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Foreword

This Functional Requirements Document (FRD) describes the fundamental performance requirements for the U. S. Climate Reference Network (USCRN) Program. 

This nationwide climate-observing network will serve as the benchmark (reference) baseline for measuring, recording, and reporting climate related parameters at select locations across the United States.  This document has been developed by an extended team of the U. S. Climate Reference Network (USCRN) program comprised of representatives from NOAA’s National Climatic Data Center (NCDC), the Atmospheric Turbulence and Diffusion Division (ATDD) of the Air Resources Laboratory, contractor support provided through the NESDIS Office of Systems Development (OSD), and others in the climate research community.  The team reviewed a wide array of recommendations regarding how to improve climate observations and the fidelity of long-term climate records.  This document reflects many of these recommendations and guidelines. 

This FRD serves as the formal functional requirements document for the USCRN Program. These requirements will now serve as the basis for subsequent system design, testing, and implementation activities. Once design and other technical analyses have been completed, however, these requirements will be reviewed based on the resulting cost and technical information.  That review will be to validate the appropriateness of these requirements for system implementation and this FRD will be revised and reissued as significant changes occur. 

Thomas R. Karl

Director

National Climatic Data Center

Executive Summary

This Functional Requirements Document (FRD) identifies the minimum capabilities necessary to establish a high quality, well-maintained and well-documented, automated climate observing system.  The U. S. Climate Reference Network (USCRN) is the first observing network to be designed, deployed, and operated in the United States with the principal purpose of monitoring climate trends, variations, and change.  The USCRN will provide the highest possible quality observations suitable for evaluating climate change across the United States over the next 50-100 years.  

The Goals of the U. S. Climate Reference Network Program are to:

· Measure, record, and report with the highest possible quality a thoroughly documented set of near-surface observations over the next 50-100 years. 

· Provide timely access for weather forecasting and climate monitoring.  

· Preserve these observations for use in evaluating climate change across the United States.

The USCRN Program will address the full spectrum of data management functions, such as measuring and recording climate related surface environmental parameters, data processing and quality control, timely access to data and documentation, data analysis, extensive documentation, long-term life cycle maintenance, and long-term stewardship (archive).  Several hundred highly reliable and automated observing instrument suites are required to adequately evaluate climate change across the Nation and ensure long-term data continuity.  It is essential to achieving the USCRN goals and objectives that the observing sites are located in places that offer a very high likelihood of continued operation for 50 years or more without degradation or obstruction to continuous, well documented quality measurements.   

The USCRN system will provide the best possible and reliable environmental climate data for the United States.  The USCRN instrument suite is envisioned to operate within a flexible and modular design capable of being deployed and operated with a minimum of on-site human interaction.  Instruments sites will be located nationwide, from the Arctic to the Tropics.  The instrument suite must operate reliably, continuously, and under varied, sometimes hostile, environmental conditions.  The minimum observing requirements are:  

	USCRN Minimum Observing Requirements

	Primary Measurements (Surface)

	 Air Temperature

	 Precipitation Accumulation

	

	Supporting Measurements (Surface) 

	 Wind Speed

	 Global Solar Radiation

	 Ground Surface (Skin) Temperature

	    Relative Humidity

	    Soil Moisture and Temperature (at designated sites)
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1—Introduction

1.1 
USCRN Purpose and Goals

The accuracy of data measurements and the fidelity of the climate record are crucial to monitoring and quantifying climate trends and variations, evaluating climate change, and making informed decisions.

The research community, government agencies, and private businesses have identified significant shortcomings in understanding and examining climate trends, variations, and change over the U. S. and surrounding regions.  Some of these shortcomings include inadequate documentation of operations and changes over the life of the network, lack of overlapping observations when new instruments are installed, and not using high-quality, well-maintained and well-calibrated observational sensors.  These shortcomings affect the fidelity of the historical climate records.  The degree of confidence in the quality of the data and the climate records directly impacts the level of uncertainty for government and business decision-makers who formulate strategic and operational policies and plans.  Never before have people been so aware of the impact of the environment and climate variability on the quality of life and the economic and environmental health of a nation, its citizens, and the population of the world.  In addition to climate researchers, environmental scientists, health and disease transport researchers, policy makers, and virtually every sector of the economy benefit from access to quality climate related observations and records. 

The purpose of the U. S. Climate Reference Network (USCRN) is to measure, record, and report the best possible observational data.  It also supports improving the fidelity of the climate records of the United States.  This automated surface climate observing network is designed to be highly stable and, to the greatest extent feasible, an autonomously operating long-term (50-100 years) network.  Stability means: 1) the instrument site is not closed or moved during the life of the network, and 2) the area around the site is unaffected by manmade structures, other obstructions, and human activities which degrade or adversely affect the quality of the measurements. 

