focuses on the design and

implementation of QC information management system.

2 Overview of national and provincial two-way feed-
back process

After the quality control over the national AWS observation data by
the national real-time data quality control system, the erroneous
data, as the original data, are entered into QC information man-
agement system, and form query documents to be issued to the
province. After the quality control over provincial observational
data™ " | the data are blended with the national query information
received, and by the immediate alarm function of provincial quali-
ty control software, the erroneous data information is released to
the provincial data processing personnel and weather stations'®’
After confirmation of the erroneous data, and the province forms
feedback files and uploads them to national QC information man-
agement system which integrates and stores the feedback informa-
tion and original query information, and revises the quality control
results of real-time automatic station observational data. The
overall process is shown in Fig. 1. National and provincial two-
way feedback process involves many links such as quality control,
quality query and feedback, communication and transmission,
which are interrelated. The consistency of data is ensured after
passing QC information management system at the national level
and passing quality control information fusion subsystem at the

provincial level.

3 System design and information flow

3.1 System structure design The overall system is designed
as three-layered structure (data interface, data processing and da-
ta storage ) , as shown in Fig. 2. With the national storage and re-
trieval system MDSS real-time database as data environment, the
data are stored and the quality management table AWSR is de-
signed to store the query and feedback information of erroneous da-
ta. As the data interface for various links in national and provin-

cial two-way feedback process, it determines the format convention
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of erroneous data, query files and feedback files. Data processing
consists of three modules, namely national QC erroneous data stor-
age , national query generation and feedback data storage. (i) Na-
tional QC erroneous data storage. The erroneous data from the na-
tional quality control system are stored as the data source of QC in-
formation management system. The storage recording data include
station number, observation elements, observation time, observa-
tional value of elements, quality control results and other query in-
formation, in conjunction with data state, storage time and other
process information. (ii) National query generation. The file que-
ry is conducted based on unreleased records in AWSR table. The
query files are generated in the light of province, and the files are
placed in the distribution directory of communication system which
transfers the query files to the provincial level. In the process of
generating query files, the data state is modified in order to avoid
interference from other processes. (iii) Feedback data storage.
The feedback data are generated from the content of feedback files
one by one and input into database in real time. The query infor-
mation contained in feedback data is used for positioning the corre-
sponding query record that already exists in AWSR table, and up-
dating the feedback information, feedback time and data state. For
the query record that does not exist in the table, it is directly in-

serted. QC information management is to conduct unified storage

and comprehensive application of query and feedback data from
multiple sources. Based on such unified storage, we can revise
and update the real-time observation data and quality information,
and analyze the real-time feedback and quality control results. The
confirmation results of feedback data is of great significance to
quality information of automatic station observation data. After
completing the storage work of AWSR table, the confirmation re-
sults of feedback data are directly applied to automatic station
hourly data sheet, to revise the quality control code of correspond-
ing observational data. In terms of scheduling configuration, the
state-level quality control system takes the multiple quality control
processing mode based on scheduling strategy'”’ | and the quality
control results will change over time, so the QC information manage-
ment system needs to reserve the final erroneous data and store them
into database after processing all the results performed within one
hour by quality control system. There is successive relationship be-
tween erroneous data storage and query generation, and erroneous
data storage can be only performed after the end of the current hour,
so the two functional modules are combined and started at the fifth
minute of next hour after the current hour quality control is comple-
ted through the regular scheduling. The feedback data storage is not
limited, and it is regarded as the permanent system process to carry

out real-time processing of feedback files.
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Fig.1 National and provincial two-way feedback process
3.2 " Asynchronous' information exchange mechanism
The national automatic station QC management system consists of
three separate sub-processes: national QC erroneous data storage;
national query generation; feedback data storage. With AWSR ta-
ble as a core, the "asynchronous" information exchange mecha-

