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What are Observations used for?
• Observations for mapping fields, initiating or nudging models

§ Timely (available through the Global Telecommunication System (GTS) in 
near realtime)

§ Geographically distributed in coherent array, with known uncertainty and 
quality

• Observations for validation
§ Independent obs (e.g. not assimilated)
§ High quality, of known uncertainty that is smaller than error of model. 

• Observations for improving model physics, parameterizations 
and understanding of processes
§ Oversampled, high quality observations  (e.g. Process Studies)

From Lecture 1….



How many errors can I have?
•Mistakes and Miscalculations
•Mean bias errors & Random uncertainty due to noise
• Systematic biases due to sampling issues
• Systematic biases due to field errors
• Systematic biases dues to calibration errors, model 

physics errors, etc.
• Error in representation of a mean value by a spot

observations.



Motivation for Process studies 
What are the key mechanisms and processes controlling the climate system? 
How are these modulated by large-scale variability and general circulation? 
Improved understanding of these processes can lead to better predictability 
in the climate system. 

If this process cannot be resolved by model, can it be parameterized?

Does the parameterization improve the model (re)analysis and forecasts?

What are minimum observations/variables needed to resolve and monitor this 
process? Improved monitoring of these processes can lead to better 
predictability in the climate system. 
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About US CLIVAR   https://usclivar.org
US Climate Variability and Predictability (CLIVAR) is a national research 
program with a mission to foster understanding and prediction of climate 
variability and change on intraseasonal-to-centennial timescales, through 
observations and modeling with emphasis on the role of the ocean and its 
interaction with other elements of the Earth system, and to serve the 
climate community and society through the coordination and facilitation 
of research on outstanding climate questions.

…

US CLIVAR research is currently supported by participating programs within 
five Federal agencies including the National Aeronautics and Space 
Administration (NASA), the National Oceanic and Atmospheric 
Administration (NOAA), the National Science Foundation (NSF), the 
Department of Energy (DOE), and the Office of Naval Research (ONR). A US 
CLIVAR Inter-Agency Group of program managers from these five agencies 
coordinates and targets funding and resources to support the research 
activities of the program. Four of these agencies, NASA, NOAA, NSF, and 
DOE sponsor the US CLIVAR Project Office to work with the SSC and its 
Panels in coordinating science planning, implementing research activities, 
communicating research advances and needs, and supporting 
international engagement and collaboration.

http://nasa.gov/
http://noaa.gov/
http://nsf.gov/
http://www.doe.gov/
http://www.onr.navy.mil/
https://usclivar.org/panels/us-clivar-inter-agency-group


Consider getting 
on this panel!



Meghan Cronin was co-chair of the US CLIVAR Process Study and Model Improvement Panel from 2005-2008
Sonya Legg was co-chair of US CLIVAR PSMIP from 2007-2009
Paquita Zuidema was co-chair of US CLIVAR PSMIP from 2009-2011



US CLIVAR has also promoted 
concept of Climate Process 
Teams (CPTs).

See their Aug 2016 US CLIVAR 
CPT White Paper: “Translating 
Process Understanding to 
Improve Climate Models”
and their “CPT Best Practice 
Tip Sheet”  

https://usclivar.org/climate-process-teams

https://drive.google.com/file/d/1hdQgw7oaTTJLlBCttqbFpxP2qogOAjzv/view
https://drive.google.com/file/d/1hdQgw7oaTTJLlBCttqbFpxP2qogOAjzv/view


Process Studies vetted by the US CLIVAR panels:

AMOC – Atlantic Meridional Overturning Circulation Program (including SAMBA and OSNAP)

CLIMODE – CLIvar Mode Water Dynamic Experiment

DIMES – Diapycnal and Isopycnal Mixing Experiment in the Southern Ocean

DYNAMO – Dynamics of Madden Julian Oscillation

EPIC – Eastern Pacific Investigation of Climate Processes in the Coupled Ocean-Atmosphere System

IASCLiP – Inter-Americas Study of Climate Processes

KESS – Kuroshio Extension System Study

NAME – North American Monsoon Experiment

SPURS – Salinity Processes in the Upper Ocean Regional Study

VOCALS – VAMOS Ocean-Cloud-Atmosphere-Land Study
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Using data from historical process studies

• Learn about process studies by going to US CLIVAR website & process 
study website.

• Access data from process study website or from national data archive 
(e.g. NOAA’s NCEI, NASA’s EOSDIC & PODAAC, NSF’s NCAR EOL).

• Reach out to the process study PIs. 



https://uskess.whoi.edu/



Objectives:

1) To understand processes coupling the baroclinic and barotropic 
circulation and variability.
Hypotheses: …
What’s needed: Density and velocity time series, with mesoscale 
resolution to calculate d/dx, d/dy and d/dt of density and velocity. 
Sufficient vertical resolution to quantify structure of upper-jet 
baroclinic front and the deep nearly barotropic fields. “Case-
studies” of the local dynamical balances, particularly of large-
amplitude events.

2) To determine and quantify cross-frontal exchange processes in 
the Kuroshio Extension.
Hypotheses:…
What’s needed …

3) To determine the processes that govern the strength and 
structure of the recirculation gyre – its position, elongation, 
stratification, and subtropical mode water formation within the 
gyre.
…

https://uskess.whoi.edu/



https://uskess.whoi.edu/overview/dataproducts/

Oops!  The 2004-2006 process study 
is done and links to the data on the 
static website are now broken!