These high quality and well-documented measurements will serve as Benchmark Values for other in-situ and remote observing systems.  USCRN data will provide a greatly enhanced capability to monitor and detect climate trends and variability on several temporal scales, e.g. monthly, seasonal, and annual, and including extreme events.  

The Goals of the U. S. Climate Reference Network Program are to:

· Measure, record, and report with the highest possible quality a thoroughly documented set of near-surface observations over the next 50-100 years.  

· Provide timely access for weather forecasting and climate monitoring.  

· Preserve these observations for use in evaluating climate change across the United States.

1.2
Purpose of this Document

This Functional Requirements Document (FRD) outlines the fundamental performance requirements for a highly automated climate observing system.  This FRD identifies comprehensive requirements in terms of parameters to be measured, ranges, resolutions, data processing, access, archive, and documentation for the USCRN system.  The FRD is not intended to be a detailed description of the actual capabilities to be fielded.  The actual capabilities of the system will be determined and described during the subsequent engineering design, testing, and evaluation phases.  No attempt has been made to temper requirements based on available technology.  Assessment of technology and evolving state‑of‑the‑art capabilities, as well as alternative system designs and cost/benefit analyses, are necessary steps to be taken in determining which of the stated requirements will actually be met initially and which will be deferred during the initial design and deployment of the system.

This FRD is the result of a synthesis of material and guidelines from several documents and reports from working groups comprised of climate scientists and individuals experienced with observing instruments and information technologies.  The design of the USCRN system is guided by:

· Intergovernmental Panel on Climate Change (IPCC) Reports

· Ten Climate Monitoring Principles, 1999 National Research Council (NRC) Report, Adequacy of Climate Observing Systems
· World Meteorological Organization (WMO) reports, such as WMO, 1996: Doc 8, Guide to Instruments and Methods of Observation
· Final Report of the NOAA Science Advisory Board’s Panel on Strategies for Climate Monitoring, A. M. Beeton and R. M. Goody, March 26, 2001.  

A review was also conducted of the functional requirements documents developed for the Federal Automated Surface Observing System (ASOS) and the Cooperative Observing System (COOP), and the Federal Aviation Administration (FAA) Automated Weather Observing System (AWOS).  A thirteen-member science team produced a report addressing the basic requirements for a system designed with the principal purpose of measuring, recording, reporting, and preserving surface observations in support of monitoring and quantifying climate trends, variability, and change across the United States. 

1.3
Scope of Document

This Functional Requirements Document (FRD) is a compendium of the USCRN End-to-End System functions necessary to design, implement, and maintain a high quality, automated climate observing system needed to support the USCRN Program goals and objectives.  System functional requirements describe the desired fundamental system capabilities, how well the system must perform, and under what conditions the system must operate and survive.   The FRD presents information on the requirements and identifies the system’s functional concept.  This includes information on:

· Design Philosophies

· Parameters Measured and Recorded – definition, range, accuracy, resolution, etc.

· Operational and Environmental Constraints

· Modes of Operation and Human Interfaces

· Communications, Access, and Archiving Functions 

· Documentation

Maintainability and Reliability Factors

While this FRD is intended to define the USCRN system functional requirements, there are other aspects of the system that are not defined by this document.  For example:

· Engineering and Technical Specifications

· Network and System Development Requirements and Strategies

· Training and Documentation Requirements

· Acquisition Management Roles and Responsibilities

· Specific Hardware and Software Solutions

· Maintenance and Logistics Support Requirements

1.4
Terms of Reference

For the purpose of this and other USCRN documents several key definitions are provided here.  

Fidelity of the Climate Record – In addition to the accuracy and reliability of the actual measurements taken by the sensors and reported, there is the total quality and completeness (the fidelity) of the entire available archived climate record.  The Fidelity of the Climate Record encompasses all of the concerns expressed in the Ten Climate Monitoring Principles, i.e. factors affecting the ability to interpret and reconcile the entire long-term climate data record, which are fundamental to accurately evaluating climate trends and change.  This means extensive documentation on all aspects of the network.

USCRN System – Refers to the End-to-End System that accounts for the entire architectural structure of the climate reference network program from the time of observation and reporting, quality control, access, and archiving of the data reported and all associated documentation.  This also includes life cycle maintenance for the network, station history (metadata) documentation, and documentation of all processing algorithms and related quality control processes.

Geographic Location – A large general area (several tens of miles in diameter) within which instrument suites are installed, either a single suite or a pair (two nearby suites). 

Instrument Site – The physical piece of property (lat/long/elev) where an instrument suite is installed.  

Instrument Suite – Measuring sensors and all other supporting equipment and structures located at one site necessary to measure, record, process, store, and transmit data and information.  

Sensor – A device that measures an environmental parameter, e.g., air temperature, precipitation, wind speed, solar radiation, soil moisture, and others.

