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GLOBAL CLIMATE OBSERVING SYSTEM

The Global Observing System for Climate

IMPLEMENTATION

With a focus on the Ocean Chapter.

Katy Hill, Scientific Officer, Ocean
Observations (GCOS, GOOS, JCOMM)
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GCOS produces ECV Requirements, Adequacy Reports, Plans
…. which lead to observations, products, open data
…. which inform science, assessments, policy 
…..which are needed by climate services, risk assessments, early warning &disaster risk reduction policies
…..which lead to successful adaptation and mitigation, reduced climate risks, enhanced livelihoods, and food &water security.
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3rd plan
And the news here is that…we are supporting adaptation&mitigation and ensuring that the cycles are being supported
Emphasis on the need to support developing countries and their observing networks

The Status Report which we have been delivered to COP21 in Paris last year showed that there has been improvement in the adequacy of the existing observing networks since 2010, but for the next decade we have to look into 
1. Adaptation & Mitigation
2. Water, Energy and Carbon cycles
3. Additional Essential Climate Variables
4. Emphasis on more help for networks in developing countries  



Improve global,
regional and
locallong-term
climate
forecasts

Implementation
Aims
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Part I - 2. Implementation will
Ensure that the climate system continues to be monitored
Improve global, regional and local long-term climate forecasts by; Filling gaps in network coverage; Refining ECV Requirements; Improving techniques; Addressing Global Cycles 
Support adaptation
Improve the provision of useful information to users 
Improve the communication of the state of the climate 
Facilitate improvements to national observation systems.

The following slides will give examples regarding points 3, 4 and 6 (ECV, indicators and statement).
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3 Support adaptation
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New Plan in now observing additional parameters. While most of the ECVs remain unchanged there are a few new ECVs that are now possible to observe and add to our understanding of climate change.

Example here:
Lightning. It is now possible to monitor lightning in a systematic and accurate way. This is important as the impact of increased storms are one topic that many countries are concerned about for adaptation planning. Systematic measurements will provide a baseline and monitoring changes in storminess. 

Other new observations are:

GCOS has identified Anthropogenic Greenhouse Gas Fluxes and oceanic N2O as new ECVs. While a complete monitoring system for fluxes may take decades to develop and implement, atmospheric composition measurements (ground-based and satellite) are starting to be able to support existing emission estimates made for the UNFCCC. 


Biology (marine habitat properties and adding Lake colour to the Lake ECV) – see following slide.


Land Surface Temperature (LST). This differs from surface temperature traditionally measured for weather prediction and used to track climate change (which is an air temperature about 2m above the ground). LST is measured by satellites: it is the radiant surface temperature and is important for vegetation and ecosystem modelling. 


Two Ocean properties (ocean surface stress, ocean surface heat flux). These are needed to improve modelling of ocean systems, especially those that have a link to weather impacts such as El Niño and storms. 
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Biology (marine habitat properties and adding Lake colour to the Lake ECV). Given the importance of fish (protein) to the human diet at a global level, improved monitoring of biological systems and how they are changing is vital. 



Essential Climate Variables (ECVs)

Atmospheric

e Surface: Air temperature, Wind speed and direction, Water vapour, Pressure, Precipitation,
Surface radiation budget.

e Upper-air: Temperature, Wind speed and direction, Water vapour, Cloud properties, Earth
radiation budget, Lightning. Composition: Carbon Dioxide (CO2), Methane (CH4), Other long-lived
greenhouse gases (GHGs), Ozone, Aerosol, Precursors for aerosol and ozone.

Oceanic

e Physics: Temperature: Sea surface and Subsurface, Salinity: Sea Surface and Subsurface, Currents,
Surface Currents, Sea Level, Sea State, Sea Ice, Ocean Surface Stress , Ocean Surface heat Flux

e Biogeochemistry: Inorganic Carbon, Oxygen, Nutrients, Transient Tracers, Nitrous Oxide (N20),
Ocean Colour

* Biology/ecosystems: Plankton, Marine habitat properties

Terrestrial

 Hydrology: River discharge, Groundwater, Lakes, Soil Moisture Cryosphere: Snow, Glaciers, Ice
sheets and Ice shelves, Permafrost

e Biosphere: Albedo, Land cover, Fraction of absorbed photosynthetically active radiation, Leaf area
index, Above-ground biomass, Soil carbon, Fire, Land Surface Temperature

e Human use of natural resources: Water use, GHG fluxes
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First, we have observations in the different domains: Land, Air and Oceans
They all contribute to the knowledge needed for the water energy and carbon cycle.
We need to know about these 3 cycles to get some information on Ocean acidification, Deforestation …..

