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World Climate Research Programme (WCRP): Co-sponsored by UN WMO, 10C of UNESCO, and NGO ISC, established in 1980.
Mission Goal: coordinates and facilitates international climate research to develop, share, and apply the climate knowledge

that contributes to societal well-being
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My Career Track: From TOGA to WOCE and to CLIVAR
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http://www.hyxbocean.cn/article/id/19890204
https://www.pmel.noaa.gov/pubs/outstand/mcph1720/mcph1720.shtml

World Ocean Circulation Experiment (WOCE): Observations (RV Meteor - S. Atlantic, 22 days,
1992; RV Knorr - Indian Ocean, 35 days, 1995; RV Haakon Mosby, 11 days, N. Atlantic); and

Inverse Modeling to study ocean circulation and diffusion , and air-sea interaction and watermass
formation

Zhang, Huai-Min, and Nelson G. Hogg. 1992. Zhang, H.-M., and N. G. Hogg, 1996: Deducing dynamic
"Circulation and water mass balance in the Brazil Basin." properties from simulated hydrographic data: Part I.
Journal of Marine Results from a

Research 50, (3). non-eddy-resolving model. Journal of Marine
https://elischolar.library.yale.edu/journal_of marine_rese Research 54, (4).
arch/2040

https://elischolar.library.yale.edu/journal_of_ma
rine_research/2197

Zhang, H.-M., and L.D. Talley, 1997: Heat and
Buoyancy Budgets and Mixing Rates in the Upper
Thermocline of the Indian

and Global Oceans. J. Phy. Oceanography, DOI:
https://doi.org/10.1175/1520-
0485(1998)028<1961:HABBAM>2.0.CO;2
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Lagrangian Float Observations to study N. Atlantic circulation and diffusion
processes; Repeated MV Ship lines to mean changes in the Gulf Stream;

Numerical modeling to study air-sea interactions
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Rosshy & Zhang: Velocity and vorticity structure of the Gulf Stream

%,
%

0 5 0 B 2 B @
rms varance velocky (1072 misy
Figure 18. Eddy diffusivity {a) versus velocity variance and

-68
longitude

Zhang, H.-M., M. Prater, and T. Rossby, 2001: Isopycnal
Lagrangian statistics from the North Atlantic Current
RAFOS float observations. J. Geophys. Res,
https://doi.org/10.1029/1999JC000101

Bower, A. S., B. Le Cann, T. Rossby, W. Zenk, J. Gould, K.
Speer, P. L. Richardson, M. D. Prater, H.-M. Zhang,
2002: Directly measured mid-depth circulation in the
northeastern North Atlantic Ocean. Nature, 419, 603-607.

Rossby, T., and H.-M. Zhang. 2001. "The near-surface
velocity and potential vorticity structure of the Gulf
Stream." Journal of Marine Research 59, (6).
https://elischolar.library.yale.edu/journal_of_marine_rese
arch/2417

Luo, Y., H.-M. Zhang, M. Prater, and L. Rothstein, 2003:
Warm water pathways, transports, and transformations in
the northwestern North Atlantic and their modification by
cold air outbreaks. J. Geophys. Res.,

DOI: https://doi.org/10.1029/20021C001442

Toole, J.M., H.-M. Zhang, M.]. Caruso, 2004: On the
Time-Dependent Internal Energy Budgets of the Tropical
Warm-Water Pools. J. Climate, 17 (6): 1398-1410.
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NOAA National Climatic Data Center (2002-2015):

— satellite data analysis & products (SST, SSW), integrated sat & in-situ use, AMS Air-Sea Comm.
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Zhang, H.-M., 1.]. Bates, and R.W. Reynolds, 2006: Assessment of composite global sampling: sea

Geophys. Res. Lett.. 33 (17), L17714. http://dx.doi.org/10.1029/2006GL027086
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Zhang, H.-M., R.W. Reynolds, and T.M. Smith, 2006: Adequacy of the In Situ
Observing System in the Satellite Era for Climate SST

