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See the document “Instructions for Using CDR Program Templates” [CDRP-INST-0410] for details on the formatting styles and other aspects not described below.
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[bookmark: _Toc381019428][bookmark: _Toc305599156]Introduction
[bookmark: _Toc381019429]Purpose
The purpose of this document is to describe the algorithm submitted to the National Climatic Data Center (NCDC) by <TBD PI / Research organization> that will be used to create the <TBD CDR Web Page Name from CDRP-STD-0261> Climate Data Record (CDR), using the <TBD satellite/system/sensor list>. The actual algorithm is defined by the computer program (code) that accompanies this document, and thus the intent here is to provide a guide to understanding that algorithm, from both a scientific perspective and in order to assist a software engineer or end-user performing an evaluation of the code.
For examples of existing C-ATBDs, please see the “Algorithm Description” links at http://www.ncdc.noaa.gov/cdr/operationalcdrs.html, and in particular that for the Outgoing Longwave Radiation CDR, at http://www1.ncdc.noaa.gov/pub/data/sds/cdr/CDRs/Outgoing_Longwave_Radiation/AlgorithmDescription.pdf. Also note that new or revised C-ATBDs should use the new font and paragraph formats in the current version of this template.
[bookmark: _Toc381019430]Definitions
Following is a summary of the symbols used to define the algorithm.
The headings below may be modified as needed.
Spectral and directional parameters:
Symbol = description or formula. Use trailing spaces to align.                                (1)
Atmospheric parameters:
Symbol = description or formula. Use trailing spaces to align.                                (2)
Polynomial representations:
Symbol = description or formula. Use trailing spaces to align.                                (3)
[bookmark: _Toc381019431]Referencing this Document
This document should be referenced as follows:
<CDR Web Page Name from CDRP-STD-0261> - Climate Algorithm Theoretical Basis Document, NOAA Climate Data Record Program <CDRP-XXX-XXXX by CDRP Document Manager> Rev. X (YYYY). Available at http://www.ncdc.noaa.gov/cdr/operationalcdrs.html
[bookmark: _Toc381019432]Document Maintenance
It is critically important to the CDR Program that the algorithm and this document be maintained in synchronization as the algorithm evolves. Describe how this synchronization will be accomplished.
 <Enter Text Here>
[bookmark: _Toc381019433]Observing Systems Overview
[bookmark: _Toc381019434]Products Generated
Summarize the data products generated by the algorithm. These will be described in more detail in a later section.
<Enter Text Here>
[bookmark: _Toc381019435]Instrument Characteristics
Summarize the attributes of the sensing system(s) used to supply data for this algorithm, with references to published descriptions.
 <Enter Text Here>
[bookmark: _Toc381019436]Algorithm Description
[bookmark: _Toc381019437]Algorithm Overview
Provide a single paragraph summarizing the content in this section.
<Enter Text Here>
[bookmark: _Toc381019438]Processing Outline
Fully describe the processing outline for this algorithm, including references to publications as needed. All key elements and sub-elements needed to convey a comprehensive sense of the algorithm should be included. A data flow diagram consistent with the software architecture is expected as part of the submitted package. The content here should reference that diagram and be consistent with it.
<Enter Text Here>
[bookmark: _Toc381019439]Algorithm Input
[bookmark: _Toc381019440]Primary Sensor Data
Briefly describe the raw sensor data, and indicate whether these data are input directly to the algorithm or whether a derived data product is used as input. Include format, version, size, location, access, and references as necessary.
<Enter Text Here>
[bookmark: _Toc381019441]Ancillary Data
Provide details of any ancillary data needed by the algorithm, including format, version, size, location, and access, and references as necessary.
<Enter Text Here>
[bookmark: _Toc381019442]Derived Data
Describe any preprocessing steps that are applied to the raw sensor data prior to being input to the algorithm, and the data products created by this preprocessing. Include format, version, size, location, and access as necessary. Indicate “Not applicable” if there are no derived inputs.
<Enter Text Here>
[bookmark: _Toc381019443]Forward Models
Describe any forward models used as input to the algorithm. Indicate “Not applicable” if there are no forward models.
<Enter Text Here>
[bookmark: _Toc381019444]Theoretical Description
The purpose of this section is to provide information that will help the CDR software engineer understand the code that has been submitted. It is not necessary to define the algorithm in such detail that it could be recoded from scratch.
<Enter Text Here>
[bookmark: _Toc381019445]Physical and Mathematical Description
Describe the physics, radiative transfer, and associated phenomenology used to develop the algorithm. Also describe the mathematics used, including all simplifications, approximations, and numerical methods. Provide references to relevant published work. For mathematical expressions use the CDREquation style, as shown by the example below:
<Enter Text Here>
Symbol = description or formula. Use trailing spaces to align                                (1)
<Enter Text Here>
[bookmark: _Toc381019446]Data Merging Strategy
Explain how data from the different sensors, spacecraft, and mission is merged to create the Climate Data Record.
<Enter Text Here>
[bookmark: _Toc381019447]Numerical Strategy
 Describe the overall numerical strategy and identify the specific elements. Include references to any published computer science algorithms.
<Enter Text Here>
[bookmark: _Toc381019448]Calculations
Define the algorithm steps in as much detail as needed for a non-specialist to understand the algorithm as defined by the submitted code. There is no need to discuss the details of file path generation, file opening and closing, file management, memory management, exception handling, and the like, as these are described elsewhere in this document and in more depth in the Operational Algorithm Description (OAD).
<Enter Text Here>
[bookmark: _Toc381019449]Look-Up Table Description
Fully describe the origin, construction, and use of any look-up tables used by the algorithm.
<Enter Text Here>
[bookmark: _Toc381019450]Parameterization
Fully describe the origin, construction, and use of any parameterizations used by the algorithm.
<Enter Text Here>
[bookmark: _Toc381019451]Algorithm Output