Consistent Observations Across the Earth System Cycles 

Current climate change is driven by the interaction of the gaseous phases of the carbon and nitrogen cycles and radiative properties of the atmosphere. 

While the original ECVs were designed largely on the basis of individual usefulness, and maturity, in recent years many people have started to use the climate records based on ECVs to close budgets of energy, carbon and water, and to study changes in growth rates of atmospheric composition or interaction between land and atmosphere in a more integrated way. 

Closing the Earth's energy balance and the carbon and water cycles through observations remain outstanding scientific issues that requires high quality climate records of key ECVs. 

In this implementation plan latent and sensible heat fluxes over the ocean are a new ECV with actions on similar fluxes over land. Key state variables that were missing in previous plans can now also be observed, such as surface temperature over land. 

For carbon fluxes, exchanges between the ocean and atmosphere need to be estimated as well as those between land and atmosphere, and between land and ocean through transport of organic material by rivers. The inclusion of a new ECV on anthropogenic fluxes of GHGs provides the key driver of changes of the carbon cycle in the form of fossil fuel combustion, cement production, land use and land-use change. There is a clear link to the fire disturbance, soil carbon, land use and above-ground biomass ECVs. 



Closing the Carbon Budget

e Quantify fluxes of carbon related greenhouse gases to +/- 10% on
annual time-scales

e Quantify changes of in carbon stocks to +/- 10% on decadal time-
scales in the ocean and on land, and to +/- X% in the atmosphere on
annual time-scales

* Who: Operators of GCOS related systems, including data centres.
* Time-Frame: Ongoing

e Performance Indicator: Regular assessment of uncertainties in
estimated fluxes and inventories



Closing the Global Water Cycle

* Close water cycle globally within 5%
* Who: Operators of GCOS related systems, including data centres.
* Time-Frame: Ongoing

e Performance Indicator: Regular assessment of the uncertainties in
estimated turbulent flux of latent heat




Closing the Global Energy Balance

* Balance energy budget to within 0.1 Wm-2
* Who: Operators of GCOS related systems, including data centres.
* Time-Frame: Ongoing

e Performance Indicator: Regular assessment of imbalance in estimated
global energy budget




Target 4: Explain Changing Conditions to the
Biosphere

 Measured ECVs that are accurate enough to explain changes to the
biosphere (for example, species composition, biodiversity etc.)

* Who: Operators of GCOS-related systems, including data centres.
* Time-Frame: Ongoing

* Performance Indicator: Regular assessment of the uncertainty of
estimates of changing conditions as listed above
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Climate Indicators

e Aim to be able to communicate a more complete
picture of climate change (beyond surface
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Atmosphere Key Messages

 Fewer changes than other panels: reflection of
maturity/operational nature of atmospheric

ObserVIng SYStemS 00l Atmospheric CO, at Mauna Loa Observatory
Scripps Institution of Oceanography
e Addition of lightening ECV
* The need to complement satellite observations
with in situ
e increasing generally the availability Tl L
of observations and data products to meet NEAR-GLOBAL LAND TEMPERATURES (RELATIVETO 18801535
climate needs, g
* in terms of frequency, measurements on remote g‘jﬁj
locations but 3 oa
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Regional distribution of many ECVs:

== Satellites + in situ = global picture

mean sea level trends (mm/yr)
[ ~
-10 -5 0 5 10
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Satellites, combined with in situ, now allow a global picture the regional distribution of many ECVs, here sea level rise.

The ocean is a central component of Earth’s climate system, essentially carrying the climate memory from short to long temporal scales.

 In the context of climate variability and climate change, the global ocean is singularly important due to its full-depth heat and freshwater storage capacity. The ocean warming has resulted in global and regional sea-level rise that has had a profound impact on coastal inundation and erosion. 