An Integrated Global Observing System For Sea Surface Temperature
Using Satellites and in Situ Data: Research to Operations

H-M.Zhang, R.W. Reynolds, R. Lumpkin, R. Molinari, K. Arzayus, M. Johnson, and T. M. Smith

Climate Assessment
Requirements
Satellite bias correction
by in situ data
(WMO/WCRP)

Observing System Efficient & Sufficient
Deployment Observing System
(AOML) i _ Design
ol (NCDC)

NOAA GCOS/GOOS
Program Management

(CPQ)

WCRP GEWEX WG

“WMO Guide to Climatological Practice
Ocean Obs’09 Whitepaper

AMS Air Sea Interaction Committee; C«



NOAA National Centers for Environmental Information (2016-2025): Supervisory Oceanographer
— GST Portfolio Manager, Air-Sea/Ocean Surface Section Chief, Climate Trends & Extremes, WMO/SOT Chair

Global Surface Temperature/GST Portfolio

Land & Ocean Temperature Percentiles Jan-Dec 2025
NOAA's National Centers for Environmental Information
urce: NOAAGIobalTemp v6.0.0-20260107

Users

Global Land and Ocean Average Temperature Anomaly
12-Month Period

Climats Monitoring Products (CIRs): } 140°C r252°F
GST Maps & Time Series/Index
L MLOST/GGST (Gridded GST) J Users .
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e WMO/SOT Chair:
o  Capacity Building training in Fiji
o  WMO/IMP Symposium on extreme weather Extreme Marine Heatwaves in the Global
. , Oceans during the Past Decade
. Wh Ite pa per = Ocea n O bS 1 9 Boyin 'I;iuangtj,b-,a Xungang Yin,? Jahmes A. Cartﬁn,“ Lcw'gang Chen‘“hGarrett Graham,®
. Keneshia Hibbert,® Seonju Lee,® Thomas Smith," and Huai-Min Zhang®
o A Global Ocean Observing System (GOOS),
Delivered Through Enhanced Collaboration Across A new gridded offshore wind profile product for US

coasts using machine learning and

Regions, Communities, and New Technologies. . :
satellite observations

MOItmann, T-, J- Turton, H--M. Zhang, and CoaUthorS James Frech!-2, Korak Saha'2, Paige D. Lavin' %, Huai-Min Zhang®, James Reagan’, and
e Building star-performance teams (DOC medals) . Birnedon P’

e US/NOAA-China/CMA senior leadership summit



Present Day: ICPO Director

CLIVAR Mission and Scientific

CLIVAR is one of the 6 Core Projects of the CLIVAR’s mission is to understand the dynamics,
World Climate Research Program (WCRP) interaction, and predictability of the climate system
with emphasis on ocean-atmosphere interactions.

Some Scientific priorities of CLIVAR:

1. Mechanisms of climate variability and change
that require further investigation with the ultimate
goal of better constraining the fluxes of energy
and carbon in the climate system;

2. Ocean processes that modulate climate
variability and change for which open questions
remain;

3. Climate predictability challenges over a broad
range of space and time scales.

@ e CWCRP

Mrm‘ﬁiﬁf“ LIl Warld Climate th-ml‘dhl’l'bg
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Climate and Ocean Variability,
Predictability and Change

Objective:

To facilitate observations, analysis, predictions and projections of variability and changes in the
Earth's climate system, with emphasis on ocean-atmosphere interactions, to the benefit of society

and the environment in which we live.

CLIVAR legacy includes:

= implementation and development of
major multinational observing networks
in all ocean basins;

= development of ocean and climate re-
analyses, to bridge observations and
modeling through data assimilation;

m development of ocean-climate models,
initialized decadal climate predictions
building on ocean-climate reanalyses.
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CLIVAR consists of 4 ‘Global’ Panels, 5 Regional Panels, and Research Focus

Scientific Steering Group International CLIVAR Project Office

life-time (3-5 yrs)

Southern Ocean Region Panel (SORP)

