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Avallable observations




SST Sea Level Pressure
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Observations — 1st week December 1880

* From ICOADS

* Freeman et al. 2017. ICOADS Release 3.0, International Journal of Climatology, doi:10.1002/joc.4775
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SST Sea Level Pressure

Cloud cover

Observations — 1st week December 1950

* From ICOADS

* Freeman et al. 2017. ICOADS Release 3.0, International Journal of Climatology, doi:10.1002/joc.4775

National Oceanography Centre noc.ac.uk




SST Sea Level Pressure

Air Temperature Cloud cover

Observations — 1st week December 1990

* From ICOADS

* Freeman et al. 2017. ICOADS Release 3.0, International Journal of Climatology, doi:10.1002/joc.4775
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Sea Level Pressure
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16% of ship

observatons
Observations — 1st week December 2021
* From ICOADS R3.0.2
* Liu et al. in review.
National Oceanography Centre noc.ac.uk



Sea Level Pressure

Observations — 1st week December 2021 (by platform type)

* From ICOADS R3.0.2

» Black = ship; red = moored buoy; green = drifter; cyan = other (rig, platform, tide gauge)

National Oceanography Centre noc.ac.uk



Near-surface temperature
variability & air-sea fluxes




Sea Surface Temperature (SST) Forcing in Reanalysis

 How are SST data and products used?

» For atmospheric reanalyses the SST forms the lower boundary

|t may be modified (e.g. bulk to skin)

» Or perturbed to give an ensemble capturing likely uncertainties
» For ocean and coupled reanalyses the surface ocean temperature is

likely “nudged” toward the SST field

» Long reanalyses may not have a consistent SST record

« 20CRv3: SODAsi.v3 ™ HadISST2

« MERRA/2: Hurrell et al. (2008) =y OISST

» How to represent variability with sparse observations?
« Ensembles — representing data uncertainty

* ... and missing variability

National Oceanography Centre noc.ac.uk



Temperature ——» Tskin

= Tsnbs}cin b
5 05 - _
I < | E
L0 1 =
X :
= 1.5 - -
Zr 2 | -

|
27 28 29 30
Temperature (°C)

(a) Schematic showing the vertical temperature structure in the upper few meters of the ocean under
conditions of diurnal warming. This is a schematic representation of the model from Fairall et al. [19964a].

(b) Actual profile taken in the upper 2 m with SkinDeEP during station 10. The solid circle indicates the
radiometric temperature measurement of Tskin from the M-AERI

Ward (2006), Near-surface ocean temperature, Journal of Geophysical Research: Oceans,
Volume: 111, Issue: C2, First published: 11 February 2006, DOI: (10.1029/2004JC002689)
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Temperature-depth measurements from SkinDeEP
(graph I).

e Wind speed (u) and downwelling shortwave
rese & radiation (Qsw) (graph II).
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Zj Temperature differences: ATc (blue), ATw (red), and
=i s ATcw (green) (graph 1I).

E Heat loss errors: AQc (blue), AQw (red) (graph IV).
%E,_, Ward (2006), Near-surface ocean temperature, JGR:

| Oceans, Volume: 111, Issue: C2, First published: 11
0 s 2 125 p February 2006, DOI: (10.1029/2004JC002689)
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Alappattu, D. P.,, Wang, Q., Yamaguchi, R., Lind, R. J., Reynolds, M., and Christman, A. J. (2017), Warm layer and cool
skin corrections for bulk water temperature measurements for air-sea interaction studies, J. Geophys. Res. Oceans,

122, 6470- 6481, doi:10.1002/2017JC012688.



Uncertainty in air-sea exc

nange parameterisations
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Construction of data
products




Climate data products

gather and prioritise user requirements

v

digitisation

reprocessing

international
data systems

ingle source aggregated
archives data
data assembly
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Check for
updates

Observing Requirements for
Long-Term Climate Records at the

Ocean Surface

Elizabeth C. Kent', Nick A. Rayner?, David I. Berry', Ryan Eastman®,
Vika G. Grigorieva*, Boyin Huang?®, John J. Kennedy?, Shawn R. Smith® and

Kate M. Willett?
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Pervasive biases in long-term SST

« SST data products have residual biases — data for
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Diurnal biases in measured air temperature from 16 ships

a) USS Constitution | 1854 b) USS Despatch | 1858 c) USS Merrimac | 1858 d) Raphael | 1884

