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     Motivation 

 

• Anthropogenic and natural (wildfires) emissions in North Eurasia 
are climatologically important sources of many pollutants 
affecting air composition at both regional and continental scale.  

• The wildfire associated emissions provide up to 20% of global fire 
emissions of inorganic carbon (CO+CO2) and up to 9 % of soot 
and 20% of organic aerosols. 

• High atmospheric residence times of many compounds lead to 
complex interplay with emissions from other anthropogenic and 
natural sources. 

• Hence, correct assessment of wildfire and anthropogenic emissions 
is needed for better understanding of key factors affecting 
atmospheric composition, radiative properties, and air quality.  

 

 

 

ZOTTO Tall Tower observations 

The lack of systematic data on the near-surface air composition and 

emissions for Russian territory complicates studies for air quality, 

estimates of environmental burden and long-term trends in atmospheric 

composition on the whole Northern Eurasia. 



The objective of this study is to partly fill this gap by 

conducting continuous observations of near-surface air 

composition at Zotino Tall Tower observatory 

(ZOTTO) for background atmospheric monitoring in 

Central Siberia launched in 2007. 

ZOTTO Tall Tower observations 

Background character of the station provide an 

excellent opportunity to study regional as well as long-

range impact of various climatically important sources 

of pollutants including regional industry and wildfires.  
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ZOTTO Tall Tower monitoring station (60°26′N, 89°24′E): 

ZOTTO 

Studies of regional and trans-boundary effects of atmospheric transport 

and associated phenomena 

•    Contiuous CO2 and CH4 Gas Measurements at 301, 227, 158, 92, 52, and 
4 m height with Cavity Ring Down Spectroscopy (CRDS) by Picarro, Inc. 
•    Contiuous Aerosol Measurements at 301, and 52 m height with self made 
instrument 
•    Contiuous CO Measurements at 301, and 52 m height with Aero-Laser 
•    Contiuous Ozone, and NOx Measurements at 30 m height 
•    Contiuous Meteorology Measurements at 301, 227, 158, 92, 52, and 4 m 
height, and on the ground (Temperature, Wind, Humidity) 
•    Biweekly Flask Sampling at 301 m height 
•    Various irregular ecosystem measurements 

ZOTTO Tall Tower observations 



1) Is ZOTTO station representative at regional scale? 

ZOTTO Tall Tower observations 



Ozone observations at ZOTTO in 2007-2012 

ZOTTO Tall Tower observations 



Averaged over the continent background ozone concentrations (TROICA 

expeditions) versus stationary observations on Hohenpeissenberg (HP), 

Mace Head (MH) and ZOTTO. 
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•  Atmospheric photochemical system is rather uniform over continental 

areas of North Eurasia. 

•  The ZOTTO measurement data are representative at regional scale if 

considered at seasonal scale (›› synoptic times). 
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ZOTTO Tall Tower observations 

2) To what extent the Tall Tower is subjected to 

regional anthropogenic emissions?  

Use NO+NO2 as indicator of industrial emission-

contaminated air. 



Nitrogen oxides (NO+NO2) observations at ZOTTO in 2007-2012 

ZOTTO Tall Tower observations 



Measured NOx  (as NO + NO2): 

• low background concentrations (<1 ppbv) 

• short-term fluctuations from 0.1 to 10 ppbv 

Surface NO, NO2, NOX and O3 measured at ZOTINO 

during 2007.03 – 2008.01 

Part III. Regional effects from wildfires in Central Siberia 



Histogram of NOX concentrations  

for 12 Mar 2007 – 31 Jan 2008 

• Top quartile of NOx concentrations 

experience seasonal variations within 

0.6-0.8 ppbv. 

• NOx from top quartile serve as 

indicators of polluted air which could 

have been transported from distant 

emission sources. 

Part III. Regional effects from wildfires in Central Siberia 



Yearly mean conditional frequencies (CF) of air with high NOx 

The climatologically important sources of NOx  

are primary associated with industrial areas in the South 

Siberia. 

