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1. Project Summary  
Summary in Brief: This project is to ensure that the surface marine observations, most of 
which are invested and managed by NOAA, are officially archived at NOAA’s National 
Centers for Environmental Information archive and serviced to the public. This is to avoid 
any potential permanent loss of data and investment by NOAA/OCO (Figure 1). This 
project further carries through an end-to-end process (Figure 2), from data ingest of the 
observing systems to data quality control, gridded and blended data production, and direct 
data services to the user communities. This includes scientific research, marine ecosystems 
(e.g., NOAA’s World Coral Reef Watch), renewable energy industries (offshore energy), 
marine transportation (e.g., ship routing services in near real time), outreach and 
education, among many others.   
 

 
Figure 1: NCEI serves as NOAA’s official archive of weather, climate, ocean, and geophysical data. This 
project’s goal is to ensure that the marine surface observations managed by NOAA OCO (this figure, from 
COD’s Observing System Monitoring Center: http://osmc.noaa.gov/Monitor/OSMC/OSMC.html), and others 
such as international VOSClim, become part of NOAA’s Archive and are served to the public online.  

http://osmc.noaa.gov/Monitor/OSMC/OSMC.html
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Figure 2: Conceptual diagram of the project’s end-to-end data process, from ingest to archive, quality control 
and products development and services for societal benefits. 
 
Project Scope: 
The data of this project include those from ship and buoy observations invested by NOAA, data 
collected in ICOADS and from the VOSClim fleet, as well as satellite observed sea surface 
winds. This project directly supports NOAA’s mission: “To understand and predict changes in 
Earth’s environment and conserve and manage coastal and marine resources to meet our 
Nation’s economic, social, and environmental needs.” It directly serves the Climate Observation 
Division’s program deliverables: 1) To identify climate variability through surface marine 
observations including SST and sea surface winds; and 2) To identify changes in forcing 
functions through the air-sea exchange processes. This is accomplished by fulfilling NCEI’s 
mission: “To provide long-term preservation, stewardship, and access to the nation’s resource of 
global climate and historical weather data, and assess and monitor climate variation and change.” 
 
This project also supports NOAA’s Congressional mandate to preserve the Nation’s Weather and 
Climate Data as a National asset, as well as the National Climate Assessments required under the 
U.S. Global Change Research Program (USGCRP), which began as a presidential initiative in 
1989 and was mandated by Congress in the Global Change Research Act of 1990 (P.L. 101-606). 
This mandate provides essential support of the environmental data needs of the nation’s public, 
private, and academic sectors. Partners and customers who will benefit from these services 
include federal, state and local agencies, scientists, researchers, resource managers, businesses, 
communities, and decision makers that can use the data and information for their strategic 
planning, actions, and decisions (e.g., coastal communities, building code, and planning of power 
plant, and transportation infrastructure, to name just a few). A well-known example is the El 



 FY2014 Annual Report:  Ocean Data Management at NCEI  Page 3 of 13 

Niño events that affect multiple billions of dollars worldwide. To map out the trends and to 
identify the frequencies of these extreme events require long-term records of the climate 
(including the ocean) data. Long-term data records provide the foundation to advance the 
understanding and unlock the mysteries of the Earth’s weather and climate system. 
 
NOAA and NCEI play an active and important role in the national and international climate 
change monitoring and assessment programs (e.g., IPCC and USGCRP). Climate change 
monitoring and assessment require meteorological and marine data over both land and ocean. 
Changes of environmental variables at and near the marine surface are important since they 
occur over approximately 70% of the Earth’s surface and contain important climate change 
signals. Due to the drastic property differences between water and air (e.g., density and heat 
capacity), large amounts of water, energy, momentum and gases (e.g., carbon dioxide) are 
constantly exchanged at the turbulent air-sea interface. These exchanges regulate the weather in 
the short term and the climate change in the long term. Thus, NCEI has been actively archiving, 
serving and utilizing the world’s surface marine data, and will need to continue to do so. 
 