» Lines are different latitudes, shading 2-c
« Red =25N
 Green =50°N

* Blue =65°N .
3
» Bias estimate for each ship, depends on 2
1
« Cloud cover (estimate solar) g O
Kk
» Relative wind speed ) :
 Bias adjustment requires: f
* Environmental information i
* Cloud cover, wind speed ;
* Metadata T | _ _ _
° Vessel Speed&Course ° 0 4 8 12: 16 20 0 4 8 12: 16 20 0 4 8 12: 16 20 0 4 8 12: 16 20

Local Hour

» Works best for long tracks

Figure by Tom Cropper, NOC

National Oceanography Centre noc.ac.uk




ICOADS Release 3.0, Fraction of ship reports with ID information
no ID information

» Benefits for reanalysis

include per-ship bias

identification

« Better gridded products

with more realistic

with ID information
uncertainty estimation

1850 1900 1950 2000 « What to do with untracked

obs?

Untracked

proportion of observations

Good original ID

| | | |
1850 1900 1950 2000

Carella, G., E. C. Kent and D. I. Berry, 2017: A probabilistic approach to ship voyage reconstruction
in ICOADS, International Journal of Climatology, 37, 2233—-2247. doi:10.1002/joc.4492

National Oceanography Centre noc.ac.uk




Tracking works badly at start of
Global Telecommunications System

Raw data from
“Monterey Telecoms”

Coloured by SST

Na noc.ac.uk
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Inconsistent IDs between sources

* International Comprehensive Ocean-Atmosphere Dataset

» |IDs associated via report-level linking
* Delayed mode ship number

« Callsign

» Reports with blank IDs associated with

track via “gap filling”

« “lost” duplicates: 696 of 936 (75%)

 Identify inter-source biases?

« New metadata for delayed mode

128 blank
128 6464
254 blank
555 KBNY

source via Pub. 47

National Oceanography Centre

noc.ac.uk




Linking ship/platform IDs enhances metadata

* New metadata
« USS Franklin Roosevelt
« Observing height
« Type of barometer

« SST measurement method (conflict
with ICOADS flags)

« Going back and ingesting original data will

help us understand the quality of different

data sources.

U.S. Navy National Museum of Naval Aviation

photo No. 1996.488.062.039

National Oceanography Centre noc.ac.uk



http://collections.naval.aviation.museum/emuwebdoncoms/pages/doncoms/Query.php
http://collections.naval.aviation.museum/emuwebdoncoms/pages/doncoms/Display.php?irn=30299&QueryPage=%2Femuwebdoncoms%2Fpages%2Fdoncoms%2FAdvQuery.php

Potential for observational archive improvements - example

« ICOADS observations from NWP sources ‘
flagged as ships may not be .. ;,:,‘
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Exam questions




Most-relevant outcomes for reanalysis workshop

 Scientific requirements for a consistent Earth system reanalysis in 2030:

* Model components and the level of coupling that is feasible to achieve by 2030.

Even for modern-era reanalyses the challenges of resolving or parameterizing gradients near the
ocean surface are challenging

Can air-sea flux parameterizatons be tailored to different resolutions?

* Horizontal subgrid-scale variability
« Vertical gradients (and skin/bulk temperature)

National Oceanography Centre noc.ac.uk



Most-relevant outcomes for reanalysis workshop

« Catalogue observational data available to support a consistent climate reanalysis and identify needs for

observational data rescue and future observing systems that are needed to support future reanalysis efforts.

Consider needs for evaluation as well as assimilation

Multivariate observations with rich metadata most valuable

Consider granularity of catalogue — some archives are heterogenous
Sampling of diurnal cycle critical

* Needed for coupling
 |dentification of solar-related biases (need cloud cover)

Observations that cannot be automated declining in coverage (clouds, weather reports)

Need to accommodate non-standard observations types (data systems, evaluation, QC, metadata)

National Oceanography Centre noc.ac.uk



Observing Requirements for
Long-Term Climate Records at the
Ocean Surface

Elaboth C. Kont, Nick A Faynor’, David I Bary', Fyan Ea

Vika . Grigariova, Boyn uang's dons. Konmary's v A Sl and
Kate M. Willett?