Fully describe the data products produced by the algorithm. This includes generic names and contents, file formats, specific data, physical units, and estimated sizes.
<Enter Text Here>
[bookmark: _Toc381019452]Test Datasets and Outputs
[bookmark: _Toc381019453]Test Input Datasets
Describe the test datasets used to characterize the performance of the algorithm and quality of the data product(s), including the breadth of the domain (typical versus stressing states) used in the analysis and assessment. For the CDR Program it is expected that test inputs primarily consist of operational data rather than simulated data. Please also identify any known gaps in test coverage by these datasets.
<Enter Text Here>
[bookmark: _Toc381019454]Test Output Analysis
[bookmark: _Toc381019455]Reproducibility
Describe the steps needed to verify that the test results obtained using the above data sets correctly reproduce the results obtained during algorithm development.
<Enter Text Here>
[bookmark: _Toc381019456]Precision and Accuracy
Describe the precision and accuracy expectations for the algorithm, and provide details on how these may be measured.
<Enter Text Here>
[bookmark: _Toc381019457]Error Budget
Organize the various error estimates into an error budget, presented as a table. Error budget limitations should be explained. Describe prospects for overcoming error budget limitations with future maturation of the algorithm, test data, and error analysis methodology.
<Enter Text Here>
[bookmark: _Toc381019458]Practical Considerations
[bookmark: _Toc381019459]Numerical Computation Considerations
Describe how the algorithm is numerically implemented, including any parallelization. Include any possible issues with computationally intensive operations (e.g., large matrix inversions), and any situations that could lead to inaccurate results, exceptions, or infinite loops (e.g., the effects of round-off error on operations involving both very large and very small numbers). 
<Enter Text Here>
[bookmark: _Toc381019460]Programming and Procedural Considerations
Describe any important programming and procedural aspects related to implementing the numerical model into operating code. Execution speed optimizations should be included here.
<Enter Text Here>
[bookmark: _Toc381019461]Quality Assessment and Diagnostics
Describe how the quality of the output products can be assessed and documented, and how any anomalies can be diagnosed. 
<Enter Text Here>
[bookmark: _Toc381019462]Exception Handling
List the complete set of expected exceptions, and describes how they are identified, trapped, and handled. 
<Enter Text Here>
[bookmark: _Toc381019463]Algorithm Validation
Describe how the algorithm was validated prior to being submitted to the CDR and describe in detail the recommended approach for validation prior to being it being made operational by the CDR Program.
<Enter Text Here>
[bookmark: _Toc381019464]Processing Environment and Resources
Identify the computer hardware, operating system, programming language(s), compilers, external libraries, and their versions that were used to create the data products being submitted. Please also indicate the total CPU and wall clock time that was used, and the amount of temporary storage needed during processing.
<Enter Text Here>
[bookmark: _Toc381019465]Assumptions and Limitations
Use this section to describe all assumptions that have been made concerning the algorithm’s theoretical basis and performance estimates. Describe any potential limitations in the intended use of the algorithm and its products. Use the following subheadings, and add any additional subheadings that may be needed.
<Enter Text Here>
[bookmark: _Toc381019466]Algorithm Performance
Describe all assumptions that have been made concerning algorithm performance. To the extent possible, the potential for degraded performance should be explored, along with mitigating strategies.
<Enter Text Here>
[bookmark: _Toc381019467]Sensor Performance
List the assumptions made concerning sensor performance, addressing radiometric noise, radiometric calibration, spatial and spectral error effects, and geophysical effects as relevant, any other relevant sensor performance assumptions.
<Enter Text Here>
[bookmark: _Toc381019468]Future Enhancements
Describe potential future enhancements to the algorithm, the limitations they will mitigate, and provide all possible and useful related information and links. This subsection should be organized into separate subsections for each potential enhancement, ordered according to a combination of highest operational priority and greatest feasibility.
<Enter Text Here>
[bookmark: _Toc381019469]Enhancement 1
<Enter Text Here>
[bookmark: _Toc381019470]Enhancement 2
<Enter Text Here>
[bookmark: _Toc381019471]References
Include all references cited in the CATBD. References should be listed in alphabetical order. References that begin with an author list should begin with the last name of the lead author. The following examples indicate the preferred style for three common types of references. Use the CDRReference style to format references.
Ackerman, S. et al. (1997). Discriminating clear-sky from cloud with MODIS: Algorithm Theoretical Basis Document, Version 3.2.
Food and Agriculture Organization of the United Nations, Digital Soil Map of the World and Derived Soil Properties-Version 3.5, FAO/UNESCO, Rome, 1995.
Friedl, M. A., and C.E. Brodley (1997). Decision tree classification of land cover from remotely sensed data. Remote Sens. Environ., 61:399-409.
[bookmark: _Toc381019472]Table Sample
Table 1 below shows the table layout. Copy and paste this table and its caption as needed to reuse its properties. The table should appear immediately below the paragraph where it is first called out. Note that table properties, e.g., those that control splitting of rows across pages, are not styles, and cannot be automatically updated by reapplying the template. 
The style overrides “Home | Paragraph | Line and Page Breaks | Keep With Next” and “Home | Paragraph | Line and Page Breaks | Keep Lines Together” can be used to keep text such as this paragraph on the same page as the table.
To create the caption from scratch, use “References | Captions | Insert Caption” to insert a table caption that can be referenced in the front matter, enter the text, and apply the CDRTableCaption style. The left and right indent of the caption may be overridden to make a more pleasing layout.
[bookmark: _Toc381020154]Table 1: Table captions use CDRTableCaption style with colon and space after the field number. Table captions should be placed above the table.
	CDRTableHeading 
	CDRTableHeading

