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Introduction
For the past 30 years, NOAA and the China 

Meteorological Administration (CMA) have suc-
cessfully collaborated in the field of Atmospheric 
Science and Technology under the auspices of a 
Joint Working Group (JWG).  CMA and NOAA/
NWS both operate, maintain, and upgrade similar 
ground-based meteorological sensor networks 
including Radar, ASOS/AWS, Upper Air, and Cli-
mate Reference Networks and their associated inte-
grated display systems.  As NWS Chairperson of the 
Meteorological Modernization Working Group of 
JWG-17 I, Ed Berkowitz, Program Branch Chief of 
the Radar Operations Center (ROC), have become 

familiar with how CMA monitors the performance 
and data quality of their sensor network.  The fol-
lowing article provides a detailed overview includ-
ing architecture of the CMA Atmospheric 
Observing System Operations Monitoring and 
Maintenance (ASOM) system.  I believe readers 
will find this information interesting and useful.

An Integrated Meteorological Observing System 
forms the vital basis of China’s weather forecasting 
service.  Understanding climate, weather and equip-
ment status requires the development, maintenance 
and evaluation of a robust integrated meteorological 
observing system.  A major function of the Meteoro-
logical Observation Center (MOC) of the CMA is

Continued on Page 24
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Figure 1: The Integrated Observation Systems in China.
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to provide such a system.  The Atmospheric 
Observing System Operations Monitoring and 
Maintenance (ASOM) system assists all users in 
China with monitoring the performance and data 
quality of the integrated meteorological observing 
system, identifying problems, providing technical 
support for maintenance, managing logistics, and 
evaluating the adequacy of the observations to sup-
port forecasting, research and management.  
CMA Integrated Observing System Overview

The China Meteorological Administration 
(CMA) has established an integrated meteorological 
observation network including Satellites Observing 
System; Surface Meteorological Observing System; 
Upper Air Sounding System; Doppler Weather 
Radar Network; Wind Power Resource Observing 
Network; Agricultural Ecology Observing System; 
etc.  Today, more than 120 upper air sounding sta-
tions; 156 Doppler Weather radars (CINRADs) and 
58 conventional, non-Doppler digital meteorologi-
cal radars; 21,000 mesoscale Automated Weather 
Stations (AWSs); and 400 wind power resource 
observing stations (used for sighting of China wind 
source distribution) work in consonance to support 
the CMA’s weather forecasting and public services 
(Figure 1).

One of  the missions of the MOC of CMA is to 
provide sustained support to all CMA operational 
networks, using the ASOM system, that assists all 
users in China with monitoring the performance and 
data quality of the integrated meteorological 
observing system, identifying problems in near real-
time, providing technical support in maintenance, 
managing sites database and integrated logistics, 
evaluating the adequacy of the observations to sup-
port weather and climate forecasts, research and 
management.

Beginning in 2003, MOC started design and 
development of a monitoring system, for CINRADs 

only, by ingesting and processing performance data. 
Afterwards, additional functionality was developed 
and additional sensor observation networks, such as 
AWSs, were being considered to be supported by 
this experimental system with a GIS-based (geo-
graphical information system) user interface. The 
challenge to experts in the MOC was not how many 
additional observation networks to monitor and 
maintain, but rather the optimal method to support 
these additional sensors: should we develop a sepa-
rate system for a specific observation network and 
use portal technology to integrate all these systems, 
or develop an extendable platform to support most 
of our various sensor observation networks?  After 
two years of research, in mid 2008, the MOC began 
the process of building a totally new system con-
cept, the Atmospheric Observing System Operation 
Monitoring and maintenance System (ASOM), aim-
ing to allow many separate networks to be visual-
ized and managed as one integrated system.  Four 
different observing system networks, including the 
CINRAD new generation weather radars, auto-
mated weather stations, upper air sounding systems, 
and wind power resource observing stations were 
integrated into ASOM during the initial phase of 
this project.  ASOM is now fully operational with 
planned upgrades to integrate additional weather 
sensor networks.
ASOM Introduction

ASOM was initially designed to provide three 
important characteristics: 

1) One central database and four levels of appli-
cations, including national-level users, provincial-
level users, urban area users and site users. See Fig-
ure 2.