Ocean Model Development Panel (OMDP) ) . The CLIVAR SSG provides
Marine Heatwaves in the i
Global Ocean overall guidance for CLIVAR
Global Synthesis and Observations Panel (GSOP) P . .
activities, in concert with WCRP
Ocean Oxygen to Carbon N .
Climate Dynamics Panel (CDP) Heat Nexus in a Warming - ObjeCtIVGS, and establishes
P . a CLIVAR Panels and Working
; Gouen | Cimse(©2cH) | &
< - Groups (+Task Teams) and
G . - = .
g Atlantic Region Panel (ARP) Confronting Earth System Y their terms of reference.
v Pacific Region Panel (PRP) Model Trends and 2 .
Indian Ocean Region Panel (IORP) m Multidecadal Variability Research Focl address Urgent
- with Observations and actionable research
Northern Oceans Region Panel (NORP) 7% CiiC Cha”enges_ RFs have a limited

‘
WCRP

H g
World Climate » e, International
Research Programme e ) B0 Science Council

METEOROLOGICAL
ORGANIZATION



Cross-WCRP Mgns?gziage(
Joint Working WCRP O, c(m:L!yAIbe GOUEOX =

Groups

Research Programm Predictability and Change

Panel structure: Monsoon Panel (MP) & 3 regional Working Groups (WG)

e Regional WGs tasked with identifying priority areas for targeting advances
e Regional WGs relatively flexible to organize themselves under the guidance of MP

CLIVAR/GEWEX

Monsoons Panel

(MP) INTERNATIONAL MONSOONS PROJECT OFFICE
embers S e T (ImPO) A

WG on Asian- |
Australian WG on AFrican

Monsoons (WG- WG on AMerican Monsoons (WG-
Monsoons (WG-AMM) AFM)



New Efforts

PRP Working Group on Tropical Pacific BGC-Physical D

Interactions to bring together the community across o *f |
physical and biogeochemical disciplines to identify and %
advance research questions and observing and modeling A WI\—/MQ(’; =

needs for understanding ocean biogeochemical (BGC)
cycles and their interactions with climate and ocean
dynamics in the tropical Pacific (TP). Diatom chlorophyll from CESM 0.1° simulation

# » Frontiers in Marine Science » Ocean Observation > Research Topics

GSOP is involved in Marine Environment
Reanalyses Evaluation Project (MER-EP) as e

) Coupled Prediction
part of the panel’s Ocean Reanalyses 377K views | 94 authors I8 it
Intercomparison activities. »

Demonstrating Observation Impacts for the Ocean and

fl‘ﬂl'ltlEl‘E Peter R. Oke, Yosuke Fujii and Elizabeth Remy

IORP is forming new Task Teams:
 Marine Paleo

e Coastal Observations
* Indonesian Seas

W

World Clismu A RAC LS B Lepe ] e | B R wy o R e (Y 2 Bl | jece
.o...o:: Science Council
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CLIVAR OMDP New Working Groups: New Efforts

Ocean Model Intercomparison Project (OMIP) — a core component of CMIP, a framework for
evaluating and improving performance of global ocean and sea-ice models.

OMIP contribution to CMIP6: experimental and diagnostic protocol
_ for the physical component of the Ocean Model
Geosci. Model Dev., 9, 3231-3296, 2016 X .
woww geosci-model-dev.net/9/3231/2016/ Intercomparison Project

ik A SR Stephen M. Griffies', Gokhan Danabasoglu’, Paul J. Durack’, Alistair J. Adcroft', V. Balaji', Claus W. Béning®
& Rathur(ey A1 6e LC- Attt 3 Lices Eric P. Chassignet’, Enrique Curchitser®, Julie Deshayes’, Helge Drange®, Baylor Fox-Kemper’, Peter J. Gleckler’,
(=) @) Jonathan M. Gregory'’, Helmuth Haak'', Robert W. Hallberg', Patrick Heimbach'”, Helene T. Hewitt'",

