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Goals:

« Determination of the pollution areas within the vicinities of the
large industrial centers of the South of West Siberia (Novosibirsk,
Tomsk, Kemerovo, Barnaul, Zarinsk) using the MODIS/(Terra +
Aqua) data.

 Analysis of the AOT distribution in these areas.

 Analysis of the land-based measurements.
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Remote sensing center at Altai State University
MODIS specifications

MODIS atmosphere processing

Snow mapping

Snow / ice temperature

Polluted snow

AOT

8. Albedo
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9. Snow pollution in the Altai region

10. Conclusion



Remote sensing center at Altai State University
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MODIS specifications

MODIS bands and their uses:
A — atmospheric research;

LS —land surface research;
O — oceanografy;

Oz — 0zone measurement;
FF —forest fires.

Wavelength Resolution Primary No Wavelength Resolution | Primary
(nm) (m; nadir) use Ch. (nm) (m; nadir) use
: 1 - 620 - 670 250 A, LS pAl) 3660 — 3840 1000 O, LS
o 841 — 876 250 A, LS 21 3929 — 3989 1000 FF
3 459 _ 479 500 LS 22 3929 — 3989 1000 A, LS
23 4020 — 4080 1000 A, LS
4 545 — 565 500 LS
24 4433 —=4498 1000 A
5 1230 — 1250 500 LS
25 4482 — 4549 1000 A
6 1628 — 1652 500 A, LS
{" =) 2105 — 2155 500 0, A &y U333 = 8t JULY a
~ 1 4 28 7175 — 7475 1000 A
8 405 — 420 1000 (0) 29 8400 — 8700 1000 LS
9 438 — 448 1000 (0) R]) 9580 — 9880 1000 (0)/
10 483 — 493 1000 (0) 31 10780 — 11280 1000 A, LS
11 526 — 536 1000 (0) RY 11770 — 12270 1000 A, LS
12 546 — 556 1000 (0) RX] 13185 — 13485 1000 A, LS
13 662 — 672 1000 (0) RY| 13485 — 13785 1000 A
14 673 — 683 1000 (0) 35 13785 — 14085 1000 A
15 743 — 753 1000 (0) 36 14085 — 14385 1000 A
16 862 — 877 1000 (0)
17 890 — 920 1000 A
18 931 — 941 1000 A
19 915 — 965 1000 A
26 1360 — 1390 1000 A




Instruments and information products used at
Altai State University RSC

* Receiving stations
EOScan

* Radiometers
MODIS/Terra
MODIS/Aqua
AMSR-E/Aqua
AIRS/Aqua
AMSU-A/Aqua

* REANALYSIS, ERA-40, GDAS



Example of coverage by MODIS/Terra using the station
located in Barnau
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Altai region




, AOT, May 12, 2006
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-~ MODIS
~ Atmosphere Processing

Instrument Packet Data

v

MODO1

Levelin \

MODO02 MODO03

Calibrated L1 Radiances Geolocation Data Set

Y Y

MODO02 MODO03

v v

MOD35 " MODO07
Cloud Mask Atmospheric Profiles

Y Y Y

MODO02, MOD03, MOD35, MODOQ7

v v v

l

MODO04 . MODO09 . MOD10
Aerosol Product Atmospheric Correction Snow-Mapping

(frorm #Singy D). sia), JEEE TRANIACTIONS Q) SEUSCIENCE AND RENUTE SENSHIG, 200%, v 241, 442)



Snow mapping
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Reflectance of snow, water, soil and
vegetation (according to Klein A. G.
et al., | 1998) and location' of the
MODIS channels (1 =7)
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Criteria applied in snow mapping using MODIS data

Number Criterion
1 NDSI= (R4 -R6) /(R4 +R6)>04
2 R2 > 0,11
3 0,05 < NDSI <0,4 and NDVI = (R2 — R1) / (R2+R1) € D
4 R4 > 0,1

* Hall D. K. et al. / Remote Sens. Environ., 1995, v. 54, pp. 127-140.
» Hall D. K. et al. / Remote Sens. Environ., 1998, v. 66, pp. 129-137.
 Klein A. G. et al. //Hydrol. Process., 1998, v. 12, pp. 1723-1744.