The NCEI provides archival and access 
to oceanic, atmospheric, and 
geophysical datasets from the ocean’s 
bottom to the sun’s surface and from 
million-year-old ice cores to near-real-
time satellite retrievals. Limited data 
from process studies/field campaigns 
are archived here. Visit 
https://www.ncei.noaa.gov/

NOAA National Centers for 
Environmental Information

https://www.nodc.noaa.gov/

From slide courtesy of Mike Patterson, US CLIVAR director

https://www.ncei.noaa.gov/


Searching on “KESS”, 3 clicks later get to:



NASA Earth Observing System 
Data and Info Service (EOSDIS) 
and the Physical Oceanography 

Distributed Active Archive 
Center (PODAAC)

NASA PO.DAAC preserves and 
provides access to NASA’s ocean and 
climate data. Data from NASA-
sponsored process studies/field 
campaigns (e.g., SPURS) are archived 
here.  Visit https://podaac.jpl.nasa.gov/

Let’s see if we can get to the SPURS data….

From slide courtesy of Mike Patterson

https://podaac.jpl.nasa.gov/


Searching on “SPURS” in PODAAC brings up 
3 pages of data from SPURS-1 and SPURS-2. 
Notice nice organization of data in left bar !

SPURS (Salinity 
Processes in the Upper 
Ocean Regional Study) 
aimed to resolve key 
mechanisms responsible 
for near-surface salinity 
variation.  



NCAR Earth Observing Laboratory

The EOL Data Archive provides archival 
and access to atmospheric, oceanographic, 

and other geophysical datasets from 

scientific process studies/field campaigns 
for which NCAR/EOL has provided data 

management support.

Visit https://www.eol.ucar.edu/all-field-

projects-and-deployments

From slide courtesy of Mike Patterson, US CLIVAR director

https://www.eol.ucar.edu/all-field-projects-and-deployments


NCAR Earth Observing Laboratory

Selecting a specific field project takes you 
to the list of accessible data sets by 

category, platform, data type, lead scientist, 

and institution.

Visit https://www.eol.ucar.edu/all-field-

projects-and-deployments

This example shows data from DYNAMO 
(Dynamics of Madden Julian Oscillation) 

process study that took place in the 

tropical Indian Ocean in 2011-2012.

From slide courtesy of Mike Patterson, US CLIVAR director

https://www.eol.ucar.edu/all-field-projects-and-deployments
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Air-Sea Fluxes with a focus on Heat and Momentum

Meghan F. Cronin, Chelle L. Gentemann, James Edson, Iwao
Ueki, Mark Bourassa, Shannon Brown, Carol Anne Clayson, 
Chris Fairall, Tom Farrar, Tatsuya Fukuda, Sarah Gille, Sergey 
Gulev, Simon Josey, Seiji Kato, Masaki Katsumata, Elizabeth 
Kent, Marjolaine Krug, Peter Minnett, Rhys Parfitt, Rachel T. 
Pinker, Paul Stackhouse, Sebastiaan Swart, Hiroyuki Tomita, 
Douglas Vandemark, Robert Weller, Kunio Yoneyama, Lisan Yu, 
Dongxiao Zhang



Goals for 2030:
Gridded Air-Sea fluxes with
1-day random uncertainties of:
15 W m-2 (5%)  & 0.01 N m-2 (5%)

And Biases less than:  
5 W m-2   &  0.005 N m-2

For: 3-hourly at 25 km
Aspirational goal: 1-hrly at 10km



Need more than 10
essential ocean & 
climate variables to
compute air-sea heat
fluxes.

rel. sfc rel. sfc



Two Big Asks:
(1) Improved space-based near-surface retrievals of surface 

humidity and air temperature.

(2) Regionally distributed in situ network of flux observations, 
built around an expanded OceanSITES network of reference 
stations.

Air-Sea Fluxes with a focus on Heat and Momentum



Improved vertical resolution and accuracy of temperature and humidity 
profiles. This could be done for example by combining a 5-channel C- to Ka-
band digital radiometer with a 50 and 183 GHz hyperspectral digital sounder.  

Improved algorithms relating near-surface retrievals to surface humidity 
and air temperature. 

Simultaneous retrievals of SST, surface wind speed and direction, and 
profiles of near-surface air temperature and humidity (as well as rain, 
water vapor, soil moisture, sea ice concentration). 

(1) Improved space-based near-surface retrievals of surface 
humidity and air temperature.

rel. sfc rel. sfc



(2) Regionally distributed in situ network of flux observations, 
built around an expanded OceanSITES network of reference 
stations.



Roadmap for Expansion of in situ Array
• Evaluate cross-platform, cross-product, & ocean vs. land-based 

comparisons to quantify uncertainties and improve best practices
and model physics and parameterizations.
§ Ocean & Land Baseline Surface Radiation Network (BSRN)?

• Form an international Autonomous Surface Vehicles (ASV) expert 
group to coordinate data stream, evaluate data, and develop best 
practices and standardizations. 

• Perform array design studies and pilot studies to raise Technical 
Readiness Levels for flux platforms.

• Improve bulk algorithms, including role of sea state, and 
parameterizations of albedo and emissivity.

• Improve coupling physics in NWP.

Roadmap for Optimization of Satellite Retrievals
• Improve resolution of satellite retrievals, time coincidence of 

remotely-sensed flux EOVs/ECVs, and algorithms relating retrievals 
to near-surface conditions. 

• Improve parameterizations for transforming bulk EOV/ECV into 
bulk algorithm state variables.

Cronin et al. OO’19 Community Whitepaper
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