Modern day Global Ocean Observing System (GOOS) consists of multiple platforms and 
instruments (both in-situ and remote sensing). Each of these observations contributes to the 
understanding and assessment of climate change signals. However, individual instrument 
observations have limitations in coverage (in both time and space) and limitations on accuracy 
(e.g., Zhang et al., 2004). To maximize benefits and integrally use all of the available 
observations, it is necessary to blend them together to produce higher resolution and higher 
accuracy products for the needs of both research and societal applications (e.g., Zhang et al., 
2006; Reynolds et al., 2007). For example, research on global water and energy budgets and 
numerical weather and ocean forecasts demand increasingly higher resolution forcing data 
(better than daily and 50 km; e.g., WMO/TD-No. 1036, 2000; Curry et al. 2004). The recent 
international Global Earth Observation System of Systems (GEOSS) and Global Climate 
Observing System (GCOS) also called for optimal combinations of the above platforms for 
integrated global observing system and service (reviewed in Zhang et al., 2009). The high quality 
in-situ observations will be used to input directly into air-sea flux computations, as part of 
coupled atmosphere-ocean climate models, and to provide ground truth for calibrating satellite 
observations, evaluating and validating NWP model and reanalysis results. 
 
 

The overall objectives of this project are: 1) to ingest the world’s surface marine 
observational data into the NOAA archive; 2) to quality control the data for various 
applications; 3) to produce blended products for optimal use of all the observations; and 4) 
to improve services for a wide variety of user communities. A conceptual program summary 
and flowchart for this Ocean Data Management are shown in Figure 2. 
 

2. Scientific and Observing System Accomplishments 
 
Accomplishment Highlights: 1) Surface marine observations are ingested and archived in 
near-real-time via the Global Telecommunication System (GTS) stream (including the 
observations supported by NOAA/OCO). 2) Data are serviced to the public online. 3)  Blended 
products for research and societal benefits are generated and maintained. 4) Duties of ICOADS 
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are being transitioned from NOAA/ESRL to NOAA/NCEI; 5) VOSClim webpages re-formatted 
and migrated to new NCEI web platform.  
 
Our data and products are directly available online and in near-real-time:  
(http://www.ncdc.noaa.gov/oa/rsad/air-sea/index.html and links therein for ICOADS and 
VOSClim). The user-friendly interfaces and formats have continued to extend benefits to society, 
such as applications in marine ecosystems (e.g., the near-real-time use in NOAA’s world Coral 
Reef Watch), marine transportation safety and efficiency (e.g., ship routing), and offshore 
renewable energy services, among others. These were evidenced during the 2014 Government 
Shutdown: inquiries and requests were received from near-real-time users during this time 
period. 
 
In FY14, the Blended Seawinds were updated quasi-daily and the ICOADS dataset was updated 
monthly. Our data management was performed according to NOAA/NCEI archive requirements. 
Our data and products are not linked to the National Environmental Policy Act (NEPA) and 
other NOAA Environmental Statutes (e.g., Marine Mammal Protection Act (MMPA), 
Endangered Species Act (ESA), Essential Fish Habitat (EFH), and the National Marine 
Sanctuaries Act (NMSA)). 
 
Specific Deliverables: 

• Surface Marine Observational Data Archive and Service: ICOADS   
Completed the transition from IMMA0 format to the improved IMMA1 format 
(e.g. enhancements including unique identifiers for every ICOADS record for 
improved traceability and user feedback, new attachments for near-surface 
oceanographic observations, and for bias-adjusted information from the ICOADS 
Value-Added Database project) for usability of data to wider communities. For 
FY14, servicing software was modified to account for the IMMA1 format.  This 
provides a subset of the IMMA1 format online through the web.  The full format 
is available through archive ordering. The amount of data that are available 
through online access applications has increased by 14%.  Software to perform 
data sub-setting and bulk order processing is nearing completion.  This 
functionality should be available early in FY15Q3. 

http://www.ncdc.noaa.gov/oa/rsad/air-sea/index.html
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Figure 3: Number of data orders as function of time.  
 
 

 Transition of duties from NOAA/ESRL to NOAA/NCEI: Early in FY12, 
programmatic changes within NOAA resulted in NCDC (prior to becoming part 
of NCEI) taking responsibility and providing overall leadership for the ICOADS 
project in continued close cooperation with ESRL, NCAR, and national and 
international partners. During FY14, ICOADS partners drafted transition plans 
that outlined steps and resources needed to fully transition operations from ESRL 
to NCEI, or to NCAR and other partners, as appropriate. Preparations for the next 
major ICOADS update, Release 3.0 (R3.0), were outlined in a work plan 
document. To assist with developing R3.0, national and international partners 
agreed to provide much-needed non-financial resources (e.g. personnel and 
computational capabilities) to ICOADS development and a Letter of Intent (LOI) 
was signed to formalize partnership duties. An improved Near-Real-Time (NRT) 
product plan was developed consisting of a blend of NCEI and NCEP GTS 
surface marine observations.  The project remains underfunded, but assistance 
from new partners will alleviate some of the heavy workload required to further 
develop the dataset. 
 