Support Equipment – All other equipment that are not sensors and are part of the instrument suite, e.g., mechanically aspirated shield, batteries and charger, data logger, communications transmitter, tower, and other items.

Hardware Independent Algorithms – Observational data processing algorithms used at the instrument site that are independent of the manufacturer and model of the sensors and supporting equipment.

2—System Description

2.1 
Operational Description 

The USCRN system will be designed, operated, and maintained to provide the highest possible quality observational data and records for use in monitoring and quantifying climate trends and variations, and evaluating climate change across the United States.  

Preliminary studies indicate several hundred USCRN instrument suites will need to be strategically located across the U.S.  Instrument suites will be deployed in a combination of single sites and nearby paired sites.  A science-based USCRN Spatial Density Study will determine the final number and general locations of USCRN sites needed to adequately monitor climate trends, variations, and change across the United States.

Program success requires highly reliable and well-maintained field observation instrument suites and long-term stability of the instrument sites.  Technology continuously evolves, and the sensors and support equipment will be replaced several times during the life of the network.  A rigorous maintenance program will be required to ensure the instrument suites continue to perform within the required ranges and accuracies.  

The USCRN instrument suite is envisioned to be a flexible and modular integrated design, capable of being operated without an on-site human observer.  No capability is planned to manually introduce or edit observational values into the instrument suite at the field site.  Programming capabilities at the data logger (processing algorithms and “house keeping” tasks) and the communications transmitter are required.  The USCRN system will automatically collect, pre-process, format, transmit, ingest, quality control, provide access, and archive the observational data.  USCRN instrument suites will be deployed nationwide, from the Arctic to the Tropics.  These instrument suites must operate reliably, continuously, and under varied and sometimes hostile environmental conditions. 

The major functions carried out by the USCRN system are grouped into seven areas:

1. Data Collection - Use a variety of sensors to measure select climate related parameters. Record and store data and information at the instrument site.

2. Data Preprocessing - Use averaging and comparison software techniques at the site to derive a wide variety of averages and maxima/minima data values.

3. Formatting - Format the data for efficient transmission from the field.

4. Transmission – Ability to transmit the data from the field through a variety of communications systems, to include satellite, such as the GOES Data Collection System.

5. Ingest and Quality Control (QC) – Inventory and QC upon receipt at the central collection facility, in this case the National Climatic Data Center (NCDC), Asheville, NC.

6. Access – Provide timely access to the observational data, station history, and all other documentation to a worldwide clientele (the customers, the users).

7. Archive – Provide long-term stewardship of and access to the observational data and associated station history data, as well as all other related documentation.

2.2 USCRN System Concept

In order to meet the evolving needs of the climate user communities, the USCRN System must be modular to support future system expansion and modernization, as well as answer emerging questions regarding the environment and climate change.  Also, a strong research component is an essential element of the USCRN Program.  The USCRN System should be able to adapt to:

8. Additional Parameters to be Measured – Accommodate system expansion in response to evolving climate data observational and monitoring requirements.

9. Changes in Sensors and Support Equipment - Incorporate improved measurements as new techniques and technologies are developed.

10. Changes in Communications - Incorporate new and evolving technologies.

11. Data Processing Opportunities - Develop and apply new algorithms, quality control, and data analysis processing techniques and display systems. 

12. Access Requirements - Adapt to evolving technologies that provide improved access {i.e. Next Generation Internet (NGI), E-Commerce, M-Commerce, etc.}

13. Advances in Archiving Methodologies - Migrate databases to new technologies to ensure long-term stewardship and access in perpetuity.

14. Advances in Evaluating Data and Information (Modeling) – Support new modeling and statistical analysis techniques that reduce the uncertainty (raise the confidence level) regarding climate change forecasts and predictions.

2.3
Instrument Suite Configuration

Variations in sensor types (manufacturer and model) and different physical arrangements of instrument suites from location to location, even within the same observing network, generate discontinuities that must be reconciled when producing high fidelity data records useful for examining climate trends, variations, and change.  Therefore, the basic policy of the USCRN Program will be that all USCRN instrument suites will be designed and deployed with the same sensors, support equipment, and physical configuration, regardless of geographic location.  This policy is adopted in an effort to minimize an inhomogeneity factor, which affects the fidelity of climate records.  However, in a limited number of geographic locations, such as the Arctic, a modified design may be required to accommodate the extreme conditions of a particularly unique and harsh operating environment.  The specific configuration and modifications will be documented in the station history files.