	CDRTableText
	CDRTableText


[bookmark: _Toc381019473]Figure Sample
Figure 1 below shows the figure layout. Copy and paste this figure and its caption as needed to reuse its properties. The figure should appear immediately below the paragraph where it is first called out. 
The style overrides Home | Paragraph | Line and Page Breaks | Keep With Next and Home | Paragraph | Line and Page Breaks | Keep Lines Together can be used to keep text such as this paragraph on the same page as the figure.
To create the caption from scratch, use “References | Captions | Insert Caption” to insert a table caption that can be referenced in the front matter, enter the text, and apply the CDRFigureCaption style. The left and right indent of the caption may be overridden to make a more pleasing layout.
[image: MC900276204[1]]
[bookmark: _Toc381020145]Figure 1: Figure captions use the Caption style and should be placed under the figure. The paragraph indentation may be adjusted for a pleasing result.
[bookmark: _Toc381019474]Acronyms and Abbreviations
Modify the following table to include all acronyms and abbreviations appearing in this document.
	Acronym or Abbreviation
	Definition

	ANSI
	American National Standards Institute

	C-ATBD
	Climate Algorithm Theoretical Basis Document

	CDR
	Climate Data Record

	IEEE
	Institute of Electrical and Electronic Engineers

	ICD
	Interface Control Document

	IOC
	Initial Operating Capability

	FOC
	Full Operating Capability

	NCDC
	National Climatic Data Center

	NOAA
	National Oceanic and Atmospheric Administration

	OAD
	Operational Algorithm Description




[bookmark: _Toc305599192][bookmark: _Toc381019475]Additional Appendix Heading
This appendix is a placeholder for any additional appendices that may be needed.
Appendix headings are implemented as CDRAppendixHeading style. This style will start each appendix on a new page.
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