‘Southamion, Unfed Kinga
Daparment o Amosshert Scisnces, Uniersty of
maton, Amm e

ot Unitet Kingor,
o

st Stats, Ganter o Ozt

e Procictn

Observations of condiions at the ocean surface have been made for centuries,
contributing to some of the longest instrumental records of climate change. Most
prominent is the climate data record (GDR) of sea surface temperature (SST), which is
itself essential to the majority
A much wider range of surface marine observations is available however, providing a
ich source of data on past iimate. We present a general eror model describing the
characteristics of observations used for the construction of limate records, ilustrating
the importance of mult-variate records with rich metadata for reducing uncertainty
in GDRs. We describe the data and metadata requirements for the construction of
stable, muli-century marine CDR for variables important for describing the changing
climate: SST, mean sea level pressure, air temperature, humidity, winds, dlouds, and
waves. Avallable sources of surface marine data are reviewed in the context of the error
model. We outine the need for a range of complementary observations, including very
high quality observations at a limited number of locations and also observations that
sample more broadly but with greater uncertainty. We describe how high-resolution
modern records, particularly those of high-qualty, can help to improve the quality
of observations throughout the historical record. We recommend the extension of
internationall-coordinated data management and curation to observation types that do
not have a primary focus of the construction of climate records. Also recommended
is reprocessing the existing surface marine climate archive to improve and quantify
deta and melacta quelty and namogeneuy We also recommend the expansion of

tips and from cata and metadata tescue, Other protios ncude: fid avaaton of
sensors; resources for the process of establishing user requirements and determining
whether requirements are being met; and research to estimate uncertainty, quantity

Observational Needs for Improving_
Ocean and Coupled Reanalysis, S2S
Prediction, and Decadal Prediction

Stephen G. Penny™, Santha Akella?, Magdalena A. Balmaseda?, Philip Browne?,
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Ocean Reanalyses: Recent Advances
and Unsolved Challenges

Andrea Storto’, Aida Aera-Azcdrate’, Magdalena A. Baimasedat, Alexander Bart’,
Yarn i, Gadi Forgat, Giles Garrcs, Kath Hainod s Fabrice Hormandoze,
Doroteacio lovina, Laura C.dackson’, Jean-Michel Lollouche’, Simona Masina'
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Ocean models, atmospheric forcing fluxes, and obsenvations
using data assimiation to give a four-dimensional description of the ocean. Metrics
assessing their reliabilty have improved over time, allowing reanalyses to become an
important tool n imate services that provide a more complete picture of the changing
ocean 1o end users. Besides climate monitoring and research, ocean reanalyses are
used to initaize sub-seasonal to multi-annual predictions, to support observational
network moritoring, and o evaluate climate model simulations. These applications
demand robust uncertainty estimates and fit-lor-purpose assessments, achievable
though sustained advances in data assimilation and coordinated inter-comparison
actities. Ocean reanalyses face specific challenges: () dealing with intermittent or
discontinued observing networks, (i) reproducing inter-annual variabiity and trends of
integrated diagnostics for cimate monitoring, (i) accounting for diift and bias due, &.g.,
to air-sea flux or ocean mixing errors, and () optimizing initalization and improving
performances during periods and in regions with sparse data. Other challenges such as
multi-scale data assimilation to reconcile mesoscale and large-scale variabilty and flow-
dependent error characterization for rapidl evolving processes, are amplified in long-
term reanalyses. The demand to extend reanalyses backward in time requires tackling
all these challenges, especially in the emerging context of earth system reanalyses and
coupled data assimilation. This mini-review aims at documenting recent advances from
the ocean reanalysis community, discussing unsolved challenges that require sustained
actities for maximizing the wtity of ocean observations, supporting data rescue and
advancing specific research and development requirements for reanalyses.

Observational Needs of Sea
Surface Temperature
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Global in situ Observations of
Essential Climate and Ocean
Variables at the Air-Sea Interface
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The air-sea interface is a key gateway in the Earth system. It is where the
atmosphere sets the ocean in motion, cimate/weather-relevant air-sea processes
occur, and polutants (i., plastic, anthropogenic carbon dioxide, radioactive/chemical
waste) enter the sea. Hence, accurate estimates and forecasts of physical and
biogeochemical processes at this interface are critical for sustainable blue economy
planning, growth, and disaster miigation. Such estimates and forecasts rely on
. accurate and integrated in situ and satellte surface observations. High-impact uses of
e-Garen B4 Kotk 4 L. oean surface obsenvations of essental ocean/clmate variables (EOVS/ECVS) inciude
PPy . (1) assimiation ntovalidation of weather, ocean, and ciimate forecast modeis to
Pacsaunce T, 4on Poonn P Iprove their skl, impact, and value; (2) ocean physics studies (.., heat, momentum,
s G “;; freshwater, and biogeochemical air-sea fluxes) to further our understanding and