Every USCRN instrument suite will be equipped with sensors to measure the listed minimum requirements.  A wind shield will encircle the precipitation gauge (in some places, also acts as a snow shield).  To the greatest extent possible, commercial off-the-shelf (COTS) sensors and support equipment should be utilized, taking into account performance, reliability, and cost factors.  Figure 2‑1 illustrates the design concept of the USCRN System.  
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USCRN SYSTEM DESIGN CONCEPT

3—Measurement Parameters

3.1
Parameter Requirements

This section describes the initial climate observing requirements in terms of the specific parameters to be measured, accuracies, ranges, resolutions, etc.  Installation of sensors will be guided by the recommendations in the WMO, 1996: Doc 8, Guide to Instruments and Methods of Observation, Geneva, Switzerland, i.e. sensors to be installed 1.5 meters above the surface of the ground.  In places where there is significant snow on the ground during the winter months, sensors (bottom of the aspirated temperature shield) are to be installed at a height of 0.6 meters {two (2) feet} above the surface of the maximum recorded snow depth or 1.5 meters {five (5) feet} above the surface of the ground (no snow), whichever is higher.  The 1.5 meters height is also consistent with the recommended height for the ASOS, AWOS, and COOP networks.  

In all cases, safety considerations for personnel installing and maintaining the equipment and sensors must always be taken into account when designing the physical arrangement of the instrument suite.  

Table 3-1 summarizes the USCRN minimum surface observing (measuring) capabilities, listed in terms of primary (essential) and supporting parameters for climate monitoring.

Table 3-1.  USCRN Minimum Observing Capabilities

	USCRN Minimum Observing Requirements 

	Primary Measurements (Surface)

	 Air Temperature

	 Precipitation Accumulation

	

	Supporting Measurements (Surface) 

	 Wind Speed

	 Global Solar Radiation

	 Ground Surface (Skin) Temperature

	    Relative Humidity

	    Soil Moisture and Temperature (at designated sites)


3.2
Calibration of Sensors

Achieving the highest possible quality observations requires that each sensor can be calibrated and will operate reliably and accurately for a prolonged period of time over the defined range of environmental conditions. 

At a minimum, sensors used to measure the designated climate related parameters (primary and supporting) will be calibrated against existing and recognized (traceable) calibration standards.  Standard methods of calibration endorsed by the National Institute of Standards and Technology (NIST) will be followed to the greatest extent possible by the USCRN Program.  In some cases, there are no documented NIST standards.  Alternative calibration and testing procedures can be used, if documented and accepted as standards by the scientific community.  Calibration procedures and standards employed will be documented.  The results of calibration of each sensor will be documented and available as part of the station history files.

Evaluating new sensors and technologies is an integral part of the long-term continuing research and development component of the USCRN Program.  Performance and reliability of new sensors will be determined by examining the resolution, sensitivity, precision, repeatability, and stability under various environmental operating conditions over a sufficiently long period of time.  Where no calibration standards exist, the USCRN Program will approach the NIST and discuss a partnership in the development of new standards. 

3.3
Measuring Environmental Parameters 

Data users need to know everything about how a measurement is taken and how the resulting reported observational values are computed.  In order to provide a complete description of how a sensor performs the task of measuring and subsequent data processing, complete instrument documentation must be available to the users.  Processing algorithms inherent to the sensor and associated with the measurement and subsequent reported observed values must be available for public access and full disclosure as part of the USCRN program.

Standard Deviation (Std. Dev.) is an important value to compute and report because it provides an indication of the reliability (performance) of the sensors.  It is a measure of the “scatter” of measurements over time.  The representativeness (validity) of the mean value is determined by the size of the standard deviation.  Standard deviation is an indicator that contributes to network monitoring and enhances the confidence level in the quality of the measurements.  Standard deviation must be computed at the instrument site because the observations used to compute this value are not retained after all the reported values are computed and transmitted.  
3.3.1
Supporting Measurements

Supporting measurements contribute to improving the confidence in the observational measurements of the sensors.  The supporting observations provide insight into the reliability and performance of the primary sensors by means of a “gross error cross check” between the various parameters measured and reported.  Wind speed measured in the vicinity and near the height of the precipitation gauge orifice also provides useful data when reconciling total precipitation accumulations recorded under windy conditions.  The supporting parameters measured contribute to:  
15. Developing transfer functions for use with similar measurements taken by other surface observing networks, e.g., ASOS, AWOS, COOP, Mesonets.
16. Providing concurrent information about the environment in the immediate vicinity of the instrument site.

17. Monitoring the health (performance) of the sensors, by providing indications (gross error cross checks) that a sensor may be malfunctioning.

18. Providing data to support new and on-going research endeavors regarding the interrelationship between surface wind speed, global solar radiation, radiative surface (skin) temperature, air temperature, and surface (top 5mm) soil moisture/temperature.

3.4 Sensor Performance and Reporting Requirements 

The required individual sensor performance characteristics for each measured primary and supporting parameter are defined in this section.

Except for Ground Surface (skin) Temperature, the definitions used in this section can be found in the Federal Standard Definitions for Meteorological Services and Supporting Research, FCM-S1-1981, published by the Federal Coordinator for Meteorological Services and Supporting Research.