« Hall D. K. et al. Algorithm theoretical basis document (ATBD) for the MODIS snow and sea ice-mapping
algorithms. NASA EOS-MODIS Doc., 2001, 55 p.



NDSI versus NDVI plot for snow-covered siberian forests.
e ~ourdata, — - Klein A. G. et al., 1998




Snow mapping. MODIS data. March 22, 2010
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Shnow mapping. MODIS data. April 10, 2010
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B - waterice
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Snow mapping. MODIS data. April 27, 2010

- snow-covered territory

B - water ice

- snow-free territory

- Cloudy




Snow/ice temperature

BT31 (K)— brightness temperature; channel 31 («<A»=11.0-um)

BT32 (K) — brightness temperature; channel 32 (< =112.0 pm)

0y — zenith angle

a, b, ¢, d — empirical coefficients (from PGEO07)

Brightness temperature

in channel 31 (BT31) e b © d
BT31<240 K —1.5711228087 | 1.0054774067 | 1.8532794923 | —0.7905176303

BT31€[240+260] K | —2.3726968515 | 1.0086040702 | 1.6948238801 | 0.2052523236
BT31>260 K —4.29530463 1.0150179031 | 1.9495254583 | 0.1971325790




Polluted snow around Barnaul. MODIS data.
March 29, 2009
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Polluted snow around Zarinsk. MODIS data.
March 29, 2009
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Polluted snow around Novosibirsk. MODIS data.
March 29, 2009
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Polluted snow around Kemerovo. MODIS data.
March 29, 2009
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Polluted snow around Tomsk. MODIS data.
March 29, 2009

86°30'E

!

OMHOBOMUXAMNOBEA

KOPHUAGEO

O NASTUHO

i
TOMCK Q ) BABAPIMHD

|0 3OHANBHARA CTAHUMA

 § NO3AHEEEO
HAKOUM

- « = - Russia subjects’ boundaries
- - districts’ boundaries
@ - Russia subjects' capitals
- cities

- polluted area




AOT around Barnaul. MODIS data.
April, 2009
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AOT around Zarinsk. MODIS data.
June, 2009
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AOT around Novosibirsk. MODIS data.
April, 2009
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AOT around Kemerovo. MODIS data.
May, 2009
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AOT around Tomsk. MODIS data.
April, 2009
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Albedo. MODIS data.
March, 2009
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TAKING SNOW










Elements concentration in unsoluble part of snow species in Altay region (2006
year, 28.02 -15.03.06)

mg/kg

Number of
species

Elements

Cl
K
Ca

Ti
Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
Ge
As
Se
Br
Rb
Sr
Y
Zr




1 DYy 1 () » 1)/ 2 J [
0o o = A - a - » » 4 4
X : 20 Dc
Ne Mecro orbopa u Koopaunarsi Tonmunua O0beM Bec OtHomenu | OTHoOLIEHU 3armac BoObl
Jara CHEKHOTO npoObl, I HEpPacTBOPUMOTO e e B CHere,
MTOKPOBa, M ocrarka, T r/n r/m? MM
1 2 3 4 5 6 7 8 9
1. [Toiima pexu 530231 A, 0,40 4,1 0,31 0,08 7,8 80
Jlocuxa, 5 kM B c.m. B. 0,35 3,5 0,35 0,10 8.8 70
CTOPOHY C. 84°101 C. 0,55 5,3 0,40 0,08 10,0 110
Kununo B.O .
23.02.06
2. [Toiima pexu 52°31TA. 0,45 4,3 0,27 0,06 6,8 85
Uemposka, 1 km 0,50 4,8 0,38 0,08 9,5 100
Ha 10T OT II0C. B. 0,50 5,1 0,32 0,06 8,0 100
Hog. YempoBka 85°021C.
23.02.06 .
3. [Tolima pexu 52025TA, 0,40 4,1 0,51 0,12 12,8 80
Karyns 3a noc. B. 0,45 4,3 0,63 0,15 15,8 85
Bepx Karynckoe 85°30iC. 0,50 4.8 0,55 0,12 13,8 93
23.02.06 .
4, [Toiima peku 52025TA, 0,50 5,0 0,26 0,05 6,5 100
Karyns 3a noc. B. 0,45 4.4 0,30 0,07 7,5 89
Cpoctku 850501 C. 0,45 4,5 0,32 0,07 8,0 90
23.02.06 .
5. | Tloiima peku Mma | 52°121TA. 0,40 3,8 0,18 0,05 4.5 80
nepes noc. YcThb B. 0,45 4.4 0,22 0,05 5,5 88
Hia 850591 C. 0,45 4.4 0,25 0,06 6,3 90
24.02.06 .