2) One system with an extensible architecture, 
allowing the following different networks to “plug 
in” and to be visualized and managed.

3) Integration, i.e., data integration, workflow

China
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integration, user interface integration and informa-
tion release integration, etc.  Figure 3 represents the 
data integration among the subsystems.

ASOM has five main subsystems:
Operational Monitoring Subsystem. The opera-

tional monitoring subsystem performs the data pro-
cessing work in the background, including 
collecting and extracting data, data quality control, 
near–real time products generation and data 
archiving.  It then displays current and historical 
status of nationally distributed meteorological data 
based on GIS, and automatically identifies the cov-
erage of any given collection of platforms and 
parameters. With the use of this subsystem, the 
CMA sensor networks are able to be “monitored” 
for their operational status and data quality in near 
real-time. 

Maintenance Subsystem. The maintenance sub-
system provides 4-levels of a users’ collaborative 
platform for preventative and corrective mainte-
nance: it collects all sensors maintenance data with 

the use of the embedded preventative and corrective 
maintenance forms and work orders to manage 
maintenance routinely and effectively, while also 
generating equipment systems and operational 
MTBF, MTTR and availability.  Meteorologists and 
engineers can provide assistance or recommenda-
tions through the ASOM system to the site techni-
cians who are restoring the systems or replacing 
sensors on site.  A maintenance knowledge reposi-
tory was then created to provide basic and standard 
steps to repair a malfunction.  It is also a tool to 
share maintenance knowledge and “lessons-
learned” experiences. Online technical 
support is provided as an additional benefit to the 
traditional Hotline service. 

Logistics Subsystem. The logistics subsystem 
supports online spares management with spares 
location, and four levels of ordering and shipping.  
It provides tools for the management of asset inven-
tory, online repaired parts management and spares 

Continued on Page 26
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quality control management.  The asset life-cycle 
management is also designed and implemented in 
the current system, which makes sense to managers 
following sensor reliability assessment.  It designs 
logistics support plans, dynamically manages assets, 
warns of stock quantity thresholds and quality trace-
ability online, etc.

Site Database Subsystem. The site database sub-
system is the basis of the other five subsystems. As 
the core the ASOM, the site database is a database 
of all CMA sensors’ metadata which contains defi-
nitions of all systems and instruments from separate 
networks and sites identification information.  This 
database is then used to drive the different sub-
systems to assist in monitoring and maintaining the 

nation-wide meteorological observing systems.  It 
provides a serial integrated evaluation for selection. 

Evaluation & Reporting Subsystem. The evalua-
tion and reporting subsystem is used to assist man-
agers CMA-wide with decision making, based on 
meteorological observation networks’ availability, 
maintainability, data quality, parts usage and associ-
ated cost, funding needs etc. All information is 
released either via webpage, text messages or 
emails.  Other subsystems are also integrated in 
ASOM, such as video monitoring subsystem, etc.

ASOM Architecture & Features
Thus, ASOM is an n-tier architecture as shown 

in Figure 4:
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The IT Infrastructure layer and Operating Sys-
tem layer provide the basic IT environment for 
ASOM.

The ASOM Database layer is a central data store 
for meteorological systems and equipment’s meta-
data, operational monitoring of raw data, product 
data, evaluation data, maintenance knowledge 
repository data, etc.  In order to provide an extensi-
ble database schema, ASOM creates a metadata 
data standard for all meteorological assets.  All 

meteorological assets’ attributes must be compatible 
for the metadata data standard.  All subsystem inter-
actions use metadata data standard compatible inter-
faces so that ASOM platform can manage and 
visualize different meteorological networks, without 
knowing what type of networks ASOM is involv-
ing.  In the same manner, ASOM uses a Shared 
Equipment Metadata table to store the most basic 
attributes of all equipment.  Each type of equipment 
uses a separate table to store equipment-specific 
attributes.  Metadata of all equipment resides in the 
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site database.  This equipment design in ASOM per-
mits the use of such a hierarchy throughout the plat-
form as shown in Figure 5.