 ICOADS Release 3.0 Preparations and Deliverables 
 

 Assembling input data into IMMA format 
• In preparation for ICOADS R3.0, raw data from multiple sources 

and in various formats must be converted to the common 
International Maritime Meteorological Archive (IMMA) format 
prior to ingest into the full dataset. The ICOADS team is working 
to complete translations for many datasets. The following datasets 
were completed in FY14 or were in the process of being converted: 

o Second Fram Arctic Expedition, 1898-1902 
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o US Lightships, 1819-1982 
o Contemporary US Navy Metar Reports, 2001-2012 
o Early Expedition Data from ACRE, 1700-1941 
o German Maury, 1845-67 
o US Navy Hourly Reports – NCDC DSI-1117, 1951-1964 

 
 ICOADS and VOSClim data are available online (e.g., Figure 4 below): 

http://www7.ncdc.noaa.gov/CDO/CDOMarineSelect.jsp 
http://has.ncdc.noaa.gov/pls/plhas/has.dsselect 
ftp://ftp.ncdc.noaa.gov/pub/data/icoads2.5/ 
 

 
Figure 4: The Surface Marine Observations, including those funded by NOAA, are archived and serviced to 
the public online with web-based interactive tools.  
 

• VOSClim - Increased data volume of archive and service; continued VOSClim 
webpage maintenance, including updating monthly statistics, data access, and service 
with the Global Collection Centers (GCC) in the UK and Germany 
NCEI continued to serve as the Data Assembly Center (DAC) for this fleet. VOSClim 
ships aim to provide a high-quality subset of marine meteorological data, with extensive 
associated metadata, to be available in both real-time and delayed mode to support global 
climate studies.  
 

http://www7.ncdc.noaa.gov/CDO/CDOMarineSelect.jsp
http://has.ncdc.noaa.gov/pls/plhas/has.dsselect
ftp://ftp.ncdc.noaa.gov/pub/data/icoads2.5/
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Software modifications and testing were started at the end of FY14 to move from an 
NCDC-maintained VOSClim ship list to an international version hosted by Météo-
France. This was an action handed down to the NCDC VOSClim Data Assembly Center 
(DAC) from the JCOMM Ship Observation Team (SOT) with a purpose to avoid having 
Port Meteorological Officers (PMO) and Ship Operators send ship metadata to multiple 
places. 
 
The ESURFMAR informal Publication 47 metadata list is endorsed by WMO and 
contains VOSClim ship information. It is updated more frequently than WMO’s version 
and is considered the international go-to source.  Beginning in January 2015, NCDC will 
begin using the ESURFMAR list for all operational processing of VOSClim 
observations, near-real-time and delayed mode.  
 
Program information and data are available online:  
http://www.ncdc.noaa.gov/data-access/marineocean-data/vosclim 
http://www.ncdc.noaa.gov/data-access/marineocean-data/vosclim/data-management-and-
access 
http://www.ncdc.noaa.gov/data-access/marineocean-data/vosclim/ship-metadata 
 
 

• Operational production and service of the blended 0.25°, 6-hourly sea winds:  
The importance for integrated use of the observing systems and production of air-sea 
interface products has been stipulated in the previous section (Project Summary). Our 
blended sea winds have been used by a wide variety of communities, including climate 
research, decision making & planning, wave hindcasting & forecasting, ecosystems, 
marine resource management, marine transportation (ship routing), wind/wave energy 
harvesting, and outreach & education.  In FY14, we continued the production and service 
of the Blended Seawinds product. Among many newly registered users, one application is 
to calculate CO2 fluxes between the ocean and the atmosphere in the Galician and 
Californian upwelling systems. Another application is to analyze seabird movement by 
the AZTI Foundation, which is a non-profit organization committed towards the 
protection of the environment, together with the social and economic development of the 
fishing and food sector. One is a researcher at Yale University for a Ph.D thesis work. 
Another one is a student at Tuscarora High School in Maryland for a project of her Earth 
System Science Research project. Additional one is resident in Chesapeake Bay, MD; she 
and her neighbors have been concerned about the increasing number of days of high 
windsin recent years, and would also like to have this research topic for her work with 
gifted children on the autism spectrum. Also, a researcher in Colorado, Mr. Mike Exner 
(Chairman of the BOD at Radiometrics Corporation and also formerly worked at UCAR), 
contacted Huai-Min Zhang on using the NCEI’s Blended Seawinds product to assist the 
search for the missing Malaysia Flight MH370. Mr. Exner was directed to the NCEI’s 
website where the data can be found. This NCEI’s Blended Seawinds product also 
assisted a team led by Woods Hole Oceanographic Institution in finding the location of 
the resting place of Air France Flight 447 which crashed into the Atlantic Ocean in June 
2009. In addition to the near-real-time use by NOAA' Coral Watch program, Australian 
scientists also started to use this dataset for their coral reef condition monitoring.  