 Although the global trend indicates a rise in the mean level of the oceans, there are marked regional differences that vary between -10 and +10 mm/year. A map of these regional trends is one of the Sea Level CCI products, obtained from multi-mission SL_cci FCDR, then gridded using radar altimeter data from 1993 until 2014. This product enables the local slopes to be estimated with a very high resolution (1/4 of a degree cartesian grid). Isolated variations in MSL are thus revealed, mainly in the major ocean currents. (Credits ESA/CLS/CNES/LEGOS).



Ocean Chapter. What’s new.. (l)

e Focus on development activities

e Stronger multidisciplinary flavour:

e Driven by need to understand climate impacts,
adaptation, climate cycles

e Expansion into the coast.
e drawing on expertise from 3 GOOS panels,
* Enabled by new sensor technologies

e ECV based actions.

e Drawing on EQV Specifications, need to connect climate
cycles

e Focussed on what we need the observing system to
enable us to do

e Highlights the multiplatform mix/observing system
interdependancies needed.

e Performance evaluations for ECV based actions a prlorlty
for OOPC.




GOOS separation of responsibility for disciplines (ocean variables)

Physics Biogeochemistry Biology

GOOS Application Areas

Climate
(through GCOS for IPCC, UNFCCC, GFCS
and national monitoring, mitigation, adaptation)

[ Strength of disciplinary
contribution

Real-time Services to application area

(through JCOMM services, GODAE OV
to specific benefit areas)

Ocean Health

(with GEO BON and others for
IPBES, WOA, CBD,

and national applications)

GCOS-GOOS-WCRP

OOPC: Panel for Physics variables, and
Climate Theme Lead
RT Services Theme Lead.
Ocean Health Theme Support

GOOS Biogeochemistry: Panel for Biogeochemical Variables and GOOS Biology: Panel for Biology Variables, and
Climate Theme Support Ocean Health Theme Lead
Ocean Health Theme Support Climate Theme Support
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GOOS is covering this space with three panels under the Steering Committee. The physics panel is shared with GCOS and WCRP, and chaired presently by Mark Bourassa (USA) and Toshio Suga (Japan), with secretariat support from Katy Hill at the GCOS office in Geneva. The biogeochemistry panel is being led by the SCOR-IOC International Ocean Carbon Coordination Project with additional funding, and is chaired by Toste Tanhua (Germany) with Maciej Telszewski (Poland) serving as the secretariat. The relaunched biology and ecosystems panel is being co-chaired by Nic Bax (Australia) and Samantha Simmons (USA), with secretariat support from Patricia Miloslavich (Venezuela, now based in Australia) and Ward Appeltans of the IOC secretariat. The biology and ecosystems panel is beginning a substantive activity to identify the already ongoing activities, their essential parts for greatest impact, geographic gaps, and building an understanding of how these observations will serve universal needs to monitor ecosystem health.



EOVs and readiness level

PILOT MATURE

Physics Biogeochemistry Biology and Ecosystems

e Sea State * Oxygen

e |norganic macro nutrients
e (Carbonate system e Zooplankton diversity

e QOcean surface stress

e Ocean Heat Fluxes _
e Transient tracers

e Sealce )

e Suspended particulates
e Sea level . .

¢ Nitrous oxide
e SST

e Carbon isotope (13C) e Live coral cover

* Subsurface temperature * Dissolved organic carbon

e Surface currents
e Subsurface currents
* Sea Surface Salinity

e Subsurface salinity




EOVs mapping to ECVs

Physics Biogeochemistry Biology and Ecosystems
[ ]
* Sea State * Oxygen
e |norganic macro nutrients o
e Ocean surface stress
e (Carbonate system .
e Ocean Heat Fluxes _
e Transient tracers °
* Sealce ,
e Suspended particulates e Apex predator abundance and
* Sealevel e Nitrous oxide distribution
e SST e Carbon isotope (13C) e Live coral cover

e Subsurface temperature Seagrass cover

e Dissolved organic carbon
e Surface currents .

e Subsurface currents o
e Sea Surface Salinity

e Subsurface salinity




Design and evolution of the observing system

Action 06:

* Technology development: Continued support for
development of satellite capabilities, autonomous
platforms and climate-quality sensors, through
pilot-phase to mature stage.