The ASOM Services layer is an encapsulation of 
systematic reusable functionalities using SOA. For 
example, both the site navigation in the site database 

subsystem and coverage displays of the specific 
radar in the operational monitoring subsystem uses 
the same GIS service, ArcGIS based RESTful ser-
vice.  A significant effort was put into the low level 
services encapsulating the universal functionalities 
of ASOM.  Thus network specific tools can be 
developed readily, effectively, efficiently and inex-

pensively. 
The Kernel Applications layer is the main 

part of ASOM, providing tools for different 
functionalities, such as data processing, data 
quality control, status monitoring and data moni-
toring, maintenance management, work order 
management, logistics management and evalua-
tion and information release, etc.  Every tool 
works for all compatible meteorological net-
works.

The Browser layer is the presentation layer. 
ASOM is available via the CMA intranet using 
Internet Explorer, Firefox, and other mainstream 
browsers and can be used to deliver information 
from the MOC to other centers of the CMA, 
national partners, and international partners. 
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Figure 6: Evaluations and applications in ASOM.
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ASOM Benefits
The ASOM system features an integrated and 

cost-effective monitoring and maintenance system 
for all of the CMA’s observing networks.  It man-
ages all sensors’ associated status data, performance 
data, maintenance data, logistics data and site data-
base data.  It provides the integrated evaluation 
results and service information for various CMA 
users with differing operational and research 
requirements.

Since implementation of the ASOM system 
among all the various CMA offices, it has resulted 
in major improvements to the operational service 
availabilities of the multiple sensor networks and 
the MTBFs of the associated equipment.  For exam-
ple, the CINRAD Ao has been improved signifi-
cantly from 89% in 2006 to above 96% in 2009.  
See Figure 7-1.

The ASOM system also provides many products 
to serve the weather warning decision makers.  It 
dynamically collects data from sites’ sensors and 
then generates many kinds of instant weather prod-
ucts to the public, to reduce fatalities and property 
damage.  These applications help the CMA prevent 
and mitigate weather-related disasters (Figure 8).

Since the ASOM system is an integrated system, 
it gathers radar, AWS, L-band radar upper air and 
wind resource observing data. We then compare the 
observing data elements simultaneously to find the 
difference among them and attempt to calibrate the 
errors though scientific algorithms. It helps our 
engineers and forecasters to support operations and 
to make more dynamic and accurate weather 
“watching.”

In ASOM, the key point is “integrated.”  It 
accesses observing data, performance data, status 
data, maintenance data, logistics data and site base 
data interactively through a data bus, processing 
them with scientific algorithms, and then generates 
the useful products to support operations, mainte-
nance, forecasts and public services.  It greatly 
decreases the work-load and reduces staff resource 
requirements and saves funding.  Additionally, it  
enhances the performance for the CMA observing 
networks, shortens the duration  of outages, extends 
the usage of parts, quickly helps forecasters know 
what’s happening at sites to correct the Now Cast-
ings.  The ASOM provides network management 
tools for our managers to optimize the entire

Continued on Page 30
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Figure 7-1: Radar availabilities Figure 7-2: AWSs data quality improvements

Figure 7: Improvements to Radar and AWS availabilities.
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CMA observing network.  Moreover, it 
results in economic and social benefit gains. 

Chong Pei
Senior Engineer, 
Director of Operations and Science & 
Technology Department of Meteorological 
Observation Centre, CMA
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Figure 8: Monitoring extreme value using ASOM.

Figure 9-1: Satellite and AWSs monitoring. Figure 9-2: Radar precipitation mosaic monitoring.

Figure 9: Comparison of the Severe Precipitation Weather Region through ASOM.


