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Abstract

The purpose of this Appendix is to capture system requirements for the LANCE MODIS Element. All LANCE NRT systems distribute higher-level products to users within 3 hours of satellite observation on a best effort basis. General requirements for all LANCE Elements are captured in the core document,
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A.1. [bookmark: _Toc276219403] INTRODUCTION
A.1.1 [bookmark: _Toc276219404]Purpose
General requirements for all LANCE elements are in the core LANCE Requirements document. The purpose of this document is to summarize the specific system requirements of LANCE Moderate-Resolution Imaging Spectroradiometer (MODIS) (also referred to as the LANCE element) list any deviations from the core requirements and set out the roles and responsibilities of LANCE and the EOS Data and Operations System (EDOS) data provider. 
A.1.2 [bookmark: _Toc276219405]Scope
LANCE MODIS activities that support the distribution of NRT imagery and products through LANCE are within the scope of this Appendix. General requirements, applicable to all LANCE Elements are described in the “Land, Atmosphere Near-real-time Capability for EOS (LANCE) Requirements” (Document 423-RQMT-002) Sections 1 through 9. This is the MODIS Appendix A to the core document.
A.1.3 [bookmark: _Toc276219406]LANCE Overview
The Land Atmosphere Near Real-Time Capability for EOS (LANCE) meets the timely needs of applications such as numerical weather and climate prediction, forecasting and monitoring natural hazards, agriculture, air quality and disaster relief. The LANCE architecture leverages the existing satellite data processing systems in order provide data and imagery available from select EOS instruments within 3 hours of satellite observation. 


A.2. [bookmark: _Toc276219407]ORGANIZATIONAL RESPONSIBILITIES
[bookmark: _Toc276219408]LANCE MODIS Responsibilities
The LANCE MODIS is responsible for ingesting, processing and distributing NRT data to end users, providing imagery to the Global Imagery Browse Services (GIBS), providing system metrics to EMS and providing end user support.  LANCE MODIS is also responsible for processing and distributing MODIS active fire /hotspot information through the Fire Information for Resource Management System (FIRMS). The LANCE MODIS will assign a lead point of contact to participate in status and user meetings.
[bookmark: _Toc276219409]LANCE Responsibilities
LANCE is responsible for maintaining the LANCE NRT pages of the Earthdata website, coordinating priorities, with the LANCE User Working Group and EOSDIS to implement recommendations and the introduction of new products.
[bookmark: _Toc276219410]EDOS Responsibilities
EDOS shall provide L0 data products to LANCE MODIS within 1 hour of Loss of Signal on a best effort basis. EDOS shall also provide metrics to the ESDIS Metric System (EMS) for ingest, latency and distribution.


A.3. [bookmark: _Toc276219411]LANCE MODIS ARCHITECTURE
LANCE Moderate-Resolution Imaging Spectroradiometer (MODIS) data originates from the Terra and Aqua spacecraft. Terra data (see Figure A.3-1) are downlinked to White Sands, New Mexico via the Tracking and Delay Relay Satellite (TDRSS) while Aqua data (see Figure A.3-2) are downlinked to the Polar Ground Stations (PGS) in Norway and Alaska.  Data from both spacecraft are processed by EOS Data and Operations System (EDOS) to Level 0 (L0) and distributed to LANCE MODIS in NRT (generally within 1 hour of Loss of Signal during downlink). The architecture of the LANCE MODIS system is shown in Figure A.3-3.

LANCE MODIS (co-located with the MODIS Adaptive Processing System (MODAPS)) ingests Session Based Production Data Set (PDS) MODIS Data from EDOS and generates MODIS L1-L3 products for distribution to users.  LANCE MODIS operates a redundant string (located at GSFC) in order to ensure Operational Availability.

