
TECHNICAL REPORTS
26

Setup of a CO2 and CH4 measurement system 
in Central Siberia and modeling of its results

by
Jan Winderlich

ISSN 1615-7400



Technical Reports - Max-Planck-Institut für Biogeochemie 26, 2012

Max-Planck-Institut für Biogeochemie
P.O.Box 10 01 64
07701 Jena/Germany
phone: +49 3641 576-0
fax: + 49 3641 577300
http://www.bgc-jena.mpg.de



 

 

 

 

 

Setup of a CO2 and CH4 measurement system  
in Central Siberia and modeling of its results 

 

 

 

 

 

 

 

 

Dissertation 

zur Erlangung des  

Doktorgrades der Naturwissenschaften 

im Fachbereich Geowissenschaften 

der Universität Hamburg 

 

vorgelegt von 

Jan Winderlich 

aus Dresden 

 

 

Hamburg 

2012 



Jan Winderlich 

Max-Planck-Institut für Biogeochemie 

Hans-Knöll-Str. 10 

07745 Jena 

Deutschland 

 

 

 

Betreuung der Doktorarbeit durch: 

Als Dissertation angenommen vom Fachbereich Geowissenschaften der 

Universität Hamburg auf Grund der Gutachten von: 



Abstract  / Kurzfassung 

English:

Deutsch:



Acknowledgements  





Contents 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



List of figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

List of tables 

 

 

 

 

 

 

 

 

 

 

 

 



Abbreviations and formula symbols 



A

0a

1a

a b

b

ib

)(tc

c

'c

c

0c

1c

wetCH4

dryCH 4

ic

inic

modc

wetCO2

dryCO2

obsc

PC

rc rz

D

f

F

fixf

shapef

)(tg

space
i

time
i gtg )(

H

OH2

CRDSOH 2

J

CK

TK

m

M

AirM

p

...Prob

0q

1q

2q

fQ



mQ

)(ts

S

t 't

T

potT

u x

c

v y

c

V

mV

vuv

w

c

'w

'c

measw

c

rw

rz

wetX

dryX

x

ix

y

z

rz

Air

0



A Introduction 





B CO2/CH4/H2O measurement at Zotino Tall Tower 

Observatory (ZOTTO) 

B1 Introduction 



B1.1 Site description 



B2 Experimental setup 

B2.1 Air flow diagram 

Figure 1  



Table 1  

Element Company Type Symbol 
Figure 1 





B2.2 The CO2/CH4/H2O analyzer 
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B2.3 Calibration system 



Table 2  

Tank name ID number CO2 [ppm] CH4 [ppb] 

B2.4 Water correction 
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Figure 2 a) b)
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B2.5 Influence of long inlet tubes 



Figure 3 
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B2.6 Data acquisition 



B2.7 Flask sampling system 

B2.8 Meteorological measurements 



Table 3  

Instrument Tower Bare land Forest 

Figure 4  
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Table 4   

Level [m] 
0q  [°] 1q  [°] 2q  [°] Mean w [m/s] 

(uncorrected) 

Mean w [m/s]

(corrected) 

301 

227 

158 

92 

52 
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B3 Data evaluation 



Figure 8 
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Figure 9   

Figure 10 a) b)  
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B4 Conclusions 



C Analysis of CO2, CH4 concentration and meteorological 

time series 

C1 Introduction 

Figure 12 a) 

b)  





Figure 13 

 



C2 Data analysis 

C2.1 Meteorological conditions 

Table 5  

 Bor 1936-1999 

[Schulze et al., 2002] 

ZOTTO 2009 ZOTTO 2010 

Mean T [°C] 

Min T [°C] 

Max T [°C] 

Precipitation [mm] 

Figure 14 



C2.2 Long-term trend and annual cycle of CO2  
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Figure 15  



Figure 16 

 



Figure 17 

Figure 18 



C2.3 Long-term trend and annual cycle of CH4 



Figure 19  

C2.4 Synoptic winter events 



Figure 20 a) b) c) d) 

e)



Figure 21

Figure 22 

a) b) c) d)  





C2.5 Diurnal cycle throughout the year 



Figure 23 a)

b)  



Figure 24  

Figure 25  



C3 Conclusions 



D Local flux estimates from tower profiles 

D1 Introduction 



D2 Methods 
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D2.1 Micrometeorological flux estimates 
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D2.2 Storage flux 
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Figure 26 
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D2.3 Eddy flux 
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D2.4 Vertical advection 
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D2.5 Horizontal advection 

D2.6 Contamination by local sources 



Figure 27 

a) b)

 

D3 Results and discussion 

D3.1 CO2 storage fluxes 



Figure 28 

D3.2 CO2 eddy flux estimates 



Figure 29 

Figure 30 



Figure 31 

D3.3 Advective CO2 fluxes 
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Figure 32 a) b)
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Figure 33 a) b)

D3.4 Total CO2 flux estimates 



Figure 34 



D3.5 Topographical effects  



Figure 35 a) b)  

Figure 36 

D3.6 CH4 fluxes 



Figure 37 

 



D4 Conclusions 



E Regional flux estimation with the Jena inversion system 

for Central Siberia 

E1 Introduction 







E2 Model setup 

E2.1 Global inversion model 
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E2.2 Regional inversion model 



Table 6  
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E2.3 Footprint analysis 



Table 7  

Time of back-trajectories in h 

1 6 12 24 48 72 96 120 240 360 720 

Total surface footprint coverage in % (720 h back-trajectories = 100 %)



Figure 40 a)

b)  



 

Figure 41  



 

Figure 42 

E2.4 CO2 prior fluxes 



Table 8 

Flux component Model / Data 

set 

Spatial 

resolution

Time 

resolution

References 

Biosphere NEE 

Ocean 

Fossil fuel 

Biomass burning 



Figure 43 a)

b)  

Table 9  

Flux component Model / Data 

set 

Spatial 

resolution

Time 

resolution

Reference 

Biosphere NEE and 

Ocean 

Fossil fuel and 

biomass burning 

E2.5 CH4 prior fluxes 



Figure 44   



E2.6 Atmospheric data 

Table 10  

Site Name Lat. °N Lon. °E m a.s.l. Months 
available 

CO2 CH4 Type References 



Figure 45 a) b) c)



E2.7 Uncertainty assessment 



Figure 46 

a) b)  

Figure 47 

a) b)
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Figure 48 

 



E3 Results and discussion 

E3.1 Synthetic experiments for an optimized model setup 
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Figure 50 

 

Figure 51 a)
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Figure 53 

a)
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E3.2 CO2 flux fields 

Figure 54 



 

Figure 55  



 

Figure 56  



Table 11 

Name Inver-
sion 
type 

Prior data Day/ 
night
data 

Observation 
used 

globally
1)

 

μ Temporal
corr. 

Spatial 
corr. 

Flux in 
“WSIBplain” 

[PgC/yr] 

1)
 describes, if the data from the regional domain have been used in the first step global inversion
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E3.3 CO2 flux time series 

Figure 58 



Figure 59  

E3.4 CH4 flux fields 



Table 12 

Name Inver-
sion 
type 

Day/night 
data 

Observa-
tion used 
globally

1)
 

μ Temporal 
corr. 

Spatial 
corr. 

Flux in 
WSIBplain 
[TgC/yr] 

1)
 describes, if the data from the regional domain have been used in the first step global inversion

Figure 60  



 posterior posterior - prior 

Figure 61 

top: middle: bottom:   



Figure 62 

  

Figure 63 



E3.5 Sensitivity to permafrost 



E4 Conclusions 





F Summary and outlook 
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