
Understanding the Climate System: 

Future Opportunities and Challenges



What was I really thinking ?

1) @#$% - whereôs my wrench  ?

2) Its been 9 hours since Iôve been to 

to the bathroom..

3) If youôre stationary, youôre 

probably dead?

4) oooé.look ..thereôs Melbourne!



Understanding the Climate System: 

Future Opportunities and Challenges

Document uses material from a white prepared by a group of climate scientists ( Fung, Sellers, Randall, Shukla, 
Tucker, Busalacchi), with other materials stolen liberally from Scott Denning and IPCC.

Significant gaps have been identified in the US Climate Science Program:

Observations: Satellite programs and in situ networks are in trouble.

Modeling: Our climate modeling capability is inadequate.

Process studies: Field and laboratory studies need more support.

People and Institutions: the trained workforce is small and dwindling.

Organization: Interagency coordination will be essential to minimize

gaps and overlaps
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These problems are discussed further and some solution strategies proposed.

Remember é  

a) Donôt get downhearted ïthings look bad just before they get better.

b) The scientific opportunities are fabulous, and our contribution to the welfare of 
humanity could be enormous.



Climate Science, the US National interest, and  

the International Interest

Climate science is the foundation for determining societal responses to 

climate change, and this science is currently under threat in the US.

The US national science agencies ïprincipally NASA, NOAA, NSF and DOE 

ïhave the responsibility to generate useful science-based predictions of 

potential future climates that would result from different energy use options 

( for the US, that is).

Without a credible prediction capability:

- we cannot frame sensible energy policies,

- we cannot propose sensible adaptation and mitigation strategies, and

- we cannot convince the public and others of the need for action.



What are the key climate science questions?

Governments and the public will be looking for answers to the 
following questions:

i) Which fossil fuel use trajectories are likely to yield the most economic 
benefit for the least negative climatic and social impact?

ii) Which resources and interests of the nation are most vulnerable to 
climate change?

iii) How much confidence can we attach to our climate change 
predictions? And on what timescales and spatial scales?

iv) What resources do you need to do better in the above areas?

Currently, the US Climate Science Program is not postured to 
provide the answers to these questions.



Emission Scenarios vs RealityRecent emissions
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Actual emissions are above even the highest IPCC scenarios



Problems and Proposed Solutions
(1) Observations.

ñThere is a clear and pressing need for the development of a national 
strategy to sustain in situ and space-based climate observations.ñ

Satellites: The national system of environmental satellites is currently ñat risk 
of collapseò (NRC, 2008):

- The EOS platforms ( Terra and Aqua) will soon be inoperable. 
NPOESS was targeted to replace the EOS climate function.

- NASA Decadal Survey instruments. This list was drawn up

assuming that NPOESS would deal with the climate 

observations.

- NPOESS: Very likely will not provide adequate climate data; and the    
delayed launch schedule  will lead to gaps in the continuity and 
homogeneity of satellite climate datasets.

Proposed solution: A national-level reappraisal of satellite instrument 
priorities and procurement methods, followed by action.



The A-Train









Problems and Proposed Solutions
(1) Observations (cont.)

In situ observing networks:

- These consist of components of the Global Climate Observing System 
(GCOS) [e.g., the global meteorological network; NOAAôs U.S. Climate 
Reference Network (USCRN); NOAAôs Trace Gas and Radiation monitoring 
programs; DOEôs ARM Network; the Global Ocean Observing System network; 
and several USGS and USDA terrestrial networks].  

- Only a limited number of operational networks adhere to GCOS climate 
monitoring principles ( e.g., USCRN)

- The operational networks are under continuous threat due to cost and 
politics, particularly in the developing world. 

Proposed Solution:

Review US and international contributions to GCOS to ensure that gaps 
are addressed in a sustainable manner on a global basis.

Support for GCOS Networks in line with the GCOS Implementation Plan.
CCSP endorses the use of this plan for guiding GCOS-related climate 
observations but it lacks adequate funding.



Problems and Proposed Solutions

(2) Weather and Climate models

These models are time-consuming and expensive to create and require significant scientific resources 
to operate, maintain and improve.
- Many different groups and agencies are involved, with few formal mandates to collaborate.

- Improvements are needed in the representation of moist tropical processes ( convection, 
clouds), and role of the oceans and land in the carbon cycle.

- Improved resolution (and thus computing power) is essential.

- Comprehensive data assimilation is required to tackle the seasons-to-decades timescale.

-The generated predictions (ñupstream productsò) need to be accessible to  those agencies 
and institutions responsible for generating impacts and mitigation forecasts ( ñdownstream 
productsò)

Proposed solution: 
A multi-agency effort is required to build the next generation of US climate models, and 
to coordinate climate research.

A national operational climate prediction center with a defined mission is needed. 

This should be institutionally close to a national numerical weather prediction center.

This center should be augmented by a ñMixed fleetò of climate models at a range of 
mid-sized institutions for rapid development and experimentation.





Relative changes in precipitation (in percent) for the period 2090ï2099, relative to

1980ï1999. Values are multi-model averages based on the SRES A1B scenario for December to February

(left) and June to August (right). White areas are where less than 66% of the models agree in the sign of

the change and stippled areas are where more than 90% of the models agree in the sign of the change.