[image: ]
[bookmark: _Toc276219451]Figure A.3 ‑1: Terra MODIS data flow

[image: ]
[bookmark: _Toc276219452]Figure A.3‑2: Aqua MODIS data flow


[image: ]
[bookmark: _Toc276219453]Figure A.3‑3: LANCE MODIS Architecture


A.4. [bookmark: _Toc276219412]LANCE NEAR-REAL-TIME SYSTEM REQUIREMENTS
A.4.1. [bookmark: _Toc276219413]LANCE MODIS System Requirements
In addition to the requirements outlined in the core document the LANCE MODIS Element shall:
A.4.1.1 [bookmark: _Toc276219414]Provide Level 1 and Level 2 Terra and Aqua MODIS data to users within an average of 3 hours of observation and Level 3 data within an average of 24 hours on a best effort basis.
A.4.1.2 [bookmark: _Toc276219415]Register data granules within the ECHO/CMR metadata repository within an average of 15 minutes after products are available for download from Element.
A.4.1.3 [bookmark: _Toc276219416]Provide MODIS Active Fire / Hotspot locations to users through FIRMS within an average of 15 minutes after HDF products are available for download from Element. 
A.4.1.4 [bookmark: _Toc276219417]Provide Terra and Aqua MODIS imagery to GIBS within an average of 30 minutes on a best effort basis after the corresponding granule metadata as been registered in ECHO.
A.4.1.5 [bookmark: _Toc276219418]Provide Terra and Aqua MODIS Metrics to ESDIS Metric System (EMS) for Ingest, Archive and Distribution as described in the ICD between EMS and the Data Providers daily (See Applicable Section of the core Document number 423-47-01).


A.5. [bookmark: _Toc276219419]EDOS NEAR-REAL-TIME SYSTEM REQUIREMENTS
A.5.1. [bookmark: _Toc276219420]EDOS Near-Real-Time System Requirements
[bookmark: _Toc276219421]EDOS shall provide data products as specified in Table A11-1 to LANCE MODIS within 1 hour of Loss of Signal on a best effort basis. 
[bookmark: _Toc276219422]The EDOS shall provide metrics to the ESDIS Metric System (EMS) for ingest, latency and distribution as described in the Interface Control Document (ICD) between EMS and the Data Providers (See Applicable Section of the core Document number 423-47-01).


A.6. [bookmark: _Toc276219423]LANCE MODIS DATA INGEST REQUIREMENTS
A.6.1 [bookmark: _Toc276219424]General 
In addition to the requirements outlined in the core document the LANCE MODIS Element shall: 
A.6.1.1 [bookmark: _Toc276219425]	Ingest Session Based Production Data (PDS) from EDOS.
A.6.1.2 [bookmark: _Toc276219426]Ingest Rate Buffered Aqua Attitude data from EDOS.
A.6.1.3 [bookmark: _Toc276219427]Ingest from EDOS Terra MODIS data at an average daily volume as shown in Table A.11-1.
A.6.1.4 [bookmark: _Toc276219428]Ingest from EDOS Aqua MODIS data at an average daily volume as shown in Table A.11-1.
A.6.1.5 [bookmark: _Toc276219429]Ingest from GES DISC Terra Attitude and Ephemeris data.
A.6.1.6 [bookmark: _Toc276219430]Ingest ancillary data products from the data suppliers such as: GFS (NOAA), TOAST (NESDIS), GDAS_OZF (NCEP), SEA_ICE (NCEP) and NISE (NSIDC), REYNSST (NCEP)