nism is used and the data state is marked to achieve convergence

and interaction of three sub-processes. After the completion of
storage, query and feedback processes, the corresponding data
state is identified as "having not issued" , "having issued" and "
having fed back" , and "having fed back" is the final data state.
In the real situation, storage always occurs prior to query, while

feedback generally follows query, but may also occur before and
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after storage. (i) Storage-query-feedback. It is one of the most
common business processes. After the national quality control, the
erroneous data are stored and the query data files are formed to be
issued to the province by the communication system. The data
state is "having issued". After confirming data quality, the pro-
vincial data processing personnel perform the feedback, and data
state changes to "having fed back". It is often based on the last
feedback if the feedback occurs many times. (ii) Storage-feed-
back. The erroneous data from provincial quality control system
would also produce query information, and the QC information
management system receives the provincial query and feedback da-
ta at the same time. When the erroneous data are stored and have

not been issued, the provincial feedback information has been put

in storage, the data state changes to "having fed back" , and the
query sub-process will no longer be executed in accordance with
such data state. (iii) Feedback-storage. The national and provin-
cial quality control results are not exactly the same, and when the
provincial query and feedback data are stored, there may be no
corresponding national query data to be stored. The data state is "
having fed back". In order to distinguish query information
sources, the auxiliary mark of " query sponsor" is added. If the
national erroneous data are stored after the provincial query and
feedback data, it will not change the data state of " having fed
back" , feedback results and query sponsor information, but only

update the storage time of national erroneous data.
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Fig.2 Structure of QC information management system

3.3 Database design The erroneous data contain the basic
query information, namely station number, observation elements,
observation time, observation value and quality information. For
feedback information, it includes the confirmation of data quality,
cause of problems and note information. Seeing query and feed-
back as entity, a piece of query data is allowed to be fed back
many times, but it is based on the last piece of feedback data,
that is, a piece of query data corresponds to a piece of feedback
data at most. For a piece of feedback data, there must be a piece
of query data. Therefore, there is one-to-one relationship between
query entity set and feedback entity set. According to the simple-
ness principle of relational data model design, the two types of en-
tity set are designed as a unified relational data model AWSR, as
shown in Table 1. In order to ensure the correct interaction of stor-
age, query and feedback sub-processes and effective management
of storage data, the flow information fields are added, including

data state, query sponsor, query storage time, and feedback time.

4 System construction and implementation
4.1 Deployment operation QC information management sys-

tem was deployed and put into operation nationwide in July 2012.
In the system, the feedback data can revise the real-time data
quality and modify quality control identification of observational
data based on confirmation results in real time as: correct (0),
erroneous (2) or can not be confirmed (1). According to the
hourly observational data and quality control assessment results of
national automatic stations, it is found that the average error rate
of national stations was 0.002% and the average error rate of re-
gional stations was 0. 07% from July to November 2012. If the
quality feedback data is not applied to revision of real-time data
quality, the average error rate of national stations is 0. 009% with-
in this period, and the average error rate of regional stations is
0.10% . Fig. 3 shows the change in error rate before and after
quality information revision of national stations and regional sta-
tions from July to November, and we can find that the error rate of
automatic stations after being revised each month is significantly
lower than before being revised, which means that the revision and
application of QC information management system has improved
the availability of data. By establishing the query and feedback

two-way process, the national or provincial stations can grasp the
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data quality in a timely manner, and timely solve the data problem
caused by various anomalies (such as equipment failure) ; the da-

ta error rate of automatic stations during July to November fell

Table 1 Storage structure design of AWSR

sharply compared with April to June, and the data quality has im-

proved significantly.