A major multi-agencies study is currently underway assessing current capabilities to measure soil moisture and soil temperature.  Participants include USDA, NASA, NOAA, and others.  The outcome of these studies will help to determine which sensors should be used in a nationwide integrated network of opportunity, encompassing collaboration among several observing networks managed by USDA, NOAA, and others.  The USCRN Program is an active participant in these studies and sensor evaluations. 

This FRD expresses “Reporting Priorities” in terms of High, Medium, and Low.

HIGH (H) - Essential to the program

MEDIUM (M) - Valuable to the program

LOW (L) - Some value, nice to have

3.4.1
Air Temperature 

Definition: A measure of the average kinetic energy of the molecules of the air.

Unique Parameter Requirements:  Minimum of three independent and concurrent measurements.  Temperature sensors will be located in mechanically aspirated shields.

Performance (operating) Requirements:


	Attributes
	

	Range 
	(60 to (60oC

	Accuracy 
	(50 ( T ( (50oC,   ± 0.3

(60 ( T ( (50oC,   ± 0.6

(50( T ( (60oC,    ± 0.6

	Resolution 
	0.01oC 

0.1oC for the 5-min average

	Report (transmitted)  

(All Values for each of the three temperature sensors)
	(H) Max. hourly value (5 minute average) 
(H) Min.  hourly value (5 minute average)
(H) Hourly Average     (12-5 minute averages)

(H) Std. Dev. 


3.4.2
Precipitation Accumulation

Definition: The vertical depth of the amount of precipitation (water equivalent), which reaches the earth’s surface during a specified period of time.

Unique Parameter Requirement: Heated gauge.  Minimum of three concurrent measurements. 

Performance (operating) Requirements:  (* w.e.i.g. – whichever is greater)

	Attributes
	

	Capacity (minimum)
	600 mm 

	Rate of precipitation 
	30 mm per minute

	Operating Temp. Range
	(25 to (60oC

	Accuracy
	( 0.25 mm or ( 2% of the reported value, w.e.i.g.* 

	Resolution
	0.25 mm

	Recording Capability 

(on-site minimum)
	Total Accumulation Value for each one minute time interval.

	Report (transmitted)

(All Values from each of the three measuring devices)
	(H) 15-minute accumulation values

(M) 5-minute accumulation values

(L) Total Hour Accumulation


3.4.3
Wind Speed

Definition: The rate of horizontal motion of the air past a given point.

Performance (operating) Requirements: (* w.e.i.g. – whichever is greater).  
	Attributes
	

	Range
	1‑50 m/s

	Accuracy
	( 1 m/s or ( 2% of reported value w.e.i.g.*  

	Resolution
	1 m/s

	Threshold 
	(1 m/s

	Report (transmit) 

 
	(L) 15-minute averages

(L) Max. Wind Speed for the hour 

(H) Hourly Average 

(H) Std. Dev. 


3.4.4
Global Solar Radiation

Definition: A measure of the total solar radiation received on a horizontal surface.  This includes both direct and indirect (i.e. scattered or diffusely reflected) radiation at solar wavelengths.

Performance (operating) Requirements:
	Attributes
	

	Range
	0‑1400 W/m2

	Accuracy
	( 5% of full scale

	Resolution
	10 W/m2

	Report (transmit)
	(L) 15-minute averaged values 

(H) Hourly Average 

(H) Std. Dev. 


3.4.5
Ground Surface (Skin) Temperature

Definition:  The effective radiative temperature of the surface.
Performance (operating) Requirements: 


	Attributes
	

	Range 
	(50 to (80oC

	Accuracy
	( 0.5oC

	Resolution
	0.1oC

	Report (transmit)
	(H) Hourly Average

(H) Std. Dev. 


3.4.6
Relative Humidity 

Definition: The ratio expressed as a percentage of the actual vapor pressure of the air to the saturation vapor pressure.

Unique Parameter Requirement: Sensor shall be located in a mechanically aspirated shield.

Performance (operating) Requirements:  
	Attributes
	

	Range
	5% to 100%

	Accuracy
	10% ( RH (90%,    ( 3%

(10%  and  (90%,   ( 5%

	Resolution
	1%

	Report (transmit)
	(H) Hourly Average

(H) Std. Dev. 


3.4.7
Soil Moisture and Temperature – To Be Determined

Definition: 

Unique Parameter Requirement:  Variables measured near the surface and additional depths.

Performance (operating) Requirements: 

4—System Performance Requirements

4.1
Operating Environment

The USCRN instrument suite will be deployed in a wide variety of climatic regimes and is required to operate virtually unattended (minimum human presence) for a prolonged period of time.  The fielded instrument suite will be designed to meet stringent operational and environmental requirements related to timeliness, accuracy, and availability.   It must operate dependably while experiencing extremes in temperature, humidity, wind, precipitation (liquid and frozen), and other environmental factors.  The exposed sensors, data processor, batteries, communications device, and associated support equipment must meet robust operational and survival environmental requirements. 