A.7. [bookmark: _Toc276219431]LANCE NEAR-REAL-TIME DATA PROCESSING REQUIREMENTS
A.7.1 [bookmark: _Toc276219432]General
In addition to the requirements outlined in the core document:
A.7.1.1 [bookmark: _Toc276219433]The LANCE MODIS shall pre-process EDOS Session Based Terra and Aqua MODIS PDS data, remove duplicate packets and incorrectly time-tagged data and generate 5 minute granules in the standard format used by MODIS PGE01.
A.7.1.2 [bookmark: _Toc276219434]The LANCE MODIS shall use entrained Terra attitude and ephemeris data and shall generate predicted metadata from GES DISC ephemeris data for use by MODIS PGE01.
A.7.1.3 [bookmark: _Toc276219435]The LANCE MODIS shall pre-process Aqua Attitude and Ephemeris data and convert it to the format used by MODIS PGE01.
A.7.1.4 [bookmark: _Toc276219436]The LANCE MODIS shall distinguish all Terra and Aqua MODIS Near-Real-Time products from standard products.
A.7.1.5 [bookmark: _Toc276219437]The LANCE MODIS shall produce all Terra MODIS and Aqua data products that listed in Table A.11-2. LANCE MODIS will not be required to add the _NRT suffix to the ESTD.
A.7.1.6 [bookmark: _Toc276219438]The LANCE MODIS shall generate Terra and Aqua MODIS Level 3 Land Surface Reflectance, Vegetation Index and BRDF data Products.
A.7.1.7 [bookmark: _Toc276219439]The LANCE MODIS shall generate Terra and Aqua MODIS browse atmospheres and land images for inclusion on the LANCE website.
A.7.1.8 [bookmark: _Toc276219440]The LANCE MODIS shall provide NRT imagery generated for inclusion in to GIBS as agreed in the GIBS /Element Operating Agreement [REF].


A.8. [bookmark: _Toc276219441]LANCE Near-Real-Time Distribution Requirements
A.8.1 [bookmark: _Toc264559362][bookmark: _Toc264563192][bookmark: _Toc276219442]General
In addition to the requirements specified in the core document:
A.8.1.1 [bookmark: _Toc276219443]The LANCE MODIS shall be able to sustain a distribution minimum of 500Mbps or a volume of 5.4 Terabyte/day.
A.8.1.2 [bookmark: _Toc276219444]The LANCE MODIS shall be capable of maintaining parallel collections (e.g. 5 and 6), and exporting parallel collections to ECHO, for one year. Collections should be distinguished in the granule ID extension e.g. NRT.005 or NRT.006
A.8.1.3 [bookmark: _Toc276219445]The LANCE MODIS shall distribute MCD14DL through FIRMS as email alerts, text files, SHP files and KML files.


A.9. [bookmark: _Toc276219446]LANCE MODIS User Services and Support Requirements
A.9.1 [bookmark: _Toc276219447]General
In addition to the requirements specified in the core document:
A.9.1.1 [bookmark: _Toc276219448]The LANCE MODIS shall host links to FIRMS NRT data sources for user access on the Earthdata website.

A.10. [bookmark: _Toc276219449]LANCE MODIS Algorithm and Product Validation Requirements
See Core Document Section 9
A.11. [bookmark: _Toc276219450]LANCE MODIS Near Real-Time Tables

[bookmark: _Toc276219454]Table A.11‑1: L0 data types provided by EDOS to LANCE MODIS for NRT processing
	Instrument/Spacecraft
	APID
	Product Type
	Destination
	Volume
(GB/day)

	MODIS/Terra
	64
	Session-based PDS
	LANCE MODIS
	82.46

	MODIS/Aqua
	64
	Session-based PDS
	LANCE MODIS
	76.87

	GBAD/Aqua
	957
	Rate Buffered Data (RBD)
	LANCE MODIS
	0.011

	TOTAL
	
	
	
	159.34






[bookmark: _Toc276219455]Table A.11‑2: LANCE MODIS Near-Real-Time MODIS Products that are available for public distribution. For the Short-name substitute x = o for Terra or x = y for Aqua or c = combined for Aqua and Terra (1 of 2)
	Short-name
	PGE Description
	Product Description
	Volume
(GB/day)

	MxD00F
	PGE95: Level 0 Splitter
	MODIS Level 0 Raw Instrument Packets (5 minutes)
	137.96

	MxD00S
	Ingested from EDOS
	MODIS Level 0 PDS Data, Session-Based
	150.01

	MxD01
	PGE01: L1A Raw Radiances and Geolocation
	MODIS Raw Radiances in Counts 5-Min L1A Swath
	215.31

	MxD03
	PGE01: L1A Raw Radiances and Geolocation
	MODIS Geolocation Fields 5-Min Swath, 1km
	15.58

