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Questions to be answered by a 
GHG observing system

• Contemporary GHG budget at national scale

‣ Verification of emission inventories
‣ Assessment of GHG reduction strategies

• Anthropogenic impacts on land and ocean ecosystems

• Response of natural sources/sinks to climate change

• Target quantities: 

‣ GHG fluxes at decadal, annual, seasonal scale
‣ natural & anthropogenic emissions
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Overview

• How do we intend to utilize observations?
‣ Carbon Cycle Data Assimilation System (CCDAS)
‣ Top-down, or atmospheric constraint

• Formal and practical ways to optimize the observing 
system 

• Importance of uncertainties: 
‣ Assessment of prior flux uncertainty using flux 

observations
‣ Reducing model - observation mismatch

• Future work
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Bayesian Inversion

J  =  Hx ! y( )T Cy
!1 Hx ! y( )     +     x ! xp( )

T
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=>  optimized fluxes,  incl. posterior flux uncertainty
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Taking a look 
at H:
How does an 
atmospheric 
network „see“ 
fluxes?

STILT footprints
- 79 pot. towers
- 100 m height
- footprint for
  monthly mean
  mixing ratio
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Observing System Optimization

Goal: 	

 	

 Provide guidance for station selection

Tool: 	

 	

 Inversion system(s)

Measure: 	

Uncertainty reduction

Input:	

 - Prior flux uncertainty + correlation structure
	

 	

 - Synthetic observations + uncertainty

Optimal observing system:
minimizes posterior uncertainty by
	

 	

 - adjusting locations/times for y (impact on Cy)
	

 	

 - improving H (i.e. reducing Cy)

posterior uncertainty
prior uncertainty1 - 
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ICOS-D Pre-operational system (TM3-STILT)
• Current station list: ICOS sites 

within STILT-Domain

‣ Tall Towers 

‣ ground stations

‣ Tall Towers ICOS-D
existing, + planned
+ stations under discussion

• Uncertainty reduction

‣ To provide guidance on station 
selection

‣ Prior uncertainty correlation 
structure:
~150 km spatial scale
~5 day temporal scale
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ICOS-D Pre-operational system (TM3-STILT)

=>	

Advice to DWD
	

 regarding number 
	

 of tall towers
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Projects covering Observing System Optimization

• ICOS-PP: Atmospheric
‣ Coordination ICOS-Earth Networks stations
‣ Guidance to station design

• ICOS-D: Atmospheric
‣ Selection of tall tower locations

• ICOS-INWIRE: Atmospheric
‣ Assessment of compatibility requirements
‣ Network design (mesoscale models)

• InGOS: Atmospheric
‣ Non-CO2 GHGs

• GeoCarbon: Global Carbon Observing system 
accuracy requirements and network design
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Results so far

• Contribution to ICOS-PP Atmospheric Station 
Specification

‣ Recommendations re. location, coverage homogeneity

‣ List of 1000 potential stations incl. nearby emission and 
topography characteristics

‣ Recommendations re. height of tower

• Application to ICOS-D atm. network
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Uncertainty Reduction

depends on 

• prior flux uncertainty

‣ Assessment of prior flux uncertainty using flux 
observations

• uncertainty of the measurements, including 
uncertainty associated with representing the 
observations in atmospheric transport models

‣ Reducing model - observation mismatch
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Prior Flux Uncertainty 

ICOS-INWIRE assessment of prior error structure

‣ comparison biosphere models (VPRM, ORCHIDEE, 
5PM) with flux data

‣ assess spatial and temporal covariance structures 
consistent with the model-data mismatch 
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Prior uncertainty covariance matrix Cp 
Temporal correlation fluxmodel-data residuals

Year 2007, 
53 sites,
Daily averages 
europe-fluxdata.org
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Prior uncertainty covariance matrix Cp
Spatial correlation fluxmodel-data residuals

... short 
correlations
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Reducing Model-Observation Mismatch Cy

• Finer resolution of transport model & flux model

• Selecting data

‣ „representative“ stations and periods (e.g. daytime) 

• Reduced uncertainty in vertical mixing

‣ improving representation of mixing

‣ using profile data (e.g. tall towers)

‣ using mixing height retrieved from collocated Lidar/
Ceilometer
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Reducing Model-Observation Mismatch Cy

• Benefit of a TALL tower: exceeds nocturnal mixed layer

• Use of partial column in Model

BGD
10, 15337–15372, 2013

Local CO2 and CH4
flux estimates from

ZOTTO profiles

J. Winderlich et al.
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Fig. 10. Diurnal variation of the CH4 mixing ratio at ZOTTO tower in July 2009.

15371

ZOTTO
July 2009

[Winderlich et al., 2013]
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Reducing Model-Observation Mismatch Cy

• Mixing heights retrieved from Ceilometer/Lidar 
backscatter profiles

• Collocated with tall towers targeting mixed layer air 
over land
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Future work

• Combining Observing system Optimization with 
Cost Minimization (partially in GEOCARBON)

• Including Transport Model Uncertainty by using 
Ensembles (ICOS-INWIRE)

• Augmentation towards CCDAS 