Impact of Southern Ural was not revealed probably because of 

larger distances to ZOTTO. 

CF against yearly tropospheric NO2 

from OMI 

NO2  <1015 molec / cm2> 

NOx Potential source contribution 

function 

Normalized frequency 

Part III. Regional effects from wildfires in Central Siberia 



ZOTTO Tall Tower observations 

Regional impact of North Eurasia wildfires as seen from 

ZOTTO CO and O3 observations 



ZOTTO Tall Tower observations 

Modeling tools 

1) Trajectory ensemble statistical model for residence 

time analyses (Vasiljeva & Moeseyenko, 2007, 2011); 

2) RAMS/CAMx/HYPACT numerical modeling system 

for regional meteorology / chemistry simulations 

(www.atmet.com, www.camx.org); 

3) GEOS-chem global chemistry – transport model; 

4) Wildfire emission model (Vasiljeva 2003, 2011, 2012) 



ZOTTO CO near-surface obs. (Jan 2007 – Jun 2008) 

Amplitude of seasonal cycle (winter – summer) ~110 ppb well agrees to:  

•  TROICA observations (Elanskii et al., 2006); 
•  Mondy station, 1997 - 1999  (Pochanart et al., 2003); 
•  Ryori, Japan   (Kim et al., 2010); 
•  Oki, Japan  (Pochanart et al., 1999)  

This manifests for weak spatial gradients of CO (and ozone) 

over the continent at seasonal scales. 
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ZOTTO Tall Tower observations 



 Red dots show episodes of air transport from wildfires. 
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Near-surface CO response to wilfires in West Siberia 

during April 2007 and 2008 

April 2007:  COmon  ~ 15 ppb,  COday ~ 25 ppb. 

April 2008:  COmon  ~ 120 ppb,  COday  ~ 340 ppb. 
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Model-predicted ZOTTO CO response to wildfire 

and anthropogenic regional emissions 

Anthropogenic,  2007 Anthropogenic,  2008 

Wildfires,  2007    Wildfires,  2008 

СОwinter ~200 ppb 

CO summer ~100 ppb 

ZOTTO Tall Tower observations 



Model predicted near-surface CO response to wildfires for ZOTTO 

and Tixi stations 
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Atmospheric spring time response to increase in wildfire CO emissions: 

Estimates                                       2007          2008        ΔCO        ΔCO/ΔE 
                                                        ppb           ppb          ppb          ppb/Tg    

ZOTTO obs., in plumes*                  3.6          39.2         35.6           6.7 

ZOTTO obs., seasonal                   149.1       164.8         15.7           2.9 

HYPACT**, seasonal                        2.1         18.2         16.1           3.0 

*   For airmass age up to 2 days 

** Numerical calculations with RAMS/HYPACT modeling system. 

mean)(median,
anthrop.

mean)(median,
anthrop.fires

mean)(median,
fires COCOΔCO  

ΔE = EMIS2008-EMIS2007=5Tg CO (in south Siberia, spring)  

Part III. Regional effects from wildfires in Central Siberia 



Периоды:   1янв31 –дек1,2007янв31 –дек2008. 

Расчетнаяобласть: СевернаяЕвразия,90°–40 с.ш.,180°–20 в.д., 

    сетка120 x 120 км,65   x 111узлов,40уровнейповертикали 

от 0до20км (изних9 уровнейниже1км)вσz системекоординат. 

Входныеданные: 

     Метеополя – данныереанализаNCAR FNL насетке1°х1° за00:00  

и12:00 GMT, 

     ЭмиссииCO – разработаннаясистемаусвоенияданныхEMIS3. 

Расчеты: 

     Метеополя,коэффициентытурбулентнойдиффузии– помоделиRAMS  

врежиме12-часовогопрогнозасвыводомрезультатовкаждые3часа. 

     ФотохимическоевремяжизниCO – изработыHolloway et al. (2000). 

     Среднесуточныеприземные(39м)концентрацииCO – помоделиHYPACT. 

ГлаваIII. Влияниеэмиссийотпожаровнакрупномасштабнуюизменчивость

поляприземногоСОвсевернойЕвразии. 