	MxD021KM
	PGE02: L1B Calibration
	MODIS Calibrated Radiances 5-Min L1B Swath 1km
	60.95

	MxD02HKM
	PGE02: L1B Calibration
	MODIS Calibrated Radiances 5-Min L1B Swath 500m
	42.4

	MxD02QKM
	PGE02: L1B Calibration
	MODIS Calibrated Radiances 5-Min L1B Swath 250m
	47.8

	MxD02SSH
	PGE93: L1B Sub-sampler
	L1B Subsampled Calibrated Radiances, 5-Min Swath 5km
	6.56

	MxD07_L2
	PGE03: L2 Cloud Masks/Atmospheric Profiles
	MODIS Temperature and Water Vapor Profiles 5-Min L2
	3.5

	MxD35_L2
	PGE03: L2 Cloud Masks/Atmospheric Profiles
	MODIS Cloud Mask and Spectral Test Results 5-Min L2
	1.65

	MxD04_L2
	PGE04: L2 Atmosphere
	MODIS Aerosol 5-Min L2 Swath 10km
	0.31

	MxD05_L2
	PGE04: L2 Atmosphere
	MODIS Total Precipitable Water Vapor 5-Min L2 Swath 1km
	1.89

	MxD06_L2
	PGE06: L2 Clouds
	MODIS Clouds 5-Min L2 Swath 1km and 5km
	9.82

	MxD09
	PEG11: Land Surface Reflectance
	MODIS Surface Reflectance 5-Min L2 Swath 250m, 500m and 1km
	98.92

	MxD09CMA
	PGE75: L3 Daily Land Surface Reflectance
	MODIS/Terra Aerosol Optical Thickness Daily L3 Global 0.05Deg CMA
	0.03

	MxD09CMG
	PGE75: L3 Daily Land Surface Reflectance
	MODIS CMG Daily Surface Reflectance - 0.05Deg
	0.97

	MxD09GHK
	PGE13: L2G Land Surface Reflectance
	MODIS Level 2G Daily Surface Reflectance - 500m
	36.61

	MxD09 GQK
	PGE13: L2G Land Surface Reflectance
	MODIS Level 2G Daily Surface Reflectance - 250m
	50.79

	MxD09GST 
	PGE13: L2G Land Surface Reflectance
	MODIS L2G Daily, Tiled, 1km Surface Reflectance
	1.28

	MxD09GA
	PGE13: L2G Land Surface Reflectance
	MODIS Light L2G Daily, Tiled 500m and 1 km
	34.85

	MxD09GQ
	PGE13: L2G Land Surface Reflectance
	MODIS Light L2G Daily, Tiled 250m
	37.73

	MOD09A1N
	PGE21N: Level 3 Daily rolling 8-Day Land surface reflectance
	MODIS Level 3 Daily Rolling-8-Day Surface Reflectance - 500m
	16.9





Table A.11‑2: LANCE MODIS Near-Real-Time MODIS Products that are available for public distribution. For the Short-name substitute x = o for Terra or x = y for Aqua or c = combined for Aqua and Terra (2 of 2)
	Short-name
	PGE Description
	Product Description
	Volume
(GB/day)

	MOD09Q1N
	PGE21N: Level 3 Daily rolling 8-Day Land surface reflectance
	MODIS Level 3 Daily Rolling-8-Day Surface Reflectance - 250m
	15.9

	MxD10_L2 
	PGE07: L2 Snow Cover
	MODIS Snow Cover 5-Min L2 Swath 500m
	0.52

	MxD11_L2
	PGE16: L2 Land Surface Temperature
	L2 Surface Temperature and Emissivity, 5-Min Swath 1km
	1.32

	MOD13A4N
	PGE25N: Level 3 8-Day Vegetation Indices
	Level 3 Daily Rolling-8-Day Vegetation Indices - 500m
	13.97

	MOD13Q4N
	PGE25N: Level 3 8-Day Vegetation Indices
	Level 3 Daily Rolling-8-Day Vegetation Indices - 250m
	46.92