; parameterization of air-sea processes; and (3) calibration and validation of satelite
0cean products (L., currents, temperature, saiint, sea level, ocean color, wind, and
waves). We review strengths and limitations, impacts, and sustainabilty of in situ
ocean surface observations of several EGVs and EOVs. We draw a 10-year vision
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Air-Sea Fluxes With a Focus on Heat
and Momentum

Meghan F: Cronin', Chelle L. Gentemann?, James Edson’, fwao Uski’,
Mark Bourassa®*, Shannon Brown’, Carol Anne Clayson, Chris W. Fairal,
J. Thomas Farrar, Sarah . Gille", Sergey Gulev"*, Simon A. Josey", Seji Kato'*,
Msaid Kataumta, Evcabath Kont", Maioaine kg™, Pter . Minat,
Parfttss, Rachel T. Pinker, Paul W. Stackhouse Jr ", Seba wart's
Hrroyukr Tomit', Douglas Vandemark™, Robert A Weler' Kunio Voneyama‘ Lisan v*
ang®

paci Marno Emionmer
 Staes,

oo Rasoarch, Saate, WA,
Wooss e s S———

e anc Technobgy Yokose cotenc
Tarasso, L, Unoo Sttes,
Taatiazses, L Ut St

ofCatorya, San Do

ooy Coe St

pelogy Moscom, Fussi
o e Co i . i

Turbulent and radiative exchanges of heat between the ocean and atmosphere
(hereatter heat fluxes), ocean surface wind stress, and state variables used to estimate
them, are Essential Ocean Variables (EOVs) and Essential Gimate Variables (ECVs)
influencing weather and climate. This paper describes an observational strategy for
producing 3-hourly, 25-km (and an aspirational goal of hourly at 10-km) heat flux and
wind stress flelds over the global, ice-free ocean with breakihrough 1-day random
uncertainty of 15 W m~2 and a bias of less than 5 W m~2. At present this accuracy
target is met only for OceanSITES reference station moorings and research vessels
(RVs) that follow best practices. To meet these targets globally, in the next decade,
satelite-based observations must be optimized for boundary layer measurements of
air temperature, humidity, sea surface temperature, and ocean wind stress. In order
0 tune and validate these satelite measurements, a complementary global in situ flux
armay, buit around an expanded OceanSITES network of time series reference station
moorings, is also needed. The array would include 5001000 measurement platforms,
including autonomous surface vehicles, moored and dritting buoys, RVs, the existing
OceanSITES network of 22 flux sites, and new OceanSITES expanded in 19 key
regions. This array would be globally distributed, with 1-3 measurement platiorms in
ach nominal 10° by 10° box. These improved moisture and temperature profiles and
surface data, Numerical Weather Predictior , would lead

ocus on it a Momentun,
Front.bar.Soi 6420
=2019.00630

ot 105

o better of cloud formation processes, improving state variables and
surface radiative and turbulent fluxes from these models. The in situ flux array provides
globally distributed measurements and metrics for satelite algorithm development,
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Developments in observing system technologies and ocean data assimilation (DA) are Soutramgion, U

“Correspondence:

symbiotic. New observation types lead to new DA methods and new DA methods,
such as coupled DA, can change the value of existing observations or indicate where
new observations can have greater utiity for monitoring and prediction. Practitioners
of DA are encouraged o make better use of observations that are already available,
for example, taking advantage of strongly coupled DA so that ocean observations
an be used to improve atmospheric analyses and vice versa. Ocean reanalyses are
useful for the analysis of clmate as well as the inilaiization of operational long-range
prediction models. There are many remaining challenges for ocean reanalyses due to
biases and abrupt changes in the ocean-observing system throughout its history, the
presence of biases and drifts in models, and the simplifying assumptions made in
DA solution methods. From a governance point of view, more support is needed to
bring the ocean-observing and DA communities together. For prediction appiications,
there is wide agreement that protocols are needed for rapid communication of ocean
observing data on numerical weather prediction (NWP) timescales. There is potential
for new observation types to enhance the observing system by supporting prediction
on multple timescales, ranging from the typical timescale of NWP, covering hours to
weeks, out to multiple decades. Better communication between DA and observation