ftp://esurfmar.meteo.fr/pub/Pub47/
http://www.ncdc.noaa.gov/data-access/marineocean-data/vosclim
http://www.ncdc.noaa.gov/data-access/marineocean-data/vosclim/data-management-and-access
http://www.ncdc.noaa.gov/data-access/marineocean-data/vosclim/data-management-and-access
http://www.ncdc.noaa.gov/data-access/marineocean-data/vosclim/ship-metadata
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3. Outreach and Education 
 
In 2014, Dr. Huai-Min Zhang mentored two Postdoctoral scholars at the Cooperative Institute for 
Climate and Satellites. 
 
Dr. Huai-Min Zhang took the lead publishing papers on the requirements for integrated in-situ 
and satellite observations. Dr. Zhang is serving on the AMS Scientific and Technical Action 
Commission’s Committee on Air-Sea Interaction, as well as on the WCRP working groups of 
SEAFLUX and SURFA.  
 
The societal applications of our products have been evidenced during the 2014 Government 
Shutdown, with multiple near-real-time users’ inquiries. The International Ship Routing Service 
stated that “the interruption of Blended data has a considerable impact on our work”, but “we 
do appreciate all of your efforts”. 
 
More than 90 new users registered with us last year. We also continued to engage private sectors, 
government agencies, and policy makers to promote data use for societal benefits.  The user-
friendly web interfaces and data formats have continued to extend the products’ benefit to 
society, such as new applications in marine transportation safety and efficiency (e.g., near-real-
time use in NOAA’s world Coral Reef Watch, and Ship Routing services: Delta Western, Inc - 
Alaska’s Petroleum Distributor; International Routing Services S.A.; Cornell Sailing Ltd; see the 
Outreach and Education section for more details). A partial list of our user communities includes 
not only climate research but also direct societal benefits: 

• For offshore renewable energy research & assessment: the Renewable Energy Systems 
Americas, Inc.; the UK Atmos Consulting Ltd.; the Italy CESI RICERCA; the Univ. of 
Maine; the UK Cranfield Univ.; the Scotland Environmental Res. Inst.; the Philippines 
Dept. Energy; the Demark DHI Port & Offshore Technologies; the UK 4C Offshore 
Limited; the Portugal wind projects evaluations; for domestic energy planning in Texas; 
MAETEC Renewable Energy (http://www.maetecengineering.com/).  

• Global Infrastructure Services Consultancy (http://www.cardno.com).  
• Applications in ecosystem: the Inter-American Tropical Tuna Commission - research on 

spawning & recruitment by wind regimes; the South Africa Council for Scientific and 
Industrial Research - physical-biological processes study; and the near-real-time coral 
reef stress monitoring by the NOAA Coral Reef Watch (Figure 1); and the examination 
of sea wind data as a potential predictor of squid distributions (awinter@fisheries.gov.fk).  

• Environmental applications: the oil/mineral slicks monitoring/modeling and the 
Environmental Resources Management, Inc.  

• Services to forecasting: marine weather forecasting by the Aerospace & Marine 
International.  

• Construction engineering applications: the UK Scott Wilson Group PLC and the 
McDonough Associates, Inc. (Chicago).  

• Education: the Starpath School of Vavigation, the Univ. of Washington, among many 
other international schools for masters and Ph.D researchers. 

 
The Fourth JCOMM "Workshop on Advances in Marine Climatology" (CLIMAR-IV) was held 
in Asheville, NC from 9-12 June 2014. The meeting was jointly hosted by JCOMM and NCEI 

http://www.maetecengineering.com/
http://www.cardno.com/
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and sponsored by WMO-IOC and the UK National Oceanography Centre (NOC). The four-day 
meeting discussed the marine observing system and needs of the marine climate community. The 
agenda consisted of presentations by over 50 scientists from institutions around the world, a 
poster session, and 3 plenary discussions. 