David M. Holland'*, Tatiana Ilyina'', Johann H. Jungclaus'', Yoshiki Komuro'®, John P. Krasting',
William G. Large?, Simon J. Marsland'®, Simona Masina'’, Trevor J. McDougall'%, A. J. George Nurser'?,
James C. Orr®’, Anna Pirani’', Fangli Qiao’2, Ronald J. Stouffer', Karl E. Taylor’, Anne Marie Treguier’’,
Hiroyuki Tsujino™, Petteri Uotila™, Maria Valdivieso™®, Qiang Wang”’, Michael Winton', and Stephen G. Yeager’

Angélique Melet (Coordinator) Mercator Ocean, France
Regional Ocean-Climate Projections e e e
Dorotea lovino CMCC Foundation, Italy
OMDP & RIfS CORDEX Task Team to develop Shogo Urskwe oo e
coordinated simulation protocols and deliver T —— R —
standardised datasets towards coordinated regional
ocean-climate projections. aru— e e
Markus Meier Leibniz Institute for Ballic Sea Research
Warnemiinde (IOW),
‘ Germany
Andrew Orr British Antarctic Survey (BAS), UK
Jason Holt National Oceanography Centre (NOC), UK
World Climate Xuebin Zhang CSIRO, Australia

% International

Research Programme GFDL, USA s Science Council



New Efforts
CLIVAR OMDP/RIfS CORDEX Task Team on Regional Ocean Modeling and Climate Projections

Motivation:

* Need to provide refined regional information
relevant for societal services and adaptation
measures;

» Need for dynamical downscaling approaches as
most coupled global climate models will not be
able to run with high-resolution ocean models; and

 Lack of international coordination of regional
ocean modelling and climate projections.

Global Models Regional Models

© Mercator Ocean

World Climate
Research Programme

Objectives:

Develop coordinated simulation protocols and deliver standardized
datasets towards coordinated regional ocean-climate projections;

Explore the potential of data-driven machine-learning approaches to
simulate oceanic regions and their future evolution;

Advance the science of regional ocean climate modelling and
projections, through multi-model assessments, identification of biases,
and underlying processes;

Provide a forum for regional ocean modelers and model users to
share knowledge and experience;

Serve climate impact and adaptation needs by engaging with
users/stakeholders and providing data and expertise to ocean climate
services; and

Contribute to international and regional expert assessment reports.

o®e
o International
eg2e e ScienceCouncil

ORGANIZATION



), CLIVAR Capacity Building, Education, and Training we=
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WCRP SiLIVQR
The Webinar Series coordinated =
by the CLIVAR Research Focus on
Marine Heatwaves in the Global Ocean
presents:

CLIVAR (Climate and Oceans:

Variability Predictability and Change) is a core

projeet o the Workl Clinie Reeareh Programme
ph

Record sea surface temperature
jump in 2023-2024: Implications

An Early Career Session with mentoring
= (WCRP, CLIVAR SSG) was held as a
' Side Event at Pan-CLIVAR 2025

for transient climate response
to emissions and a possible
upcoming warming hiatus

Jens Terhaar (University of Bern)

April 16, 2026, 13:00 UTC

Via GoTo /International CLIVAR/mhwswebinar7 . WOkahOp on Polar Heat:
f - 7]
Scan to register Co-organized by r(:_ g!:!}!&gw Mechanisms, Transports and Global Linkages
NORP, SORP, i Glasgow, Scotland, 2026
) ) . OMDP, and ARP, ' ] | R
Online university course the workshop
co-organized by GEWEX-CLIVAR brought together

Working group on American
Monsoons and Universidade
Federal de Itajuba (all materials

TELECONNECTION PATTERNS available online)
AND $2S PREDICTABILITY

~80 in person

and ~ 50 online
participants; ECRs
participation >50%




CCEH IO BV IS The 2025 Pan-CLIVAR Meeting brought
T [ A VAl together CLIVAR members from all panels,
| research foci, and SSG, as well as invited

. % CLIVARSymposium representatives from WCRP core-projects

“~ < Bridging Science and Society _
in Southeast Asia and Beyond and external partners to:

- Develop ideas and input for the next
CLIVAR science and implementation
plans;

22-26 September
Bali, Indonesia

World Climate
Research Programme

- Foster interactions across panels, WCRP
—a WCRP® core projects, and partners;

US CLIVAR it
Research Programme

- Evaluate progress, formulate future
priorities, and enhance members
cohesion; and

- Engage scientists and stakeholders in
southeast Asia.