An outdoor environment is one that is unprotected from weather elements.  The outdoor environmental conditions may be grouped into two ranges: standard and extended. The standard range would typically be wide enough to contain the environmental stresses 99 percent of the time.  The instrument suite should operate reliably and within sensor performance specifications defined in Section 4 under prolonged exposures to the standard range of environmental conditions defined in Table 4-1.  The extended range is an attempt to place an outer limit on the environmental stresses under which the instrument suite will survive.  However, the instrument suite may not function reliably and/or the measured data may not be accurate.  The system should automatically return to full performance after exposure to extended conditions.       

Table 4-1. (Specification for NWS Standard Environmental Criteria and Test Procedures, WS-STD-2, Oct. 8, 1984)

	Standard (operating)

	Temperature (oC)
	(60 to (60

	Relative Humidity
	74% @ 35oC to 100% @ 27oC

	Wind (Steady)
	16 m/sec

	Wind (Gust)
	24 m/sec

	Rain
	76 mm/hr @ 16 m/sec wind

	Freezing Rain
	25 mm with 9 m/sec wind

	Dust
	Exposure to dust laden environment

	Sunshine
	1400 Watts/m2  @ 50oC

	Altitude
	(500 to (10,000 ft

	Extended (survival)

	Temperature (oC)
	(65 to (65

	Relative Humidity
	45% @ 43oC  to 100% @ 29oC

	Wind (Steady)
	38 m/sec

	Wind (Gust)
	50 m/sec

	Rain
	127 mm/hr @ 38 m/sec wind

	Freezing Rain
	76 mm with 18 m/sec wind

	Sunshine
	1500 Watts/m2 @ 55oC


4.2
On-Site (Field) Data Storage, Processing, and Communications

The on-site data storage, processing, and communication requirements will provide at least the capabilities to satisfy the Performance Requirements listed in Section 3, to include:

19. Sample at a variety of time intervals.

20. Process and temporarily store raw observations.

21. Compute and store a variety of information and derived data values, such as averages and maxima/minima.

22. Format data and information for electronic transmission.

23. Transfer data and information to the communications device.  

In addition, other engineering information will be stored and transmitted, to include but not limited to, aspirated shield fan motor rpm and battery voltages.

4.2.1
On-Site Data Storage and Processing

The on-site data storage and processing system (referred to as the data logger) must have a capacity to retain a minimum of 60 days of all reported data and information.  It must be able to rapidly assemble and then transfer reportable data to the communication device.  Reported data and information, as well as programmed algorithms, must be retained in memory in the event of total power loss.  It must be possible to electronically extract, through an interface, all data and information that are stored in the data logger’s memory.  It must be possible to perform programming functions to the data logger (processing algorithms and “housekeeping” tasks).  The data logger must be able to operate and survive under the outdoor environmental conditions listed in Table 4-1.  The data logger should be able to accommodate additional sensors, an increased volume of data, higher temporal resolutions, etc., by various means, such as adding more memory, installing a multiplexer, etc.

4.2.2
Communications

The integrated communication system supporting the individual site transmission devices must be able to accomplish a complete “round robin” of transmissions from about 500 instrument suites in less than a total of forty consecutive minutes.  The device used to transmit data and information from the instrument site must have a capacity to store at least twelve hours of reportable data and information.  Reported data and information, as well as programmed algorithms, must be retained in memory in the event of total power loss.  It must be possible to perform programming functions to the on-site transmitting device.  The on-site transmitting device must be able to operate and survive under the outdoor environmental conditions listed in Table 4-1.  The communication system must be able to accommodate an increased total network volume of data and information.

4.3 Documentation, Access, and Archiving

4.3.1
USCRN System Documentation and Station History

Extensive documentation of the USCRN system will be maintained and available to users.  All activities and changes, including changes to the nearby surrounding landscape that may affect the quality of the observations taken and reported, will be thoroughly described, dated, and electronically submitted within seven working days after the completion of the activity.  Station history files will include up-to-date digital photographs of the instrument site and the surrounding terrain.  Satellite images of the site may also be a part of the station history files.  

The instrument site’s coordinates should be accurate to within at least plus or minus fifteen (15) meters for latitude, longitude, and elevation (above or below sea level).  

USCRN will utilize the National Weather Service (NWS) web-based station history form modified for USCRN requirements.  The NWS will decide, as a matter of policy, if the USCRN station history information will be placed into the NWS master station history database.  

4.3.2
Access and Long-term Stewardship (Archiving)

All documentation should be accessible electronically by all users, and is an integral part of the NCDC long-term records retention and archive mission.  

Archiving USCRN observations and other related information and documentation will become part of the routine base activities at the National Climatic Data Center (NCDC).  Observational data, assigned QC flags, and site station history will be placed into the NCDC “permanent” archive and access system.  Format, design, and documentation will be in accordance with the NCDC  “best access and archive practices” utilized for similar databases.