• Eric Freeman was the local organizer and responsible for coordination between the 
hotel/meeting space and participants, meeting room setup, workshop dinner organization, 
and keeping the meeting moving along. He also assisted with the organization of the 
meeting program. Freeman was an invited speaker talking on behalf of the ICOADS 
Release 3.0 development and also chaired the Oceanographic Data session. 

• From NCEI, Scott Woodruff was a member of the organizing committee and a lead 
panelist in the plenary sessions regarding ICOADS future priorities and marine indices.  

 
Following the CLIMAR-IV workshop, the first ICOADS Value-Added Database Workshop 
(IVAD-I) was held on 13 June 2014. The meeting was held to inform the marine community on 
the background and status of the IVAD project as well as technical issues that need to be 
resolved and requests for future development of the product.  Eric Freeman and Scott Woodruff 
led discussions on topics such as the IMMA format, data translations, use of existing ICOADS 
software for consistency, and data management best practices. 
 
Eric Freeman worked with Commack High School science teacher, Richard Kurtz, to find NCEI 
data for student research projects relating to a changing climate on Long Island, NY. In the 
discussions it was also brought to attention that Mr. Kurtz and his students did some digitization 
work for the Mohonk Preserve in NY and were able to extend an existing NCEI record for the 
station from 1896 back to 1890. Mr. Kurtz requested permission to share the images from the 
original logs and data. Permission was granted from the Preserve and the original images were 
shared with NCEI to be added to the EV2 digital image database.  
 
Eric Freeman and Scott Woodruff serve on the JCOMM Expert Team on Marine Climatology 
(ETMC). 
 

4. Publications and Reports 
4.1. Publications by Principal Investigators 

 
• Published 
Huang, B., M. L’Heureux, J. Lawrimore, C. Liu, H.-M. Zhang, V. Banzon, Z.-Z. Hu, and A.  

Kumar, 2013: Why did large differences arise in the sea-surface temperature  
datasets across the tropical Pacific during 2012? J. Atmos. Oceanic Tech.,  
doi:10.1175/JTECH-D-13-00034. 

Peng, G., H.-M. Zhang, H. P. Frank, J.-R. Bidlot, M. Higaki, S. Stevens, and W. R. Hankins, 
2013: Evaluation of remotely-sensed and model surface wind forecast and reanalysis 
products with OceanSITES buoy measurements. Weather and Forecasting, doi: 
0.1175/WAF-D-12-00086.1. 

 
 

 

http://journals.ametsoc.org/doi/abs/10.1175/JTECH-D-13-00034.1
http://dx.doi.org/10.1175/WAF-D-12-00086.1
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• In press/Submitted/Conference Presentations 
 

Freeman, E. , S. Woodruff, S. J. Worley, S. Lubker, D. I. Berry, P. Brohan, Z. Ji, E. C. Kent, 
J. Lawrimore, N. A. Rayner, G. Rosenhagen, K. Shein, S. R. Smith, 2014: ICOADS 
Release 3.0: A Major Update to the Historical Marine Climate Record. Fourth JCOMM 
Advances in Marine Climatology (CLIMAR-IV) Workshop, Paper S7O1, Asheville, NC, 
June 9-12, 2014.   

Huang, B., W. Wang, C. Liu, V. Banzon, H.-M. Zhang, and J. Lawrimore, 2015: Bias 
Adjustment of AVHRR SST and Its Impacts on Two SST Analyses. J. Atmos. Oceanic 
Tech., (in press, doi: doi:10.1175/JTECH-D-14-00121.1). 

Huang, B., V. Banzon, E. Freeman, J. Lawrimore, W. Liu, T. Peterson, T. Smith, P. Thorne,  
S. Woodruff, and H. Zhang, 2015: Extended Reconstructed Sea Surface Temperature 
version 4 (ERSST.v4), Part I. Upgrades and Intercomparisons. J. Climate. (in press, doi: 
10.1175/JCLI-D-14-00006.1) 

Liu, W., B. Huang, P. Thorne, V. Banzon, H. Zhang, E. Freeman, J. Lawrimore, T. Peterson,  
T. Smith, and S. Woodruff, 2015: Extended Reconstructed Sea Surface Temperature 
version 4 (ERSST.v4): Part II. Parametric and Structural Uncertainty Estimations. J. 
Climate., (in press, doi:10.1175/JCLI-D-14-00007.1) 