& frontiers | Frontiersin

Bridging Ocean-Climate Science
and Society in

Frontiers Research Topic




World Climaze Ressarch Programme

i WERD.Z2 Emerging topics for the new CLIVAR Science Plan

- AI/ML applications and coordination while not losing the traditional process-
Climate and Ocean - Variability,
Predictability and Change based fOCUS;

Science Plan and Implementation Strategy

- Strategy for continued observations in the absence of substantial
reductions of institutional / government support / funding which cannot wait
until the outcomes of OceanObs’29;

- Regime shifts and tipping points;
- Extremes pertaining to CLIVAR;
- Sea level changes;

- Research related to biogeochemistry and carbon which can tie into marine
carbon dioxide removal;

- Improving joint use of model and observational products in a coherent and
synergistic way;

June 2018 WCRP Publication No.: 14/2018

- Review of past accomplishments and identify gaps; and

« Enhance societally relevant science and applications, including earl
engagements with stakeholders, policy makers, etc.

.
WCRP
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CLIVAR Publications

1) Monthly News Bulletin; 2) Periodical Research Articles - CLIVAR Exchanges
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A Message From the ICPO Director .
“Among the inital tasks as the new ICPQ Director since mid June, | had the opportunity to attend the manage . Com/sub Scrlbe?u

biennial open science conference and committee meeting of the Scientific Committes on Antarctic
Research (SCAR2026) in mid August, from which | was so reenergized. 5CAR2026 was one of the most

L.,uLu[ L_.:l

energetic meetings | have attended, evidenced by the 1000+ capacity ballroom that was fully | E e Scientfic Hies
crowded including standing attendees at the doors, at both the opening and closing events of Day 1 —e | rrerging Anomalies and theieed h&m cam

and Day 5, and with spedialized workshops two days before and two days after the Conference. | am
glad to see that our CLIVAR scientists, particularly the Southern Ocean Regional Panel (SORP)

members, are actively participating in SCAR activities (more below), and | was able to meet some of b
them at a lunch break and "side bars”. One major theme of SCAR2026 was the planning for the Fifth C e 1 —_ ec l I

International Polar Year (IPY-5) in 2032-2033, which is a geopolitically popular theme supported by

many national funding agencies; national proposal calls may come out soon. Some of our CLIVAR

members (e.g. SORP) have already been engaged in the IPY-53 planning, but | call for the wider CLIVAR

community’s involvement to contribute on the ocean dynamics and climate aspects. As a major t ju— h t t

week-long SCAR poster said, what happens in the poles affects everyone. A great example is the m Source C a‘ . Com
melting iceffreshwater impact to the general ocean drculation and ENSO cycles. CLIVAR can also -

more closely collaborate with the SCAR's existing AntClim21 and AntClimNow to a newly proposed

SCAR Research Program at SCAR2026: the Antarctic Climate Extremes - Drivers, Predictability and

Cascading Impacts (ACES). We hope your participation under the WCRP CLIVAR umbrella/brand can

carry you further down the road, and please feel free to contact icpo@clivar.org, if ICPO can assist

e en frere More contact info later

CLIVAR News and Announcements
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CLIVAR at the 2026 SCAR Open Science Conference, Oslo,
Norway, 8-19 August 2026
The 12th 5CAR Open Science Conference (SCAR O5C) brought

together the Antarctic research community in Oslo, Norway,
marliar thicr Ananth Caoae=l CTIVAD mmammbors framm fha malare
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https://www.facebook.com/clivar/

Monthly Bulletin




Slides for thoughts: From knowns ... To unknows

Global Land and Ocean Average Temperature Departure
July 1901-2000 Base Period
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Deglaciation in Iceland: Trends and Consequences -