AVERAGED GEOMETRIC CONCENTRATIONS of ELEMENTS in ALTAY REGION,

KEMEROV REGION and EARTH CLARKS (mg/kg)

ELEMENT Cl K Ca Ti Mn Fe Cu\| Zn Br | Pb
ALTAY REGION 110 | /563 1027 | 244 | 223 [ 3050 | 119 | 135 | 110 | 74
KEMEROYVO/|S510f 6011 |12990| 634 | 936069349 | 598 [ 1 147 | 751 | 321
REGION
EARTH CLARKS 450 | 24 000 |/33900 | 6200 | 900 | 50800 | 100 [ 50 1,6 | 16

This data are used for the estimation of anthropogenic
pollution of the fresh water region of Upper Ob river by
different elements. The weight of pollution elements in
Altay region: Cl — 86,9, K — 444,8;, Ca — 811,3; Ti —
192,8;, Mnh — 176,2; Fe — 2409,5, Cu — 94,0, Zn — 106,7;
Br - 86,9, Pb — 58,5 (103 kg ).




MAP of SNOW POLLUTION in ALTAY REGION
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Calculated and measured masses of cox emitted per the unit of area at the
different distances from heat power station -2 in Barnaul city

Ne toukmn | Paccrosumne | M3mepennas macca | PacuerHas macca OtHOCHTENBHAS
orGopa | /OT UCTOYHHKA a’po30JIs HA E1I. a’po30JIs HA eI, IOTPEIIHOCTD
IPOOBI (xm) wromau (r/m?) ruromau (r/m?) %

1 1(3C3) 500 500 0

2 1(CC3) 653 550 23,4
3 2(CC3) 255 250 1,9
4 3(CC3) 123 125 1,6

Calculated and measured masses of cox emitted per the unit of area
at the different distances from heat power station in Kuchuk plant

Ne toukm | Paccrosiuue | M3mepennas macca | PacueTtHas macca OTHOCHUTEbHAS
oTOOpa | OT UCTOYHHMKA a’po30JIs Ha €. a’po30JIs Ha €]1. MOTPEITHOCTh
POOKI (xm) wromau (r/m?) rromau (r/m?) %

1 0,8(CC3) 425 360 15,3
2 1,5(CC3) 193 240 24.4
3 3(CC3) 78 100 28,2




THE SCHEME of CALCULATED DISTRIBUTION of COX (heat
power station-2/in Barnaul city)
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THE SCHEME of CALCULATED DISTRIBUTION of COX (Kuchuk plant
Heat power station)




THE MAIN POLLUTIONS EMITTED INTO
ATMOSPHERIC AIR of BARNAUL CITY

pollution Volume
percent
aerosol 38,0%
CO 25,4%
SO2 19,2%
N2 9’ 5% 0 25,4% O Asposonw
Phenol 3,0% O Okucw yanepooa
4 8 Ceprucmoui caz
CS4 2,6% O Oxuce azoma
- B8 @enon
0 mC 0
oo L% S e
CH2 1,2% B8 Ceposooopoo




Domains with the different relative concentrations of the earth aerosol hase
In Barnaul city under AMC

Level of
concentration

[l high

D mecean

B middle




CONCLUSION

The presented measured results
show the possibility of the
technogenic pollutions monitoring of
snow surfaces in the big industrial
centres of West Siberia using MODIS
and observation data



THANK YOU FOR
ATTENTION!