Karl1, T.K., B. Huang, J. H. Lawrimore, J. R. McMahon, M. J. Menne, T. C. Peterson,  
R. S. Vose, and H.-M. Zhang, 2015: The Recent Global Surface Warming Hiatus: Fact 
or Artifact? Science, (submitted) 

Nickl, E., H.-M. Zhang, and D. Wuertz, 2014: Data gap impact analysis on Global Surface  
Temperature trends using GFDL CM3-CMIP5. SAMSI/IMAGe Summer Program: the 
International Surface Temperature Initiative. National Center for Atmospheric Research, 
Boulder, CO., July 8 – 12, 2014. 

Stegall, S., H.-M. Zhang, and L. Shi, 2014: An Assessment on Integrating Satellite and in-Situ  
Data to Generate Globally Gridded Surface Temperature Products. AGU Fall Meeting, 
Paper # GC51D-0438, San Francisco, CA, December 15 – 19, 2014. 

Zhang, H.-M., D. Wuertz, E. Nickl, V. Banzon, B. Gleason, B. Huang, J.H. Lawrimore, M.  
Menne1, P. Thorne, and C. Williams, 2014: Data Gap Impacts on Global Surface 
Temperature Trends From Various Datasets. SAMSI/IMAGe Summer Program: the 
International Surface Temperature Initiative. National Center for Atmospheric Research, 
Boulder, CO., July 8 – 12, 2014. 

 
 
4.2. Other Relevant Publications 
The datasets have been used by many research projects including student theses. Over the last 
year, the number of known added users was over 60. Near-real-time applications include:  

• NOAA Coral Reef Watch: 
http://coralreefwatch.noaa.gov/satellite/doldrums_v2/index.php 

• International Routing Services, S.A. 
• For more other applications, please see Section 2.1 under “Outreach and Education”. 

 
Banzon, Viva F., Richard W. Reynolds, 2013: Use of WindSat to Extend a Microwave-Based 

Daily Optimum Interpolation Sea Surface Temperature Time Series. J. Climate, 26, 
2557–2562.  doi: http://dx.doi.org/10.1175/JCLI-D-12-00628.1 

http://coralreefwatch.noaa.gov/satellite/doldrums_v2/index.php
http://dx.doi.org/10.1175/JCLI-D-12-00628.1
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Reynolds, R. W., D. B. Chelton, J. Roberts-Jones, M. J. Martin, D. Menemenlis, and C. J. 
Merchant, 2013: Objective determination of feature resolution in two sea surface 
temperature analyses. J. Climate, 26. 2514-2533.  

Banzon, V.,  R.W. Reynolds, and National Center for Atmospheric Research Staff (Eds), 2013: 
The Climate Data Guide: SST data: NOAA High-resolution (0.25x0.25) Blended 
Analysis of Daily SST and Ice, OISSTv2.  
(https://climatedataguide.ucar.edu/climate-data/sst-data-noaa-high-resolution-025x025-
blended-analysis-daily-sst-and-ice-oisstv2) 

Huang, B., J. Lawrimore, T. Smith, and National Center for Atmospheric Research Staff (Eds), 
2013: The Climate Data Guide: SST data: NOAA Extended Reconstruction SSTs, 
version 3 (ERSSTv3 & 3b) (https://climatedataguide.ucar.edu/climate-data/sst-data-noaa-
extended-reconstruction-ssts-version-3-ersstv3-3b) 

  

http://www1.ncdc.noaa.gov/pub/data/oisst/papers/reynolds-analysis-compare.pdf
http://www1.ncdc.noaa.gov/pub/data/oisst/papers/reynolds-analysis-compare.pdf
https://climatedataguide.ucar.edu/climate-data/sst-data-noaa-high-resolution-025x025-blended-analysis-daily-sst-and-ice-oisstv2
https://climatedataguide.ucar.edu/climate-data/sst-data-noaa-high-resolution-025x025-blended-analysis-daily-sst-and-ice-oisstv2
https://climatedataguide.ucar.edu/climate-data/sst-data-noaa-extended-reconstruction-ssts-version-3-ersstv3-3b
https://climatedataguide.ucar.edu/climate-data/sst-data-noaa-extended-reconstruction-ssts-version-3-ersstv3-3b
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