4.4 Power

The entire instrument suite will be configured to minimize damage from lightning and transient power fluctuations in accordance with currently accepted practices.  Power consumption is to be minimized, consistent with the full functional performance of the instrument suite.  

Maintaining specified calibration limits for precision sensors requires the consideration of power fluctuations inherent in AC power sources.  USCRN instrument sites will typically be located in rural areas without the benefit of the response commonly practiced at “near urban” locations.  Furthermore, USCRN instrument suites should continue to operate during short periods of primary power loss to the instrument site.  Considerable effort should be taken to minimize the susceptibility of sensors and supporting equipment to the transient behavior of AC power.  

4.4.1
Operating Power to the Sensors and Support Equipment 

DC power will be utilized as the direct power source for operating the sensors and supporting equipment.  This provides a level of protection from transient power fluctuations and continued operation in the event the primary power source to the instrument site is temporarily interrupted or unavailable.  AC power versus DC power may be required in extreme cold climates. 

At 25oC, the DC power supply (batteries), when charged to 90% of full capacity, should support at least five days (120 hours) of full operation (includes data processing, storage, and transmission) after loss of the instrument site’s primary power source.  The data logger will retain all data after battery levels go below the minimum threshold to support quality observing activities, e.g., maintain aspirated shield fan rpm and recording activities.  When the primary power source to the instrument site is restored, the instrument suite will have the autonomous capability to return to full operations.

4.4.2
Primary Power Source to the Instrument Site

There are inherent potential problems with using direct AC power to operate the instrument suite.  The primary source of power to the instrument site will be typical AC power, i.e., 60Hz, 110 VAC.  The primary power source to the instrument site will be used to maintain a full charge on the instrument suite’s DC power supply (the batteries).  The instrument suite will suffer no damage nor provide any erroneous outputs when subjected to Line Transients -Fluctuations and momentary spikes in the frequency and the range of the voltage values; Low to Zero Voltage - Low voltages, such as brownouts; and High Voltage.

4.4.3
Alternative Sources of Primary Power to the Instrument Site 
Alternative sources of power to the instrument site should be investigated.  An alternative primary source of power to the site would most probably occur when a prospective instrument site is highly desirable and accessing an AC power source is not feasible or acceptable.  One example of an alternative primary power supply to the site is solar power.   In high latitudes where solar is not effective year round, then an on-site generator using a fuel cell, gasoline, or propane might be feasible.

4.5 System Reliability

High system reliability is of prime importance to the USCRN operating concept.  Reliability is defined as the availability and quality of the reported observational data posted to the web accessible USCRN database.  Total end-to-end system reliability should be no less than 98%.  Data received at NCDC via the primary communication medium from the primary measuring sensors should be 98% error-free data when the sensors are exposed to the Standard Operating Environment.  Error‑free means that there are no “flagged” data, but there might be missing data.  The USCRN system will incorporate various quality control (QC) processes to automatically detect missing data (not reported from the field), malfunctioning sensors and support equipment, and suspect observational values.  The USCRN Program is committed to providing as much information as possible and practical about the observational data to the user community, while preserving the original observational data.
4.5.1
Parameter (Observational Data) Quality Control (QC)

The climate research community desires that the least amount of processing of observations (measurements) be performed prior to access to the observational values that are transmitted from the field site.  To this end, minimal processing of measurements will be performed at the instrument site prior to transmitting data and information.  A highly automated “rule-based” inventory (completeness of reporting sites and parameters reported) and observational data quality control system will process USCRN observational data immediately upon arrival at the central data collection and processing center, in this case the NCDC, Asheville, NC.  The QC processing system will also monitor engineering information, such as aspirated shield fan rpm and battery voltage.  Processed data and attached respective “flags” (if any) will be then posted to the web accessible USCRN database for direct on-line access.   As a rule, reported values will not be changed.  Data failing one or more of the QC checks will be assigned a QC flag to alert the user.  Documentation of the quality control processing system is required and will be available to users.  A general description of the process to include the meaning of each flag, as well as the detailed software code, will be available to users.

As part of the continuing research component of the USCRN Program, additional levels of quality control will be developed to monitor network performance and in response to the climate research community’s needs.  

4.5.2
Monitoring the System

Routine monitoring of the “Health of the Network” and early detection of potential sensor and supporting equipment malfunctions and failures are critical to maintaining the system at peak reliability and performance.  The immediate, up-front quality control processing system will generate automated notifications of all flagged data and information by instrument site to designated personnel.  There will be additional layers of “rule-based” quality control software that provides network monitoring and notification.  A determination will be made whether a sensor or piece of support equipment is beginning to fail and a course of action defined to correct the problem.  Typically, action will be taken within a matter of days to correct the situation, depending on the nature of the problem and the impact on data quality and availability.  The situation and corrective action will be documented in the station history files. 