Параметрырасчетовсреднесуточныхприземных(39м)концентрацийCO  

спомощьюмоделейRAMS иHYPACT 

Влияниеприродныхпожаровнакрупномасштабную изменчивостьсоставаатмосферывСевернойЕвразии.Диссертационнаяработа. 



Август2007: COmon  до80  ppb, COday   до115 ppb. 

  

Эмиссии(MODIS) иприземныеконцентрации(HYPACT) CO  

отприродныхпожаровнаюгеЕТР 

ГлаваIII. Влияниеэмиссийотпожаровнакрупномасштабнуюизменчивость

поляприземногоСОвсевернойЕвразии. 

Август2008: COmon  до 170 ppb, COday   до300 ppb. 

Эмиссии 

Влияниеприродныхпожаровнакрупномасштабную изменчивостьсоставаатмосферывСевернойЕвразии.Диссертационнаяработа. 



Апрель2007:  COmon  до 15 ppb,  COday   до25 ppb. 

  

ГлаваIII. Влияниеэмиссийотпожаровнакрупномасштабнуюизменчивость

поляприземногоСОвсевернойЕвразии. 

Апрель2008:  COmon  до 120 ppb,  COday   до340 ppb. 

Эмиссии(MODIS) иприземныеконцентрации(HYPACT) CO  

отприродныхпожаровнаюгеЗападнойСибири 

Эмиссии 

Влияниеприродныхпожаровнакрупномасштабную изменчивостьсоставаатмосферывСевернойЕвразии.Диссертационнаяработа. 



Апрель2007:  COmon  до  40 ppb,  COday   до100 ppb. 

  

Эмиссии(MODIS) иприземныеконцентрации(HYPACT) CO  

отприродныхпожаровнаюгеВосточнойСибири 

ГлаваIII. Влияниеэмиссийотпожаровнакрупномасштабнуюизменчивость

поляприземногоСОвсевернойЕвразии. 

Апрель2008:  COmon  до 225 ppb,  COday   до560 ppb. 

Эмиссии 

Влияниеприродныхпожаровнакрупномасштабную изменчивостьсоставаатмосферывСевернойЕвразии.Диссертационнаяработа. 



  

Оценкикрупномасштабныхэффектовотпожаровнафоне

антропогенныхисточников 

ГлаваIII. Влияниеэмиссийотпожаровнакрупномасштабнуюизменчивость

поляприземногоСОвсевернойЕвразии. 

Влияниеприродныхпожаровнакрупномасштабную изменчивостьсоставаатмосферывСевернойЕвразии.Диссертационнаяработа. 

АнтропогенныеэмиссииCO поданнымEDGAR-2000. 



Top: SCF and total wildfire CO emissions in summer 2007 (left) and spring 2008 (right).  

Bottom: SCF for the upper quartile 12-hour CO and fire pixels crossed by backward 

trajectories. 

CO source contribution function (SCF) for ZOTTO 

JUL-AUG 2007 APR-MAY 2008 

Wildfires in central Siberia 

Weak fire activity Strong fire activity 



Rationale: Wild land fires as a source of atmospheric emissions 

 

√  Boreal forests in 45º – 70º N belt constitute 1/3 of the total forest area on 

the planet, with carbon storage in vegetation and soil constituting 10 – 17 % 

of the planetary budget. 

  

√  Russian boreal forests contribute 22% to the overall forest area on the 

planet; 

 

√ Boreal forest fires contribute 4 – 12% to the global biomass burnt 

annually, with emissions of soot and organic aerosols in individual years 

contribute up to 9% and 20% respectively, and of non-organic carbon 

(mainly as CO and CO2) – up to 20% of annual global emissions. 

 

√ Large fires (>200 ga) play important role 

 

√ Climatic temperature rise → prediction of increase in wildfire intensity → 

increase in number of severe pollution events and ecological hazards 

Emissions of CO from wildfires in Northern Eurasia: estimates for studies in atmospheric transport and climate modeling 