Action O7:

e Observing system design and evaluation: Support -
and engage in systems based observing system =
development projects established through GOOS as ;I-IIH
detailed in this plan, and efforts for the ongoing Tropical Pacific Observing System
evaluation of the observing system.




Global Energy Budget and Ocean Heat Content: The Ocean store ~93% of

excess heat
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Actions: Ocean Temperature

Action 08: Sea Surface Temperature

e Continue the provision of best possible SST fields based on a continuous
coverage-mix of polar orbiting includin% dual view) and geostationary
Infra-Red measurements, combined with passive microwave coverage, and
appropriate linkage with the comprehensive in situ networks.

Action 09: Upper Ocean Temperature:

* Maintain a global upper ocean (0-2000 m) temperature observing system
for the assessment of ocean temperature and heat content change and its
contribution to sea level rise.

Action 10: Full depth ocean temperature:

* Develop and begin implementation of a full depth ocean temperature
observing system to support the decadal global assessment of the total
ocean heat content and thermosteric sea level rise.



Ocean Chapter. What’s new.. (Il)

* Constellation/Network based
actions

e Refined observing system
targets/level of effort needed.

e For in situ, aligned with Network
KPls, tracked by JCOMMOPS.

* Focus on Platform/Network
Interdependencies

e Focus on delivery of data,
products.




Constellation/Network Actions

e Action O34: Satellite Ocean Surface Stress: Continue to
improve the delivery and quality of ocean surface stress
fields based on satellite missions with the comprehensive in
situ networks (e.g. metocean moorings). (1) improve
resolution with the benefit of near coastal data (2)
improved coverage of the diurnal and semi-diurnal cycles.

e Action O37: Argo Array: Sustain and expand the Argo
profiling float network of at least 1 float every 3x3 degrees
in the ocean including regional seas and the seasonal ice
zone (approximately 3800 floats).




Main in-situ Elements of the Global Ocean Observing System October 2016

Argo DBCP OceanSITES SOT —— ASAP Radiosondes (7)
®  Argo (3836) ®  Surface Drifter (1456) ®  Platforms (331) <« VOSClim-Automated (103) SOOP XBTs (46)
¢ Deep-Argo (23) ®  Fixed Platform (103) GO-SHIP & VOSClim-Manned (363)
®  Bio-Argo(295) = Ice Buoy (26) GO-SHIP (61) & VOS-Automated (151)

B Moored Buoy (422)

(3

VOS-Manned (1111)

o

Tsunameter (38) Generated by www.jcommops.org, 16/11/2016




Key Messages: General

e Connection to other conventions, SDGs

e Focus on climate indicators

e Communication on the climate system changes, observations that underpin
them (future workshop)

* Focus on Major Climate Budgets and Cycles.

e Future effort needed on atmosphere/ocean, land/ocean interfaces (likely
focus of future workshops

e Stronger focus on observing biosphere.

 Requirements for adaptation, mitigation (higher resolution)

e Higher resolution obs requirements, products/information (likely addressed
through regional workshops).




Key Messages: Ocean

e Stronger multidisciplinary flavour:
e driven by need to understand climate impacts, adaptation, climate cycles
e drawing on expertise from 3 GOOS panels,
* Enabled by new sensor technologies

e ECV based actions.

* Drawing on EQV Specifications, need to connect climate cycles

e Focussed on what we need the observing system to enable us to do
e Highlights the multiplatform mix/observing system interdependancies needed.
e Performance evaluations for ECV based actions a priority for OOPC.

e Constellation/network based actions

e Refined observing system targets/level of effort needed.
e Aligned with Network KPlIs, tracked by JCOMMOPS.

e Focus on Platform/Network Interdependencies
e Focus on delivery of data, products.




Future challenges.

e Developing a multidisciplinary multicustomer Observing System:
e Expanded drivers for sustained observing (climate, ocean services, ecosystem health),
e Climate requirements increasingly multidisciplinary
* One observing system for range of requirements, potential and challenge to broaden
funding base.

e Embracing new technology:
 New technology provides opportunities to fill gaps, observe more variables, lower cost

for observation.
e Focus on climate record needs to be paramount (c.f. individual platform based

timseries).

e Focus on evolution with stability.

 Need to continue to drive innovation in observing system: continued need to prove
we are getting more impact for investment (not simply asking for everything we are

doing + more).
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