Wright-Ingraham Institute

https://wright-ingraham.org/deglaciation-in-iceland-
trends-and-consequences/

__ Representing Climate Change

Bifrost Online

22771453 0 %

More videos :;7:.:“"@ 2 YouTube (@]

DEGLACIATION IN ICELAND
TRENDS AND CONSEQUENCES

Lea Rekow
Northern Hemisphere Sea Ice
This background text provides a short introduction to deglaciation trends in Iceland. The rapid loss
of Iceland’s glaciers has been a nearly universal trend since the mid-1990s, with most glaciers
decreasing in volume almost every year. It is estimated that Iceland’s glacier-covered area has
shrunk by about 2000 km3 since the end of the 19th century. Every year, an additional 40 km2 are
deglaciated, which is a remarkable amount.

2020 Average: 8.75 million km? million mi

-« Representing Climate Change

Bifrost Online
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More videos

Decadal Trend:
-0.63 million

3 YouTube
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... to uncertainty and unknowns

Tropical/subtropical storm example

Scars on the Mountain documentary movie
https://www.angel.com/watch/scars-on-the-mountain

Southeastern United States in late September 2024. It stands as the strongest
hurricane on record to hit Florida's Big Bend region, the costliest storm in North Carolina’s
history, and the deadliest contiguous U.S. hurricane since Hurricane Katrina in 2005.
Fueled by historically warm waters in the Gulf of Mexico, the storm underwent rapid
intensification before making landfall. w wikipedia +1



https://www.angel.com/watch/scars-on-the-mountain

High Mountain example

Glacier ice/snow melts over the world: can tricker catastrophic
damages

Himalaya; August 2026
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=2 MNepal-Tibet Border Glacier Collapse:
Massive Flash Flood Destroys
Friendship Bridge

RERHRIEAGNER, BARILEEA

A massive glacier collapse near the AREEREERAKTEIIA,

Mepal-Tibet border triggered a

destructive flash flood and debris

flow through the Himalayan valley.
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A huge section of glacier ice
collapsed high in the mountains,
sending ice, rocks, mud and debris
rapidly downhill. As the debris
entered the river system, it created a
powerful surge of muddy water that
travelled downstream toward
populated areas.

The disaster affected the
Rasuwagadhi border region and the

Bhote Kashi river system. The narrow
Himalavan valley concentrated the
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Hope and Progress - Climate Change Planning & Mitigations:

Science-based and informed decisions can save lives and reduce property damages
- The Switzerland Blatten case

On May 28, 2025, a catastrophic cascading rock-ice avalanche and landslide
devastated the mountain village of Blatten (often misspelled as "Blanken” or
“Blankenburg") in the Lotschental valley of Valais, Switzerland. w wikipedia

The disaster occurred when roughly 10 million tons of rock broke off the Kieines Nesthorn
peak due to climate change-induced thawing permafrost. This massive debris load
collapsed onto the Birch Glacier, causing the glacier to detach and trigger a violent
landslide that rushed down the mountain at speeds up to 200 km/h. @ EGU Blogs +2

Key Details of the Disaster

* The Impact: The landslide unleashed over 3 to 9 million cubic meters of mud, rock,
and ice, burying 90% to 95% of Blatten. The debris deposit stretched 2.3 kilometers
across the valley floor. ¥} Antarctic Glaciers +3

» Seismic Activity: The force of the glacial collapse and landslide triggered a local 3.1

magnitude earthquake. 7 UNESCO Chair on Water-r..

* Damming & Flooding: The massive flow obstructed the Lonza River, forming a natural
dam and creating a lake that submerged the few buildings that weren't directly buried
by debris. @@ eu-space.europa.eu +1

« Casualties: Fortunately, local authorities had detected early slope deformations and
ordered a preventative evacuation of the village's 300 residents on May 19, nine
days before the collapse. However, one 64-year-old shepherd who was outside the
official evacuation zone tragically lost his life. ‘w Wikipedia +1

Financial Loss: Total economic damages from the disaster are
estimated to exceed 320 million Swiss Francs.
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