4.6
Shipping, Handling and Storage Environment

The transit, storage, and handling conditions shown in Table 4-2 are the same for either indoor or outdoor major functional components and the lowest repairable units.  These conditions apply when components are packaged in recommended shipping containers. 

Table 4-2.  Shipping, Handling, and Storage Environment. (Ref: Specification for NWS Standard Environmental Criteria and Test Procedures, WS-STD-2, Oct. 8, 1984)
	Conditions

	Temperature 
	(65 to (65oC

	Humidity
	Up to 100% @ 30oC

	Precipitation 
	76 mm/hr @ 16 m/sec

	Altitude
	(500 to 15,000 ft

	Vibration 
	3-5 Hz with acceleration of 1g

	Handling (Transit)
	Up to 80 cm drop


 5—System Support Requirements

5.1
Basic Maintenance Concept

The USCRN system will be designed in accordance with the best available standards and practices.  State-of-the-art techniques will be used to ensure the quality, reliability, maintainability, and extensibility of both the system as a whole, and of its discrete components.  The system should be designed to minimize on-site maintenance time.  This section addresses the basic concepts to be considered and provides information concerning their impacts.  However, subsequent design and engineering analyses are required for actual determinations.

Life Cycle Configuration Management (CM) is a critical component of the USCRN Program.  Two components of Life Cycle CM are Maintenance and Equipment Upgrades.  Dedicated and planned maintenance and overlapping periods with the old and new (replacement) sensors will minimize another concern regarding the fidelity of the climate records.  All maintenance and changes will be documented in the station history files.

Regularly scheduled maintenance visits to each observing site are essential.  These on-site visits will include a complete checkout of the instrument suite (performance checks and calibration, if feasible).  Components not repairable on-site will be replaced and returned to a depot facility.  

The quality control and health of the network monitoring procedures described earlier provides immediate indications and warnings regarding the potential failure or failure of sensors and critical supporting equipment. Timely non-scheduled maintenance activities are an integral part of the total maintenance concept of operations.   

All sensors and support equipment have a finite life expectancy.  A systematic plan for periodic replacement is required to achieve sustained high quality performance and reliability.  Evaluating new technologies, techniques, and sensors is a part of the continuing research component of the USCRN Program.  When the decision is made to replace an existing sensor model with a new style (model) sensor, a minimum one year side-by-side overlapping period will provide the correlation information needed between the old and new sensor.  This practice addresses another data discontinuity issue and enhances the fidelity of the climate record.  

5.2
Support Considerations

There are three basic types of maintenance support critical to sustaining USCRN observing reliability and quality performance standards.

24. Preventive (Housekeeping) Maintenance – Routine (scheduled) and Non-scheduled.  Preventive maintenance include tasks such as emptying the precipitation gauge, adding anti-freeze, cleaning/clearing sensors, grooming the area (mowing), and periodic security checks.  Non-scheduled include clearing snow, clearing debris from the precipitation gauge orifice, and general checks after extreme weather conditions.  A person, local to the site, will be trained to perform these duties.

25. Field Maintenance – Routine (scheduled) Preventive and Non-scheduled (corrective) requiring a technical level response.  Beyond the routine housekeeping maintenance above, a local “First Response” technical capability is useful in response to non-scheduled corrective action.  Wherever possible, a local technician (may not be the local housekeeping person) will be trained to provide basic non-scheduled repair and component replacement services.  Non-scheduled response time should be within five (5) working days or sooner, depending on the nature and priority of the repair.

26. Depot Maintenance – A defective component will be replaced with an off-the-shelf “ready spare” and returned to a depot facility for repair and calibration.  Repaired items will be returned to service, as a ready spare.  

27. Component Replenishment Time – Typically, a replacement component will be delivered within six (6) days for a routine response and three (3) work days for an emergency response.

5.3
Extensibility

The USCRN instrument suite should be extendable in both configuration and function.  State‑of‑the‑art sensor technology will advance during the instrument suite design life expectancy of 15 years.  Therefore, the instrument suite will be designed to accommodate the addition of other types and new sensors.  Also, on-site processing techniques will change, requiring the addition of new software, firmware, and hardware configurations.  

 5.4
Isolation Between Functional Areas and Sensors

The USCRN system should be designed to enhance reliability through the use of soft-failure operations.  Soft‑failure operations mean that the failure of any one or combination of functional areas will not cause an operational failure within any other functional area.  It also means that the failure of any one or more individual sensors will not affect the performance of any other sensor.  
The following are essential soft‑failure safeguards:

1. Individual sensor failure does not affect the operations of any other sensors. 

2. A sensor failure does not affect the recording and reporting operations of the instrument suite.

3. Failure of one or a combination of functional areas does not result in damage to any other functional areas.
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