No. Field name Data types Field description Classification
1. querylD CHAR(30) Observation time, station number, element code combination Primary key
2. qinsert_time CHAR(14) National query storage time, default value * -’ Flow information
3. fereate_time CHAR(14) Feedback file generation time, default value * -’
4. frev_time CHAR(14) Receiving time of feedback file, default value © -’
5. finsert_time CHAR(14) Feedback storage time, default value * -’
National quality control sys; ID of users questioned; provincial
6. sponsor VARCHAR2(30)
query prve
0:having not issued; 1:having issued, yet to be fed back; 2 :hav-
7. state NUMBER(1) L. . -
ing issued; 9:in the process of being issued
station NUMBER(10,4) Cannot be null Query information
code VARCHAR2(20) Cannot be null
10. year NUMBER (4) Cannot be null
11. month NUMBER(2) Cannot be null
12. day NUMBER (2) Cannot be null
13. hour NUMBER(2) Cannot be null
14. minute NUMBER(2) Cannot be null
15. second NUMBER(2) Cannot be null
16. value NUMBER(2) Cannot be null
17. flag_q CHAR(1) Default value * -’ ; 1 = suspicious, 2 = erroneous
8. flag [ CHAR(1) Defa.ult value * =’ ; 0 = correct, 2 = erroneous, 1 = cannot be Feedback information
confirmed
19. reason CHAR(1) Problem reason code, value ranging from A to F, default * -’
20. remark VARCHAR2(100) Chinese character string, default null
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Fig.3 The average error rate comparison of national automatic
stations before and after quality revision during July to
November 2012

4.2 Statistical analysis of feedback rate The national auto-
matic station quality assessment business is one of the main appli-
cations of AWS quality information, and the specific assessment
items involve feedback rate, amount of correct and incorrect sus-
pect data feedback, amount of correct and incorrect erroneous data
feedback, etc. The feedback rate is the ratio of feedback amount
of data to query amount of data, and feedback amount of erroneous
data is counted by the element quality mark (flag_q) and confir-
mation results (flag_f). AWSR table records the query feedback
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Fig.4 The average feedback rate of erroneous data of national
AWS from April to November in 2012
data content and process information in detail, providing the sta-
tistical basis for the feedback rate calculation. All counting indi-
cators can be easily converted to SQL statements to directly com-
plete counting. Given the convenience and operability of this sta-
tistical method, we can make automated transformation about it to
achieve statistical functions in real time or at any time. Fig. 4
shows the average erroneous data feedback rate of national auto-
matic stations from April to November 2012, the feedback rate
from April to June was the statistical value obtained by analyzing
and counting the old feedback files, and the feedback rate after
July 2012 was the statistical value by statistical analysis of AWSR
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table. Due to different making methods of old feedback files in va-
rious provinces, there are some non-standard file formats and
messy codes, leading to inadequate statistical analysis. Since the
system business was started in July, the effective recording rate of
feedback files has reached 100% , and from the statistical results
of feedback rate, it can be found that the average feedback rate
during July to November is 29. 08% higher than during April to
June, with significant effect.

4.3 The application effect of feedback information The
quality information is of important application value to the analysis
of quality control effect. First of all, only when the erroneous or
suspicious data are proved to be correct or wrong can it be effec-
tive feedback, otherwise it will be ineffective feedback. According
to the statistics, during the flood season from July to September in
2012, it was judged that the amount of erroneous or suspicious
basic elements (such as temperature and hourly precipitation) was
167257 by quality control, with effective feedback amount of
110424 and effective feedback rate of 66% . The effective feed-
back amount and effective feedback rate of various elements are
shown in Table 2, and it can be found that the effective feedback
rate of various elements is more than 50% , and we can use the ef-
fective feedback information to further analyze the quality control
effect. Table 3 shows the QC effect indicators of the basic ele-
ments from July to September in 2012, including misjudgment rate
of erroneous data, accuracy rate of misjudged data, accuracy rate
of suspicious data and error rate of suspicious data. For any kind
of element, the sum of the above four indicators is 1. The effective
feedback rate of erroneous data is the sum of misjudgment rate of
erroneous data and accuracy rate of misjudged data; the effective
feedback rate of suspicious data is the sum of accuracy rate of sus-
picious data and error rate of suspicious data. According to statis-
tics, the misjudgment rate of erroneous temperature and relative