Sea surface temperature (SST) is a fundamental physical variable for understanding,
quantifying and predicting complex interactions between the ocean and the
almosphere. Such processes etermine how heat from the sun is redistributed across
the global oceans, directly impacting large- and small-scale weather and climate
patterns. The provision of dally maps of giobal SST for operational systems, climate
modeling and the broader scientific community is now a mature and sustained
senvice coordinated by the Group for High Resolution Sea Surface Temperature
(GHRSST) and the CEOS SST Virtual Constelation (CEOS SST-VC). Data streams are
shared, indexed, processed, quality controlled, analyzed, and documented within a
Regional/Giobal Task Sharing (R/GTS) framework, which is implemented internationally
in a distributed manner. Products rely on a combination of low-Earth orbit infraredt
and microwave satelite imagery, geostationary orbit infrared satelite imagery, and
in situ data from moored and drifing buoys, Argo floats, and a suite of independent,
fully characterized and traceable in situ measurements for product valdation (Fiducial
Reference Measurements, FRM). Research and development confinues to tackle
problems such s instrument calibration, aigorithm development, diurnal variabilty,

AN OCEAN OF OPPORTUNITY

communities is encouraged in order to alow operational preciction centers the abiity to [ dervation of high-qualty skin and depih temperatures, and areas of specifc interest
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|dentify priorities for data rescue and reprocessing

Build a data system for rescued and reprocessed data that retains all recorded information

* Archive data as recorded before translation/conversion/correction
« Evaluation of data sources in ICOADS, preprocess, rebuild the archive

Open-source tools for translations, QC, corrections, evaluation, comparisons

Multi-variate data most valuable, retain & embed all documentation, metadata, logbook images
Data that resolve the diurnal cycle
For marine data value of very-sparse data is hard to assess

Compare data sources

« Duplicates — same original data with different histories
« Buddies — nearby data from different sources
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Opportunities for collaboration (1)

* Requirements for joint infrastructure (JEDI, observation sharing, diagnostic sharing).
» Requires excellent data provenance
» Unique observation identifiers — ideally from data providers
» Opportunities for shared experimentation
» Code to allow users to run off-line or embedded analyses for testing
» Value of newly-rescued observations or new data types
» OQOutreach with aligned PhD studentships & researchers outside reanalysis centres
» Projects designed to answer key questions with help and support from reanalysis centres
» Collaboration between reanalysis producers.

» Consistent outputs
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Opportunities for collaboration (2)

» Collaboration between climate modeling/data products communities and reanalysis producers.
» Provision of output in forms that are easy to use:

* Monthly means, including variables with non-linear relationships (e.g. relative humidity, specific

humidity, dewpoint temperature), 10m values over the ocean
» Gridded output for direct comparison with data products
* Monthly and daily means
» Land, ocean (ice masks), combined
« 57, 2" 1" resolution (and regridding tools)
» Variables for height adjustment and surface exchange at native resolution
- us, t*, g%, z/L, p, cd, ct, cq, zo, zot, zoq
» Embed bias adjustments and QC into reanalyses (needs improvements to solar estimates)

« Data withholding?
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Future of reanalysis — surface marine perspective

* What do you see are the most significant advances for the field of reanalysis in 5-10 years?

» Potential for increased use of reanalysis output to assess & improve observations and data products

* What do you see are the most significant barriers to progress in the field of reanalysis?
» Lack of funding/expertise for data evaluation, bias adjustment and uncertainty estimation
« Data idiosyncrasies. are a barrier to wider involvement in construction of data products and use of more sophisticated statistical methods

* How to identify when an observation has been assimilated? — and with what weight?

»  Which collaborations are currently working and which collaborations need to be fostered?
» Fairly good collaboration between reanalyses centres and data providers for SST and pressure

* Need closer interactions for other surface marine variables.

*  What are the critical requirements for consistent Earth system reanalysis?
* Improvements to data system, feedback from reanalysis, repeat

» Ability to evaluate reanalyses output

*  What observational datasets are required to support these requirements?

»  Multivariate near surface ocean data, multiple platform types (ships, buoys, drifters, Argo, new autonomous platforms, crowd sourced data)
+  What modeling components are mature enough to enable reanalysis for your specific science question or application?

* How is uncertainty quantified for your application? Are there significant barriers for quantifying uncertainty in your field?
» Data comparisons (e.g. variograms, 3-way co-locations)

* Lack of long-term reference observations
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