	MXD14T
	PGE103: Fire Location Text Files
	Level 2 Thermal Anomalies/Fire - 1km Text file for FIRMS
	0.0003

	MxD14
	PGE29: L2 Thermal Anomalies/Fire
	MODIS Thermal Anomalies/Fire 5-Min L2 Swath 1km
	0.12

	MxD29
	PGE08: L2 Sea Ice
	MODIS Level 2 5-Min Sea Ice Cover - 1km
	0.59

	MxDAODHD
	PGE122: Value added L3 Aerosol Optical Depth.
	L3 Value-added Aerosol Optical Depth
	0.003

	AM1EPHN0
	PGE97: Extrapolated Orbital Metadata for NRT Production
	Spacecraft Ephemeris Data
	0.01

	AM1EPHNE
	PGE97: Extrapolated Orbital Metadata for NRT Production
	Extrapolated Orbital Data
	0.00001

	MXDMGGAD
	PGE12: Level 2G Pointers
	MODIS Level 2G Daily Daytime Geolocation Angles - 1km
	7.29

	MXDPTHKM
	PGE12: Level 2G Pointers
	MODIS Level 2G Daily Daytime Pointers - 500m
	10.98

	MXDPTQKM
	PGE12: Level 2G Pointers
	MODIS Level 2G Daily Daytime Pointers - 250m
	42.1

	MxDTBGD
	PGE13: L2G Land Surface Reflectance
	MODIS L2G Daily, Tiled Daytime Thermal Bands 1km
	5.34

	MYDGB0
	PGE96: Level 0 Aqua GBAD Ephemeris and Attitude for NRT
	MODIS PM1 5-minute GBAD data in L0 format
	0.01

	PM1ATTNR_NRT
	PGE96: Level 0 Aqua GBAD Ephemeris and Attitude for NRT
	GBAD Spacecraft Attitude Data
	0.01

	PM1EPHND_NRT
	PGE96: Level 0 Aqua GBAD Ephemeris and Attitude for NRT
	GBAD Spacecraft Ephemeris Data
	0.01

	TOTAL Terra & Aqua*
	
	1116.91


Additional products maybe added to this table following approval from the LANCE UWG.
*  Combined ESDTs (MCD) are counted once in the total 


Abbreviations and Acronyms
	EDOS
	EOS Data and Operations System

	EMS
	EOSDIS Metric System

	EOS
	Earth Observing System

	EOSDIS
	Earth Observing System Data and Information System

	FTP
	File Transfer Protocol

	GBAD
	Ground Based Attitude Data

	GDAS_OZF
	NCEP 1-Degree Global Data Assimilation Model Product

	GES DISC
	Goddard Earth Sciences Data and Information Services Center

	GFS
	Global Forecast System

	GIBS
	Global Imagery Browse Services

	GSFC
	Goddard Space Flight Center

	ICD
	Interface Control Document

	LANCE 
	Land, Atmosphere Near-Real-Time Capability for EOS

	L0
	Level zero

	L1
	Level one

	L2
	Level two

	L3
	Level three

	MODIS
	Moderate-Resolution Imaging Spectroradiometer

	MODAPS
	MODIS Adaptive Processing System

	NCEP
	National Center for Environmental Prediction

	NESDIS
	National Environmental Satellite Data and Information Service

	NISE
	NSIDC's Near real-time Ice and Snow Extent

	NOAA
	National Oceanic and Atmospheric Administration

	NRT
	Near-Real-Time

	NSIDC
	National Snow and Ice Data Center

	PDS
	Production Data Set

	PGE
	Product Generation Executive

	PGS
	Polar Ground Stations

	RBD
	Rate Buffered Data

	REYNSST
	NCEP Reynolds Blended SST Weekly Product

	SEA_ICE
	NCEP SSMI Sea Ice Modelers Grid Data Level 3 Product

	TDRSS
	Tracking and Delay Relay Satellite

	TOAST
	Total Ozone Analysis using SBUV/2 and TOVS

	URS
	User Registration System

	UST
	User Support Tool
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