Table 2 QC feedback of basic elements from July to September in 2012

humidity data is low, and the accuracy rate is high, indicating
that the quality control algorithm of the two elements plays a sig-
nificant role in judging the erroneous data. The difference between
the accuracy rate and error rate of suspicious data is only about
10% , without the problem of too high accuracy rate or error rate,
indicating that the quality control algorithm also plays a significant
role in judging the suspicious data. For hourly precipitation, 2-mi-
nute wind direction and 2-minute average wind speed, the effec-
tive feedback rate of erroneous data is significantly lower than that
of suspicious data, while it is opposite for the air pressure element
of the station. For the first three elements, the feedback of suspi-
cious data has greater reference value, and it is found that the ac-
curacy rate is 20% higher than the error rate. To further clarify
the reasons for high accuracy rate of suspicious data, we can use
the reason and remark in feedback data for auxiliary analysis.
Taking precipitation for example, in 33505 pieces of precipitation
query data, 23746 are fed back, and 2122 pieces of feedback data
contain remark information. Based on the analysis of remark infor-
mation, it is found that 60% of remark content suggests that due
to heavy precipitation, thunderstorms and strong convection weath-
er in local areas, the actual precipitation is correct, and the data
containing such remarks indicate that the suspicious data feedback
is correct. For example, in Shaanxi Huayin (57055) , the precipi-
tation was 55. 9mm at 9:00 on July 4, 2012; it is judged to be
suspicious by quality control system; the remark information is
"storm". If we effectively judge local precipitation based on
weather radar and other sources of information, the suspicious pre-
cipitation rate will be significantly reduced, thereby improving the
usability of local heavy precipitation data. Therefore, the informa-
tion of feedback data helps to find typical weather or problems and
constantly improve quality control effect.

Element name Erroneous data amount

Effective feedback amount

Effective feedback rate /%

Hourly precipitation 35778 24654 68.91
Air temperature 59074 37244 63.05
Air pressure of the station 48369 32493 67.18
2-minute wind direction 2507 1959 78.14
2-minute average wind speed 12668 7443 58.75
Relative humidity 8861 6631 74.83

Table 3 QC effect indicators of the basic elements from July to September in 2012

Misjudgment rate of

Element name
erroneous data /%

Accuracy rate of
misjudged data// %

Accuracy rate of Error rate of

suspicious data /% suspicious data// %

Hourly precipitation 1.77 1.92
Air temperature 4.27 35.91
Air pressure of the station 64.67 32.30
2-minute wind direction 10.06 18.12
2-minute average wind speed 0.50 8.68
Relative humidity 10.12 49.95

76.06 20.25
39.07 20.75

2.23 0.80
46.25 25.57
73.96 16. 86
25.85 14.08

5 Conclusions
National AWS QC information management system is a state-level core

system having a national and provincial two-way feedback process.

With national real-time database as storage environment, it designs
unified storage table structure, and achieves "asynchronous" informa-
(To page 57)
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education of community residents about environmental protection
and forest experience, and guide community residents to develop
forest experience activities with local characteristics, to promote

common development of Forest Park and communities.

6 Conclusions

We put forward development strategies for forest experience from
concept, theme, products, ecology, and community, and came up
with basic requirements and methods from three levels. The first
level takes forest experience concept as guidance and sticks to for-
est experience management; the second level takes theme and
products as the core and provides methods at technical level of for-
est experience products; the third level is to establish harmonious
relationship between forest experience development, ecology and
communities, to realize sustainable ecological, social and econom-
ic development. These development strategies not only enrich the-
oretical foundation of forest experience of West Mountain Forest
Park, but also satisfy forest experience demands and development
experience development methods of Forest Park, and realize the
integration of development of Forest Park, social demands, and
ecological benefits. It is expected to provide certain guiding signif-
icance for multi-functional use and sustainable development of
West Mountain Forest Park, and provide some references for forest

experience development of other forest parks.
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