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Reconstruction of CO, concentration in a given region,
according to biomass burnt data on the basis of
backward trajectorles
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Along the trajectory produced data assimilation on the concentration



Reconstruction concentration of CO, based
on observational data
The “forecast” step on the trajectory for the one time step is calculated by the

n n+1
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For the moment of time t! when we have fire data, step “analysis” is performed
using the exponential interpolation method: & -
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K1 - number of observation points, B" - radius of correlation,

rjk - the distance between the point on the trajectory  (A(t'), o(t?), p(t!))
and point of observation j
Agqy =At-7n,,

1 - value is determined by the biomass burnt down data.

For heights greater than 1.5 km, change of Aq(j in the vertical is calculated
by the formula:
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Modeling of ensemble of backward trajectories

Since wind has random error, it needs to account these errors in
the backward trajectories modeling.
For this purpose, an ensemble of wind fields was modeled:

u9,0,t,vO(2,0,0}, i=1...M

The ensemble of wind fields is modeled by adding random
perturbations &, &, :

U®M(4,0,t) =U(4,0,t)+ &,
VO(A,60,1)=V(1,0,1)+ §V(”
E,0N(0,62), & LN(0,0),

The concentrations of Q" (A,6,t,) was estimated in a given
region .



Trajectories ensemble reconstructed based on
meteorological data for the points 59° N 111°E and 67° N
1299 E (August, 14, 2002 )
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Figure 3. Fire activity peaking during the 2002 fire season in Yakutia depicted by NOAA
AVHRR (14 August 2002)




Reconstruction of concentrations based on ensemble
backward trajectories

For the sample {Q"(4,0,t,)} of concentration of CO, mean
value and variance are calculated

a(4,0.,) =ﬁi@m(z,e,m

o (4,0) =Y Q" (£.04,)-Q"(1,0.,))

2 2 .
0,,0, — root mean square values of wind forecast errors



The ensemble of reconstructed concentration in a given
region (57° -70° N,110° — 1400 E)




The mean value calculated for the ensemble of 10 realizations
of reconstructed concentration

backward trajectories were calculated on
the 48 hours

backward trajectories were calculated on
the 120 hours
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# D:32002Weather\NOAA_2002102081407.n12.mac
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The structure of clouds and
smoke plumes was analyzed
by using of geoinformation
system ARC-MAP9 and
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Variance calculated on ensemble of 10 realizations of
reconstructed concentration

backward trajectories were backward trajectories were
calculated on the 48 hours Iu5 calculated on the 120 hours
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To recover a small-scale structure of the
concentration and dynamics of mesoscale
processes in the atmosphere within a given region,
an attempt of implementation of this technique for
the WRF model forecasts is planned.
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Conclusion
*Ensemble approach is applied to calculate the distribution of
gases from the massive forest fires for a given region with the use
of meteorological data and satellite information on fires

Future :
“*Using forecasts of meteorological fields from WRF model.

**Development of data assimilation methods on fires data on
the basis of ensemble Kalman filter.

**Quantitative estimate of technique quality by comparison of
calculated and observed concentration.



Comparison of results
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OueHka koHueHTpauuu CO, no AaHHbIM O cropeBLUen

AAaNMACCe

Iﬁfﬁiiﬁiﬁﬁm | OLleHKa obLwmnx amMnuccum yrnepon

'Y C.=A-B-f. _p

Jarac TOIOEEA H
3 AP A¥Te PEC TR

9MUCCUN KOHKPETHbIX
LLUIendoBbIv ra3oB

W
_
< E. =C, -ef,

I SINTEICCEOH I

- rae A ato nnowaas noxapu (ra), B — cpegHuin 3anac 6uomaccel (1/ra), f, — gona yrmepoga B
buomacce, — macwTabupyrowmnm koappuuneHT gna gonn dnomacchl, Kotopasa cropena (cBsizaH C
TUMOM M WHTEHCUBHOCTbIO MOXapa, a TaK XXe BWOOM recHOro roptodero marepuana), un ef, —
KO9(PPMUMEHT aMmMccum gna gaHHoro Buvaa wwnendgoBoro rasa s (0ObIMHO BblpaXkaeTcs Kak oSS
OAaHHOro BeLecTBa No OTHOLWIEHMIO K CYXOMY TOMSIMBY, CTOPEBLLENO BO BPEMS noxapa).

Eric S. Kasiscke, Edward J. Hyer, Paul C. Novelli, Lori P. Bruhwiler, Nancy H. F. French, Anatoly
|. Sukhinin, Jennifer H. Hewson, and Brian J. Stocks. Influences of boreal fire emissions on
Northern Hemisphere atmospheric carbon and carbon



To recover a small-scale structure of the concentration and dynamics of
mesoscale processes in the atmosphere within a given region, an
attempt of implementation of this technique for the WRF model
forecasts is planned.

future trends:

1.Using forecasts of meteorological fields from WRF model.
2.Development of data assimilation methods on fires data on the basis
of ensemble Kalman filter.

3.Quantitative estimate of technique quality by comparison of calculated
and observed concentration.
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Satellite data NOAA/AHVRR/TOVS and Terra/MODIS

DATE

22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006
22.03.2006

TIME_SEC TIME
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40
17680 04:54:40

SATELLITE LAT

NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18
NOAA-18

50,4408
49,6394
48,4601
48,4411
48,4239
48,6209
48,6577
48,6603
48,7648
48,8977
46,9787
47,1757
48,0006
47,9618
47,9468
47,9255
48,0142
50,4715

LON

105,4375
111,7758
121,9013
121,9621
122,1176
122,0368
122,0488
122,1280
122,7235
123,8113
126,2498
127,9472
131,0395
131,0495
131,1063
131,1458

2841689
1678111
1793766
6283141
895654
0854847
895508
893882
892430
1805656
958066
2144510
1420200
1419740
1419650
7101014

131,3216 13087918

114,7191

2485822

SQR_M |SQR_HA

0,6506
1,1258
0,3730
12,9243
0,1709
0,1801
0,0278
0,4805
0,1098
0,0100
0,0100
0,0390
0,2594
0,4724
0,0760
0,6062
1,7685
0,0204



Comparison of results
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