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Introduction
Grand Challenge #1 Weather forecast
V. Bjerknes introduced the concept: « Weather can be predicted »

Richardson performed the first unsuccessful numerical attempt

Von Neumann et al performed the first successfull numerical prediction

Since then weather numerical forecast has been greatly improved by satellite-data 

assimilation



Introduction
Grand Challenge #2 Climate Prediction
Fourrier, Arrhenius first assessment of the impact of doubling atm CO2 on global temperature 

(~5°C).

N Phillips developped the first GCM. Since then, complexity and feedbacks are included in 

Earth system models.

Level of complexity
in most of CMIP6 
Earth system 
models (e.g., CNRM-
ESM2)

Derived from Collins et 
al., 2011



Introduction
Grand Challenge #3 Paths to climate mitigation
COP21 Paris agreement set the scene of future grand challenge: monitor effort to reduce GHG 

emissions and national emissions (NDCs) AND track ongoing climate change

Rogelj et al., 2016



Outline
This talk won’t be about:
• Carbon flux or other greenhouse gas verification 

• Satellite-data assimilation

• Satellite algorithms

• Procedure to homogenize satellite measurements

This talk presents a brief overview of satellite measurements used in climate 
research, with a focus on

• Climate model assessment

• Understanding climate variability and climate change

• New use of satellite measurements in climate science (in order to constrain projections)



Global measurements for global challenges
Derived key geophysical variables

Abernathey et al., 2014 Landschutzer et al., 2015

Thomas et al., 2004

Estimate complex or indirect measurement

worldwide (e.g., diffusivity, velocity/plasticity, air-

sea exchange of GHG).

Those fields are required to improve models

and understand climate variability.



Global measurements for global challenges
Skill-assessment of climate models

Radiative fluxes are estimated from satellite measurements (CERES-EBAF)
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Global measurements for global challenges
Skill-assessment of Earth system models

On Land

In Ocean

Derived from Anav et al., 2013

Several key variables are used to routinely benchmark ESM



Global measurements for global challenges
Understand climate variability and climate change

Track decadal shift in Northern ecosystems 

response to climate change using various satellite 

record.

Mao et al., 2017



Complex measurements for complex processes
Evolution of key and complex regions such as permafrost

Langer et al., 2013

Example of model-data fusion using a comprehensive model forced by satellite observations 

and in situ measurements (MODIS LST, MODIS SCF, and GlobSnow SWE)



Long-term measurements for long-term constraints
Constraining climate 
projections by excluding 
model with unrealistic 
feedbacks 

Malavelle et al., 2017

MODIS-Aqua aerosols 

measurements are used to 

quantify change in liquid 

water path due to volcanic 

eruption (aerosols-cloud 

int.).

Used as a benchmark for 

next generation of 

climate models



Long-term measurements for long-term constraints
Constraining climate projections with 
emergent constraints

Response of plankton production (NPP) to El Niño at 

interannual time scale is used to weight model 

projection.

Best estimate is lower than multi-model mean

Kwiatkowski et al., 2017



Long-term measurements for long-term constraints
Constraining climate sensitivity (ECS) and carbon budget

Knowledge on climate sensitivity might help to constrain allowable carbon budget 

compatible with a given warming target

Emergent relationship between log-scale 1/ECS and carbon budget

Schneider et al., 2017



In brief,

Satellite measurements have led to :
• Improve climate model 

• Benchmark/assess model

• Reduce uncertainties in climate model projections

• Support IPCC assessment report

However, there are several bottlenecks

• Satellite data have to support complex and subtle process now implement en climate 

model (e.g., GHG, methane flux, permafrost)

• Ensure a continuous monitoring of the Earth surface (required for Detection & Attribution 

and trends analysis)

• Continous increase in High Performance Computing resources


